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Abstract 

This thesis interrogates qualitative data from women scientists and women 

science teachers using feminist poststructural techniques. Social elements and power 

relations that produce and reproduce the ‘problem’ of women and science are 

described through the application of Foucauldian methodology. The interrelation and 

interplay of material and immaterial elements of the dispositif of contemporary 

Western science are used to identify potential points of disruption. Relations between 

sex/gender and science emerge as key elements in producing and reproducing 

discourses, statements and practices that maintain societal status quo in relation to the 

problem of women and science. The impact of binary categorisation of sex/gender 

definitions in policy, legislation and practice is critically examined in relation to social 

theories of gender subjectification, drawing on Judith Butler and Luce Irigaray. 

Through this analysis, the problem of women and science can be seen as an outcome 

of socio-cultural conditions of patriarchy emerging at the time of the Enlightenment 

and persisting into the 21st Century, despite legislation and rhetoric to the contrary. 

Many current programs, policies and initiatives are unlikely to effect the change 

required since they maintain the social conditions that make the problem inevitable. 

Instead, future research and educational strategies are recommended to disrupt the 

problem of women and science by challenging social assumptions about sex and 

gender. This is no small task and ultimately requires commitment to social change that 

disrupts patriarchal relations of power in the 21st Century.  
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Chapter 1:  Introduction 

“No industry or country can reach its full potential until women reach their 

full potential. This is especially true of science and technology, where women 

with a surplus of talent still face a deficit of opportunity”. (Sandberg in 

Kanyoro, 2015, p. 1). 

A phenomenal amount of research, political discussion and media coverage 

about women and science has extended over decades, particularly in the latter half of 

the 20th Century and into the 21st Century (e.g. Rossi, 1965; Lonsdale, 1970; Button & 

Brown, 1980; Bell & Yates 2015). Most discussion emerges from quantitative research 

that demonstrates women’s historical underrepresentation in the science workforce 

(Bell, 2010; Ellis 2011; OECD, 2015). This has been described as a ‘wicked1’ problem 

by Bell and Yates (2015). The patterns of disadvantage associated with women’s 

participation in science are ‘well-entrenched’ (Bell & Yates, 2015, p. 5) and highly 

resistant to solution because of social complexities that have not yet been fully 

explored in research (e.g. Archer, DeWitt, Dillon, 2014; Sinnes & Løken, 2014). In 

this thesis, I explore the ‘problem’ of women and science as discussed in research and 

political rhetoric. In this context, it has been characterised as a multifaceted problem 

that ‘needs’ to be solved for the benefit of all (Sah, 2016), although usually the benefits 

are measured in economic rather than social terms (e.g. Turnbull, 2016; Bell & Yates, 

2015). Use of the term ‘problem’ of women in science in quotations indicates the social 

construction of the problem as ‘women’ rather than of the social conditions in the 

                                                 

 
1The term ‘wicked’ in this sense reflects Australian Government terminology referring to issues 

that are considered highly resistant to solutions because of their complexities (Australian Public 

Service Commission, 2012). 
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science workplace. Use of the word problem without quotations in the following thesis 

assumes an understanding of the social construction and context of the problem of 

women and science described in the following chapter. 

Gender segregation and patriarchy 

The ‘problem’ is presented in research and media as one of segregation because 

there are significantly fewer women in physical sciences than biological or health 

sciences internationally. Even in professions where women are more common, men 

tend to dominate senior positions. The ‘problem’ has emerged over decades in the 

context of patriarchal societies where binary gender2 categories are assumed. In this 

context, women and men tend to follow traditional patterns of workforce participation, 

opportunity and reimbursement (Blau & Kahn, 2016). As such, international and 

national gender equity statistics are commonly accepted as inevitable since women and 

men are biologically different (Bell, 2010). More recent research argues that the social 

and cultural practices of professional workplaces are contributors to this segregation 

(e.g. Seron, Silbey, Cech & Rubineau, 2018; Jenkins & Finneman, 2018). When 

discussion extends to social and cultural factors rather than biological determinism, 

there tends to be an essentialist view of women and men relating a binary gender 

position to female and male sexual characteristics. In this context, most research 

assumes cisgender3 for individuals counted and involved in the research, with minimal 

consideration of social and cultural pressures for binary gender identity formation. 

                                                 

 
2 While this thesis challenges binary gender categories, use of the term gender complies with the 

binary term used in majority of research and political reports. Discussion of non-binary gender is 

made explicit in text. 

3 The term cisgender generally denotes or relates to an individual whose personal experiences and 

identity relate to the gender assigned to them at birth based on their biological characteristics 

(Schilt& Westbrook, 2009) but use of the term is not without critique (e.g. Scott-Dixon, 2009). 
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This is not surprising, since strong gender identity roles based on biological sex 

characteristics are evident in the social construct of most contemporary societies. 

Challenges to this view of society are met with strong opposition as witnessed during 

the recent same sex marriage debate and subsequent postal vote in Australia. During 

the process, there was much rhetoric on the harm that would befall society if men and 

women did not adhere to traditional roles and values, and the ‘sacred’ union between 

woman and man became available to same sex couples (e.g. Farr, 2017; Abbott, 2017). 

The argument extended to include the Safe Schools Program, facilitated through the 

Safe Schools Coalition. The program aimed to support safety and inclusion for same 

sex attracted, intersex and gender diverse students (Safe Schools Coalition, 2017). Safe 

Schools had already been subject to ‘inflammatory public debate’ (Cover, Rasmussen, 

Aggleton & Marshall, 2017, p. 1) with rhetoric suggesting that the program promoted 

radical sexual experimentation (Moulton, 2015) and suggestions that children were 

being prematurely sexualised (Cook, 2016). The rhetoric was sexualised but the 

program itself aimed at creating safe spaces for students who identified outside of the 

heteronormative world. Cover et al. (2017) suggest that while success from the 

program might lead to equality it is a threat to others who fear the threat of a ‘post-

heteronormative world in which there exists multiple legitimate sexualities and 

genders’ (p. 2).  

Similar attitudes are evident overseas, particularly in the United States, where 

the Trump administration has prohibited certain words and phrases in reports from the 

Center for Disease Control and Prevention. The banned terms include ‘transgender’ 

and ‘diversity’. Any reference to scientific evidence has also been banned (Sun & 

Eilperin, 2017). Other agencies in the United States have also removed any reference 

to gender identity and sexuality in policies and programs (Sun & Eilperin, 2017). 
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These actions provide insight into current global Western politics and societal thinking 

in relation to non-traditional gender roles and options. 

The persistence of patriarchy in the early decades of the 21st Century is evident 

in stories of rape, sexual assault, abuse and harassment perpetrated by influential men. 

These have emerged from the film industry4 and politics5 in ever increasing numbers. 

Mass reporting was initiated in part through the #MeToo campaign6, a social media 

response to allegations of sexual harassment, rape and other violence against eminent 

Hollywood film producer Harvey Weinstein (Han, 2017). There have been other 

digital responses to rape, sexual assault and sexual harassment but celebrities tend to 

have more impact through generating media attention. Media reports of sexual 

misconduct in science are limited compared to the film industry and politics, but a 

Nobel Laureate made headlines in 2015 when he publicly expressed sexist views 

during an international science communication conference7.  There was an immediate 

social media outcry via Twitter (Crerar, 2015). In the same year, an eminent senior 

vascular surgeon, Dr Gabrielle Mullen, co-author of Pathways to Gender Equality: 

The Role of Merit and Quotas, stated during a press conference: ‘If you are approached 

                                                 

 
4 The New York Times published an article in October 2017, which detailed decades of allegations 

of sexual harassment against Harvey Weinstein, an eminent Hollywood film producer. Since then 

allegations against many other celebrities have emerged, including Australian television celebrity 

Don Burke (Knowles & Branley, 2017).   

5 Recent allegations against Melbourne Lord Mayor Robert Doyle (Lucas & Perkins, 2017) reflect 

international trends, for example Time magazine published a list of US politicians recently accused 

of sexual harassment (Abramson & Cooney, 2017).  

6 The #MeToo movement went viral in response to high profile women speaking out about sexual 

violence in the entertainment industry. The origins of the #MeToo movement are different as it 

was established in 2006 by Tarana Burke as a movement to help young girls, particularly those in 

the African American community, who are survivors of sexual violence to share their experience 

(ABC, 2018). 

7Sir Tim Hunt stated during his presentation, “Let me tell you the trouble with girls. Three things 

happen when they are in the lab: you fall in love with them, they fall in love with you, and when 

you criticise them, they cry” (Knapton, 2015). 
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for sex, probably the safest thing to do in terms of your career is to comply with the 

request’ (Lillebuen, 2015). 

Incidents of sexual harassment and assault might seem a world away from the 

‘wicked’ problem of women and science, but they demonstrate the underlying power 

relations prevailing in Western society. Such power relations enable inequitable social 

conditions for women in patriarchal cultures. That sexual misconduct and violence are 

about power and not sexual passion has been recognised since the first wave of 

feminism (Gelles, 1977). Despite this, there is ongoing belief in significant parts of 

society that rape is in response to sexual arousal (Ripley, 2016). This belief is 

reinforced by one of the recommendations from the Royal Commission into 

Institutional Responses to Child Sexual Abuse (2017). Recommendation16.8 suggests 

that the Australian Catholic Church seek permission for voluntary celibacy for 

diocesan clergy, the implication being that child rape and sexual abuse is related to 

lack of consensual adult sex. These events are evidence of patriarchal society where 

inequity for women persists and particularly in traditionally male dominated 

professions and fields of study. Much of the research to date on the ‘problem’ of 

women and science questions the persistence of the problem but does not consider the 

societal conditions within which it thrives. I argue throughout this thesis that the 

‘problem’ of women and science is symptomatic of patriarchal society where there is 

a focus on binary gender categories as the social norm, particularly in relation to 

traditional sex/gender societal roles. Evidence for this argument is provided in 

participant data that demonstrates the social conditions and context for women in 

relation to the ‘problem’ of women and science. The following section will examine 

binary gender discourses in science’ and their influence on policies and programs to 

address the problem of women and science. 
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The question of gender and science 

Most programs and policies addressing the issue of women and science refer to 

gender in binary terms and are devoid of any discussion on the role of class, culture 

and race8.  Examples include: the European Commission’s campaign, Science: It’s a 

Girl Thing! (European Commission, 2016) and the United Nations (UN) International 

Day of Women and Girls in Science in December 2015 (United Nations, 2016). This 

is despite recognition by the World Health Organisation (WHO) that gender is a 

socially constructed characteristic that can vary between societies and cultures (WHO, 

2015). WHO emphasise the importance of recognising and accepting gender identities 

that fall outside of the binary female or male categories (WHO, 2015), but this is poorly 

reflected in research literature about gender, particularly in relation to the problem of 

women and science. 

Many social theorists (e.g. de Beauvoir, 1973; Butler, 1990a; Grosz, 1994) 

support the WHO definition and have argued that the apparent association between 

genetics and individual behaviour, abilities or attitudes relate more to social processes 

and gender stereotyping than to biologically defined differences. Broadly speaking, 

biological theories of gender tend to be found in psychology, for example evolutionary 

psychology (Buss & Schmitt, 1993) and sociocultural theories that recognise the role 

of social factors as well as physical in determining gender differences in sociocultural 

contexts (Bussey & Bandura, 1999). The idea that individuals genetically programmed 

as female will be girl/woman and those genetically programmed as male will be 

                                                 

 
8 While the term race traditionally refers to a division of the human species into categories based 

on physically inherited characteristics, in the context of this thesis ‘race’ refers to socially 

constructed categories that reflect attitudes and belief systems often imposed on populations by a 

dominant culture (Wade, Takezawa & Smedley, 2017).  
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boy/man, each with associated gender and sex related behaviours, is implied in studies 

that measure gender differences in binary terms.  

According to Grosz (1994), persistence of the binary gender concept relates to 

the Western habit of dualism, which she observed to be generally used as a means of 

maintaining hierarchical relations. In the following terms, the first term is generally 

considered dominant; men/women, masculine/feminine and rational/emotional. In this 

type of system, choices are reduced to binary positions and you are woman or man, 

gay or straight, feminine or masculine with gender unquestionably determined by 

sexual characteristics (Lev, 2006). Lev (2006) and Butler (1990a) consider the 

construct of gender from a binary biological basis as something that is generally taken 

for granted in Western culture and is considered to be ‘common sense’. However, they 

postulate that the construction of gender is much more complex and the outcome of 

culture (Butler, 1990a; Lev, 2006).  

The world in which girls and women work and negotiate their lives as students, 

scientists, and as people, is based on binary gender assumptions. Assumptions of 

binary gender positions limit human potential and constrict people to the stereotypical 

role determined and allocated to them by society, which may well be perpetuated 

through programs and policies. Butler (1990a) described gender construction as an 

ongoing process, ‘a becoming, a constructing that cannot rightfully be said to originate 

or to end’ (Butler, 1990a, p. 45) that is constantly negotiated through the roles we play 

in society. By defining gender in binary terms, societal roles and experiences will be 

dictated and individual negotiation restricted. In the Australian context, the binary 

notion of gender has been perpetuated through the educational system (Hey, 2006) and 

has shaped the ongoing debate about women and science. This ongoing production 

and reproduction of binary gender discourses through policy, programs and research 
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is characteristic of the problem of women and science. Restricting opportunities for 

gender construction outside of prescribed social norms restricts access to knowledges, 

including sciences, with social pressures to comply with feminine or masculine roles 

in contemporary society.  

As argued earlier, the use of ‘problem’ of women in science indicates the social 

construction of the problem as ‘women’ rather than social conditions and the science 

workplace. Use of the word problem without quotations in the following thesis applies 

an understanding of the social context of the problem of women and science, which 

includes the gender construction issues explored in this Introduction. 

In the following section, I describe the social context and conditions for my 

journey to become a scientist and then a science teacher. In doing so, I explain my 

standpoint in the thesis while demonstrating how, over many years, I became aware 

of, and subject to, patriarchy and power relations in everyday social interactions.  

Becoming a scientist 

The personal starting point for this thesis was the education system in my 

childhood, which failed to provide essential opportunities for my personal growth due 

to gender and class assumptions of the time. I first became aware of science in the final 

year of primary school when a visiting educator introduced various balloon and car 

games that I now recognise as experiments in friction and static electricity. The visit 

was followed by a series of work sheets on physics and I remember having great 

interest in completing these tasks. For a student who found it difficult to stay in the 

classroom, this was quite an achievement. As an adult I realise that science, as in 

biological science, had been part of my life for much longer as I had an inherent love 

of nature and animals, something that my family life encouraged and supported me to 

experience. I have little memory of science classes in secondary school, although I do 
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remember we had general science for the first two years. We covered laboratory safety 

and sex education but despite my interest and initial excitement, I remember little 

more, but then I was prone to truancy when disinterest arose. When the time came to 

‘choose’ our subjects in the third year of secondary school, I was automatically placed 

in the secretarial stream, the standard pathway for girls who were considered smart 

enough; the alternative stream led to retail work. I remember saying I wanted to study 

science and art, but no-one took me seriously since art was ‘only’ a hobby and science 

beyond my means as a working-class girl. Besides, it was assumed that I would only 

be working for a few years before getting married and having a family; this was the 

rhetoric of the time and place. The focus was on getting me a respectable job for the 

short term. This was 1970s Scotland and most of my school friends did stop working 

full time once they had children; the family was considered the essential and rightful 

focus of women. Despite this, in many ways I felt more fortunate than the boys I went 

to school with, since many of them came from mining villages and their futures were 

in coal, regardless of their preferences9. This demonstrates the impact of the binary 

gender divide for men as well as women since they were socialised to masculinity and 

associated societal roles with minimal opportunity for anything other than manual 

labour. 

In my final year of schooling, I refused to study secretarial subjects and moved 

to biological science and art classes with the support of my parents who realised that I 

was not able to follow the prescribed path set by the school and society. On leaving 

school, I was accepted into a nursing course and later completed midwifery. I worked 

                                                 

 
9Many of these boys then experienced long term unemployment following the demise of the coal 

mining industry in the 1980’s due to Thatcherism.  
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for many years as a nurse and midwife. As a nurse, I experienced significant levels of 

sexual harassment, which was considered part of the job.  

Like other young women of the time, I learnt to deal with it but never reported 

it. These experiences had less impact as I became older and more experienced. During 

my career as a registered nurse, my interest in science remained and, while my work 

felt scientific, I regarded myself as a carer and not a scientist. Recent quantitative 

reports count nursing as a science (Bell & Yates, 2015) but I did not consider myself 

to be a scientist until completing a science degree in 1997.  

Nursing supported me to attend night school and complete the science and maths 

qualifications required for entry into a science degree, which led to becoming an 

ecologist and spatial scientist. During these years of study, I discovered that I had an 

ability for science since I excelled in earth and spatial sciences to the chagrin of some 

male students in my cohort10. During my short career as a scientist, I worked in male 

dominated work environments, including mining, military and academia in spatial 

sciences. The most interesting project during those years was mapping crocodile 

nesting habitat and other natural resources in a remote area of Central Arnhem Land. 

Aboriginal rangers allowed me to join them when collecting eggs from saltwater 

crocodile nests and even though this was men’s cultural business, once we had 

established relationship it was a more comfortable and respectful working environment 

than when working with non-Aboriginal men in other professional situations. I came 

to realise that I expected to feel ‘out of culture’ while working with the rangers in 

Central Arnhem Land but had not anticipated what Seron and her colleagues (2016) 

                                                 

 
10Several male students filed a complaint when I was nominated for an Earth Science award by 

the lecturer alleging it was due to sexual favours rather than academic ability. The complaint was 

resolved by an independent reassessment of main exam, which carried 75% of the grades.   
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described as cultural mis-match in other professional workplaces. As a woman, I found 

working in male dominated environments challenging because I was not part of the 

main group, my social interactions with colleagues were limited and there was an 

almost constant awareness of being different during informal interactions. This 

experience is common for women in science (Seron et al., 2016).  

The discomfort I experienced as a woman in science was rekindled when in 

2015, I read the social media reports about Nobel Laureate, Sir Tim Hunt, and later the 

comment from Dr Gabrielle Mullins previously cited. During an international 

conference, Hunt publicly stated, ‘Let me tell you the trouble with girls. Three things 

happen when they are in the lab: you fall in love with them, they fall in love with you 

and when you criticise them, they cry’ (Crerar, 2015). Sir Tim defended his statement 

as a joke and this was supported by his wife and female colleagues who characterised 

him as a joker rather than a sexist. Such complicity produces and reproduces 

patriarchal social conditions. The grim insights offered by Dr Gabrielle Mullin and the 

Sir Tim Hunt incident made headline news because of the high profile of the people 

involved but they also revealed attitudes and behaviours that persist in the everyday of 

the science workplace yet generally go unreported. These stories resonated with me 

and my experiences as a nurse and scientist. Ultimately, my discomfort in the science 

workplace took me in a different direction, and I became a science and maths teacher 

hoping to make a difference for students in a new era. On reflection, I realise that many 

of my efforts to make science more attractive and available to girls and boys reinforced 

the gender identity of students and relationships to knowledge, a point I will return to 

in my conclusion chapter. 

This thesis stems from personal experiences since childhood that resonate with 

current research literature, government policy and popular media reports. Systematic 
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disadvantage, which influenced my decision to leave science and become a science 

teacher, was evident in the quantitative research of Bell & Yates (2015). In their report, 

Bell & Yates highlighted systemic disadvantage and high attrition rates as major 

factors contributing to low numbers and segregation of women in the science 

workplace (2015). Other reports (e.g. Osborne & Dillon, 2008) demonstrate that a high 

attrition of girls from studying school science beyond the compulsory years, 

particularly the physical science, is a key contributor to the ‘problem’ of women and 

science. While my story occurred several decades ago, current studies show that the 

decision to study science in the school environment continues to be influenced by 

social factors such as gender (e.g. Archer, DeWitt& Osborne, 2015).  

The science workplace 

Education in the areas of science, technology, mathematics and engineering 

(STEM) are promoted as integral for the future economic success of Australia and 

have been for several decades (Chubb, 2011). STEM have been acknowledged as 

cornerstones for a strong and economically successful Australian economy (WISET, 

1995; McFarlane, 2015). During a March 2016 press conference, speaking as Prime 

Minister of Australia, the Honourable Malcolm Turnbull MP, emphasised the role of 

innovation and science to drive the country’s economy. A strong focus of the 

government was ‘boosting participation in science, engineering, computers and maths’ 

(Turnbull, 2016). Meanwhile, over several decades, there has also been a parallel 

conversation about the status of women in science (WISET, 1995; Bell, Halloran, Saw 

& Yu, 2009). 

The low number of women succeeding in the science workforce has been 

considered a problem for some time, and as far back as 1993, the Australian 

Government established the Women in Science, Engineering and Technology 



 

Chapter 1: Introduction 13 

Advisory Group (WISET) (Bell & Yates, 2015). The task of the group was to advise 

on strategies for careers and education in science, engineering and technology (Bell & 

Yates, 2015). The group advised that since women are 51 percent of the nation’s 

population, their involvement in science and technology education and employment 

was an economic necessity (Bell & Yates, 2015 ).  

This point, that exclusion of almost half the population from science and 

technology severely limits growth in innovation and creativity is the subject of recent  

research (e.g. Doyle & Senske, 2017). This was also discussed in a recent article by 

Ash, Gann & Dodgeson (2017). The authors highlighted incidences where exclusion 

of women from technological design teams had a profoundly negative impact on 

appropriate and effective design. For example, they attributed the disproportionatly 

high level of injury to women and children in early days of air bags in cars to the fact 

they were designed and tested on men and so did not account for the needs and 

anatomical differences of females and children. Other examples include early speech 

recognition software, which had difficulty recognising female voices, and a health 

metrics application that did not account for female menstruation. Similar sentiments 

were expressed by Professor Klaus Schwab, founder and executive chairman of the 

World Economic Forum, in the preface to The Global Gender Gap Report 2017. In the 

introductory paragraph, he highlighted that equal opportunity is essential to develop 

future economies that are ‘dyanmic and inclusive’ (Schwab, Samans, Zahidi, Leopold, 

Ratcheva, Hausmann & Tyson 2017, p. v). Schwab and his colleagues (2017) further 

claimed that ‘when girls and women are excluded from participation in economic 

ventures then there is a loss of skills and innovations that are critical for addressing 

global challenges and harnessing new opportunities’ (p. v).  
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Public discussion tends to follow the logic that tapping into the whole population 

rather than half, by increasing the number of women in science and techology, would 

increase innovation and creativity in those industries (e.g. Schwab et al., 2017). Where 

women are successful in science professions, they tend to be promoted as role models 

for the potential of women in science. One example was an Australian physicist, Dr 

Amanda Barnard, who created science news when she was awarded the prestigious 

2014 Feynman Prize for Nanotechnology (Theory). The award was presented by the 

Foresight Institute, a USA based think tank, which focuses on transformative 

technologies. In an online CSIRO news article, Audrey Lehmann (2015) proclaimed 

that this was also a win for gender equality. Not only was this the first time that the 

prize had come to the southern hemisphere but also the first time a woman scientist 

had won. This, according to Lehmann, was good news and shone a ‘much-needed 

spotlight on the achievements of women in science’ (2015, p. x), although it was her 

article that shone the light rather than the win itself.  

Within the public discussion about women and science. Marie Curie, a twice 

Nobel Prize winner, is discussed frequently in texts celebrating great scientists. In 

recent years there has also been growing public awareness of the historic role of 

women scientists in some key moments in scientific history. Hollywood has 

popularised the plight of women in science through movies such as Hidden Figures 

(2016). The story focuses on three women who were ‘human computers’ at Langley 

(Howell, 2017) and key to the USA space program of the 1960s. While few women 

scientists were celebrated publicly as the three women portrayed in that movie, women 

scientists are commonly reported in media articles that highlight systematic 

disadvantage experienced by women in science over decades. Rosalind Franklin, for 

example, is often presented as a woman scientist who was not included in the Nobel 
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Prize with Watson and Crick in 1962 (Cobb, 2015). As a molecular biologist, Rosalind 

Franklin’s work was essential in discovering the structure of DNA, but she is not well 

known for this. Unfortunately, she died four years before Watson and Crick received 

their award for discovery of the structure of DNA and the award cannot be given 

posthumously, but some authors surmise that being a woman would have exempted 

her from recognition (Cobb, 2015).  

Another woman commonly discussed is Hedy Lamarr, well known as an actor, 

she was also a self-taught inventor. Her most important invention, in terms of social 

impact, was a co-developed system that laid the ground work for the development of 

Global Positioning Systems, Bluetooth and Wi-Fi. Media reports tell us that when she 

attempted to join the United States National Inventors Council during the Second 

World War, she was told that her celebrity status as an actress would be more useful 

to the war effort that her status as an inventor (Scholtz, 1982). The exclusion of these 

and other women scientists’ stories from how we talk about science and its 

development results in the ‘top’ scientists in all areas being presented as Caucasian 

middle-class men. There is limited diversity in terms of sex/gender, culture, class or 

‘race’ in the contemporary science discourse. 

Increasing diversity in science innovation and creativity involves increasing not 

only the number of women involved in scientific pursuits but also targeting Indigenous 

people and individuals from disadvantaged or marginalised backgrounds. This is the 

position adopted by the Australian Government Office of the Chief Scientist, which 

reported that inclusion of these groups was essential to ‘deepen our talent pool and lift 

national economic growth’ (Chubb, 2014). Of all factors listed in their report, women’s 

segregation in science gained more attention than class, culture or ‘race’. This is also 

an outcome internationally when measuring global gender gaps, which is now common 
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practice. The World Economic Forum releases updates yearly to report on economic 

participation and opportunity, educational achievement, health and survival and finally 

political empowerment of girls and women (Schwab et al., 2017). Globally there is a 

political focus on gender, both in terms of research and debate, and as the business of 

international organisations such as the United Nations. Commonly, gender is defined 

in binary terms as man and woman based on biological sex characteristics with limited 

discussion on the intersection of class, ‘race’ or culture in the statistical reports (e.g. 

OECD, 2015; Schwab et al., 2017).  

In these mainstream studies, recent global reports indicate that Australia scores 

well in terms of gender rankings for educational attainment and health but there 

continues to be disparity in economic participation and opportunity, and political 

empowerment (Schwab et al., 2017). In a 2015 report, the Organisation for Economic 

Co-operation and Development (OECD), reported that across OECD countries, the 

number of young women studying engineering, manufacturing or construction-related 

degrees remained significantly lower than the number of young men enrolling in these 

courses (OECD, 2015). These statistics replicate Australian studies, which 

demonstrate that while more women are engaging in science professions than in 

previous decades, the pattern of engagement shows that women dominate in the 

biological and health sciences rather than in the physical sciences (Bell, O'Halloran, 

Saw& Yu, 2009; Bell 2015). According to Bell (2015), very few women are engaging 

in physics or mathematics or related professions such as engineering and technology. 

This pattern is known as horizontal segregation but Bell et al. (2009) explain that 

vertical segregation also exists since even in biological and health sciences where 

women dominate they are underrepresented at higher levels of the hierarchy. As a 

result, women tend to have poorer wages than men working in science professions. 
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Lower income and less social prestige tend to be discussed as problems for women 

working in science professions (e.g. Bell & Yates, 2015). Greater economic benefit is 

available to men in the senior levels of biological or health sciences or in the physical 

sciences since they tend to lead to professions with better financial rewards and greater 

social prestige. According to Bell (2015), poor remuneration is just one problem for 

women in science since they also have to negotiate a masculinised work environment. 

The problems experienced by women scientists in masculinised workplaces is 

subject of much rhetoric, often driven by research that focuses on differences between 

female and male scientists, rather than their commonalities. For example, Jenkins 

(2006) and Desy, Peterson and Brockman (2011) suggested that since girls/women and 

boys/men have inherent differences, any differences in science interests can be 

accounted for by biology rather than social factors. In this supposition, it becomes 

‘natural’ for girls and women to be disinterested in physical sciences since they are 

genetically ‘programmed’ for nurturing and caring rather than rational and logical 

thinking. This supposition is discussed in depth throughout the thesis. These ideas are 

also supported in texts aiming to inform parents and teachers about the unique needs 

of girls and boys, for example Gender Matters by Sax (2005), which is highly 

regarded. Adult texts such as Men Are from Mars, Women Are from Venus (Gray, 

1992) also reinforce the dichotomy between male and female.  

This rhetoric and research have not quietened the discussion about the problem 

of women and science. Policy makers and large sectors of the community do not accept 

that inequity exists just because boys and girls are different. This is evident in political 

discussions (Ellis, 2011), international measures of social advancements (OECD, 

2015; Schwab et al., 2017), and research (Bell & Yates, 2015; Seron et al., 2016). 

There is also significant resistance to the binary gender categorisation and, despite 
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continued international and national reports referring to gender in the binary, there is 

a growing trend to considering the complex processes of gender formation beyond 

biological determination (e.g. Hey, 2006; Butler, 2009). 

Measuring gender in binary terms is probably appropriate for quantitative studies 

and reports, many of which claim improvements for girls and women in terms of 

education and workplace participation (OECD, 2015; Schwab et al., 2017). These 

studies attribute success to the political, cultural and public efforts to expand women’s 

opportunities outside of traditional female roles. These successes are seen in 

disciplines such as medicine (Bleakley, 2014) and law (Plickert &Sterling, 2013) but 

have been generally less effective in most science professions. There has also been 

some work on gender and intersectionality with ‘race’, class and culture, which shows 

interesting patterns. Apparently, girls who aspire to science are more likely to be from 

a Caucasian or South East Asian middle-class background (Archer, DeWitt, Osborne, 

Dillon, Willis& Wong, 2012a). This is indicated from research that explored identity 

work undertaken by girls who chose to follow science education and related career 

paths. The study demonstrated that girls from other population groups were required 

to engage in significantly more identity work than girls from Caucasian and South East 

Asian middle-class backgrounds (Archer et al., 2012a). The higher level of 

engagement with identity work was needed to navigate dominant discourses and 

associations of cleverness and masculinity. Consequently, the options for girls from 

working class and/or non-Caucasian backgrounds were greatly reduced in terms of 

engaging in science education and subsequent careers. The social conditions that 

enabled some girls to succeed but not others, were not well explored in the context of 

that study, which was primarily quantitative.  
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Even though these findings offered significant clues for future research and 

policy direction there is limited ongoing research that considers class, ‘race’ or culture. 

According to Acker (2011), this is in part due to historical development of research 

traditions in relation to individual elements, for example, class, ‘race’ or gender. In the 

past, there was some effort at framing diversity as ‘women and minorities’ (Leboy & 

Madden, 2012, p. 1) as feminism worked to bring women’s issues to the fore. More 

recently, there is recognition that that feminism as a theory represents predominantly 

white middle-class women leading to increased discussion and research on 

intersectionality (e.g. O’Brien, Blodorn, Adams, Garcia & Hammer, 2015) but this is 

not evident in most of the research reporting on the women and science. 

Knowing which science 

The paradigm of contemporary Western science in the 21st Century has stretched 

far beyond the West to the extent that an interconnected global science system has now 

been recognised (Waltman, Tijssen & van Eck, 2011). The expansion of science in this 

form has the potential to have the same impact as other culturally colonising entities. 

According to Kalantzis and Cope (2006), globalisation reduces diversity as the 

dominant global force replaces local ways of being and knowing. Science might never 

be quite as popular as McDonalds, but its impact is likely to be similar in terms of 

reducing cultural diversity, particularly in non-Western countries. Feminist 

epistemologists and philosophers of science (e.g. Harding, 1991; Riger, 1992; Keller, 

1995; Tanesini, 1999) provided similar arguments in the last decades of the 20th 

Century, claiming that contemporary Western science has limited science knowledges 

by providing a limited view of what is possible (Pinnick, Koertge, & Almeder, 2003). 

At best, contemporary Western science has provided only one way of knowing about 

sciences and this is a rationalist and reductionist viewpoint (Wenning, 2009). The 
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proponents of this argument suggest that this process has had significant repercussions, 

including limiting key debates on major global issues such as climate change, 

cybercrime and nanotechnology by providing a narrow lens to understand the 

intricacies of the global environment.  

Advocates of alternative ways of knowing and understanding science, including 

feminist epistemologists and supporters of indigenous science knowledges (e.g. 

Harding, 1991; Suzuki & Knudston, 1993; Keller, 1995) suggest that major global 

issues and dilemmas could be avoided if non-Western science knowledges were 

considered, citing environmental issues in particular. While contemporary Western 

science and technology is undoubtedly a key contributor to economic growth in 

capitalist economies, there are few scientists or politicians who recognise or take 

responsibility for the social dilemmas caused in the process of ‘progress’ (Harding, 

1991). In recent times, politicians seem to be ignoring even Western scientific 

evidence in favour of economic benefits for the few (Gowland, 2017), without 

acknowledging the contribution to major environmental issues such as climate change 

and mass extinctions. Notably the science being disregarded is largely biological and 

environmental, traditionally associated with women’s knowledge systems in Western 

culture.  

The refusal to accept alternative ways of understanding science knowledges has 

been questioned by feminist scholars (Haraway, 1988; Harding, 1991; Wenning, 

2009). Harding (1991) went as far as proposing there was a similarity between Mary 

Shelley’s story of Frankenstein and contemporary Western science. In that fictional 

story, the monster was viewed as the problem and the reader was encouraged to forget 

that a person, Dr Frankenstein, was the creator and nurturer of the monster. Her 

suggestion was that contemporary Western science or at least the issues arising from 
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science and technology, had become a monster crafted and nurtured through ‘the kind 

of social order with which they (persons and institutional practices) have been in 

partnership’ (Harding, 1991). According to Harding (1991), the monster has revealed 

itself in the form of climate change, nanotechnology issues and ethics. This also 

includes the rising rate of infectious diseases due to overuse of antibiotics, and at a 

local level, the increasing price of medicines for everyday ailments due to the cost of 

pharmaceutical research in a capitalist economy. In this light, contemporary Western 

science could be considered both a saviour and a monster: science solves a problem 

while simultaneously creating another. And, like the dynamic in the fictional story 

used by Harding (1991), the monster/issue is easy to recognise but the monster maker 

has remained relatively unnoticed despite being responsible for the situation. The 

parallel in contemporary Western science is that issues have been easy to recognise 

but the social order and partnerships have remained relatively unnoticed, despite being 

responsible for the situation. 

This image of science is important to the question of women in science. The 

same social order that created the ‘monster of science’ has effectively silenced the 

voices of many who fall outside of the rational reductionist science model of 

contemporary Western science. This includes women, indigenous people and other 

carriers of traditional science knowledge/s. In this model, girls and women are 

constrained in their ability to embody or participate in science (Lewis, 1993) as 

demonstrated in the enduring rhetoric and positivist research on the issue of women in 

science. In the globalised world it also means that traditional science knowledge/s are 

constrained, and diversity of knowledge is reduced. 
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Globalisation, diversity and the science workplace 

Diverse workplaces tend to stimulate more creative thinking and innovation 

(Garnero, Kampelmann, & Rycx, 2014) as well as providing access to diverse 

knowledge systems. This is one argument within research literature for gender 

diversity in the globalised workplace (Miller, Eagly, & Linn, 2015). However, in the 

context of globalisation, diversity may well be impossible, since some arguments 

suggest that economic, cultural and political dominance is extended through 

globalisation processes (Kalantzis & Cope, 2006). This is reflected in the global spread 

of contemporary Western sciences at the expense of other science epistemologies, as 

previously discussed. The spread of Western science globally tends to require the 

spread of scientists. According to international reports these scientists are 

predominantly male (OECD, 2015) with the occasional females from predominantly 

Caucasian or South/East Asian and middle-class background (Archer, DeWitt & 

Dillon, 2014; Sinnes & Løken, 2014).  

Global statistics on science workplaces continue to reflect segregation of women 

in science with minimal comment on their class, ‘race’ or cultural heritage (OECD, 

2015). In a global context, there are also an increased number of positions that are 

impermanent and require regular international travel, and this tends to impact on 

women’s decisions about career and work choices (Hutchings, Lirio & Metcalfe, 

2012). Casualisation of the workforce is a feature of many industries in the Australian 

context; this is particularly true in academia (Kimber & Ehrich, 2015), and for women 

(MacDonald, 2015). The science workforce in Australia, as a player in the global 

economy, is clearly important to the Australian government’s place in the neo-liberal 

global market. However, this may not be an advantage in the global move from 
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Capitalism to Talentism (Schwab, 2017), which depends on innovation, creativity and 

inclusion of all potential talent regardless of gender, class, ‘race' or culture.  

Framing and tackling the problem of women and science 

Most major issues of the 21st Century relate to science, technology, engineering 

and mathematics (STEM) at some level. Issues such as climate change (UNEP, 2015), 

nanotechnology, human cloning, and the outbreak of infectious disease (WHO, 2016) 

potentially impact on the world’s population. Therefore, improving equity statistics in 

relation to gender and science is considered crucial to the achievement of 

internationally agreed development goals. This was one impetus for the United Nations 

to declare an International Day for Women and Girls in Science commencing 11 

February 2016. Reports from the Australian Government Office of the Chief Scientist 

(Chubb, 2014) highlights the importance of science to population health, wellbeing 

and development in contemporary western society.  

Discussion of the problem of women and science at both national and 

international levels is generally associated with workplace gender equity, high attrition 

rates and loss of workplace diversity at the expense of the economy. As previously 

mentioned, it is sometimes referred to as a ‘wicked’ problem and highly resistant to 

resolution. Despite this, research to address the problem has tended to follow 

normative patterns that may in fact reproduce the problem, and complex social 

interactions and contexts of the problem have not been well addressed (Archer et al., 

2014; Sinnes & Løken, 2014). This study takes a different approach to investigate the 

complexity of social interactions and contexts by applying a poststructural lens. This 

approach aims to identify and critique underlying assumptions of previous research 

and previous solutions. Consequently, this thesis does not directly build on previous 

research on segregation of women in science but aims to identify and disrupt the social 
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conditions that make the production and reproduction of the ‘problem’ of women and 

science inevitable. The research will pursue these goals by identifying the mechanisms 

that support the segregation of women in science, as recorded and presented in politics, 

research and the media, through Foucauldian methodologies. 

Unpacking the problem of women and science as represented in local and global 

policies, programs, research findings and media reports exposes assumptions about 

science epistemologies as well as gender construction as introduced earlier. There are 

several discourses that support and perpetuate the problem: firstly, that social roles 

relate to sex determined gender (Sax, 2005); secondly, that preferences and aptitudes 

for science are linked to sex determined gender (Desy et al., 2011); thirdly, that there 

is a relationship between some science epistemologies and gender (Jenkins, 2006) so 

that girls and women are inherently disinterested in physical sciences; and finally, that 

increasing women in the science workplace will increase workplace diversity. 

Ownership of the problem also generates an interesting dynamic since most of 

the rhetoric has been driven by politics and it is only in recent years that the voices of 

women in the science workplace have emerged in the discussion, usually in reaction 

to circumstances (for example, Lillebuen, 2015). In Australia, the Government has 

repeatedly stated that more women need to be engaged in science, particularly the 

physical sciences and related professions (WISET, 1995; Australian Academy of 

Science, 2015) and this is supported internationally by the United Nations (2015) and 

the OECD (2015). These global organisations claim that the issue is about economic 

growth, gender equity and the need for diversity in the science workplace (Bell & 

Yates, 2015). Why women as a group become the focus of this problem with minimal 

consideration of other social factors such as ‘race’, class and culture is interesting, 

particularly since research indicates that Caucasian middle class women are more 
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likely to be successful in the science workplace than any other group of women. There 

has been some research focus on ‘racial’ groups in relation to segregation in the science 

workplace (e.g. Malone & Barabina, 2009) and the effectiveness of different science 

teaching strategies for various ‘racial’ groups (e.g. Gao & Wang, 2016), but this is 

minimal in relation to research efforts that focus on gender and science (Archer, 

DeWitt & Osborne, 2015). 

In contrast, there has been significant national and international discussion, but 

limited research, about indigenous science epistemologies in relation to education 

(Aikenhead, 2001; Christie, 1990; Friesen & Ezeife, 2013); the benefits to ecological 

and environmental management (Bohensky, Butler & Davies, 2013); or on increasing 

the number of indigenous people working in the context of the Western scientific 

workforce11. Studies that integrate indigenous knowledges with Western science tend 

to report the benefits of doing so (e.g. Mercer, Kelman, Taranis & Suchet‐Pearson, 

2010; Alexander, Bynum, Johnson, King, Mustonen, & Weeks, 2011) but there is 

limited study of the relationship of indigenous peoples to Western science. In 

comparison, there is a plethora of literature on the relationship of women to science 

and related feminist science epistemologies. This is not considered in the context of 

the educational curriculum nor as a knowledge base relevant to ecological or 

environmental management. It seems instead that ‘women’, represented as a 

homogenous group, are expected to fit within the Western science paradigm.  

                                                 

 
11There is limited research available but in Australia current industrial practice commonly 

involves consultation with local Indigenous people for advice on environmental monitoring. For 

example, INPEX Darwin employed local Indigenous experts to work with ecologists to survey and 

monitor environmental indicators at the Darwin based gas plant. In contrast, Western scientists 

were paid at a considerably higher rate than the local Indigenous experts of that country. 
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Understanding the ontological and epistemological features of the dominant 

accounts of the problem of women and science is part of the research process for this 

study. This thesis will apply a Foucauldian theoretical framework using genealogical 

tools, to guide critical analysis of the ‘problem’ of women and science. Theories of 

gender subjectification in relation to binary gender systems as a social norm are 

examined by drawing on Judith Butler and Luce Irigaray. 

Theoretical framing of the problem of women and science 

Some recent studies on gender and science (Archer, DeWitt, Osborne, Dillon, 

Willis& Wong, 2012b; Sinnes & Løken, 2014) have recommended a move away from 

systematic approaches to the problem of gender and science. These approaches have 

applied a logic based on binary gender categories to provide solutions that produce 

and reproduce the segregation of women in science by working with differences 

between women and men rather than commonalities. Examples of this include special 

programs to attract women into science and associated professions and other measures 

that will be discussed in more detail later in the thesis. Sinnes (2012) and Sinnes and 

Løken (2014) described the problem from a postmodern perspective that challenges 

the idea that women are a cohesive group based on biological sex and asserts that the 

category is socially constructed. Archer et al. (2015; 2012b) applied a feminist 

poststructuralist framework that draws on relations of power and discourse and gender, 

socially constructed through discursive practice and bodily performances (Butler, 

1990b; Butler 1993). Influenced by the recommendations of that study, a Foucauldian 

framework has guided this research to critically analyse social relations, including 

relations of power and discourses, for the production and reproduction of the problem 

of women and science. I also draw on Judith Butler’s performative gender theory 
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(Butler, 1990b) and Luce Irigaray’s feminist writings on the relationship of women to 

nature and biology.  

The framework applied in this study has been guided by previous research and 

takes a post-structural approach, applying the theories of Foucault, Butler and Irigaray 

for critical analysis of the problem and the science workplace. This includes the 

science classroom, which is considered the first training site for contemporary Western 

sciences. The science classroom is the first experience of the power/knowledge 

relations common in science professions. Feminist science philosophers, such as 

Harding (2011) and Haraway (2004),inform feminist methodological approaches and 

understandings of feminist epistemologies of science used in the thesis. In their studies, 

Sinnes (2012) and Sinnes and Løken (2014) drew on Haraway’s ‘situated 

knowledges’, which recognise that knowledge is situated in individual experiences 

with no one being more valid than the other. Haraway (2004) considered women to be 

epistemologically deprived compared to men and as a result of this women are needed 

in the science workforce to ensure that their science stories are heard and can become 

included in science epistemologies (Sinnes and Løken, 2014). Haraway’s ‘situated 

knowledges’ concept tends to provide an alternative for Harding’s (1991) Feminist 

Standpoint Theory (FST), which is often criticised for being essentialist. While this 

study draws to some extent on Haraway’s concept of situated knowledge, FST 

provides an overarching framework for some aspects of the methodology applied in 

this thesis. This appears contradictory to an approach that challenges the notion that 

women are one cohesive group and I draw on Luce Irigaray’s notion of strategic 

essentialism, which some authors suggest is useful to challenge the situation of women 

in Western culture (Fuss, 1988; Stone, 2004). This is the case if consideration is given 

to the differences in the group to ensure that homogeneity is not assumed.  
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Using FST in the context of a poststructural study is unusual because of 

essentialism but this approach has been used in this thesis for several reasons. First, 

Western culture essentialises female and male children through binary gender 

categorisations and associated socialisation processes; second, females are generally 

essentialised as girls and women in Western society and this is commonly reflected in 

their lived experiences and opportunities; third, essentialism is so ingrained in many 

cultures that substantive change through policy, programs and practices requires 

acknowledgement and accommodation of the group identities that have been 

established, and finally, strategic essentialism as described by Luce Irigaray (1985) 

provides theoretical tools to account for essentialism in the context of social change. 

These factors will be discussed in depth in Chapter 3 and considered in context of 

Judith Butler’s gender theory. 

Tools from Foucault’s genealogy will be applied in this research to critically 

analyse elements of the problem of women and science. Foucault’s genealogy explores 

a social situation through analysis of discourse and power relations (O'Farrell, 2005). 

The effect is to disrupt existing notions and challenge the status quo like a ‘precocious 

child at a dinner party’ (Kendall & Wickham, 1998, p. 29) because of the level of 

discomfort that can arise when the origin and function of social ‘norms’ are exposed. 

Tools used to uncover existing notions include Foucauldian Discourse Analysis 

(FDA) and analysis of the dispositif. The dispositif is described as an interrelated 

network of heterogeneous elements, both discursive and non-discursive (Foucault, 

2003). While the dispositif includes discourses, other elements such as institutional 

practices and beliefs, architectural forms, legislation, administrative measures, and 

educational policies and programs are included in the analysis. Dispositif analysis 

recognises complex elements of social problems by enabling consideration of relations 
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of knowledge, power and subjectivity (O'Farrell, 2005) and as such is a fitting 

analytical approach for the ‘wicked’ problem of women and science. 

The problem and the dispositif of contemporary Western science 

Research, policy and programs addressing the problem of women and science 

follow a range of approaches and focus on multiple elements. Much of the research 

counts the number of women in the science workforce (Lariviere, Ni, Gingras, Cronin 

& Sugimoto, 2013); other researchers have focused on effects of stereotyping (Appel, 

Kronberger & Aronson, 2011; Cundiff, Vescio, Løken& Lo, 2013); the influence of 

role models (Young, Rudman, Buettner & McLean, 2013); attrition rates 

(Muhlenbruch & Jochimsen (2013); aspirations and attitudes to science education 

(Archer et al., 2014); high school science interests (Sadler, Sonnert, Hazari & Tai, 

2012) the interaction of gender and science interests (Archer et al., 2012a) and gender 

equity in science education (Sinnes, 2012). The extent and variety of research is 

indicative of the complexity of elements that are considered to contribute to the 

problem. 

The complexity is also reflected in various local and global programs that aim to 

attract and retain girls and women at all levels in the science workforce. These include 

local efforts, such as the Edith Dornwell Internship for Women in STEM (Government 

of South Australia, 2016), national action such as the Science and Gender Equity 

(SAGE) program from the Australian Academy of Science, and international 

initiatives like the L’Oréal-UNESCO For Women in Science program (L’Oreal-

UNESCO, 2016); and the International Day of Women and Girls in Science (UN, 

2016).  

The extent of the issues for girls and women in science are reflected through the 

diversity of these research studies and program initiatives and the introduction of 
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different elements that are thought to contribute to the problem of women and science. 

No one element contributes entirely to the problem of women and science, rather it is 

the interaction of many elements. As previously described, Foucault’s dispositif 

recognises complex elements of social problems, like women and science, and 

considers relations of knowledge, power and subjectivity (O'Farrell, 2005) that are 

operating to perpetuate these problems. This thesis will demonstrate how the 

discursive and material elements of the dispositif, including research studies, education 

programs and government/private sector initiatives interplay and interrelate to 

maintain the problem of women and science. The aim of this process is to disrupt 

existing social norms by describing how the social conditions of the problem produces 

and reproduces the situation. The thesis concludes with discussion of future research 

to identify other possibilities for the future science workplace. 

Thesis overview 

This thesis argues that a system of relations between complex and interrelated 

discursive and material elements works to create gendered environments in the science 

workplace. The problem of women and science distracts from other issues of ‘race’, 

class, culture and diversity in the science workplace. The problem is produced and 

reproduced through gendering of individuals, science knowledges, the science 

workplace and the discourses that arise within the science workplace. The terms 

‘produced and reproduced’ are used interchangeably with ‘shaped and reshaped’ 

throughout the thesis as both phrases emphasise that there is no single process or clear 

beginning and endpoint, rather a continuous process through interrelation of societal 

elements which maintains a status quo even when there appears to be a change in one 

or more of the elements. This is described further in Chapter 3 where the theoretical 

framing is discussed in depth. 
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Complex mechanisms based on ontological and epistemological assumptions are 

at play in perpetuating the problem of women and science. These mechanisms 

constrain individual embodiment of science knowledges and participation in the 

science workforce. The work of this thesis is to identify conditions of change using 

Foucauldian methodologies to disrupt and move towards other possibilities for the 

science workforce in the 21st Century. The research is guided by the following aim and 

objectives: 

Aim of research  

To investigate the societal elements and power relations that contribute to the 

‘wicked’ problem of women and science despite decades of policy programs and 

initiatives aiming to increase gender diversity in the science workplace. 

Objectives  

• Determine the relationships between gender, sex and science in 

contemporary Western societies. 

• Investigate how relations of gender, sex and science are produced and 

reproduced in the context of science and the science workplace. 

• Critically examine how relations between gender, sex and science can be 

disrupted in the context of 21st century Western science workplaces. 

• Determine alternative accounts of relations between gender, sex and science 

in the context of 21st Century Western science workplaces. 

The work of the thesis is organised into eight chapters. Following this 

Introduction, Chapter 2 provides a literature review that describes the emergence of 

the relationship between women and science over time and the subsequent production 

and reproduction of the problem of women and science. Chapter 3 provides detail of 

the theoretical framing for the thesis, including Feminist Standpoint Theory (FST), 

Butler and Irigaray on gender and subjectivity, and Foucault’s genealogical toolbox 
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with particular focus on Foucauldian Discourse Analysis (FDA) and the dispositif. 

Chapter 4 explains the methodology used to investigate the research aim and 

objectives. On concluding Section 1 of the thesis, the reader will be informed about 

the situation being investigated, the theoretical approach and the methodology for the 

thesis.  

Section 2 of the thesis presents the results of empirical work and critical analysis 

using the theoretical framework outlined in Section 1. Initially, Chapters 5 and 6 

describe the dispositif of contemporary Western science workplaces by identifying and 

articulating the interplay and interrelationship of the heterogeneous elements through 

mutual conditioning. On concluding these chapters, the reader will be aware of the 

material and discursive elements and how they work together to produce and reproduce 

the problem of women and science in the science workplace. Power, knowledge and 

subjectivity, as key dimensions to the dispositif, become the focus of the work in 

Chapter 7, which is to identify relationships between knowledge, power and discourse 

in the science workplace and demonstrate how these work in the dispositif to support 

the problem of women and science. In this chapter, I propose that the production of 

women as a group is contingent on relations of power, knowledge and discourse at the 

expense of agency and subjectivity, particularly in relation to the social conditions of 

the time and their relationship to science knowledge and science professions. Chapter 

8 will draw the arguments of the thesis together to address research questions and argue 

that the dispositif works to create gendered environments in the science workplace 

while distracting from other issues of diversity. This chapter will demonstrate how the 

problem of women and science is produced and reproduced by the same actions that 

claim to redress the issues. Finally, conditions of change will be identified for future 
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research to support a move towards other possibilities in the global science workforce 

of the 21st century.   

Theoretical conceptualisations are reinforced throughout the thesis to maintain 

the argument in relation to the theoretical framework. Several terms that have been 

introduced in this chapter continue to be used through the thesis; these include ‘women 

and science’ to refer to women in the science workforce but also to describe the 

relations of girls and women to science since current social conditions both inhibit and 

enable the participation by some women and girls in some sciences. ‘Sex/gender’ is 

used to refer to the term gender when the context clearly refers to gender determined 

by sexual characteristics. ‘Science work’ is used to describe the school science 

laboratory as well as science workplaces. The rationale for the latter phrase is that the 

school science laboratory is the initial training ground for scientists in the making and 

a common site for disengagement.  

Conclusion 

Recent world events demonstrate socio-political conditions of patriarchy that 

enable the production and reproduction of the ‘wicked’ problem of women and 

science. While there has been significant research, policy initiatives and programs to 

address the ‘problem of women and science there has been limited change in the 

situation over decades with women remaining at lower levels of the biological and 

health sciences and men dominating senior positions in all sciences. Men clearly 

outnumber women in the physical sciences, which tend to be more universally 

respected and attract greater financial reward. Through the following thesis, I describe 

socio-political conditions that produce and reproduce the problem of women and 

science by applying a feminist post-structuralist framework to critical analysis of 

participant data. My interest in the subject of the thesis is instigated by firsthand 
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experiences as a scientist and science teacher and, as such, comes with a personal 

standpoint and reflexivity.  

The ‘wicked’ problem of women and science has been discussed through several 

decades in the context of government policy and academic research and patterns of 

employment in science workplaces have been well documented. Science, technology, 

engineering and mathematics is considered very important to the Australian economy 

with past and current governments emphasising the role of strong innovative science 

programs. Meanwhile, women employed in the science workplace continue to report 

gender pay inequity, sexism and sexual harassment in their professional environments. 

This has been publicly reported in social media and mainstream news with prominent 

scientists, male and female, exposing sexist experiences and thoughts within the 

science workplace. In a global context, diversity of science knowledges is questionable 

since contemporary Western science tends to dominate in association with the 

persistent stereotype of the male white middle-class scientist, particularly in the 

physical sciences and related professions. This has the potential to reduce diversity 

since alternative ways of thinking about science are lost in favour of Western 

epistemologies of science, something that is also reflected in the categorisation of 

gender in binary terms rather than reflecting diversity of gender that exists (Tallbear, 

2017).  

The uneasy relationship of women and science emerged through times where 

women’s knowledge became less valuable than that of men. Over centuries the place 

of women in Western culture has evolved but some remnants of earlier times, 

described in Chapter 2, remain and are evident in global patterns of gender inequity in 

economic opportunities and political empowerment (OECD, 2015). The following 

chapter provides a literature review of previous research on the problem of women and 
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science after describing the socio-political emergence of the problem of women and 

science. 
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Chapter 2:  Critical Literature Review 

 ‘Critical’ does not mean destructive, but only willing to examine what we 

sometimes presuppose in our way of thinking, and that gets in the way of  

making a more liveable world. (Butler, 2012, para. 14) 

The thesis argument that the ‘problem of women and science is produced and 

reproduced in contemporary socio-political contexts was introduced in Chapter 1. A 

critical analysis of literature in this chapter will examine assumptions within the related 

research to identify what ‘gets in the way of making a more liveable world’ (Butler, 

2012, para. 14). Questioning and examining assumptions necessitated the development 

of an understanding about the historical context of this thesis topic. This involved 

taking a look back to find out why and how we are in our current position. My intention 

in this chapter is to identify ontological and epistemological assumptions in the 

positions taken in previous research, particularly those about the relationships of sex 

and gender with science. This approach is achieved through exploration and critical 

analysis of literature about the nature of science knowledges and the science workplace 

in local and global contexts. Social media sites have also provided a form of literature 

recording qualitative stories about the experiences of women and science. The initial 

section of this chapter provides a brief history of contemporary Western science and 

the subsequent global domination of science knowledge systems. 

The rise and fall of science and women 

Modern western science emerged during the scientific revolution at the end of 

the European Renaissance, which occurred between the 14th to 17thcenturies. During 

the Renaissance, physics, mathematics, astronomy, chemistry and biology arose as 

knowledge systems that challenged and transformed views of nature at that time 
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(Maier, 1982). In science, the Renaissance was kick-started by a publication about 

astronomy by Nicolaus Copernicus, which dramatically challenged views about the 

heavens (Cohen, 1976). Sir Isaac Newton’s book Principia, published in 1687, 

synthesised much of the knowledge growth during that period, and formulated laws of 

motion and universal gravitation; two of the most influential concepts in physics 

(Cohen, 1976). During the scientific revolution, there was a rapid accumulation of 

knowledge in Europe and this changed scientific activity significantly (Henry, 2008). 

The scientific revolution essentially moved Europe from the middle ages to the modern 

world and the most revolutionary period to arise from Renaissance became known as 

the Age of Enlightenment (1620-1780). The Enlightenment was a time in Western 

cultural history when rational and logical thought emerged as dominant forces for 

social progress (Sandywell, 2009).  

During the Enlightenment, science had a significant role in transforming culture, 

particularly in context of an ‘increasingly interconnected world’ (Golinski, 2011, p. 

227). The 18th Century was a time when Europe and the colonies of competing 

European empires supported scientific explorations and commercial trade that 

extended their influence to other continents and peoples. With each voyage, increased 

scientific knowledge was recorded and a ‘new confidence in the universal validity of 

such knowledge’ was established (Delbourgo & Dew in Golinski, 2008, p. 222). This 

was a period when scientific thought and reasoning predominated in Western cultural 

contexts and spread across the globe as a ‘truth’ enforced by imperial power. While 

the dominant forces in scientific thought were masculine, notable women scientists 

also emerged as role models through history. Frequently mentioned names include: 

Laura Bassi, an Italian Newtonian physicist; Émilie du Châtelet, a French philosopher 

and scientist; Sophie Germain, a French mathematician (Ignotofsky, 2017), and 
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Caroline Lucretia Herchel, who served as chief assistant astronomer to her brother 

William Herschel, although she discovered several comets ‘on her own’ (Hughes, 

1999). Despite the presence of some women scientists, writings of the Enlightenment 

tend to primarily refer to men. Kerber (1976) claimed that discussions at that time 

questioned ‘whether women were capable of serious reasoning’ (p. 187).  

Writing in the context of the United States, Kerber (1976) demonstrated that the 

political role of women during the Enlightenment became that of raising sons thus 

integrating domestic work with patriotic duty. In Europe, women provided a necessary 

audience for the discoveries being made by men during the period. Golinski (2011) 

described a feminine setting where women listened and responded to the writings of 

men thus influencing their works without being credited. According to Keller (1995), 

Enlightenment discourses were influential in establishing and maintaining the binary 

gender divide and associated power relations that persist into the 21st Century. As an 

example, she cited Francis Bacon, an influential man as scientist, philosopher and 

politician, who viewed science as masculine, a power to dominate and control nature, 

which was regarded as feminine (Keller, 1995). According to Luce Irigaray (1985), 

this vision of science has played a significant role in subjectivity and agency of women 

in science and science professions since that time as women continue to be associated 

with caring and nurturing rather than the physical sciences. 

Visions of masculinity and femininity and related roles were reinforced during 

the industrial revolution of the 18th Century, one of the outcomes of the scientific 

revolution and the Enlightenment. As social focus moved from agricultural links with 

nature to technology, diversity in both women and men’s roles significantly reduced 

and strong divisions between work and home emerged (Keller, 1982). Women became 

increasingly limited in terms of economic, political and social options (Davis, 1975; 
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Kelly, 1982) as they became more dependent on men for economic security, and their 

authority was limited to care of the home and children (Keller, 1995). The industrial 

revolution created a working class who would be selected for industry over generations 

rather than educated for middle class positions (Jackson & Marsden, 2012).  

The links between science, technology and capitalism through industry were best 

described by Friedrich Engels (1845). In Condition of the Working Class in England 

(1845), Engels studied the working class of Manchester and was revolutionary in his 

criticism of the impact that science and technology had on their lives when used in the 

service of capitalism. Engels argued that the growth of science, technology, 

engineering and mathematics as an economic imperative for capitalist economies 

occurred at the expense of alternative subjectivities and traditional knowledges 

(indigenous and otherwise). It also relied on class structures that streamed educational 

opportunities and relegated girls and women to domestic science rather than physical, 

biological or health science. Ultimately, men regulated women’s lives and dictated 

appropriate roles and behaviours for women in public and at home, including their 

dress, education and self-expression.  

This was the socio-political context within which contemporary Western science 

grew; a time that promoted and emphasised male/female dichotomy and other 

dualisms. Masculinity/femininity; culture/nature; objectivity/subjectivity; 

reason/emotion and mind/body became dominant paradigms of thinking, which were 

emphasised through cultural and social practices. The dualisms tended to place 

masculine terms, and those mostly associated with physical sciences, in a more 

powerful position in the binary (Hekman, 1990; Keller, 1995). The establishment of 

dualisms in this way not only placed the masculine and feminine in opposition, but 

also closely associated science with the masculine. This, according to Harding (1989), 
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established and maintained a society where the knowledges of the dominant power 

(masculine) were revered above all others. As a result, science established within the 

context of that time was one way of ‘perpetrating and legitimising male dominance’ 

(Harding, 1989, p. 281). According to feminist science epistemologists and 

philosophers, the dominance of masculine knowledges, industrialisation, and the 

colonisation of new lands contributed to the global history of science knowledges and 

aligned with the subjugation of traditional knowledges (Haraway, 1988; Harding, 

1991). This argument will be discussed later in this chapter.  

By the 19thCentury, discourses and socio-cultural beliefs that women were 

inferior to men were reinforced by the evolutionary biologist Charles Darwin, as he 

openly regarded female adults to be a mid-point between children and adult men in 

regard to intelligence and maturity (Richardson, 2014). Since Darwin presented this as 

scientific knowledge in an era where science was regarded as a fundamental truth, 

there was little dispute except from a few feminists who used the opportunity to 

challenge accepted social norms for women. While Darwin’s theory was not liberating 

for women, it did provide another viewpoint to challenge religious beliefs and their 

influence on the role of women in society (Richardson, 2014).  

During the Enlightenment, science began to supersede religious doctrine since it 

was considered ‘absolutely and objectively true’ (Kendall & Wickham, 1999, p. 61) 

by great and influential thinkers of the time, predominantly Durkheim and Marx. 

Initially Marx considered science in a positive light since it had the ability to set people 

free from superstition and religious thought, until he witnessed the exploitation of 

‘man’ and nature (Kendall & Wickham, 1999). Marx observed the relationship 

between economy and scientific knowledge and noted that science and capitalism were 

essential for driving each other, a concept perpetuated through 20thCentury thinking 
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and into the 21st Century. This may be changing however, as there has been a growing 

trend for politicians to ignore scientific reasoning where it interferes with financial 

capital gain (Gowland, 2017). In the Enlightenment, the environmental issues of the 

industrial era did not exist (or were not recognised), and scientists influenced socio-

political thought via discourses and theories that shaped and reshaped scientific and 

cultural dualism in relation to gender. Prominent psychiatrist, Sigmund Freud 

influenced society and thinking about women during the late 19th and early 20th 

centuries and reinforced ideas of binary gender and the ‘superiority’ of the male’. In a 

1925 paper: ‘Some Psychological Consequences of the Anatomical Distinction 

between the Sexes’ (Freud, 1997), Freud described penis envy experienced by girls: 

They [girls] notice the penis of a brother or playmate, strikingly visible and of 

large proportions, at once recognize it as the superior counterpart of their own 

small and inconspicuous organ, and from that time forward fall a victim to 

envy for the penis. (Freud, 1997) 

Considering that the early 20thCentury was largely dominated by the thinking of 

Darwin (women are inferior to men), Marx (science is truth) and Freud (women are 

envious of men’s superiority), it is not surprising to find male scientists and associated 

knowledges valued above other knowledges. Such was the importance of science that 

there was no questioning or investigation of the impact of science on society, despite 

Marx’s observations. Essentially, the sociological study of science did not emerge until 

mid-20th Century and even then, the focus was more on science practices rather than 

knowledges (Kendall & Wickham, 1999). The absence of sociological insight into 

science, scientists and traditional binary gender roles meant that men were 

unquestionably accepted as scientists and discoverers of vast knowledge. Women were 

assistants or played their ‘naturally ascribed’ role as the supportive wife of the great 
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man of science. This was evident when early sociologist of science, Robert Merton, 

failed to mention Rosalind Franklin in his discussion about one of the greatest 

discoveries of 20th Century science—the double helix of DNA12. In a similar story, 

Dame Jocelyn Bell Burnell was not included in a Nobel Prize for her doctoral work on 

astrophysics as the award went to her supervisor13. Women of the time were thought 

incapable of such discoveries. It was assumed that the men involved in the projects 

had been the great minds behind the discoveries. This meant that the women were 

often excluded. Because of this there were fewer role models for women in science 

during this period. There was an occasional exception like Marie Curie who discovered 

radium and won two Nobel prizes for science in the early twentieth century. In the 20th 

Century, science remained the business of men rather than women, and science 

knowledge/s became increasingly positive and reductionist (Kraft, 2015). 

In the early 20th Century, science became increasingly positivist. For example, 

science philosopher Karl Popper (1902-1994) and his contemporaries considered 

scientific knowledge to be the ultimate reasoning (Kendall & Wickham, 1999). Popper 

worked closely with the Vienna circle, which led an international movement of new-

positivism (Kraft, 2015) to share ideas about demarcation of the sciences. It was 

determined that sciences should be considered ‘real’ if they were able to be subjected 

to and pass a falsification test (Kendall & Wickham, 1999). Sciences such as physics 

and chemistry proved robust in this testing arena, but some areas of biological science 

                                                 

 
12 Rosalind Franklin’s scientific research was crucial in the discovery of the double helix structure 

of DNA, which is largely attributed to Watson and Crick who won the Nobel Prize in Physiology 

or Medicine in 1962 with a colleague Maurice Wilkins (Klug, 1968).  

 
13 Dame Jocelyn Bell Burnell is credited with discovery of radio pulsars, one of the most significant 

scientific discoveries of the 20th Century, but a Nobel Prize in Physics was awarded to her Doctoral 

supervisor and another colleague, both men, despite Jocelyn being the first to observe and precisely 

measure the pulsars (Hargittai, 2003). 
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and health sciences did not. This was instrumental in elevating the position of physics 

and chemistry as superior sciences compared to the other fields. The ideas of Popper 

were challenged by the 1960s by Kuhn, a physicist and philosopher of science, and 

also by Foucault. These science philosophers were instrumental in developing post-

positivist philosophies of science (Alcoff, 1999). Both men considered the production 

and generation of positivist science knowledge to be constricting and they questioned 

the ‘truth’ and reasoning of science. While Kuhn has often been discussed in relation 

to science philosophy, Foucault is not as frequently considered in this domain. Alcoff 

(1999) postulated that this may have been due to his association with anti-rationalism 

and post-modernism, his focus on power and the human sciences rather than physical 

science. Generally, Foucault avoided fixed and definitive methodological critique or 

alternative hypotheses and instead concentrated on power/knowledge interactions 

(O’Farrell, 2005). 

In contrast, Kuhn’s key role was to demonstrate that, while logic and reason were 

instrumental in many scientific discoveries, the direction that scientific theories took 

was determined by external social factors (Keller, 1995). This changed public 

responses and views of science to some extent, since there was a realisation that public 

interest could be served by a science of choice. However, it did not challenge the belief 

that individual scientific inquiry was objective. By the end of the 20th Century, certain 

mythologies persisted that effectively labelled the physical sciences as objective, 

logical, reasoning and masculine, in contrast to the alignment of subjectivity and 

feeling with nature science, which were considered feminine (Keller, 1995). Despite 

the rise of feminism in the 20th Century, science has been largely the preserve of men 

into the early decades of the 21st Century. The science commonly discussed in political 
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reports and contemporary research has been based on the reductionist views promoted 

by men since the Enlightenment and reinforced throughout the 20th Century.  

Gender and science knowledges 

In the latter part of the twentieth century, ways of knowing and understanding 

science from a feminist perspective were widely discussed (e.g. Harding, 1991; Riger, 

1992; Keller, 1995; Tanesini, 1999). Feminist epistemologists and philosophers of 

science argued that traditional western science did not lead to knowledge due to the 

narrow lens it used to describe and explain the world (Pinnick et al., 2003). There was 

also recognition that traditional western scientific inquiry only provided one way of 

knowing about science (Wenning, 2009), which was previously considered as truth by 

Karl Popper and his contemporaries but had been questioned, particularly by feminist 

scholars. 

Following the second wave of feminism in the 1970s, challenges to 

epistemologies and reasoning echoed in the voices of feminist philosophers and 

epistemologists, particularly Lorraine Code (1987) and Sandra Harding (1986). In the 

context of science, Harding (1986), Haraway (1992) and Keller (1995) were vocal in 

questioning scientific knowledges in relation to binary gender (Grasswick, 2013). 

According to this group, scientific thought remained dominated by 18th Century 

European and masculine influences and the origins of contemporary western science 

that arose during the Enlightenment era. Donna Haraway (1992) wrote that Western 

society was blinded by ‘the sun-worshiping stories about the history of science and 

technology as paradigms of rationalism’(p. 298). Science, she claimed, was 

constructed from ethno-specific perspectives, a notion supported by Sandra Harding 

(1986, 1991, 2011) and Evelyn Fox Keller (1995), amongst others. The works of 

feminist science epistemologists such as Sandra Harding, Donna Haraway and Evelyn 
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Fox Keller demonstrated that scientific knowledge had been culturally situated and 

reflected the ideologies of societies, particularly in regard to ‘race’ and gender 

(Brickhouse, 2001). They showed that knowledges were gendered and the science 

knowledges that emerged during the Enlightenment and persisted into the 21st Century 

were particularly saturated with cultural meanings about gender (Keller, 1995). 

Despite this critique, there was a lack of research into the ontological and 

epistemological relationships between gender and contemporary western sciences. The 

sudden realisation of these relationships led Evelyn Fox Keller, a 1970’s mathematical 

biophysicist, to change her life direction. She explained that she once ‘believed 

wholeheartedly in the laws of physics and their place in the apex of knowledge’ 

(Keller, 1995, p. 3). Schooled in the context of positivist sciences promoted by Popper 

and others, Keller had a sudden transformation that led her to question the science that 

she had accepted as truth (Keller, 1995). 

Sometime in the mid-1970’s—overnight, as it were—another kind of question 

took precedence, upsetting my entire intellectual hierarchy: How much of the 

nature of science is bound up with the idea of masculinity, and what would it 

mean for science if it were otherwise? (Keller, 1995, p. 3). 

Keller (1995) had become aware of the ethnocentric and patriarchal beginnings of 

contemporary Western science. While the implications of these origins may be clearly 

pertinent to the 21st Century science workforce, they have not been considered in the 

context of national or international reports about the status of women in the profession 

(e.g. Bell & Yates, 2015; Office of the Chief Scientist, 2016). National and 

international research has primarily taken a quantitative approach to measuring the 

problems experienced by women in science. These measures have included: the ‘leaky 

pipeline’ (Sheltzer & Smith, 2014; Resmini, 2016); women scientists as role models 
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(Miller et al., 2015; Stout, Dasgupta, Hunsinger & McManus, 2011); and initiatives to 

engage girls and women in science (Jean, Payne & Thompson, 2015; Barmby, Kind & 

Jones, 2008). While research has focussed on counting the participation and retention 

rate of women in the science workforce and on the engagement of girls in science 

education, there has been a lack of focus on the construct of the problem of women in 

science relative to the construct of science knowledges.  

A vast amount of contemporary research on the problem of women and science 

produces and reproduces discourses that connect girls and women with nature, and 

associate boys and men with physical sciences. For example, Jones, Howe and Rua 

(2000) found that in the United States, students’ interests in science were closely 

related to their out of school experiences, which in turn tended to be related to gender. 

Jenkins (2006) reported that in the United Kingdom context, girls continued to be more 

interested in biology rather than physical sciences and this was supported by research 

conducted in other countries (Sadler et al., 2012; Bryan, Glynn & Kittleson, 2011). 

The prevalence of research findings that highlight gender ‘preferences’ for types of 

science has tended to promote the idea that girls and women prefer biological sciences. 

This research has also shown that girls and women do not dominate positions of 

leadership in these sciences. Research findings over several decades have found that, 

while the number of women in science professions is increasing, women continue to 

be employed at lower levels of the hierarchy in health and biological sciences. Very 

few women make it to the top in any scientific domain, and women who do win 

leadership roles, tend to be from a Caucasian or South East Asian middle-class 

background (Archer et al., 2012a). 

In the late twentieth century, there was a focus on re/developing feminist 

epistemologies in mathematics education (Burton, 1995) and reconfiguring 
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mathematics education to challenge assumptions of ‘truth’ (Walkerdine, 1997). 

Walshaw (1999) described different approaches to questions of gender relationships 

with mathematics. One approach was to view the participation of women as a problem 

to be solved, while the other approach tended to put women central to mathematics by 

considering their experiences as a group in an historical context. Both approaches were 

essentialist, and suggested strategies to ‘solve the problem’ with limited consideration 

of other influential factors and lack of recognition of the complexities of women as a 

group characterised by complex diversities. Chronaki and Pechtelidis (2012) 

considered both options to be ‘strategic approaches within a modernist regime’ (p. 

248) but emphasised a need to move away from essentialist hegemonic notions that 

drive discourses, which perpetuate this social normative. Most approaches and 

research perpetuated the social norm by treating gender as essentialist without 

considering other social factors.   

Valerie Walkerdine (1998) emphasised the effect of class in differentiating the 

experiences of girls in mathematics while relating gendered subjectivity to academic 

performance. According to Walkerdine (1998), the subjectification of girls left them 

with a feeling of academic inadequacy regardless of class, ‘race’ and culture. The girls 

in her study ‘suffered from the feeling that they were never good enough no matter 

how hard they tried and that their femininity could never ever be allowed to get in the 

way of their success’ (p. 170). The indication here is that subjectification of girls, in 

their cultural context, had created essentialist categories which were further reinforced 

through discussions about feminist science and mathematics epistemologies. Chronaki 

and Pechtelidis (2012) suggested that such categories dictated a ‘certain and static 

identity that is biologically determined and socially situated in universal patriarchal 

roles and expectations’ (p. 250). Historically the socio-political context of the 
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‘problem’ of women and science is not well discussed in related research (Bell, 2010; 

Bell & Yates, 2015) or mainstream political discussion which tends to focus more on 

principles of economic rationalism (Turnbull, 2016; Bell & Yates, 2015).  

What counts and what is counted in the science workplace? 

Quantitative reports and research to describe the extent of the problem of women 

and science is extensive but results are often not discussed in a social context. For 

example, in January 2017 the American Association for the Advancement of Science 

(AASS) profiled women in Kuwait, celebrating the number of women studying 

engineering (49%) and subsequently employed in engineering professions. Upfront 

statistics look good for that country but on reading further in the report, it was evident 

that women were not free to work in any profession without their husband’s or male 

guardian’s permission (Jarvis, 2017). This resonated during a meeting with a woman 

engineer from Kuwait at a conference in London who was keen to talk to me about her 

situation but as I had completed my data collection, she was not included in the thesis. 

Like many women, she wanted to tell her story, how she loved engineering and had 

been allowed to study for a degree. On graduating she found employment in an 

engineering office undertaking administrative work, despite her husband’s support for 

her to work in a professional position. She told me that this is common in Kuwait; 

women are employed in engineering companies but only for office work. In Western 

countries, the statistics for women in engineering are somewhat less than in Kuwait 

and the socio-cultural influences are quite different, but women have similar problems 

in terms of participating in science professions.  

Low participation of women in science work, particularly in the physical 

sciences, has been researched internationally, for example in the Australian context, 

Bell and Yates (2015); in the United Kingdom, Archer, DeWitt, Osborne, Dillon, 
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Willis& Wong, (2013); in the Arab Middle East, Al-Gazali (2013); in the USA, Young 

et al. (2013) and Legewie and DiPrete (2014); while Appel et al. (2011) and Smith 

(2011) have described the situation in European countries. Research by Sugimoto 

(2013) highlighted that the situation was reflected globally. L’Oreal-UNESCO (2016) 

data indicated that only 17% of countries had equal numbers of female to male 

scientists at the time of research. Fewer than six percent of the countries that were 

investigated approached parity in the number of publications by women, which is an 

essential factor in a successful science research career (L’Oreal-UNESCO 2016). Even 

countries considered to be advanced in terms of gender equity, for example 

Scandinavia, tended to show similar trends (Sinnes & Løken, 2014).  

Women’s outputs as scientists were less than men’s since, even when publication 

counts appeared to be equal, there was gender disparity in author positioning (West, 

Jacquet, King, Correll & Bergstrom, 2013). This research also highlighted that the 

number of single authored papers by women was low; since 1990 women represented 

only 26% of these papers (West et al., 2013). Publication metrics were the main 

method of measuring the impact of scientific results and discussion. For example, 

research by Sugimoto (2013) and West et al. (2013) provided a key indicator of 

women’s perceived success in science according to standard measurements in the 

scientific community. Overall, quantitative research has shown that the number of 

women in biological and health sciences has been increasing over the decades, but also 

revealed an ongoing parity problem related to relatively few women in higher 

management positions within these sciences, and very few women in the physical 

sciences and related professions (Bell & Yates, 2015). 
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Segregation of women in science 

In their report, Women in the Science Research Workforce: Identifying and 

Sustaining the Diversity Advantage (2015), Sharon Bell and Lyn Yates recognised that 

the marginalisation of women in the Australian scientific community often occurred 

through sexist cultures. They concluded that, in the context of professional 

commitment, it was unrealistic for women who chose to pursue science as a career to 

also prioritise family and utilise maternity leave. Their report highlighted the gender 

pay gap in biology and chemistry professions, which was also noted in a recent report 

from the Office of the Chief Scientist (2016). 

Gender inequity in science has been recognised as a significant social and 

political issue in the 21st Century (Bell, 2015; Bell et al., 2009; Chubb, 2014; Ellis, 

2011), particularly in economic terms, since women do not have the same earning 

capacity as men, despite Equal Employment Opportunity legislation. Women have 

been participating in the biological and health sciences at greater rates (Bell, 2010), 

but generally at lower levels of the hierarchy and their participation in the physical 

sciences has been persistently low (Bell, 2010). This situation was described by Bell 

et al. (2009) as horizontal and vertical segregation and both of these forms of 

segregation influence economic security for women. Generally, the physical sciences 

lead to higher paying and more influential professions, except for medicine in some 

circumstances. In Australia, the issue has been usually considered in economic terms 

(e.g. Turnbull, 2016; McFarlane, 2015) not only from the perspective of gender pay 

equity but also from the view that high attrition from the science workforce represents 

loss in terms of knowledge, skills and diversity.  

In 2016, the Australian Government continued to emphasise the importance of 

science and innovation to the economic success of the country, as emphasised by the 
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Prime Minister in a press conference (Turnbull, 2016). In the same month, the 

Commonwealth Government Office of the Chief Scientist released a report (Office of 

the Chief Scientist, 2016), which described the science, technology, engineering and 

mathematics workforce (STEM). The Chief Scientist of Australia regarded this report 

as a measure of ‘national potential’ (p. iii) and expressed concern that the significant 

pay gap between women and men in the science workforce remained. Similar findings 

were reported in overseas research where the loss of talent and expertise through high 

attrition rates was also recognised (Young et al., 2013). In the new world order 

described by Schwab and his colleagues (2017), the move from capitalism to talentism 

described in Chapter 1, loss of talent is detrimental to human development and growth 

and one of the key reasons that gender equality and equity has been considered 

essential for success in the 21st Century.  

The loss of diversity and talent through poor attraction and retention rates for 

women in science has been influential in the problem of women and science through 

loss of role models in traditionally masculine science professions and in senior 

positions across all sciences. According to several research papers, lack of women in 

science may influence the career decisions of girls and women (Drury, Siy, & Cheryan, 

2011; Stout et al., 2011; Young et al., 2013). In their research, Young et al. (2015) 

concluded that increasing the number of female university professors in science, 

technology, engineering and mathematics (STEM) would have two main advantages. 

First, it would provide positive role-models for girls and women to pursue science 

related studies; and second, women’s presence would challenge dominant attitudes 

about STEM as masculine professions. Stout et al. (2011) supported the notion that 

women were more successful when they have positive role models in STEM and 

concluded that this was because they could foresee a future career for women.  
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Challenging perceived social traditions of female and male professions has been 

considered an important step to changing the situation for women in science and 

related professions. Changes would also need to be made in employment conditions. 

Bell and Yates (2015), for example, suggest current employment conditions and 

requirements for promotion tend to rule out anyone trying to prioritise family and 

combine this with a science career. This idea was also supported by research findings 

from Shen (2013). A study by Muhlenbruch and Jochimsen (2013) indicated that the 

attrition rate for females with children in postdoctoral positions was double that of men 

in similar circumstances. While some organisations had improved facilities for women 

with children, for example family centres onsite and ‘changing the tenure clock for 

new parents’(Shen, 2013, p. 24), there was recognition that the issues were complex 

and that more multifaceted solutions would be required. 

The complexity of the situation was highlighted in a recent report, Australia’s 

STEM Workforce (Office of the Chief Scientist, 2016). Numbers in that report 

indicated that, even when women were employed full time in science careers, they did 

not experience the same success as men in similar circumstances. There was limited 

work or discussion in the report about why this occurred. The historical factors 

discussed earlier in this chapter, would be expected to play a role in establishing 

socialisation processes that create both a gender and a science hierarchy (Keller, 1995). 

In this hierarchy, the biological sciences, most commonly identified as ‘women’s 

science’ (Irigaray, 1985) presumably with associated feminine characteristics and 

actions, would be placed on the bottom rung of the scientific ladder (Aronowitz & 

DiFazio, 2017). According to other research, these trends lead to disengagement with 

science, which occurred as early as during science education at school. 
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Science education and science 

International and national conversations on science have commonly focussed on 

science education as the primary site of disengagement, particularly from physical 

sciences (Osborne & Dillon, 2008; Chubb, 2011). School science has been seen as a 

training site for young scientists; the place where they learn the values and skills 

needed to be a scientist both locally and globally. In Australia, this has been clearly 

stated in the national science curriculum. This document has attempted to invoke a 

sense of curiosity and exploration while emphasising the need for understanding 

processes; the nature of scientific inquiry for evidence-based conclusions; debate 

based on evidence; and finally, how to solve problems and make evidence-based 

decisions (Australian Curriculum, 2017a). Successful science students in Australia 

learn ‘good’ evidence-based science in the school laboratory and gain the skills 

required for experimentation and communication of ideas in scientifically accepted 

genres. However, according to research, school science was the place where many 

students disengaged from science for several reasons. Osborne & Collins (2001) 

demonstrated that school science was commonly considered by students and their 

parents as important only when needed for career aspiration rather than student 

interest. Jenkins (2006) found that in industrialised countries, both boys and girls 

tended to consider science careers as unexciting. Although this study found significant 

differences in attitudes between the genders, most students were not likely to study 

science beyond compulsory years. The picture was somewhat different in developing 

countries, but gender differences remained, for example girls disengaged at a higher 

rate than boys (Jenkins, 2006). Globally, science and science education have been 

considered pragmatic and uninteresting, and science curriculums have lacked the 

ability to connect science to every day aspects of life (Osborne & Collins, 2001; 
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Jenkins, 2006). As a result, science education has been considered boring, irrelevant 

to future careers and, subsequently, many school students have disengaged from 

science.  

A recent UK study evaluated a special science program in a girl’s school and 

found that, while the students’ aspirations and attitudes to science were generally 

unchanged as a result of the program, the girls did expand their thinking about why 

science might be useful in non-science studies and careers post-school (Archer et al., 

2014). This was interesting, particularly since research has tended to support the idea 

that girls were less interested in science education than boys and more likely to find it 

stressful (Desy et al., 2011). It has been suggested that girls may not consider science 

education as important for them if it does not fit with their notions of femininity 

(Archer et al., 2013). This response has been further emphasised by class and culture. 

This dialogue on science and science education research has resounded with 

sentiments expressed in most industrialised nations including Europe (Osborne & 

Dillon, 2008) and the United States (Desy et al., 2011). A report to the Nuffield 

Foundation on the state of science in Europe (Osborne & Dillon, 2008), concluded that 

the number of students studying physical sciences, maths and engineering in many 

European countries had been declining, particularly in the more developed countries. 

European students also tended to consider science pedagogy to be lacking in variety 

and science content and curriculum as male orientated, geared towards boys more than 

girls. Recommendations from the report aimed to address these conclusions but no 

significant impact has been reported in research to date.   

Globally, science has commonly been regarded as irrelevant to all students 

regardless of sex/gender. For example, a South Australian study in primary and 

secondary classrooms indicated that students felt that science education rarely 
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discussed topics that were of concern to them (Rennie, Goodrum & Hackling, 2001). 

In England, students expressed the view that science education was too content driven 

and rushed to be of real value or interest (Osborne & Collins, 2001). Research on 

science interests related to other socially constructed categories such as class, ‘race’ 

and culture were difficult to isolate despite the fact they may be informative about the 

science workforce of the future. Previous studies that have listened to students’ ideas 

on what would make science education more interesting and relevant tended to reveal 

significant sex/gender diversity. A Planet Science project in the United Kingdom 

reported that while the majority of students said they would engage with their science 

education if controversial issues were included and discussed in science classes, the 

majority of girls continued to express much more interest in biological science than 

physical science (Jenkins, 2006). Gender differences in attitudes and interests in 

science education were similar in all developed countries. In a United States study, 

Jones, Howe, & Rua (2000) found significant differences in science education interests 

linked closely to the students’ out of school experiences. Male students generally 

reported more experiences using tools, batteries and electrical toys and expressed 

interest in learning about bombs, atoms and cars. Girls’ experiences extended mostly 

to knitting, sewing, baking and planting seeds, all closely linked to their expressed 

desire to learn about weather, healthy eating and atmospheric phenomena such as 

rainbows. Significantly, more girls than boys in this study reported that science was 

difficult to understand.  

Several other studies have also demonstrated that girls were more driven to the 

biological sciences (Jones et al., 2000;Haste, 2004; Bryan et al., 2011; Sadler et al., 

2012). Recent research has indicated that girls preferred to engage in learning 

endeavours that would make a difference. Ash et al. (2017) stated that changing how 
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science and related subjects were taught in schools would increase engagement of 

girls. The authors suggested that if more focus were put on where different knowledge 

is relevant and how it would benefit the world, this could attract more girls to learn 

science (Ash et al., 2017). 

Through different lenses 

While some of the historical and contemporary studies about women and science 

described above emphasised the importance of exploring social factors that could 

influence gender and science, the focus of the research remained largely quantitative 

and summative. In general, this type of research either investigated the extent and 

implication of the issues (Bell, 2010), identified gender differences in attitudes and 

perceptions in science (Jones et al., 2000), looked at initiatives to engage girls and 

women in science (Barmby et al., 2008); or studied the impact of systematic change 

on girls’ attitudes to science (Bryan et al., 2011; Brooks, 2011).  

More recent studies have warned against using some of the strategies suggested 

by this type of research because adjusting science education to match perceived 

notions of gender and science would generate the risk of promoting stereotyping rather 

than overcoming it (Archer et al., 2012a; Sinnes, 2012). Work by Archer et al. (2012a) 

explored identity work undertaken by girls who chose to follow science education and 

career paths. A key finding of this research was that girls who aspired to science were 

more likely to be from a Caucasian or South Asian and middle-class background. The 

research concluded that girls from other population groups would be required to 

engage in significant identity work to navigate the dominant discourses and 

associations of cleverness and masculinity (Archer et al., 2012a). From this work, 

Archer et al. (2012b) suggested that, rather than promoting science through role 

modelling or taking a systemic change approach (such as changing classroom gender 
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balances), the science community should identify and reflect on dominant gender 

discourses in science and science education. This position was supported by Sinnes & 

Løken (2014) to some extent when they proposed that the most effective way to 

overcome gender inequity was to recognise the implicit notions about sex/gender that 

operated in science and make them explicit. Both Archer et al (2012a; 2012b) and 

Sinnes & Løken (2014) applied a poststructuralist feminist lens to their research and 

analysis of gender issues in science education. 

While literature continued to debate the best approach to find a solution, the 

decline in science education interest in high school observed by Sadler et al. (2012) 

and others (Sjoberg & Schreiner, 2005; Barmby et al., 2008) has led to a decline in 

tertiary science enrolments and subsequent uptake of science professions. In a recent 

study, Dobson (2012, p. 26) reported that the growth rate for undergraduate science 

enrolments in Australia (14.5%) was lower than for overall undergraduate enrolments 

(24%). Of further concern was the decline of students, particularly female students, 

enrolling and engaging with the ‘enabling’ sciences: chemistry, physics and 

mathematics, which form the scientific building blocks for professions such as 

engineering (Dobson, 2012). Of those students who were studying physics at 

undergraduate level in the years from 2002 to 2009, less than one third were women 

(Dobson, 2012).Women were generally reported to pursue science, engineering and 

mathematics degrees at lower rates than men (Legewie & DiPrete, 2011).  

The situation led to the use of a ‘leaky’ pipeline metaphor to explain gender 

segregation in science professions and other gendered disciplines (Sheltzer& Smith, 

2014; Resmini, 2016). In more recent discussion, it has been suggested that this 

approach lacked complexity and may have perpetuated an understanding that worked 

against achieving diversity (Bowman, 2011; Archer et al., 2012a; Sinnes, 2012). 
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Opponents to the pipeline metaphor have suggested that it encouraged programs that 

adjust science education to match perceived notions of gender, which would generate 

a risk of stereotyping rather than challenging the accepted and masculinised views of 

science (Sinnes & Løken, 2014). It has been argued that a feminist poststructuralist 

approach would be a more effective lens with which to examine gendered discourse 

and culture in science and science education. This is because it would provide the 

opportunity to look at the problem from a social theory analytical frame and move 

beyond conventional methods to consider different and new ways of knowing science 

and science knowledges.  

What is not counted? 

Women and science is presented as a problem for the 21st Century within the 

construct of social and scientific thinking emerging from the 18th Century. Quantitative 

research has summarised statistics about the number of women in science professions 

at various levels, including the numbers of girls and boys engaging in particular 

sciences, and the relationship of these choices to student ‘gender’. There has been 

minimal discussion about the nature of science knowledges or gender, outside of 

feminist writings (e.g. Harding,1986, 1991, 2011). Research has failed to address the 

question: How did this come to be a problem and what are the roots of this story? 

Earlier, this Chapter recalled the story of science development and emergence from 

the Enlightenment as the pinnacle of logical and rational thought. This was carried 

across the globe by scientific explorations as part of masculine colonising forces that, 

like missionaries, spread the word of logic replacing traditional and indigenous 

knowledges along their path. This spread was timely for the industrial revolution and 

restructuring of society, particularly in relation to women and men’s traditional roles. 
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It was shown that the growth of science and technology contributed to the 

domestication of the feminine.  

The voices of women in relation to science were largely absent prior to the 

second wave of feminism in the 1970s. The authors of the time (e.g.Harding, 1991; 

Riger, 1992; Keller, 1995; Tanesini, 1999) raised political and social consciousness 

about women’s role in science and the STEM workforce. Feminism in Western 

contexts sought equity and equality for women, however science professions remained 

one of the areas where the pay gap between men and women has been insurmountable, 

despite regulatory strategies. Policy, programs and educational efforts, originally 

driven by 20th Century feminist influences, have not impacted on the problem of 

women and science. The historical socio-cultural effects of the Enlightenment and 

subsequent centuries have continued to align women with nature and men with science 

in a world order where the masculine dominates (Irigaray, 1985).  

Patriarchal initiatives to attract women to science 

Initiatives to attract and retain girls and women in science education and 

professions tend to reflect the research and reports previously outlined. Like much of 

the research, the focus of policies and programs is on numbers rather than critically 

reviewing the socio-political context of the problem. As a result, while there has been 

some success over decades it has been minimal, and the problem persists (Bell & 

Yates, 2015).  

In Australia, there have been several government initiatives to increase the 

number of women in science and encourage a higher research profile for women 

scientists. For example, 2016 initiatives from the National Health and Medical 

Research Council (NHMRC) and the Australian Academy of Science aimed to 

‘reward’ programs that included women in the research team. The NHMRC 
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encouraged the progression of women scientists in research teams through funding 

measures (NHMRC, 2015). Commencing January 2016, all organisations seeking 

NHMRC funding were required to incorporate strategies for mentoring women; 

parental leave, allowances for caring responsibilities and child care support; equal pay 

for equal work; and active recruitment, retention and progress for women14. The 

NHMRC required organisations to have strategies in place to increase the number of 

women in medical and health research. 

The Australian Academy of Science has facilitated the Science and Gender 

Equity (SAGE) initiative for some years (Australian Academy of Science, 2017). In 

September 2015, the Academy launched a pilot program to monitor gender equity 

policy and practices in STEM departments within research agencies, including 

universities. The aim was to identify and reward success through a series of awards 

that identified improvement in gender equity over time. Both the Academy of Science 

and the NHMRC initiatives reward inclusion of women through their research funding 

measures by favouring organisations that have gender equity strategies.  

Other strategies, such as putting a quota on the number of women to be supported 

to progress through to higher levels, have been shown to be an effective response in 

research that indicated the number of women being retained in health sciences was at 

an all-time high (Bell & Yates, 2015). However, it was noted that women scientists’ 

advancement up the hierarchy remained slow despite these strategies. Under these 

initiatives, funding was awarded to organisations that could demonstrate that their 

company policy incorporated the required strategies, however companies were not 

required to show whether or how they measured the success of the strategy. Publication 

                                                 

 
14 Pay equity and parental leave are legislated for in Australia but not all employers demonstrate best 

practice models as outlined by the (Australian Human Rights Commission, 2018) 
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records have been traditionally used as a key component in applications from 

organisations seeking funding from the NHMRC. These records could be part of a 

strategy for measuring the success of mentoring and support to advance women in the 

health research field, since research has pointed to a large disparity in publication 

success and author position in relation to women scientists (West et al. 2013).  

Other non-government initiatives such as the L’Oreal-UNESCO For Women in 

Science program (L’Oreal-UNESCO, 2016), have aimed to encourage women’s 

participation in science research by providing fellowships to support individual 

research careers. The program has operated nationally in Australia but is an 

international program. Over the years and across the globe, fellowship recipients have 

worked predominantly in the biological and health sciences. While there is hope that 

these initiatives will play a role in retaining women in science professions, they do not 

address the underlying issues related to gender constructs and the masculine culture of 

science professions. 

Masculinised culture and the science workplace 

The masculine culture of contemporary Western society was discussed in 

Chapter 1 as the context within which the problem of women and science has been 

shaped and reshaped. In that Chapter, I presented Sir Tim Hunt’s ‘joke’ as an example 

of the masculine culture of science professions even in the 21st Century. While many 

women scientists immediately led a charge on social media to challenge these 

attitudes, other experienced and influential female scientists, particularly Professor 

Mary Collings, a well-respected immunologist who is married to Sir Tim, defended 

him. She argued that ‘it really was just part of his upbringing. He went to a single-sex 

school in the 1960s. Nevertheless, he is not sexist. I am a feminist, and I would not 

have put up with him if he were sexist’ (Collings in McKie, 2015). These societal 
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attitudes prevailed and provided permission for difference and discomfort for women 

in science.  

Further evidence that these attitudes were common also appeared in social media 

responses to the Twitter campaign #Distractinglysexy. Elsewhere, social media 

articles applauded Sir Tim’s joke since it brought the micro-culture of sexism in 

science to the fore not only through the original ‘joke’ but through the responses that 

quickly sprung up in blogs (Crerar, 2015; Bennet, 2015). In Sir Tim’s defence, some 

online supporters suggested that his comments were critiqued out of context since he 

went on to say that science needs women ‘despite monsters like me’ (Han, 2017). Sir 

Tim Hunt and others have probably been ‘joking’ in this way for decades, but the age 

of information technology and social media provided the means for women to share 

their experiences globally thus reaching a vast audience in seconds and galvanising a 

feminist response.  

The 21st Century has changed the way people communicate and share 

information globally and has enabled a unity of shared experiences that did not 

previously exist on such a scale. TED (Technology, Entertainment, Design) has 

provided an example of a global, interdisciplinary, multicultural not-for-profit 

community that has depended on the online environment to develop a clearinghouse 

of ‘free knowledge from the world’s most inspired thinkers’ (TED, 2016). TED talks, 

and independently organised TEDx talks, have been held across the world and made 

available for download online. Through this channel, many women, although generally 

from Western cultures, have revealed their experiences in the science workforce and 

their voices have been heard by diverse public audiences.  

One such woman, Dr Jenna Carpenter, Professor of Mathematics in the College 

of Engineering and Science at Louisiana Tech University, proposed that the high 
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attrition of women scientists was largely influenced by micro-inequities and micro-

insults that impacted on women’s experiences, attitudes and actions. Dr Carpenter 

suggested that implicit bias was damaging because it affected attitudes, actions and 

experiences of women in science at a subtle level. As she stated, the micro-inequities 

were barely noticeable at the time but built up over the years.  

This assessment has been supported by Dame Jocelyn Bell Burnell, who 

experienced sexism throughout her journey to become an astrophysicist, starting with 

high school when she was not allowed to study science because she was a girl. Despite 

blatant exclusionary practices, Dame Bell Burnell became highly successful in her 

field of astrophysics. When discussing her path through science, Dame Bell Burnell 

drew attention to a number of micro-inequities that revealed institutional sexism. She 

used the example of being forced to tick the second box in a male/female question on 

a form, which for decades had clearly had a profound effect on this woman. 

We also need to learn about institutional sexism, on an application form for 

gender there are two boxes, not in alphabetical order but male first and female 

second, why? Why is this still the case over decades? For me ticking the 

second box has taken its toll. We need to learn about unconscious bias, and 

how men and women discriminate against women (Burnell, 2013). 

The stories told through the TED and TEDx talks examined for this thesis were 

personal, experience based and did not rely on scientific ‘evidence15’ to support their 

ideas. These stories were in stark contrast to the plethora of quantitative research that 

has produced reports on the number of women employed in science professions, cross-

tabulated with their professional level, and sometimes with discussion about their 

                                                 

 
15 ‘Evidence’ in this context is used to denote the different context of the personal stories told through 

TED talks and empirical quantitative studies on the problem of women and science. 
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working hours and childcare duties. The women scientists in the TEDx presentations 

barely mentioned children and were more concerned with how they experienced being 

a woman in a science workforce. The TEDx collection contained multiple stories about 

women and science; a few have been mentioned here to provide context for how 

women in science experience their lives. The following stories were selected because 

they were about women in physics and engineering whose voices have seldom been 

heard. 

The experience of being women in a male dominated environment was the focus 

of several of the presentations from women engineers, including Casandra Cole, a 

young engineering student in Canada; Patricia Galloway, a highly successful engineer 

and CEO from the US; and Debbie Sterling, who established a business based on the 

production of engineering toys for girls. These women had been successful in their 

profession and were working to promote engineering to girls through different means 

and projects, largely because of the challenges they had experienced as women in 

engineering. 

Cassandra Cole (2012) described how her involvement in male orientated 

pursuits like engineering and car racing had led her into some risky activities that 

helped her to reclaim her femininity. She explained that she was always a ‘girly girl’ 

who excelled at maths and physics, particularly creating new designs and objects, 

therefore engineering was an obvious career choice for her. During her student years, 

she became involved in car racing, joined a team and designed the chassis for the team 

car. Cassandra explained that while she was very happy with her involvement from an 

engineering perspective, she was not getting the opportunity to express the feminine 

side of herself. This was highlighted in incident on social media that led to her 

suspension from the racing team and withdrawal from studies for a year. Cassandra 
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was asked to pose for a calendar photo to raise funds for charity and, keen to show 

herself as a woman, she decided to pose for the shot in a bikini. This photo was put 

online in social media without her knowledge and led to instant notoriety, which 

resulted in suspension from the university. After some time off, Cassandra returned to 

racing and engineering, unlikely to repeat the experience but aware of the inner conflict 

about being a woman engaged in a masculine world. The story itself was interesting, 

but even more informative were responsive comments in the TEDx blog following the 

presentation as they revealed blatant sexist attitudes about women in engineering. The 

context of Cassandra’s story was lost amid comments about gender wars and remarks 

about equal opportunity for equal work, the premise being that all girls have to do is 

work harder and they would succeed in male dominated professions. In short, the 

comments did not relate to the actual story and were simply a backlash response to an 

article about a woman in engineering.  

Another example of a highly successful woman engineer telling her story in 

social media was presented by Patricia Galloway who worked to maintain her female 

identity as woman by actively challenging the perception of engineers as male. Her 

weapon of choice, she claimed, was to dress elegantly and wear high heels (Galloway, 

2014). Debbie Sterling (2013) who ran a successful toy company that aimed to educate 

young girls in spatial skills needed for engineering, described facing sexism and 

ridicule when she promoted her ideas to raise capital for her project. 

In another presentation, Dame Jocelyn Bell Burnell16 speaking from Belfast, 

admitted that a lifetime of minor inequities could influence professional women to act 

                                                 

 
16 Note that Dame Jocelyn Bell Burnell was previously introduced as an example of women scientists 

who were not recognised for their discoveries in Nobel Prizes for science (see page 43). 



 

Chapter 2: Critical Literature Review 67 

as ‘she/males’ for professional success but that doing so usually had a significant 

impact on women.  

More bluntly we've had to play the male game, because we're in such a small 

minority…and I hate to think what a lifetime of doing that has actually done 

to me. Don't answer the question thank you. (Burnell, 2013). 

Dame Bell Burnell was older than the other women featured in these TEDx 

extracts. She had fought her way to success in a male dominated profession before the 

second wave of feminism gained momentum, when fewer women pursued science as 

a career and before women in science became a ‘problem’ that required a solution. 

Cassandra and Patricia refused to play the male game and were more than willing to 

discuss the problem of women in science because this had been a dominant theme in 

their lives. In the context of science, the voices of women have been quietened in a 

society that holds court to the voices of men. Voices of women in social media and 

online presentations continue to be essential to maintain communication and unity of 

common experiences. Social media and online presentations have become the 

soapboxes of the 21stCentury. These voices describe an existence as woman in an 

environment dominated by masculine thinking and a workplace culture that was 

founded at a very different point in time.  

Diversity in the science workplace 

There has been no doubt that diversity is needed in the predominantly white 

masculine environment of physical sciences (OECD, 2015) and at the higher levels of 

biological and health sciences (Miller et al., 2015). It has been argued that this would 

create the critical and creative thinking and innovative practice that will be essential 

for progressive science in the 21st Century (Garnero & Kampelmann, 2014). Diversity 

in the context of science research and discussion has rarely looked beyond gender, and 
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when gender has been examined, it has been cast in binary terms that have not truly 

reflected the nature of society (Hutchings et al., 2012). Particularly in multicultural 

societies like Australia, workplace diversity could relate to more than ‘women and 

minorities’ (Leboy & Madden, 2012, p. 1) and include people of different ethnicities, 

cultures and genders. Feminism has been effective in bringing attention to women, but 

too often women of a certain class, culture and ‘race’ (Bordo, 1999), and true diversity 

has not been realised particularly in literature about women in science. 

In terms of capitalism, the lack of diversity in science workplaces could be 

effective in maintaining the status quo that has led to economic success (Castles 2012). 

Interestingly, the major drivers for the problem of women and science have often been 

claimed to be economic (Ellis, 2011; Chubb, 2014; Bell & Yates, 2015). According to 

Castles (2012), divisions in labour have been essential, particularly in the neo-liberal 

global trade market that is fundamental to economic practices of the 21st Century. This 

was reflected in the early days of science and the industrial revolution, which drove 

capitalist success globally and restructured social roles with the result that women took 

up domestic unpaid work. In a capitalist system, the economic need has been likely to 

win over other imperatives, and while science is essential to maintain Australia’s place 

in the neo-liberal global market, women have been required to play the role considered 

essential to maintain that position. This has not necessarily been a conscious choice, it 

has often come about by blind adherence to the rules and needs of Western political 

systems. 

Conclusion 

This chapter has provided context for the problem of women and science in the 

21st Century by exploring the history and global spread of contemporary Western 

sciences since the Enlightenment. This period marked the establishment of a binary 
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gender divide and associated power relations, particularly in relation to the 

establishment of a capitalist industrial economy in developed and developing 

countries. Historical social and cultural practices have moulded a modern-day social 

apparatus, a dispositif, of contemporary Western science. Elements within this 

apparatus have become apparent through the critical literature review, which revealed 

the perpetuation of unchallenged assumptions about sex/gender constructs, science 

epistemologies and the ontological basis for the problem of women and science.  

Studies about science and science education have unquestionably assumed 

sex/gender as girls and boys, and constrained science to socially constructed curricula 

that aimed to ‘train’ students for the science workplace. That capitalism, the globally 

dominant economic model, depended upon contemporary Western science/s was 

evident from multiple political and social discourses. Positivism has continued to 

dominate in research into the problem of women in science as numbers were counted 

and the nature of women’s ‘work’ was assumed to be in relation to their social role as 

mother. Minimal research has investigated the social elements of being a ‘woman’ in 

science despite prominent ongoing media and social media reports of extensive levels 

of sexism and multiple ‘minor inequities’ experienced by women in their role as 

scientists.  

A theoretical framework to challenge the social norms and assumptions of the 

problem of women in science will be required to study the underlying factors 

associated with this persistent situation. The following chapter will describe the 

theoretical framing developed for this research project. It will also explain how this 

framework will be applied to identify and describe the conditions within which the 

problem of women and science has been produced and reproduced. 
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Chapter 3:  Theoretical Framing 

But, after all, this was the proper task of a history of thought, as against a 

history of behaviours or representations: to define the conditions in which 

human beings ‘problematize’ what they are, what they do, and the world in 

which they live. (Foucault, 2012, p. 10) 

The aim of this research is to investigate the societal elements and power 

relations that contribute to the ‘wicked’ problem of women and science. To achieve 

this, I have determined the relationships between gender, sex and science in 

contemporary Western science and investigated how these relationships are produced 

and reproduced in the context of science and the science workplace. In Chapters 1 and 

2, I provided historical and present-day context for the research by explaining the 

‘problem’ of women in science as described in political rhetoric, media and research.  

Discussion in those chapters demonstrated that recent research on the problem 

of women in science has considered the potential of social change for gender equity 

and equality in science and related professions (e.g. Archer et al., 2017a; Bell & Yates, 

2015; Sinnes and Løken, 2014). The authors of this research also identified a need for 

further qualitative research to describe social conditions that produce and reproduce 

the ‘problem’ of women and science. This study takes this approach and applies a 

qualitative poststructural theoretical framework to identify and describe social 

conditions while also considering underlying assumptions of the problem. 

Understanding this will provide critical knowledge and awareness that will inform 

future policy, programs and research aiming to disrupt social conditions to identify 

and create different possibilities for a future science egalitarian workforce. 
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Recent studies (e.g. Archer et al., 2012b, 2015, 2017a; Sinnes& Løken, 2014) 

have suggested moving away from traditional quantitative approaches to the problem 

of women and science in favour of work that challenges social constructs of gender 

and science. In their research, Archer et al. (2015; 2017b) draw on a feminist 

poststructuralist approach to examine relations of power and discourse and understand 

gender construction through discursive practices (Foucault, 1979b) and performative 

practices (Butler, 1990b, 1993). Following this line of argument, I have applied a 

Foucauldian framework in this research, while drawing on Butler’s performative 

theory (1990b) and the writings of Luce Irigaray (1985), to deconstruct social 

conditions within which the problem of women and science exists. Feminist science 

philosophers such as Harding (2011) and Haraway (1988) have guided feminist 

methodological approaches for the research. 

Feminist Standpoint Theory in the context of poststructuralist research 

The theoretical framing for this thesis is poststructural17, guided by Feminist 

Standpoint Theory (FST), an approach that is complex and contentious since FST is 

not without critics in the field of gender related research. The best start to explain this 

combination is to discuss and rationalise each term in relation to the thesis, in effect 

there is a series of steps to describe the theoretical framing of the research.  

The term poststructuralism is complex to define as it refers to such a diverse 

range of works and intellectual movements that, according to Dillon (2000), it is not 

definable in simple terms. The commonality with the various poststructural theories is 

that they challenge assumptions about knowledge, subjectivity and power in Western 

                                                 

 
17The term Postmodernism is more traditionally used in the context of feminist research since it 

includes poststructural theories (Larrain, 1994) but in this thesis the term poststructural is adhered 

to throughout.  
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society and culture (Weedon, 1997). Poststructural and feminist theories fit well in 

research as they both challenge positivist notions of objectivity and truth (Stoetzler, 

2002). Poststructuralist research from a feminist perspective is well discussed in 

research literature (e.g. Weedon, 1997; Hesse-Biber, 2013; Luke & Gore, 2014) and 

applied in research (e.g., Archer et al., 2017a; Sinnes, 2012). 

Feminism is described by Weedon (1997) as a ‘politics that is directed at 

changing existing power relations between men and women in society’ (p. 1). While 

there is significant diversity amongst the social group labelled ‘women’, feminist 

research focuses on common experiences and social conditions that prevail for the 

group. Social construction of the group tends to be produced and reproduced through 

prevailing essentialist thinking in social culture, politics and associated policies, which 

consider gender in binary terms determined by biological sex, as discussed in Chapter 

1. Since this thesis aims to describe social conditions that produce and reproduce 

inequity for women in contemporary Western society, a research approach that 

considers the experiences of those affected is important. By taking this approach, it 

becomes possible to identify potential points of disruption for the problem of women 

and science and also ways to trouble the production and reproduction of essentialism 

in social contexts.  

While Feminist Standpoint Theory (FST) is not commonly used in feminist 

poststructural research, it has been applied in this thesis to recognise several points. 

Firstly, that knowledge is socially situated for each participant (Haraway, 1988); 

secondly, that the subject of the problem of women and science—women—have been 

marginalised due to their social status as women; and finally, in the tradition of FST, 

to ensure that the research begins and focuses on the marginalised (Harding, 2004). 

Hekman (1990) asserted that FST is necessary in feminist research because it continues 
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to raise questions essential for the development of feminist theories and politics while 

emphasising the importance of situated knowledges. The tension between FST and 

poststructural research is that the roots of FST lie in Marxism, a structuralist 

philosophy that is at odds with the tenets of poststructuralism (Hekman, 1997). FST 

tends to an essentialist view of women, while poststructural thinking asserts that the 

category women have been socially constructed (McPherson, 2008).  

As introduced in Chapter 1, I use for FST because the participants have been 

essentialised as women through social construction and marginalised in the context of 

contemporary Western science and the problem of women and science. Any disruption 

to the problem must consider social processes that construct both the group ‘women’ 

and the group ‘scientist’ for effective critical analysis of current politics, policy and 

practices in relation to lived experiences. This means that the voices of the 

marginalised —women—can be strategically privileged over others, something that is 

not common in current research and government reports. Such a move is similar to 

postcolonial theories, which argue that Western scholars and policy makers cannot 

speak for the colonised (Spivak, 1988). In that example, the marginalised become so 

due to the social conditions of their existence rather than genetic determination. 

As with these other groups, the sex/gender of the female scientists may well be 

socially constructed but their life experiences and their social conditioning has led 

them to the category ‘women’. In this research, I recognise this process of 

subjectification, use it to demonstrate power relations in relation to contemporary 

Western society and science professions, and in doing so, to deconstruct the relations 

between power/knowledge and subjectification. Through this, I strategically apply 

FST to operationalise a poststructural approach within a poststructural framework. 
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Ultimately, FST and poststructural theories have similarities that are relevant to 

this research, mainly that both aim to challenge social hegemony of our times 

(Stoetzler & Yuval-Davis, 2002). FST is useful in this research through its 

consideration of situated knowledges, which in this sense are fluid and flexible in 

response to social processes with an understanding that theory is not fixed (Harvey & 

Haraway, 1995). Through acknowledging that different people understand objects of 

knowledge differently depending on their relative situation, Weedon (2007) suggested 

that FST is complimentary to poststructural research. There is no claim that social 

structures and individual experiences are unchanging, so there is room for flux and 

acceptance of a variety of life experiences and processes for identity formation. This 

means that the social positioning of individuals is accounted for, and participants and 

the researcher can co-construct knowledge through unique and individual situations to 

the knowledge (Harding, 2004). Through this, there is no assertion to unbiased 

opinion, which Harding (2004) claimed is inevitable in all research. Instead, bias 

becomes central to the process of knowledge generation. FST has been adopted as a 

ploy to highlight issues and experiences of women in situations where they are 

considered to have limited subjectivity and/or agency in the context of their culture 

(Howie, 2007). This is because poststructuralist approaches to FST enable research to 

critically examine the role of discourse in producing and reproducing complex power 

relations (Harding, 2011). In the research by Howie (2007), strategic essentialism, as 

suggested by Luce Irigaray (1985), was adopted within FST poststructuralist 

frameworks. Other examples of research that applies FST and poststructuralist theories 

(e.g. Fuss, 1988; Stone, 2004) have emphasised that the approach is useful if 

consideration is given to differences within the group ‘women’ in the research, to avoid 

essentialism. In this research, consideration of the differences is essential in 
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recognition that binary gender categories are applied to the group girl/woman for 

pragmatic purposes rather than in belief that members of the group have essentialist 

characteristics. Self-identifying members of the group ‘women scientists’ have two 

essential characteristics in common, they identify as women and they identify as 

scientists who have been subjectified as such within binary gender categories. 

Within a social system that relies on binary gender categories, individuals are 

generally subjectified as women or men based on biological determination. As 

discussed in previous chapters, despite making up half the population, women tend to 

be considered as a minority group. A suggested strategy for minority groups is strategic 

essentialism, conceptualised by Spivak (1990), as an approach for them to influence 

mainstream society. While the group will undoubtedly be internally diverse, the 

collective can work together to achieve objectives that could not otherwise be attained 

(Eide, 2010). Feminism has utilised strategic essentialism, particularly in the initial 

phases, when women were presented as a group to raise awareness of common issues. 

While feminist movements have influenced major socio-political changes in the 

Western context, they have been generally criticised for presenting the case of Western 

white, middle-class women rather than accounting for the myriad of issues and 

experiences within the group (Narayan & Harding, 1998). This is a problem that was 

identified by Spivak (1990) who highlighted that, while strategic essentialism can 

significantly advance the objectives of a group, there is a delicate balance since ‘they 

[the essentialist group] may be playing into the hands of those whose essentialism is 

more powerful than their own’ (Eide, 2010, pp. 76). An example is provided in the 

following contrasting groups. Firstly, women who self-identified as belonging to the 

essentialist group ‘women’ throughout various feminist movements, worked to 

advance the socio-political objectives of certain groups of women over time. In 
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contrast, women scientists find they are in a problematic position within a professional 

workforce, but they have not consciously ascribed to the group ‘woman scientist’ 

without consideration of their culture, class, ‘race’ or gender identity.  

Despite these problems, Spivak (1990) suggested that strategic essentialism is 

useful as a politically pragmatic tool rather than as a theoretical stance and this is the 

approach that I have adopted within this thesis. Luce Irigaray adopted a practice of 

strategic essentialism to employ mimesis, in this instance the process of resubmitting 

women to stereotypical views of women with the aim of bringing such views into 

question (Irigaray, 1985). A key to this strategy is for the group, women, to bring into 

contrast the stereotypical ideas that have been allocated to them and their actual 

characteristics and abilities (Irigaray, 1985). For example, women logically discussing 

the stereotypical trait of women being illogical. Drawing from Spivak (1990) and 

Irigaray (1985) strategic essentialism is applied in this thesis as a politically pragmatic 

tool to enable a group who self-identify as women scientists to bring their experiences 

and views of this identity into question. 

As stated earlier, FST and strategic essentialism will be applied in this research 

to demonstrate power relations in contemporary Western society and science 

professions. Deconstructing relations between power/knowledge and subjectification 

as a woman is integral to the aims and objectives of this research. Foucault provided 

the theoretical framework for this, in particular Foucault’s genealogy primarily 

explores a social situation through analysis of discourse and power relations. The aim 

of genealogy is to disrupt existing notions by providing a tool box with which a social 

situation can be explored. 
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Foucault’s Genealogy 

Genealogy, derived by Foucault from the philosophy of Friedrich Nietzsche 

(Foucault, 2003), explores a social situation primarily through critical analysis of 

discourse and power relations. In Discipline and Punish (1979a) and History of 

Sexuality Volume 2 (2012), Foucault drew on Nietzsche’s genealogical analysis to 

develop methods that interrogated complex power relations between institutional 

practices, bodies and systems of thought (Crowley, 2010). The theory was intended to 

provide a means for the critical analysis of social and political structures, underlying 

assumptions and questioning of knowledge and ‘truth’ (O’Farrell, 2005). Foucault 

described genealogy as a form of research aimed at activating suppressed historical 

knowledge) while reminding us that it does not aim to restore an ‘unbroken continuity 

that operates beyond the dispersion of forgotten things’ (Foucault, 1978, pp. 143). On 

the contrary, genealogy aims to identify accidents, errors and faulty calculations that 

gave birth to those things that continue to exist and have value for us; it is to discover 

that truth and being do not lie at the root of what we know and what we are but at the 

exteriority of accidents’ (Foucault, 1978, pp. 143). As a result, genealogy tends to 

disrupt existing notions and challenge the status quo (O’Farrell, 2005) and as such 

provides a ‘toolbox to be utilised by those struggling for social and political 

transformation’ (Gutting, 2005, p. 6).  

The toolbox offers a means to explore social situations by revealing the 

relationships between the visible and the invisible and flush out assumptions about 

social situations (Gutting, 2005). ‘One finds out something about the visible in 

‘opening up’ statements and something about the statement in ‘opening up visibilities’ 

(Kendall & Wickham, 1998, p. 25). It attempts to move beyond contingencies to 

provide a vision for alternative ways of being and as such, genealogy has been 
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compared to a ‘precocious child at a dinner party’ (Kendall &Wickham, 1998, p. 29) 

because of the level of discomfort that can arise when the origin and function of social 

beliefs and behaviours and philosophical positions are exposed.  

In the context of his archaeological writings Foucault had described a theory of 

how discursive (immaterial) and non-discursive (material) elements interrelate, and 

interact productively (Deleuze, 1988) and this technique was carried forward into 

genealogy with some changes (Kendall & Wickham, 1998). One shift from earlier 

writings, identified by Giles Deleuze (1988), was found in Foucault’s later emphasis 

on the primacy of statements and the irreducibility of potentialities. According to 

Foucault, the primacy of the invisible is valuable only to the extent that it impacts on 

the visible (Deleuze, 1988), genealogy ‘seeks to make visible all those discontinuities’ 

(Foucault, 1978, pp. 147).  In other words, the importance of the discursive is relative 

to the complexity of the non-discursive visible material elements, a complex idea 

exemplified in Foucault’s Discipline and Punish (1979a).  

Within Discipline and Punish (Foucault, 1979a), Foucault demonstrates how 

material and visible elements produce statements and discourses, which in turn 

reinforce the need for the visible and material elements. In the context of those 

writings, the prison produces statements and discourses about criminality, which in 

turn reinforces the need for the visible and material prisons (Foucault, 1979a). The aim 

here is to demonstrate how material (visible) elements and immaterial (invisible) 

elements interact to mutually condition each other (Kendall & Wickham, 1998). In this 

argument, individuals can take responsibility to challenge their subjectification 

(Foucault, 1984) but this is only possible when there is awareness of the mutual 

conditioning between material and immaterial elements and the contingencies that 

influence our coming into being. Awareness of these contingencies is made possible 
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through realisation of alternate subjectivities and hierarchies between subjectivities. 

Something that is emphasised through strategic essentialism and FST previously 

discussed. 

Three factors were central to Foucault’s work: knowledge, analysis of power and 

subjectification (Arribas-Ayllon & Walkerdine, 2008). The role of knowledge is 

highlighted in Foucault’s genealogical writings, Foucault described genealogy as a 

form of research aimed at activating ‘subjugated’ historical knowledge (Gutting, 

2005).This has been demonstrated in several writings and studies (Miró‐Bonet, Bover‐

Bover, Moreno‐Mulet, Miró‐Bonet & Zaforteza‐Lallemand, 2014). According to 

Deleuze (1988), knowledge in Foucauldian terms is defined by combinations of the 

visible and invisible (non-discursive and discursive) elements previously discussed. In 

effect, ‘knowledge is a practical assemblage, a ‘mechanism’ of statements and 

visibilities’ (Deleuze, 1988, p.51). This characteristic of the ‘toolbox’ is consonant 

with the strategic use of FST described earlier since genealogical tools question 

assumptions about gender that strategic essentialism is also bringing into question.  

Genealogy in combination with FST, provide tools to critically analyse relations of 

gender assumptions with power and knowledge. 

New terms for critical analyses of social assumptions and ‘truth’, such as ‘will 

to truth’, ‘dispositif’ and ‘regimes of truth’ (O’Farrell, 2005) emerge in the 

genealogical toolbox. According to Foucault Truth is determined by discourses, which 

are ‘the power which is to be seized’ (1970, p. 211). Discourses are groups of 

statements but can also be a way of representing knowledge about a particular topic at 

a moment in history (Foucault, 1980a). Discourses are knowledge-producing through 

language and, since all social practices entail meaning, all practices tend to have 

discursive elements (Hall, 1992). The will to truth acts and is reinforced through 
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discourses so that in time, it is accepted as a universal force that permeates through the 

given society (Sheridan, 2003) and there is lack of awareness of the will to truth, ‘that 

prodigious machinery to exclude’ (Foucault, 1980b, p. 56). The will to truth 

emphasises the importance of discourse in relation to knowledge, power and 

subjectivity and reinforces the primacy of discourse in mutual conditioning discussed 

previously. As previously stated, genealogy provides tools to critically analyse social 

assumptions produced and reproduced through discourses. Given this, discourse 

analysis has been essential for this research, which aims to investigate the societal 

elements and power relations that contribute to the ‘wicked’ problem of women and 

science.    

Foucauldian Discourse Analysis 

Foucauldian Discourse Analysis (FDA) has three broad dimensions: historical 

inquiry; analysis of mechanisms of power; and analysis of subjectification (Arribas-

Ayllon & Walkerdine, 2008). The questioning of apparent and accepted truths through 

analysis of discourse is a key feature of poststructuralist research (Bacchi & Eveline, 

2010). The importance of knowledge in power relations is highlighted in genealogy 

and this resonates clearly with the historical development and globalisation of 

contemporary Western science, discussed in Chapter 2. As demonstrated in that 

chapter, contemporary Western science discourses hold such status that alternative 

discourses of science have been side-lined. Discourses about feminist epistemologies 

of science or indigenous understandings of science are not eliminated but it is difficult 

to hear them above the dominant discourse (Bacchi & Eveline, 2010). This is important 

since discourses are the means by which things come to be (Bacchi & Eveline, 2010), 

they are the means through which some ‘truths’ come to be understood and others 

subjugated. Discourse analysis studies discursive practices that produce and reproduce 
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knowledge in specific socio-historic contexts while exploring their relations to 

power/knowledge and subjectivities. 

The main point of FDA is that it can illuminate the effect of power being 

exercised from innumerable points within a given context. In the context of this 

research, FDA has potential to illuminate the effects and influences of institutional 

powers, to track their interaction with the subjects and to identify the points of 

resistance and complicity. The task is to make explicit the ways in which discourses 

operate and identify their effects within specific contexts. While FDA has the potential 

to challenge ways of thinking about aspects of reality that are taken for granted as the 

‘norm’, the relationships of the discursive and non-discursive elements can be analysed 

further to investigate how one mutually conditions the other and how each element 

then interplays and interacts in a social apparatus or dispositif. The processes through 

which relations of power are maintained can then be identified and critiqued through 

consideration and critique of the dispositif. 

Dispositif 

In a 1977 interview with a round table of historians (Gordon, 1980), Foucault 

defined the term ‘dispositif’ as: 

… a thoroughly heterogeneous ensemble consisting of discourses, institutions, 

architectural forms, regulatory decisions, laws, administrative measures, 

scientific statements, philosophical, moral and philanthropic propositions – in 

short, the said as much as the unsaid. Such are the elements of the apparatus. 

The apparatus itself is the system of relations that can be established between 

these elements. (Foucault in Gordon, 1980) 

Clearly, from Foucault’s definition, the dispositif, or social apparatus (Deleuze, 

1992), consists of the relations that develop between material and immaterial elements 
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within a social situation or circumstance. Giles Deleuze (1992) further described a 

dispositif as ‘a tangle, a multi linear ensemble. It is composed of lines, each having a 

different nature’ (p. 159). From these definitions it becomes clear that the dispositif, 

the social apparatus, is not the elements in themselves but the complex relations that 

develop between them. The changing relations between different elements impact on 

three major aspects of Foucauldian theory, power, knowledge and subjectivity which 

can displace and succeed each other (Deleuze, 1992). This means that the relations 

between power, knowledge and subjectivity is impacted by subtle shifts in elements of 

the dispositif.  

Foucault was interested in identifying the connection between these seemingly 

unrelated elements to emphasise how a discourse can, for example, guide an institution 

at one point in time while acting to mask or justify another practice that remains silent 

and without discourse (Gordon, 1980). Of interest is the ‘interplay of shifts in position 

and modifications of function’ (Foucault in Gordon, 1980, p. 195) between discursive, 

including multiple discursive, and non-discursive elements within the dispositif.  A 

multiple discursive example is where discourse about female/male hierarchy and 

discourse about the hierarchy of science knowledges works to maintain a social status 

quo in terms of the power relations between sex/gender and science knowledges, 

particularly in relation to subjectivity. Interplay of discursive and non-discursive 

elements relates to shifts in relation between what is said and what is experienced 

through material elements, for example where discourses state that knowledge is 

available to all regardless of ‘race’, culture or gender but the material world prevents 

all groups from accessing knowledge equitably.  An example of this is provided by the 

recent increase in online learning since discourse suggests increased access and equity 
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to knowledge and education across Australia but this rhetoric does not account for the 

digital divide described by Thomas, Barraket, MacDonald, Mundell & Tucker (2016).     

Most importantly, the dispositif has a strategic function and is responsive to 

societal needs at a given time. The classical example from Foucault is the function of 

the dispositif of madness in the 19th Century as the ‘assimilation of a floating 

population found to be burdensome for an essentially mercantilist economy’ (Foucault, 

1980a, p.195). Analysis of the construct, interrelations and interplay within a dispositif 

is a useful way to recognise complex elements of social problems by enabling critical 

examination of knowledge, power and subjectivity (Brigg, 2001). In addition, it 

enables us to focus on why and how certain things become likely and possible 

(Laustsen, 2014). To understand how this is possible, I will outline the three 

Foucauldian terms in the coming sections.   

Knowledge 

Foucault drew on Nietzsche in developing the notion that knowledge is the result 

of a struggle between humans and does not necessarily reflect the order of the world 

(O’Farrell, 2005). He identified the link between knowledge and power as the result 

of social forces that control the behaviour of individuals, and discourses, which were 

defined as the means by which things come to be (Bacchi & Eveline, 2010). 

Knowledge production is determined by pedagogies that are constructed through 

socially and politically grounded discourses (Gore, 1993). In this sense, pedagogy has 

a broad meaning that includes social vision and draws attention to the process through 

which knowledge is produced. This understanding of pedagogy is the one adopted 

throughout this thesis as it considers the conditions in which we come to know what 

we know. Since knowledge production is ultimately determined by socially and 

politically constructed discourses, the production and transmission about science 
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knowledges and the associated power mechanisms are perpetuated through society and 

the education system.  

Foucault was interested in relations between knowledge and power, particularly 

in socio-political and economic contexts and science knowledges. In his writings on 

science, he emphasised that each type of scientific knowledge was one amongst many 

knowledges (O’Farrell, 2005) and he described knowledge construction based on 

socio-political contexts. It was Foucault’s view that mechanisms of power are 

knowledge producing (Lemke, 2011) and he emphasised in his writings on genealogy 

that ‘no form of knowledge emerges independently of complex networks of power and 

that exercise of power produces certain types of knowledge’ (O’Farrell, 2005, p. 101). 

This is important to the analysis of the thesis because, as described in previous 

chapters, the subjectified group women have reduced access to some science 

knowledges and hierarchy in the science workplace.  

Power 

In the Western context, Foucault considered that power was generally 

understood in terms of a juridico-discursive model (Foucault, 1979a). This model of 

power exercised rights and repression through law and social constraints and was 

dominated by a relationship between state sovereignty and individual autonomy 

(Lemke, 2011). Foucault argued against this concept of power and provided a 

definition which Deleuze (1992) suggested is complex in its simplicity, that is ‘power 

is a relation between forces’ (Deleuze, 1992, p. 70). The complexity comes in the 

breaking down of the definition since there are many variables that express relations 

between many forces in any given society (Deleuze, 1992). The variables include 

relationships to knowledge and ‘truth’ in socio-political and economic contexts 

(O’Farrell, 2005). This became most apparent in Foucault’s work on science where he 
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challenged the Western philosophical assumption of truth and knowledge in 

opposition to power (Foucault, 1997). 

If there is knowledge, it must renounce power. Where knowledge and science 

are found in their pure truth, there can no longer be any political power. This 

great myth needs to be dispelled (Foucault in O’Farrell, 2005, p. 96). 

According to Foucault (1979a), there is no escaping from power: ‘it is always 

already present, constituting the very thing which one attempts to counter with’ (p. 

82). In genealogy, Foucault was less interested in theorising about power and more 

interested in the analytics of power through ‘a definition of the specific domain formed 

by relations of power and determination of the instruments that will make possible its 

analysis’ (Foucault, 1979a, p. 82). Deleuze (1992) suggested that instead of focusing 

on the origins and make up of power, it is more useful to question its workings.  

The exercise of power in relationship is productive since it generates types of 

knowledge and cultural order (Foucault, 1979a) but it is the nature of relationships 

between individuals and groups that produces the type of power in play. Several types 

of power were defined by Foucault: sovereign, disciplinary, pastoral and biopower 

(O’Farrell, 2005). There is always a mix of different power at play in any dispositif. 

For example, the types of power evident in the dispositif of madness, described in 

Madness and Civilization (Foucault, 1988), include sovereign power, disciplinary, 

biopower and pastoral power relations.  

Sovereign power is reflective of feudal systems where a higher authority (the 

sovereign) was recognised as having the right to power through divine authority. New 

techniques of social control developed in the late 18th Century and this type of power 

relation became less evident (O’Farrell, 2005). In Discipline and Punish (1979a), 

Foucault introduced disciplinary power as he described power relations that permeated 
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first through the army and schools but had latterly been observed in hospitals, prisons 

and factories. According to Foucault, discipline is ‘how to keep someone under 

surveillance, how to control his conduct, his behaviour, his aptitudes, how to improve 

his performance, multiply his capabilities, how to put him where he is most useful. 

That is discipline in my sense’ (1979a, p. 191). Closely associated with the concept of 

disciplinary power is the idea of docile bodies. According to Foucault (1979a), the 

mass training of a population produced generations of people who were subjectified in 

certain bodies, gestures and behaviours thus providing economic and social potential 

for specific purpose and productivity (O’Farrell, 2005).  

Disciplinary power is evident in schools and workplaces through the 

organisation of space into institutional enclosures—schools, prisons, hospitals and 

factories provide good examples. Institutions are partitioned further into smaller 

spaces and the people within them are ranked according to different variables; children 

into classes within a school are ranked by age and workers in factories by their 

seniority. Disciplinary techniques become evident in these spaces through the 

organisation of group and individual behaviours and activities, including the training 

of the individual body to certain behaviours and gestures. According to Foucault, these 

disciplinary techniques ensured efficiency of the body as a working unit. For example, 

groups of students learn to behave in certain ways in the science classroom to ensure 

safety and efficacy in the learning of contemporary Western science.   

A concept strongly associated with disciplinary power is that of Panopticism, a 

mechanism of surveillance in modern societies (O’Farrell, 2005). The panopticon was 

a reformatory prison designed by Jeremy Bentham that consisted of a ring-shaped 

building composed of individual cells, which was centred around a central tower 

structure. The architecture of the building ensured that the observer in the central tower 
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could observe activity in all cells, but the occupants of the cells could not see the 

central tower. Subsequently, people in the cells modified behaviour and acted as 

though they were constantly watched. This system of surveillance is a very effective 

agent of social monitoring and, subsequently, control, which persists in contemporary 

Western society through closed circuit television and other monitoring methods.  

Associated with the concept of the panopticon is the ‘gaze’ (Foucault, 1979a), a 

process whereby people tend to self-regulate because they have internalised the 

inspecting gaze of perhaps the teacher, the priest or the policeman so that they behave 

as expected in the given situation. According to Foucault (1979a), the ‘gaze’ takes 

away individual will to do wrong in the context of their society. The move in societal 

dominance from sovereign power to disciplinary power is related to changes in law 

that reflect societal shifts over time. Prior to the end of the eighteenth century, crime 

was viewed as an offence against the sovereign, but this thinking shifted, and a crime 

was considered to be against society and a criminal became an ‘enemy of society’ 

(O’Farrell, 2005, p.104). Thus, contemporary Western society became the ‘age of 

social control’ (Foucault, 1988) and techniques of normalisation were used to control 

society. 

Examination, in context of education, work or health, is one of the most effective 

techniques of social control since it combines surveillance and normalisation. Methods 

of examination, comparison and reporting ensure establishment of normalisation 

through which individuals can be compared and measures to correct them can be 

established (O’Farrell, 2005). In such a society, those who fall outside the ranks of 

‘normal’ can be subjected to solutions to correct them as individuals or as a social 

group. This theoretical framing is relevant to the problem of women and science since 

it provides insight into power relations that maintain the social status quo. 
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Investigating the relationships between sex, gender and science while investigating 

how they are produced and reproduced within society requires a theory that can 

deconstruct social norms and provide insight into alternate accounts of what is 

possible. Understanding the role of power in maintaining social normalisation is 

crucial to the research.  

Disciplinary power emerged as a form of social control and normalisation from 

the end of the eighteenth century with a focus on the individual, but Foucault extended 

his description of power to include biopower, which is concerned with the 

management of populations. Disciplinary power remains evident but is now seen as a 

subset of biopower since normalisation can be applied to both individuals and 

populations (Foucault, 2003). Disciplinary power focuses on normalising while 

biopower, through its interest in birth, health and death, relates more to the regulation 

of populations (Foucault, 2003). In Society Must Be Defended (2003), Foucault 

provided the example of a working-class housing estate to demonstrate normalisation 

and regulatory powers at play. The layout of the estate brings individuals into visibility 

by enclosing families in one house and individuals to one room where their behaviour 

has been controlled under the ‘gaze’ that they have been trained to adopt through the 

church or other state institutions. Biopower is evident through regulatory measures 

that monitor birth, life and death and put pressure on sexuality and procreation 

(Foucault, 1980a).  

Deleuze (1988) identified that, in biopower, life itself becomes the object of 

power and the right of life or death is no longer in the hands of the sovereign power, 

the king, but in that of populations. Foucault (2003) described biopower as a 

technology of power that has life both as its object and objective. He questioned the 

paradoxes that emerge, for example that of the atomic bomb, which can take mass life, 
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and he explained racism was the cause. Deleuze (1988) described this further as he 

explained that biopower ‘allows itself to produce all the more hecatombs and 

genocides’ (p.92) justified by ‘race’, precious space, conditions of life and the survival 

of a population that believes itself to be better than its enemy’ (p.92). While this 

appears to digress from the subject of this thesis, it is crucial to note that Foucault 

(2003) connected nineteenth century biological theory and discourses of power to 

explain how mass killings can become possible in the context of biopower: ‘Once the 

State functions in the biopower mode, racism alone can justify the murderous function 

of the state’ (Foucault, 2003, p. 256). Biopower is of importance to states since it was 

‘an indispensable element in the development of capitalism’ (Foucault, 1979b, p. 263) 

as it provided normalised and regulated bodies to maintain the ‘machinery of 

production and the adjustment of the phenomena of population to economic processes’ 

(Foucault, 1979b). Following on from biopower, Foucault introduced the concept of 

governmentality, which emerged from his analysis of biopower and population 

(O’Farrell, 2005). Foucault expanded the concept of governmentality over time so that 

eventually it came to refer to government of individuals and groups in various forms 

and through different techniques (O’Farrell, 2005).  

Since power is a relationship between forces, resistance to power is the potential 

for making change possible (Deleuze, 1988). Foucault (1980a) claimed that ‘where 

there is power, there is resistance’ (p.95). Ultimately, Foucault differentiated between 

relations of power and other relationships (production and communication); and he 

described power as a way of changing people’s behaviour (O’Farrell, 2005). While 

power is seen to permeate the social body at all levels, it is also limited since it does 

not include all social relations (Foucault, 1979b). While there are multiple and 

different relations of power extending through the social body, there are some points 
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about Foucauldian constructs of power that are of importance to this research. These 

constructs include: power can only be at play in a free society where power relations 

can develop and resistance can be observed; there is no oppression in such a definition 

of power since that would assume the exercise of power from only one source; and 

power relations produce behaviours through exertion or resistance (Foucault, 1980a). 

Power is a regime of truth that permeates society influencing both knowledge 

formation and individual subjectification. Foucault (1980b) described how knowledge 

formation is dependent on complex networks of power and that the exercise of the 

power is knowledge producing. Subjectivity is contingent on this power/knowledge 

relation, particularly through discourses. 

Subjectivity 

Subjectivity in this thesis is discussed in relation to consciousness, agency and 

personhood in the context of becoming and being a woman in science. Subjectivity is 

a central theme of Foucault in relation to knowledge and power (Weedon, 1997), 

particularly in connection with the social apparatus (dispositif) of contemporary 

Western science. Since subjectification is contingent on discourse and 

power/knowledge (O’Farrell, 2005), it follows that becoming a woman and a scientist 

is contingent on discourses about science and discourses about gender. The following 

section will discuss subjectification from a feminist poststructuralist perspective as 

theorised by Judith Butler (1990a) and Luce Irigaray (1985). While both Butler and 

Irigaray provide theories on sex/gender subjectification that are relevant to this thesis 

they initially appeared to be in opposition to each other.  

Performativity describes a process of subjectification, as a girl/woman, through 

repeated performative acts influenced by culture, society and societal norms (Butler, 

1990b). In contrast, Irigaray proposed that the feminine has no subjectivity since all 
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‘truths’ have been articulated from a masculine perspective since ancient philosophy 

(Irigaray, 1985). This position on the relationship of the feminine to biology is useful 

for this research since quantitative studies indicate that women are more commonly 

interested in biological sciences than other disciplines. These ideas are strongly linked 

to strategic essentialism, described in the FST section of this chapter, and a strategy 

employed in this research. While these concepts provide theoretical framing for 

analysis and discussion about links of girls/women to nature, performativity provides 

a theory to challenge assumptions of binary gender norms in cultural and social 

contexts. 

Butler performativity 

Judith Butler draws explicitly on Foucault’s genealogy, which she described as 

the intent to investigate the political stakes in designating identity categories that are 

the effects of institutions, practices, discourses, which have multiple and diffused 

points of origin (Butler, 1990a). While Foucault’s focus is primarily on the relations 

of subjecthood and discursive shifts over time, Butler is concerned with subjection of 

the subject, particularly in relation to gender. As a theorist, she focused on socio-

cultural construction of gender identity categories and regarded binary gender 

categories of woman and man as having no essential meaning outside of the social and 

cultural conditions that formed the category. According to Butler (2009), the process 

requires internalizing societal rules and discourses, which are then played out in 

different ways. The enactment of gender is influenced by discourses and social norms 

within a binary frame, based on prompts to be either girl or boy. Butler (2009) 

described gender as performative since it is a ‘certain kind of enactment’ where the 

appearance of gender (as in boy or girl) is ‘mistaken as a sign of its internal or inherent 

truth’. In Butler’s terms, gender is not due to socialisation pressures but a consequence 
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of performativity; a series of actions that produce what she terms ‘girling’. What this 

refers to is the process whereby an individual with the external appearance of ‘girl’ is 

expected to demonstrate the obligatory social norms to act as a girl.  

Social and cultural forces sculpt the body and psyche as feminine or masculine 

based on the outward appearance of sex (Hey, 2006). To step outside of the social 

norms requires negotiation that disrupts the status quo and potentially opens new 

realities for the individual and society (Butler, 2009). Discourses and actions 

strengthen the idea that girls and boys are inherently different, which is scientifically 

proven by their different genetic make-up. These discourses position individuals in 

binary gender categories while also determining the role of those categories in social 

contexts (Hey, 2006). As children grow and embody their identity in relation to gender 

and knowledges, they experience perpetuation of a certain reality that encourages them 

to feminine or masculine ways of being (Butler, 1990b). The social norm promotes a 

story of female sexed children adopting feminine attributes, including the knowledges 

and actions associated with that societal status. Being able to step outside of the 

apparent fixed identity dictated through binary gender constructs is an important aspect 

of Butler’s theory of performativity, which describes a process of simultaneous being 

and becoming. Understanding this process is critical for this research as it provides 

alternatives to binary gender and enables further analysis of sex/gender subjectivity 

within power/knowledge relations.  

According to Butler, the process of subjectification is one of simultaneous 

mastery and submission, ‘the more a practice is mastered, the more fully subjection is 

achieved’ (Butler, 1997, p. 116). Essentially, an individual submits to that which s/he 

masters, and this simultaneous process forms a paradox since submission is marked by 

mastery rather than ‘a yielding to an externally imposed dominant order’ (Butler, 1995, 



 

94 Chapter 3: Theoretical Framing 

p. 45). Interestingly, the accomplishment of mastery may well be in response to 

situations where the individual has limited knowledge or experience and there is a need 

to form self out of the unknown guided by ‘a set of culturally sanctioned signifiers of 

the thing they must become’ (Davies, 2006, p. 433). In this process, there is always 

movement and the process of subjectification is ongoing, there is no one fixed identity 

(Hey, 2006). The process of subjectification is a lifelong process of mastery and 

submission, it is the simultaneousness of the process that makes it possible since the 

formation of subject depends on external sources that provide conditions for existence 

(Hey, 2006). The conditions are constituted in cultural norms that precede and exceed 

us, given over to a set of cultural norms and a field of power that condition us 

fundamentally (Butler, 2004, p. 45). Butler has drawn on Foucault’s understanding of 

power and the relationship to subjectivity and knowledge and in this sense, power 

ultimately forms the subject as it provides the conditions of its existence, of being and 

becoming (Davies, 2006). In this context ‘power is not simply what we oppose but 

also, in a strong sense, what we depend on for our existence and what we harbor and 

preserve in the beings we are’ (Butler, 1997, p. 2).  

Identity formation through this process is contingent on discourses as well as the 

power/knowledge relations. How individual beings embody the discourses becomes 

influential in the level of agency in different situations and this is important in terms 

of choice. Even where discursive practices promote a social order or status quo, thus 

reduced agency, Butler (1990b) highlighted that the process of subjectification is not 

passive since there is always some level of agency with the individual. It is important 

to remember that in this way of thinking, the subject does not have existence outside 

of the acts of subjectification, it is through these acts that the subject comes into being. 

This can be confusing, since individuals can be seen in active practices that suggest 
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existence pre-subject, but in fact they are integral to subjectification that is usually 

imposed by culture, society and social grouping (Davies, 2006). In terms of the social 

group ‘women’, individual identification as a woman is the result of mastery and 

submission of feminine acts attributed to the group through culture and society. 

Individuals can be seen to actively participate in feminine activities and thus the 

assumption of innate femininity related to biological sexing is produced and 

reproduced as members of the group both master and submit to being woman through 

feminine activities. Thus, the group women have an essentialist appearance, which has 

the characteristics described by Irigaray (1985) where women are strongly linked with 

nature, including caring and motherhood. 

While Irigaray (1985) described women as without subjectivity, Rasmussen and 

Harwood (2003) observed that mechanisms of truth, power and the self, bring about 

the creation of the subject. Central to this process are mutual acts of recognition 

through which ‘subjects accord each other the status of viable subjecthood’ (Davies, 

2006, p. 427). Agency is dependent on this process, which provides an illusion of 

autonomy that is essential for recognition of self as a viable subject (Butler, 1997). In 

the context of this thesis, there is illusion of being woman and scientist, essentialist 

categories that have been used in the context of strategic essentialism to ‘tap into’ the 

experiences of a marginalized social group. 

Butler’s theories contrast with that of Luce Irigaray, whose strategic essentialism 

and other concepts are considered in this thesis. While Butler described a process of 

subjectification through performative acts influenced by culture, society and social 

norms of the time and with practices imposed upon children based on their sexual 

characteristics, Irigaray proposed that the feminine has no subject position. Irigaray 

explained that the feminine has no subjectivity, particularly in relation to science, since 
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fundamental ‘truths’ have been articulated from a masculine perspective since ancient 

philosophy (Irigaray, 1985). Since ancient times, in the Western tradition, feminine 

ways of being have been excluded with associated gender categories linked with 

nature, something that is considered by the masculine as unthinking matter that can be 

dominated and controlled (Donovan, 2015). Irigaray (1985), believed that at a cultural 

level, the imaginary body of contemporary Western science is male, and women can 

only become subjects when they assimilate to male subjectivity. Otherwise women 

continue to be linked with nature and social change can only be achieved if this type 

of mainstream thinking is challenged. She argued that men and women must 

reconfigure their subjectivity so they both understand themselves as belonging equally 

to nature and culture and claimed that sexual difference is the philosophical issue that 

defines this age (Donovan, 2015). Since there is no true subject position for the 

feminine, individuals with female attributes simply fall into the role assigned to them 

by society without agency or even consciousness. Irigaray’s goal has been to uncover 

the absence of the female subject position through strategic essentialism, to challenge 

the situation of the feminine in contemporary Western society. 

This view of subjectivity and the feminine is quite different from Butler’s 

description of gender subjectivity as performative. Performativity, through compulsive 

and repeated performances, provides a way of thinking to challenge social constructs 

of fixed gender identity (Butler, 1990b). Becoming heteronormative through 

performativity requires negotiation of sex/gender in relation to knowledge formation 

and power. Through a process of mastery and submission children become girls (or 

boys), with girls expressing feminine traits through societal expectations expressed in 

discourses and in relation to power/knowledge. The complex circumstances in which 

a child subjectifies are fraught with debate about the social construction and biological 
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construction of gender. The science argument relies on an argument about genetic 

programming and associated physiological and anatomical differences between the 

sexes that can be explained in one sentence with scientific confidence. The complex 

social construction theories are not able to be explained simply since unlike the field 

of genetics there is no ‘black box18’. Regardless, it is generally agreed that the 

complexity of the environment influences identity formation. In Foucauldian terms, 

the conditions in which girls and women embody science is influenced by 

interrelationships and interplay of many elements including: institutional practices, 

sexist cultures, legislation, societal expectations and beliefs about gender, gendered 

knowledges and an education system expressed through pedagogy and curriculum. 

The arguments of Butler (1990b) and Irigaray (1985) provide tools to challenge the 

category ‘woman’ in contemporary Western society. Butler’s (1990b) performativity 

describes gender subjectification through societal processes and in doing so, provides 

alternate possibilities to binary gender. These alternatives provide ways for society to 

think beyond binary gender and associated social constraints. As such, this theory is 

important in addressing the research objectives. In contrast, Irigaray (1985) embraces 

women as an essentialist group but uses this strategically as previous discussed. The 

tactics for addressing the problem of women and science from that perspective include 

strategic essentialism but also mimesis, a common tool for addressing social inequities 

and inequalities. Irigaray (1985) provided strategies for working with a group already 

defined by research literature and in government reports. Recognising this can be 

useful, since women have not been silenced, but merely subverted (Hartsock, 1985). 

                                                 

 
18 The Black Box is a term introduced by Latour to describe known and accepted science 

knowledges in the public domain, the contents are no longer open for questioning since they have 

been subject to scientific process and social acceptance (Latour, 1999). In this instance, genetic 

knowledge is generally accepted as truth without understanding among the general public about 

genetic biology.  
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Women continue to have a choice between complicity and resistance, but this is 

contingent on discourses and social processes. The arguments of Butler (1990b) and 

Irigaray (1985) support the objectives of this thesis to determine the relationships 

between gender, sex and science and critically examine how these can be disrupted in 

the context of 21stCentury Western science.  

Conclusion 

In this chapter, I have described the theoretical framing underpinning the 

methodology for my thesis on the problem of women and science. The research is 

poststructuralist with FST and strategic essentialism providing a means to privilege 

the voices of women scientists with recognition of the tensions between these 

approaches. Foucault’s genealogical toolbox has been described, particularly the 

dispositif, and the relationships between power, knowledge and subjectivity explored 

to inform a research methodology that aims to disrupt the problem of women and 

science. In terms of subjectivity, Judith Butler’s performativity has been described 

with critical comparison to Luce Irigaray’s views on women’s lack of subjectivity 

because of their relationship to nature. The differences have been utilised to both 

critically examine the existing group ‘women’ and to provide alternative subjective 

positions, particularly in relation to science and science knowledge. This theoretical 

framing will allow me to challenge binary gender categories while recognising and 

analysing the social conditions of their subjectification.  

The following chapter will describe a methodological approach to collect and 

analyse data that will enable critical analysis of the dispositif of contemporary Western 

science. The methodology will also consider relations between power, knowledge and 

subjectivity to find points of disruption for the problem of women and science. 
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Chapter 4:  Methodology 

In the following chapter, I outline the qualitative research methods employed for 

this investigation into the problem of women and science. In describing the method, I 

draw on the theoretical framework described in the previous chapter to justify 

methodological decisions and remind the reader of the theoretical context of the thesis. 

The methodology is determined by the aim and objectives of the thesis, drawing on 

Foucault’s genealogy toolbox for critical analysis of data. This toolbox provides 

methods to investigate societal elements and power relations that contribute to the 

‘wicked’ problem of women and science, particularly through FDA and analysis of the 

dispositif. Butler (1990b) and Irigaray (1985) are also utilised since their writings on 

subjectivity are pivotal to understanding power/knowledge and subjectification in 

contemporary Western society.   

As described in Chapter 1, the starting point for this thesis is personal, as a 

woman scientist I am inquiring about the social circumstances that hinder women’s 

participation in scientific professions. I started the research with positivist ideas and 

attitudes about the theoretical approach and associated methods I might use in this 

thesis. The initial sections of the methodology therefore describe a process of change, 

a move away from quantitative research to feminist poststructural theories and 

methodologies. This story of change is presented as a technique to make the 

methodological approach explicit and demonstrate reflexivity, an important element 

of qualitative poststructural research. 

Framing positivism, science and self in the research 

In Chapter 1, I briefly outlined my life experiences to become and subsequently 

‘unbecome’ a scientist. These experiences, subsequent government reports and 
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ongoing political and social rhetoric, were the drivers of this research. My initial intent 

was to determine why there are so few women working in physical science related 

professions, why the attrition rate for women in science is high and finally why are 

most people in leading science positions male, even in female dominated fields. 

Initially I was interested in investigating teaching and learning strategies to attract girls 

and boys to science education in equal numbers. In short, I was looking for ways to 

make science non-gendered in the school science classroom. A literature review 

revealed a plethora of school-based research and programs with much of it advising 

that future research should consider poststructural methods to interrogate underlying 

assumptions about both science and gender. This was clearly outlined in Chapter 2. 

My move to poststructural qualitative methodologies came after I realised that 

sufficient quantitative data had been provided in other research and that the research 

gaps lay in describing the social conditions and underlying assumptions about the 

problem of women and science. While quantitative research and institutional reports 

provided a starting point for my research, as they framed the public and political 

measures of the problem, the final research thesis reflects methodology from 

Foucault’s genealogical toolbox as described in Chapter 2. Ultimately, I emerged as a 

qualitative feminist poststructural researcher but during the process, the research 

methodology moved through various stages or ‘rabbit holes19’ as I slowly shed my 

positivist skin. For a time, I wondered, in the style of Somerville (2007), and this 

provided a halfway point for thinking about science education, science and gender, 

and the influences that had shaped my thinking. I was wondering about how girls and 

                                                 

 
19A rabbit hole, in a metaphorical sense, is a long and winding exploratory path with many 

connections and offshoots. See http://whatis.techtarget.com/definition/rabbit-hole. 

file:///E:/AppData/Local/Temp/customXml/item1.xml
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women came to be as scientists, how I came to be a scientist and then ultimately move 

away from science. As I have noted elsewhere: 

Becoming a scientist in my thirties opened new doors and I found myself 

speaking internationally, regarded as an emerging expert in the developing 

fields of Geographic Information Systems and remote sensing technology. 

Moving smoothly in a world where men held the seats of decision making was 

not new; this world had existed since my time began. I was simply trying to 

play a game that I had not been allowed to enter in my earlier life. 

Leaving science was exhausting, the moving away from something precious 

that smothered my soul. This move was not made lightly, made more through 

the recognition that I was not a believer; this was not where I could keep 

becoming. (Crerar, 2013, pp. 57-58) 

Shedding the positivist scientist researcher like others, such as Keller (1997), 

was substantially supported by strong reflexive practice; a practice that I found 

difficult to comprehend in the initial stages even if the theoretical need for it was well 

understood. Finlay (2002) described reflexivity as ‘perilous, full of muddy ambiguity 

and multiple trails’ (p. 212). The approach ultimately taken in this research was one 

that explicitly situated self in the research and acknowledged impositions enacted by 

the researcher through problem formulation, choice of participants and questions, style 

of analysis, representation of subjects and objects in the research, and the writing itself 

as a way to produce an account of women and science. This style is described as a 

methodological approach that ‘unmasks complex political/ideological agendas’ 

(Finlay, 2002, p. 211). Reflexive qualitative researchers are aware of their role in co-

constructing knowledge and this is quite a shift from the positivist approach, supported 

by Popper and the Vienna Circle described in Chapter 2. As a scientist and science 

teacher, I realised that initially I had a positivist approach, quite at odds with the 
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research strategy I ultimately decided to embark on. It became apparent to me that I 

needed to overcome some underlying beliefs I held about research validity as I became 

aware that a quiet voice in my head kept persisting that data had to be ‘quantified to 

qualify’ and yet I was undertaking qualitative research. The supervision panel that 

supported my early development as a researcher changed at this point because some 

members of the original panel did not possess the theoretical knowledge or experience 

to guide me to complete my thesis. At a crucial time in the research process, I began 

working with a new team of supervisors who had the required insight and 

understanding of my theoretical approach to support me during the data analysis, 

theory development and final write-up stages. 

Reflexivity 

The need for strong reflexivity in poststructural research is well recognised since 

theorising rests upon complexity, uncertainty and knowledge production (Ball, 1995). 

Reflexive practice is a difficult concept to describe and differentiate from reflective 

practice, however the imagery created by Haraway (1992) has provided a useful 

explanation. Haraway (1992) described reflective practice as looking into a mirror to 

find a reflected image almost identical to the original. This is a useful process since 

we can examine and critique the contents, but there is no option for anything other than 

what we are. Multiple and alternative images of what is possible do not occur in the 

process of reflection. Haraway (1992) goes on to describe the process of diffraction, a 

physics term that describes bending of light as it passes around an object, and in this 

process, interference patterns occur to form different versions of the object. Haraway 

(1992) suggested that reflexivity is akin to diffracted light since it allows multiple 

possibilities to emerge. Tools to support reflexive practice include keeping a research 
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journal to record events and progress (Burck, 2005) so that patterns can be observed, 

and absences and presences noted.  

My preferred reflexive practices were journaling, reflecting, collaging and 

talking out ideas and these proved successful in revealing some of my underlying 

assumptions that initially influenced data analysis. For example, I became aware of 

my assumption that most people considered sex and gender identity to be determined 

by both social and genetic factors and was quite surprised when different attitudes 

emerged. The point here is, that through reflexive practice, I gained insight into 

expectations of participants that initially affected data collection and analysis. The 

effect was this: where participants were describing experiences, attitudes or ideas that 

were like mine I paid less attention than when they expressed something that surprised 

me. Recognising this was a crucial step in my awareness of self as researcher. I started 

to address my assumptions, and so became more able to question assumptions of 

participants and in all the research papers, government reports and social media on the 

problem of women and science.  

This experience, and others that emerged during research, highlighted the 

concept of strong objectivity, described by Harding (2004), as an integral component 

of FST. At this point reflexive practice became instrumental in opening the research 

to challenge existing assumptions and notions about women and science and the 

problem formulation that had been perpetuated through research, government reports 

and media. Understanding of reflexivity as a tool to view the problem differently, 

diffracted rather than reflected, as described by Haraway (1992), opened multiple 

possibilities for the data, since assumptions, notions and biases came to the fore and 

could be openly challenged. The idea of multiple possibilities is a feature of 

poststructuralism, so this was a crucial phase in the research process.  
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Ultimately, through reflexive practice the research process became a spiral, a 

nautilus with ins and outs representing changes of direction. At times I needed to 

retreat, step back from the research, to consider what the data and participants were 

telling me and re-group my thoughts to see a different view. Reflexivity was essential 

to the research, to bring awareness of assumptions but also to bring different 

understanding to the data. There were times when I would feel lost in a spiralling world 

of contradiction where my inabilities to provide clear account of concepts frustrated 

me. Eventually I felt my understanding shift, ‘settle’ and shift again, with each shift I 

came to deeper understanding that I could ruminate over in the ‘settle’ phases. Initially 

I attempted to resolve contradictions but ultimately realised that these were essential 

to the process of understanding.  

The process was one of acquisition and discarding, often a way of thinking 

would be useful in helping me understand concepts but then would become obsolete 

to my new way of understanding the world around me. Reflexive practice helped 

reconcile myself with the fact that my initial planned approach was inflexible, too rigid 

to open unexpected possibilities and unlikely to enable disruption of the problem. 

Relating theory to method 

This doctoral research began with the problem of women and science and a will 

to investigate the societal elements and power relations that contribute to this ‘wicked’ 

problem. The aim of the thesis directed me to theoretical framing and methodological 

tools that allowed understanding of sex/gender and power relations in the context of 

science. Foucault’s genealogy toolbox was adopted for critical analysis of data, 

particularly through FDA and analysis of the dispositif. Butler (1990b) and Irigaray 

(1985) provided insight into subjectification in relation to science knowledge, essential 

to understand the relation of gender, sex and science and how these relations are 
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produced and reproduced in 21st Century Western science workplaces. The theoretical 

framing has been described in Chapter 3; the point here is to explain theoretical 

connections to methods used for data collection and analysis. In Chapter 3 I also 

explained that FST was used to privilege women’s voices in the research.  

The reasoning for using FST, despite the tensions discussed in the previous 

chapter, was that women, amongst others, have been historically disadvantaged in 

contemporary Western science. This disadvantage has been demonstrated in 

quantitative research described in Chapter 2, which revealed that due to horizontal and 

vertical segregation in science, girls and women are represented as a minority group. 

Haraway (1988) emphasised the importance of situated knowledges through providing 

a voice for the people most affected by the research. Women, as the group most 

affected, were chosen as the participants. In this move, I adopted strategic essentialism 

described by Irigaray (1985) and Spivak (1988). FST provided the framework for 

choosing participants but data collection and analysis was guided by Foucault’s 

genealogy, as described in Chapter 3. 

Within this context, Foucault’s genealogy provided the toolbox for analysis of 

the social situation that produces and reproduces the problem of women and science. 

Specifically, that toolbox provides methods for activating suppressed historical 

knowledge (O’Farrell, 2005) and interrogating complex power relations between 

institutional practices, bodies and systems of thought. The toolbox reveals 

relationships between visible and the invisible and so provides methods for analysing 

a social apparatus, a dispositif. This term, dispositif, is one of the terms within 

Foucault’s toolbox for critical analysis of social assumptions and ‘truth’ statements 

(O’Farrell, 2005). Using Foucault’s genealogy, the dispositif of contemporary Western 

science has been examined in this thesis through identification of how discursive 
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(immaterial) and non-discursive (material) elements interrelate and interact 

productively to produce and reproduce a social situation. 

In this thesis, analysis of the dispositif aims to deconstruct/construct and 

contextualise the social conditions within which woman and science become a 

problem. Analysis of the dispositif is possible through critical examination of 

discursive and non-discursive elements in participant data to identify interrelationships 

and interplay of each element through a mutually conditioning process. Overall the 

genealogical toolbox enables identification and subsequent challenge of underlying 

assumptions about women and science through critical examination of knowledge, 

power and subjectification through analysis of ‘truth’. 

Unpacking the problem 

An objective of this thesis is to critically examine how relations between gender, 

sex and science can be disrupted in the context of 21st Century Western science 

workplaces. This disruption could enable alternative accounts of relations between 

gender, sex and science to come into being. Problematizing the social situation of 

women and science in this research provided a new and different approach through 

determining the analytics of power at play through political and social discursive 

means. While this research does contribute to the existing body of research on the 

‘problem’ of women and science, it did not aim to ‘fill gaps’ since that approach tends 

to accept rather than challenge underlying assumptions and notions (Alvesson & 

Sandberg, 2011). The premise is that research that focuses on a ‘gap filling’ approach 

reinforces and builds on existing theories and practices rather than enabling critical 

examination of the problem itself (Alvesson& Sandberg, 2011). The problematizing 

approach is a feature of feminist poststructural research (see Lather, 2001; 2004). 
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Understanding how the social situation of women and science was and is 

produced and reproduced through assumptions, beliefs and discourses provides cues 

to power relations that form both drivers and mechanisms for sustaining the problem 

of women and the science workforce. Examining the relations of power and knowledge 

to discourse through Foucauldian methodologies required pointing out ontological, 

epistemological and theoretical assumptions about the problem in itself. Previous 

quantitative research (e.g. Archer et al., 2012; Sinnes & Løken, 2014) recommended 

that understanding of the social context of the problem was required to understand the 

situation of women and science. This research has picked up on that recommendation 

and interrogates underlying social elements and discourses that accompany discussion 

and analysis of the problem of women and science.  

Interrogation of the problem enabled me to see the assumptions, beliefs and 

positions of individuals in relation to the problem of women and science. The process 

was iterative with literature review, data collection and data analysis, and growth in 

knowledge and understanding. This process was guided through reflexive practice and 

the theoretical framework being applied to this research. Interrogation of the problem 

of women and science, as presented in literature, government reports, media and 

participants data were achieved through FDA and identification of the dispositif 

through mutual conditioning. Material elements were examined through a critical lens 

so that my assumptions were challenged rather than accepted. Through this process, I 

came to question that which was stated as ‘truth’. In this way, all data has been 

questioned for any assumptions, beliefs and ownership that the writer or participant is 

party to in relation to women and science. I unpacked the problem of women and 

science during analysis of participant data at all stages of the research. By this I mean 
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that I came to understand how the problem of women and science was represented by 

media, institutions, and by participants themselves.   

Preparing for research 

Participant recruitment 

Originally the call for participants aimed at recruiting science teachers who also 

identified as women but responses to the Invitation to Participate (Appendix A) 

included science professionals and a science student. Many responders explained that 

they would like to participate in the research because they wanted to share personal 

experiences of being a science student, teacher and/or scientist. In the end the 

classification of scientist was determined by the participants themselves, all had a 

tertiary qualification in science and many had post-doctoral awards.   The participants 

were scientists and/or science teachers who identified as women, in keeping with 

strategic essentialism adopted for the research and discussed previously. They were 

invited to participate in this research through local and national professional linkages 

such as science teachers’ associations, women in science networks, industry networks 

and eventually by word of mouth, as women passed the information to friends and 

colleagues. Initially I sought permission from various networks and industrial groups: 

the Australian Science Teachers Association, The Commonwealth Scientific and 

Industrial Research Organisation (CSIRO), Energy resources of Australia (ERA) and 

University science faculties, either through existing contacts or friends.  

Once permission was achieved, I sent emails to key people in each network who 

then passed the email on through general email lists. The emails invited people who 

identified as women and as science teachers or scientists to participate in research 

about the problem of women and science (Appendix A). Interested women scientists 

contacted me directly by email and I replied with a copy of a plain language statement 
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about the research and a consent form to ensure their informed consent to participating 

in the research (Appendix B). Potential participants were reassured in the 

documentation that the research was confidential, and all care would be taken to ensure 

data was stored securely. The dissemination of the email and research information 

proved successful and women scientists responded quickly, usually stating that they 

were keen to tell their experiences. On occasion, women approached me after hearing 

of my research from a third party offering to participate in the study.  

Women science teachers were harder to engage and, even when I discussed my 

research at a national teachers’ conference, many of the women science teachers 

expressed inability or disinterest in participating. Those teachers unable to participate 

stated that it was due to workload issues rather than issues with the research, but others 

expressed disinterest since they considered it ‘natural’ for girls and boys to have 

different likes and dislikes.  

All participants took part in either the focus group discussion, individual 

interview or both, and have been represented in this research through pseudonyms. 

Deciding how to select pseudonyms for participants was guided by a random Google 

search, which led me to a Blog post written by Mozilla researcher Diane Loviglio 

(2012) who suggested using a baby name website (babynamewizard, 2015). The 

website has a function called ‘NameVoyager’ where you can find out what names were 

popular in which year. I followed Loviglio’s method of choosing a popular name from 

the decade when a participant was born and kept the same first initial. For example, if 

a participant was Joan and born in the 1960s, her pseudonym could be Julie, the 

eighteenth most popular name in that decade. This system was effective since it 

provided a method where a name could reflect the age group of the participant and 

pseudonyms were easily remembered with the consistent first initial. A total of 30 
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participants took part in either focus group or individual interviews, nine teachers, one 

science student and 20 professional scientists in various stages of employment. 

The participants 

Nine teachers were recruited for the research, including one teacher in her first 

year of practice, one primary and seven secondary school teachers. Five of the teachers 

had worked as professional scientists and of these five, one had completed a science 

doctorate. While the initial research design had planned a series of online focus group 

interviews with the teachers, it proved difficult beyond the first focus group interview. 

This was partly due to the pressure of their teaching work. However, a few teachers 

reported that they felt uncomfortable to say what they wanted to say in the group 

situation and requested individual interviews where they felt there was more 

confidentiality and privacy. Science professionals also preferred individual interviews 

and of the 20 scientists, 13 were interviewed. The rest of the scientists participated in 

a focus group, which was facilitated during an industrial women’s network group and 

four of these scientists were also interviewed individually. 

Of the 13 women scientists interviewed, three were academic research scientists, 

another had recently left her science job due to difficulties, and the remainder were 

employed in professional positions. A further interview was conducted with a science 

student who had heard about the research and was keen to participate. In total, thirty 

women participated in the study, just over half of the participants had doctorates in 

science and the others, except for the science student, had university education at least 

to degree level.  

The participants were all Caucasian, educated and at time of participation 

identified as middle or upper middle class although two of the participants grew up 
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working class and two in a rural farming area. This lack of diversity in a population 

of women scientists is reflective of quantitative studies about women’s participation 

in science and previous research critiqued in Chapter 2. Since women from 

Caucasian or South East Asian middle-class backgrounds are more likely to work as 

professional scientists or science teachers than women from other socio-cultural 

groups, it is difficult to design a study about women in science which could include a 

more diverse group of participants. Despite this, it is important to point out the lack 

of South East Asian women in the study population, as this demographic is 

statistically most likely to be employed in science professions. At the end of the 

research, several women from diverse backgrounds approached me in response to 

presentations at conferences and seminars and said they would be interested in 

participating, but it was too late in the research process this time. Most of those 

women expressed some hesitance to talk about their experiences with unknown 

researchers, hence approaching me following the presentation; this is something that 

will be considered for future research. 

While the call for participation was within Australia, the study is international, 

since two of the participants were working overseas during data collection, one in the 

UK and the other in Canada, and many of the participants originated overseas. This 

was acceptable in terms of the problem of women and science since previous research 

has described the problem at an international level. The participants were all educated 

and employed as scientists within a Western cultural context, therefore within the 

dispositif of contemporary Western science.    

Most of the participants worked in Australia during the study but they originated 

from Canada, France, Germany, Scotland, England, Hong Kong and South Africa. 

Most participants were also well travelled during their working lives as scientists 
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and/or science teachers and their collective experiences from Australia, South Africa, 

Zimbabwe, Papua New Guinea, Pacific Islands and the Arctic ocean inform the study. 

The following sections provide more insight into individual participants.  

Qualitative data collection 

Poststructural research applying Foucault’s genealogical tool box depends on 

collection of qualitative data for analysis of power/knowledge relations with 

subjectivity.  Empirical data collection strategies ultimately included semi-structured 

interviews and focus groups with thirty participants, women scientists and science 

teachers. Autoethnographic methods were employed to enable inclusion of the 

researcher’s experiences and responses to stimulus materials, this is detailed within the 

coming chapter. Ethnographic methods were used to observe material structures of 

science classrooms and analysis in relation to participants’ experiences and 

observations.  

Initial qualitative data collection was by semi-structured individual interviews 

and focus groups with an iterative approach so that data analysis was concurrent with 

data collection as outlined as a method in constructivist grounded theory (Charmaz, 

2003). Since grounded theory has been identified as appropriate for uncovering basic 

social processes where there has been limited investigation of contextual factors 

(Charmaz, 2014), it seemed appropriate for this research. Previous studies on the 

problem of women and science had recommended that future research consider the 

social context of the problem and grounded theory seemed to offer this opportunity. 

Grounded theory methods with reflexive practice enabled the data collection process 

to become one of mutual collaboration between the researcher and the participants, 

common in feminist research and described by Finlay (2002). While grounded theory 

was effective in data collection, since it provided a method to privilege women’s 
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voices and to complete thematic analysis, it became apparent that there was limited 

ability in the method to investigate the societal elements and power relations that 

contribute to the ‘wicked’ problem of women and science. At this point in the research 

I moved from the inductive approach offered by Grounded Theory to develop a 

framework for analysis based on Foucault’s genealogical toolbox to enable critical 

analysis of data in relation to power/knowledge and subjectivity. Grounded Theory 

had provided principles for an iterative approach to data collection and subsequent 

concurrent analysis, which was useful for guiding interview and focus group 

discussion. The process is outlined below.  

Concurrent data collection 

In order to achieve data collection that privileged women’s voices over mine, as 

the researcher, the first stage of data analysis was concurrent through iterative 

interviews and focus group sessions. This was important because through this process, 

issues and discourses raised by the women were accounted for and became the starting 

point for subsequent interviews or the focus group rather than being driven by issues 

or questions I prioritised.   

The process comprised a number of steps. The first stage of analysis, identifying 

and categorising data into themes, occurred immediately following an interview or 

focus group. At that time, the audio was transcribed and analysed to determine the 

main themes. These themes were then used as prompting questions for subsequent 

interviews and focus groups. An example is, ‘some participants have mentioned that 

they consider it natural for girls to be more attracted to biological and environmental 

sciences, what do you think and feel about that?’ If this had already been raised by the 

participant during an interview, I would only include prompts for further discussion 

rather than the question per se. Overall, the 29 women scientists and science teachers 
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who participated in this study raised common issues as the process continued. The data 

collected was recorded for later transcription and the process was supported through 

journaling and taking of field notes.  

Data collection strategies, including journaling, field notes, photographic images 

of science classrooms and audio recordings provided evidence for coding during 

thematic analysis post interview or focus group. For example, audio files provided the 

discourses for analysis, field notes provided my comments on body language (shrugs, 

nervous laugh, and discomfort) that gave further meaning participants comments and 

their reactions to stimulus material presented in individual interviews and focus 

groups. Photographic images of science classrooms provided empirical data for the 

analysis of material elements of the science classroom and workplace in relation to 

participant discourses. These methods provided data for concurrent analysis and 

forming of subsequent semi-structured questions and prompts. The analysis at this 

point entailed open coding of the focus group and interview transcripts, originally 

using specialised software but ultimately resorting to traditional techniques. These 

included using butcher’s paper, pencil, paper and coloured highlighters to track themes 

through transcripts before tabulating and forming categories. The move from software 

to traditional categorising was instigated by a cognitive shift I experienced when using 

the software compared to more tactile and visual methods. The walls of my workspace 

were covered in butcher paper and mind maps indicating links and ideas, something 

that was not possible in the confines of a computer program.  

As themes emerged, I would take note and include prompts into the next data 

collection event, usually an individual interview. An example of this process is this: in 

the first data collection event, a focus group with five teachers, relationships of girls 

and boys to different science knowledges emerged without prompt. I noted this 
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emergence with interest during the focus group but was able to identify the discourses 

used during the first stage of data analysis. As a result, I included a prompt about 

knowledge and gender relationships in the next data collection event. Through this 

process, emergent discourses and issues were returned to participants for further 

development through their considered responses, for example if the participant did not 

extend on the theme without prompt, I would ask a question, “Do you think it natural 

for girls and boys to have different interests?” Usually the participants would consider 

the question before responding and only occasionally did they not respond, usually 

when they felt strongly about the idea being presented. Through this process, most 

participants had the opportunity to respond to emerging themes as they either 

participated in a second interview or a focus group session. The opportunity for a 

second interview or inclusion in a focus group session was important so that each 

participant had the opportunity to respond to the themes that emerged from the data. 

Through this process, women’s voices and experiences were privileged as they 

described their paths to becoming and being scientists and science teachers in a context 

of disadvantage (Harding, 2004). 

Data collection through this iterative process both relied on and demonstrated 

sound reflexive practice. This is evident through the research since the method aims to 

reduce researcher influence on the interview and focus group sessions. This enables 

mutual collaboration between the researcher and the participants as advised for 

feminist research (Finlay, 2002). Mutual collaboration is important in feminist 

research since women have been historically discussed as a minority group. Through 

strategic essentialism and feminist data collection strategies, women participants were 

afforded a privileged position as experts of this problem (Harding, 2004). Through 

reflective practice I became aware of feeling silenced in the research process and after 
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discussion with critical friends decided to include myself as a participant in the 

research process. According to Hughes, Pennington & Makris (2012) 

autoethnographic methods requiring sound reflexivity and critical self-study would 

enable an active and systematic view of my personal experience in relation to the other 

empirical data collected through interviews and focus group methods. Personal 

experiences about being a girl/woman science student, scientist and science teacher 

was recorded through journal exploration of semi-structured interview questions and 

focus group prompts as suggested in Mendez (2013). 

The iterative data collection and concurrent analysis and theoretical sampling 

process enabled reflection and reflexivity on data collection strategies and as 

participants’ observations and experiences of material elements of the science 

classroom and workplace emerged, I became interested in undertaking visual 

ethnographic observations of science classrooms and workplaces and recorded these 

by photographic imagery using an iPad. 

The data collection process continued until all themes were saturated. At this 

point, the social elements that contribute to the problem of women and science had 

been identified and described by participants. Subsequent analysis of that data using 

Foucault, Butler and Irigaray addressed the power relations between elements and 

critically examined how relations between gender, sex and science produced were 

produced and reproduced. Before I describe the data analysis strategy, information 

about data collection through semi-structured interviews and focus groups will be 

presented to provide further clarity on data collection. 
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Focus groups 

Focus group discussion as described by Peek and Fothergill (2009) was used to 

inform the data collection and iterative data analyses process because of the potential 

for interaction between participants as well as between the facilitator and individuals 

in the group (Carlsen & Glenton, 2011). This interaction is useful since the participants 

can challenge and question each other in a way that cannot be achieved between a 

researcher and participant. This is particularly true when participants have already 

formed a network group where they commonly discuss issues. In this setting, the 

researcher can become an observer to some extent, as long as they are able to stimulate 

and focus discussion on what is required for that research. Through this approach, the 

participants were provided with a collaborative role in the research process rather than 

passive storytelling with challenges and questions from only me as researcher.  

In initial stages of the research, a focus group of science teachers guided the 

research process and I recorded their experiences, observations and discussions about 

science, science education and gender relationships. Originally, a series of six online 

focus groups were scheduled to be held monthly with science teachers around 

Australia. Working in the online space provided cost effective and time efficient 

method for participants from Northern Territory, Tasmania, Queensland and South 

Australia to interact and respond to each other as well as the researcher. The process 

was explored in detail in Crerar (2014). Hosting of online focus groups was informed 

by previous research where potential issues had been well discussed (Brophy, 2010).  

In the initial focus group session, I invited participants to engage with stimulus 

materials comprising key issues in science as presented in the media, science education 

texts, the Australian Curriculum and science in popular culture. These prompts aimed 

to provide stimulus for discussion of everyday science issues as well as the science 



 

118 Chapter 4: Methodology 

directed through curriculum or special science programs, for example National 

Science Week (2016) or CSIRO discovery science. The intention was that the 

participants would engage in a level of discourse analysis as they considered who each 

text was aimed at and questioned any inherent bias, as described by Lather (2001). 

Through this process, the participants would be looking at discourse in operation, 

which would be essential to identify whose interests the material was serving 

(Weedon, 1997). This method also aimed to provide science teachers with space to 

talk about science and science education with a view to participating in critical analysis 

of materials and identifying common discourses in science and science education. 

Common discourses did become evident in the initial focus group discussions. 

Focus group sessions rely on finding time when researcher and participants can 

meet in a common space, online or in person. The group of teachers were unable come 

together after the first session despite positive feedback from the teachers. In the first 

online focus group, five teachers enthusiastically participated and agreed to commit to 

monthly meetings and participation in an online blog. Ultimately only two focus group 

meetings occurred; the teachers were often busy with afterhours school-based events 

such as parent teacher meetings, report writing, school camps and school concerts. The 

reason for the lack of attendance was not disinterest as all teachers demonstrated they 

wanted to participate further in the research through email communication or phone. 

Subsequent individual interviews with participants from this focus group had been 

planned for two main purposes: to enhance data richness (Lambert & Loiselle, 2007) 

and provide participants with an opportunity to debrief about experiences in the small 

group discussions. The debriefing opportunity had been developed in the method 

design to provide teaches with space to express any differences, discomfort or 

reticence about the group experience. All focus group participants proceeded to the 



 

Chapter 4: Methodology 119 

individual interview and most commented that they preferred the opportunity to speak 

independently as they were less concerned about having to maintain a professional 

manner. This highlighted to me that some issues might cause contention between 

participants and highlighted the need for offering individual sessions to all participants. 

A second successful focus group was facilitated in a science workplace during 

an industrial women’s network meeting. The facilitators of the network had arranged 

the event, which included six physicists and one mathematician who was engaged in 

climate change research through oceanography studies. This focus group occurred as 

part of their monthly women’s network meeting and I invited participants to respond 

to stimulus material, a presentation about the status of women and science that 

included information on the emergent themes from interviews. Of this group, four 

scientists were able to proceed to individual interview and each of them used the 

opportunity to debrief about the focus group discussions to some extent. 

Semi-structured interviews 

Semi-structured interviews were used to provide data for analysis to investigate 

the societal elements and power relations that contribute to the problem of women and 

science. The interviews needed to be semi-structured to ensure that data collected was 

relevant to the objectives, that is to determine the relationships between gender, sex 

and science and how these relationships are produced and reproduced in the context of 

science and the science workplace.  

Eleven scientists or science teachers who participated in focus group sessions 

also participated in individual interviews. As previously discussed, this enhanced data 

collection through the iterative approach outlined above. Some of the interviews were 

conducted online using Skype or Blackboard Collaborate technology and others took 
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place in person either at an industry base, local café, my office at Charles Darwin 

University or in a local library. Participants in the online individual interviews were 

based in Tasmania, New South Wales, Canada and the UK. In person interviews 

required travelling to Tasmania, South Australia, New South Wales and Queensland. 

The semi-structured individual interviews had a conversational tone and 

minimal prompts were required as participants responded extensively to opening 

questions. This question remained the same for all interviews, “When did you first 

become aware of science?”, and it prompted participants to tell their story of 

discovering science in childhood and their journey as scientists thereafter. The opening 

question deliberately included the word science without definition so that participants 

would define and describe their interpretation of science. Often responses to this 

question flowed easily and extended to discuss their becoming and being scientists, 

including their relationship to science now. Where this natural flow did not occur, a 

second prompt would inquire about their journey and current relationship with science.  

Often these stories about becoming a scientist would incorporate the segregation 

of women and science but if not, I would prompt for that. Initially these three prompts 

were planned for each interview but after the first focus group and the concurrent 

analysis process, a fourth prompt was added, “Do you think girls and boys will have 

the same interests and abilities?” Adding this prompt ensured that emerging themes 

were included in iterative data collection strategies but also kept the interview relevant 

to the aims and objectives of the research. As the data collection process continued 

other material prompts were included in response to participants’ observations and 

experiences, this included material on campaigns aiming to attract women and girls 

into science work. Overall, the prompts were organic with the concurrent data analysis, 

although only emerging themes that related to the research aim were maintained.  
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Data analysis 

The first level of concurrent data analysis had identified diverse themes within 

the data, which were then subjected to a second level of critical data analysis to identify 

underlying assumptions about the conditions within which girls and women become 

and remain as scientists. Foucauldian discourse analysis was applied to investigate 

power/knowledge relations to subjectivity as a woman and a scientist, and to identify 

elements of the dispositif of contemporary Western science. The dispositif was 

identified through mapping material and immaterial elements of the discourse evident 

in participant data. Theoretical framing for this thesis was discussed in Chapter 3. The 

following sections describe the processes of Foucauldian discourse analysis, mapping 

of material and immaterial elements, and identification of the elements of the 

dispositif.  

Foucauldian discourse analysis 

The main point of Foucauldian Discourse Analysis (FDA) in this research is that it can 

illuminate the effect of institutional powers, track their interaction with the subjects, girls and 

women, and identify points of resistance and complicity. The task in this research is to make 

explicit the ways in which discourses operate and to identify their effects within contexts, that 

is being a woman scientist and/or science teacher at this point in time.  

During this phase of data analysis, I worked with the themes that emerged during 

concurrent analysis to question participant statements. Table 1 shows the analytical tool used 

to guide FDA of participant data in each of the themes emergent during data collection and 

concurrent analysis.  

 

 

 



 

122 Chapter 4: Methodology 

Table 1: Analytical tool (Concurrent analysis of participant data) 

‘Truth’ What is represented as ‘truth’? 

How is this ‘truth’ constructed? 

What evidence is used to support this ‘truth’? 

Is anything missing? 

Assumptions What is assumed in this statement? 

Is anything ignored in the assumption? 

Problems What is made problematic in the statement? 

What is not made problematic, accepted? 

Import What is brought to foreground as most important? 

What is backgrounded as least relevant? 

Connections What connections are made and what is left out? 

Interests What interests are mobilised and served by this statement? 

What interests are missing? 

How How did this situation come to be? 

Materialising What identities are possible/desirable in this statement? 

What actions are possible and for whom? 

What is normal and for whom? 

What is disallowed and for whom? 

 

I worked the tool on the butcher paper and the mind maps that I had created 

during the concurrent analysis, a process that was not as clear-cut or systematic as 

Table 1 suggests. Development of the tool in itself was part of the data analysis 

process, and through trial and error, I developed a path through the data. The process 

was arduous and required reading and listening to participant transcripts repeatedly. 

With each review, I was seeking the truth, problems, import, connections, interests and 

materialisation from the perspective of individual participants. Reflexive practices 

were crucial during this time and I journaled, mind mapped, collaged and talked out 

ideas with critical friends. These processes helped me to understand my own ‘truth’ 

and bias in the situation and tease out where this lay in relation to the data. Reflexive 

practices during the concurrent data collection and analysis had highlighted this as I 
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found myself feeling a sense of frustration that I was not one of the voices in the 

research. I wanted my truth to be considered as well as that of the other women since 

I felt silenced in the research process and included myself as a research participant at 

this point through autoethnographic methods discussed in the previous data collection 

section, journal exploration of interview questions and focus group prompts as 

suggested in Mendez (2013). After discussion with critical friends, I decided to include 

myself as a participant in the research. 

This strategy was successful in that during data analysis, I felt I could be less 

reactionary to statements, since my ‘truth’ was also being considered. The result was 

that I was able to consider and analyse other statements without the judgement I had 

originally experienced; the strength of being heard had soothed my angst. As one of 

the participants, my data was integrated into the research and incorporated with the 

themes of the others. I displayed the data around my workspace in the form of butcher 

paper mind maps and in coloured coded boxes of notes. During the process, reflexivity 

became part of everyday life due to the intensity of questioning; everything I read and 

heard ultimately related to my own ‘truths’ and realities. 

FDA, like all poststructural methodologies, recognises that there is no single 

reality and instead, individual perceptions of reality are produced and reproduced 

through language. This was evident in the data through analysis since FDA has the 

potential to challenge ways of thinking about aspects of reality that are ‘taken for 

granted’ as the ‘norm’ and different realities emerged from the participant data. At this 

level of analysis, I had identified relationships between discursive and non-discursive 

elements and decided to analyse further to investigate how one mutually conditions 

the other and how each element then interplays and interacts in the dispositif.  
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Mapping material and immaterial elements 

Analysis of the data required mapping of interrelations and interplay between 

discursive (immaterial) and non-discursive (material) elements to identify the social 

apparatus that maintains the problem of women and science. Foucault’s genealogy 

provided tools to interrogate data to recognise relations between what is said and what 

is seen and how they mutually condition each other. Interrogating the data to determine 

elements and their interactions was achieved through mind mapping and following the 

analytical tool shown in Table 2. 

Table 2: Analytical tool (Analysing empirical data) 

Concept  Analytical terms Observable/identifiable 

features 
Problematizing 

Problematizing the different ways 

women’s role in science has been 

problematized through political, 

research and media channels.  

 

Ontology Subjects/Objects 

Inclusions/Exclusions 

Ontological assumptions 

Epistemology Ways of knowing/Ways of knowing 

science 

Hierarchies of knowledge 

Knowledge assumptions/Knowledge 

diversity 

Knowledge/Gender relationships 

Knowledge/Power relationships 

Political rationale Economic imperative 

Workforce 

Gender objectives 

Embodiment/subjectivity 

In this context, embodiment is the 

process of giving form to ideas, 

notions and opinions of gender. 

Embodiment in this sense is the 

material manifestation of gender 

through social, cultural and political 

process by an individual. While the 

focus is on gender in this context, 

the author recognises the role of 

intersectional factors in influencing 

gender embodiment and 

materialisms, this is further 

discussed and theorised throughout 

the thesis. 

 

Gender Social roles 

Personal characteristics 

Material workplace 

Workplace culture and communication 

Social communication 

Science/gender relationship 

Diversity  Class 

Culture  

‘Race’/Ethnicity 

Sex/gender 

Epistemology  Gendered relationships 

Science 

Materiality 

Power 

In this thesis, power is used in the 

Foucauldian context that recognises 

the relationships between power, 

knowledge and discourse. 

Power/knowledge Hierarchies of knowledge 

Material manifestation 

Gender relationships 

Resistance Individual  

Group 

Consciousness 

Complicity Awareness 

Generational perpetuation 



 

Chapter 4: Methodology 125 

Applying Foucault’s genealogical tools meant that I could describe the problem 

of women and science in terms of discourse (immaterial elements) identified through 

analysis of participant data, and non-discursive (material) elements identified through 

analysis of participant data and material constructs of the science workplace. The 

material constructs of the science workplace, including the school classroom, include 

architecture, material construct of the space including safety features to meet rules and 

regulations and the curriculum that determines outcomes of the school workplace. The 

immaterial and material elements will be critically examined throughout the remainder 

of this thesis to identify and investigate the social elements and power relations that 

produce and reproduce the problem of women and science. These social elements form 

the dispositif of contemporary Western science. 

Identifying the dispositif 

The dispositif includes material and immaterial elements that form an 

interrelated network of heterogeneous elements (Gutting, 1995). The dispositif can 

include discourses but also institutional practices, architectural forms, scientific 

statements, and philosophical and moral propositions (Dowding, 2011). Foucault was 

interested in how elements of the dispositif interrelated and articulated to address an 

urgent need while producing appropriate subjects for specific types of 

power/knowledge relations. While the term ‘urgent’ tends to be interpreted as 

‘immediate’, Foucault (1980a) explained that, in this context, the term means that the 

dispositif emerges with social change to support new regimes of truth. Analysing the 

dispositif critically examines power/knowledge relations as it enables a focus on why 

and how certain ways of things become likely and possible (Laustsen, 2014). For this 

research, analysing the dispositif can help identify the components of contemporary 
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Western science as it enables consideration of relations of knowledge, power and 

subjectivity.  

The Western science dispositif is complex and multifaceted and consists of what 

is done, said, promoted, actioned or not, and identifiable in the life stories and 

experiences of women in science and women who teach science. The elements of the 

Western science dispositif include philosophical and moral discourses, institutional 

practices and beliefs, architectural forms, legislation, policy, educational practices, 

administrative measures, and ‘scientific’ statements. The elements themselves are of 

interest but it is the interplay, the interrelationships and interactions of the elements 

that enable the dispositif.  

Foucault (1979b) was also interested in how the elements of the dispositif 

interrelated and articulated to produce and reproduce appropriate subjects for specific 

types of power/knowledge relations. Analysing data required attention to the relations 

between knowledge, power and subjectivity, as described by Deleuze (1992) and how 

they were represented in the material and immaterial evidence presented by 

participants. Each individually complex dimension of knowledge, power and 

subjectivity is required to form the whole, and ensures the repeated influence of the 

others and supplants each other (Brigg, 2001). Through these means, the relationship 

between each element is constantly implied in the context of contemporary Western 

science. For example, Irigaray (Donovan, 2015) might consider the category of woman 

as having no subject (due to the relationship with nature); ways of knowing that have 

no real status on contemporary Western society; and limited power as a result of the 

previous two factors. Likewise, the limited power of the category ‘woman’ ensures 

that women’s ways of knowing and subjectivity continue to be questioned.  
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In relatively broad terms, the dispositif is appropriate to this research as it 

provides a means for consideration of the complex ensemble of institutional practices, 

philosophical positions, discourses, programs, policies, projects and practices that 

emerge through stories and experiences of women science teachers and scientists. The 

heterogeneity of the elements and their interactions can account for the complexities 

of the situation (Brigg, 2001). According to Foucault, every dispositif has a function; 

his classic example being the function of the dispositif of madness in the 19th Century, 

which was the ‘assimilation of a floating population found to be burdensome for an 

essentially mercantilist economy’ (Foucault, 1980a, p.195). In applying this 

methodology, I aim to identify the function of the dispositif of contemporary Western 

science from the critical literature review and historical critique of contemporary 

Western science in relation to participant data. 

Summary: relating methodology to research aim and objectives 

The aim of the research is to investigate the societal elements and power relations 

that contribute to the ‘wicked’ problem of women and science despite decades of 

policy programs and initiatives aiming to increase gender diversity in the science 

workplace. This aim required a critical methodology that provided tools to deconstruct 

social norms and beliefs and identify assumptions. Foucault’s genealogical toolbox 

provided the tools with which to analyse the elements and power relations within a 

social situation. Tools to identify and analyse the dispositif of contemporary Western 

science addressed the overall aim and individual objectives. Through Foucauldian 

methodology, I was able to investigate how relations of gender, sex and science are 

produced and reproduced in the context of science and science workplaces. In 

achieving this, I was able to examine how these relations could be disrupted and 

determine alternative accounts of what might be possible.  
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These methods, in conjunction with FST, ensured reflexivity and collaborative 

approaches to research strategies. Reflexivity was an essential tool for the research 

since I had to question my socio-cultural values, beliefs and assumptions. 

Collaborative approaches were vital to ensure that the participant data had primacy in 

the process, to ensure that their voices were heard over others. This is a common 

strategy for feminist research (Harding, 1986) and in keeping with the strategic 

essentialism that was applied for the same reason. 

Following these methods allowed me to meet the aims and objectives of the 

research, which were as follows. 

Aim of research 

To investigate the societal elements and power relations that contribute to the 

‘wicked’ problem of women and science despite decades of policy programs and 

initiatives aiming to increase gender diversity in the science workplace. 

Objectives 

1. Determine the relationships between gender, sex and science in 

contemporary Western societies. 

2. Investigate how relations of gender, sex and science are produced and 

reproduced in the context of science and the science workplace. 

3. Critically examine how relations between gender, sex and science can be 

disrupted in the context of 21stCentury Western science workplaces. 

4. Determine alternative accounts of relations between gender, sex and science 

in the context of 21st Century Western science workplaces. 

Addressing the objectives required identifying the relationships between gender, 

sex and science and this provided scope to interrogate participant understandings of 

sex and gender, sex and science, and gender and science. It is important for the reader 
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to note that quotes are repeated in different sections of the thesis as a cyclic strategy to 

analyse elements of the dispositif in each statement or quote. The first level of analysis, 

concurrent with data collection, was instrumental in identifying participant 

understandings, assumptions, beliefs and ideas about sex and gender, particularly in 

relation to science, as discussed in Chapter 5. The analysis was strengthened through 

FDA, which enabled analysis of power/knowledge relations to subjectivities as 

reported in Chapter 6. Irigaray and Butler were instrumental in analysis of sex/gender 

subjectivities in relation to science knowledges and this is a focus in Chapter 6.  

The overall aim prompted me to fossick in Foucault’s genealogical toolbox and 

this led to analysis of data to find evidence of mutual conditioning between material 

and immaterial elements of the dispositif. This analysis provided insight into how 

mutual conditioning of the material and the immaterial produces and reproduces social 

situations such as the problem of women and science. The dispositif is described in 

detail in Chapter 5 with further analysis and discussion in relation to 

power/knowledge/subjectivities in Chapter 7. 

The final objectives become the focus of the concluding chapter, with 

recommendations for future research. The methodologies applied for this research 

have described the socio-cultural conditions of the problem of women and science in 

detail with the aim of finding points of disruption. These points are implicit throughout 

the following four chapters but highlighted succinctly in the final discussion for future 

work in this area. 

Conclusion 

The methodological approach for this research was guided by the critical 

literature review in Chapter 2 and the theoretical framework described in Chapter 3. 

Poststructural research was guided by Feminist Standpoint Theory (FST) for 
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participant recruitment and feminist approaches to research. Foucault’s genealogy 

toolbox provided a methodology to disrupt the problem through Foucauldian 

Discourse Analysis (FDA) and other critiques that identified the mutual conditioning 

between material and immaterial elements of the dispositif of contemporary western 

science. The interplay and interaction of these elements was recognised and their role 

in the dispositif of contemporary Western science has been highlighted. Relations 

between power, subjectivity and knowledge were identified and the critical purpose of 

the dispositif defined. Chapters 5 and 6 identify elements of the dispositif from 

participant data, demonstrating the analytical ties between discursive and non-

discursive elements. The final chapter will provide an analysis of the research data in 

relation to power, subjectivity and knowledge and identify future research emerging 

from this current study. 
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Chapter 5:  Elements of the dispositif: the science workplace 

In previous chapters, I described the problem of women and science in 

contemporary society through critical analysis of historical events and current research 

literature; provided a discussion of the theoretical framing and methodology for this 

research; and presented my thesis argument. In this thesis, I argue that the problem of 

women and science is an outcome of the socio-political contexts of our times. 

Furthermore, this problem is produced and reproduced through a system of relations 

between complex and interrelated discursive and material elements that work to create 

gendered environments and gendered knowledges in the science workplace. Binary 

gendered discourses reproduced through policy, programs and research are 

characteristic of the problem of women and science. It is a technology of control that 

restricts opportunities for gender construction outside of prescribed social paradigms 

and fails to challenge the gendering of science knowledges. As previously, stated this 

research does not directly build on previous research but instead, it aims to identify 

and disrupt social conditions that make the production and reproduction of the problem 

inevitable. This is achieved by identifying the mechanisms that support the problem 

through Foucauldian genealogy. That is, critical analysis of social assumptions and 

‘will to truth’ and analysis of a social apparatus that works to produce and reproduce 

this complex social situation. In this chapter, I demonstrate how, through mutual 

conditioning, material and immaterial elements of the dispositif of contemporary 

western science interrelate and interplay to bring the problem of women and science 

into being. This argument draws on Discipline and Punish (1977), where Foucault 

demonstrated that the material structure of the prison produced statements about 

criminality, which then produced forms of visibility that reinforced the need for 
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prisons. As stated previously, the aim of this approach is to disrupt while providing 

insight into other possibilities by highlighting the origins and functions of the problem 

and bringing awareness to the dynamics between elements (Kendall & Wickham, 

1988). Through this approach, I demonstrate how the materiality of science produces 

immaterial discourses that reinforce the physical (material) and perpetuate the problem 

of women and science. This is accomplished through exploration of participant data 

about science itself, school science classrooms, science workplaces, and policy, 

programs and initiatives aiming to attract and retain women in the science workplace. 

The conditions that maintain the problem of women and science come into visibility 

through critical analysis of participants’ dialogue, as well as their positions and 

experiences in the science workplace. The standpoints taken by subjects within 

different situations are scrutinised to identify their positioning within the dispositif of 

contemporary western science. The material conditions of contemporary western 

society and, for this thesis the science workplace, produce statements about science, 

sex/gender, and relationships between science epistemologies sex/gender that produce 

and reproduce the problem of women and science. 

In the first section of this chapter, I identify material and immaterial elements of 

the dispositif from empirical data which includes observations of classrooms, 

autoethnographic data from journaling and participant experiences and observations 

through focus groups and semi-structured interviews. Critical analysis of the empirical 

data in relation to critical literature review and the theoretical framing means 

recognising mutual conditioning of the material and immaterial elements at play in the 

science classroom. Through this process I demonstrate the role of secondary science 

education in establishing ‘truths’ about science and the science workplace. Material 

elements such as the architecture of the school science laboratory and school policies 
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and regulatory decisions, interplay and interrelate with immaterial elements in the form 

of discourses and scientific statements. The inter-relationship of these elements forms 

the apparatus, the dispositif, which both establishes and perpetuates the dispositif of 

contemporary Western science and gender relations within it. These relations can 

change as the dispositif is destabilised. This will be achieved by identifying potential 

points of disruption through critical analysis, which would guide emergent research 

recommended in Chapter 8. 

In the second part of this chapter, I will expand this discussion to the science 

workplace and, through exploration of participant data, demonstrate the inter-relation 

of heterogeneous elements to construct and reconstruct the dispositif of contemporary 

Western science through mutual conditioning. In this context, as discussed in Chapter 

1, I draw on Foucault (1977) to argue that, the school science laboratory is considered 

as a science workplace since it is the place where students enter the primary site of 

training to become scientists, and undertake the work of science, within the dispositif 

of contemporary Western science. 

The school science workplace 

All junior secondary school science teachers know the excitement, anticipation 

and worry associated with the first day of formal secondary science education. The 

students enter the room with awe as some of them have never seen beyond the doors 

of this great bastion of western scientific knowledge, the school science laboratory. 

This setting represents the ‘real’ world of science for many of the students and 

sometimes there is concern that this means an end to fun science experiments. These 

fears and the excited anticipation are driven by discourses about science and statements 

about school science laboratories and mutual conditioning is occurring before the 
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students experience their first secondary school science lesson20. As they settle into 

the laboratory classroom and receive instruction about working safely in  

this environment, social norms about science are reinforced through interplay and 

interaction with immaterial elements (discourses and statements) and material 

elements (architecture and written legislation). The dispositif of contemporary 

Western science is produced and reproduced at this early stage of student participation 

in the science workforce through mutual conditioning of these elements. In effect, the 

structural environment of school science laboratories sets the scene for effective 

interplay and interrelation of elements of the dispositif. 

The architectural form of science laboratories plays a critical role in the dispositif 

of contemporary Western science as it influences the interplay between material and 

immaterial elements and subsequent relations of power, knowledge and subjectivity. 

These three major aspects of Foucault’s work influence the interplay and inter-

relations of elements within any dispositif (Deleuze, 1992). The architectural design 

of a science laboratory maintains disciplinary power and establishes power relations 

that influence the interplay and inter-relation between elements of the dispositif. The 

technology of disciplinary power, under the surveillance of the teacher and peers, 

maintains and controls student behaviours, aptitudes, performances and capabilities.  

Foucault (1979a) explained the role of disciplinary power as a means to provide 

mass training for generations of people who are subjectified in such a way that they 

provide economic and social potential for specific purposes or productivities 

(O’Farrell, 2005). Productivity in the school science laboratory, that is the amount of 

                                                 

 
20 Part of the preparation for secondary school is instruction on appropriate clothing and 

requirements for entering the science laboratory, for example most students will be made aware 

that they will not be allowed entry without enclosed shoes. 
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work achieved and knowledge obtained in relation to subjectivities, is highly 

influenced by the disciplinary power exerted within the architectural design. The 

potential of architecture as an element in the dispositif was demonstrated by Foucault 

in Discipline and Punish (1979a) where he described the role of the prison in 

maintaining the need for prisons through mutual conditioning of material and 

immaterial elements in that particular social apparatus. This is how mutual 

conditioning works; the unseen (invisible) discourses and scientific statements support 

visible constructs, such as a science laboratory, which in turn produces statements that 

reinforce the need for the physical structure.  

To understand and relate to this concept it is important to recall the design and 

experiences of a school science laboratory21, I’ll look at examples below. 

                                                 

 
21 If you close your eyes you can probably smell the science lab from your schooldays; 

formaldehyde or other chemicals, a slight hint of gas in the air and certain stuffiness as though the 

room is rarely aired. Science labs tend to have few windows, perhaps due to the story of fungus 

blowing in from an open window and leading to discovery of penicillin by Sir Alexander Fleming, 

although this is now claimed to be a myth. Bunsen burners, chemicals, fume cupboards, fire 

extinguishers, protective clothing, safety glasses, whiteboards with equations and chemical 

formulas, high stools and waist high benches, and usually an eye bath and shower in a corner, this 

is the physical construct of a science laboratory (Memories of science laboratories, Janice Crerar, 

2017).  
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The gaze 

A common feature in science laboratories is a raised platform at one end of the 

room where the science teacher usually stands with a well-equipped bench and control 

over the chemicals and equipment (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The gaze from a teacher perspective in a chemistry classroom. Photograph by J. M. Crerar. 

This is the locus of the ‘gaze’, the point of surveillance, ultimately for both the 

students and the teacher, as though each science lesson is an examination since it 

‘establishes over individuals a visibility through which one differentiates them and 

judges them’ (Foucault, 1979a, p.184). The ‘gaze’ is a feature of Foucault’s 

panopticism (1979) inspired by Bentham’s panopticon22, which Foucault considered 

                                                 

 
22  The Panopticon (Greek for ‘all seeing’) was devised by Jeremy Bentham (1748-1832) as part of 

his vision for social control. The design consists of a central glass watchtower surrounded by a 

series of cells or rooms, depending on the utility of the individual buildings. The overseer or guard 

in the watchtower can observe and monitor the movements of inhabitants of each cell or room. 

Bentham proposed that the design could be effective for prisons, workhouses, schools and other 

institutions. The principle of the design is social control through constant surveillance, the trick 

being that individuals tend to ultimately self-regulate since they are not sure when they are being 

watched or not (Warriar, 2002).  
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as an ‘architectural figure of power in modern society’ (Foucault in Rabinow, 1984, p. 

188). The architecture of the panopticon is one where individuals tend to self-regulate 

as they internalise the gaze of those considered to be in authority in the given situation, 

which in this thesis is the science teacher. 

How the gaze works was evident in interview data from Jodi who had enjoyed 

primary science immensely but was not able to study secondary science until she 

returned to night school as an adult. Even then, she remembered finding the structure 

of the school science laboratory very imposing and this interfered with her learning 

because she could not easily relax and participate. 

I used to feel nervous going into the science lab, I think that is why I did not 

do so well at Chemistry, I felt nervous about the teacher seeing my poor lab 

skills, I was so clumsy. (Jodi) 

This architectural design works to affect classroom relationships by providing a 

space where the teacher (the ‘holder’ of knowledge) is elevated above those in 

apprenticeship to science, the students (the receivers of knowledge). Disciplinary 

power is at play here as the teacher is provided with a clear view of the science 

laboratory so that students are encouraged to self-regulate behaviours under the ‘gaze’ 

of the teacher. According to Foucault (1979a), this ‘gaze’ removes the will of 

individuals to do wrong in the context of their society and is effective as a form of 

normalisation. In this context, normalising becomes about learning what it is to be an 

acceptable scientist under the ‘gaze’ of the teacher, the person with foremost authority 

who is demonstrated what is expected in this context. This is an important point since 

the effect of the school science laboratory architecture interplays and interrelates with 

discourses to reinforce societal normalities of science and science participation to 

produce and reproduce the dispositif of contemporary western science. One major 
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determinant of the architecture of the school science laboratory are the safety 

regulations. 

Safety regulations 

As a material element of the dispositif, workplace health and safety regulations 

are evident as a driving force of disciplinary power in architecture of the school science 

laboratory. The architecture of the school science classroom is largely determined by 

a focus on safety measures so that the learning and teaching of science becomes visibly 

represented by disciplinary regulations that are absent from other school classrooms. 

Safety in science laboratories is a matter of legislation, which is enacted through 

educational institutions (Australian Government, 2011) and curriculum guidelines 

(Australian Curriculum, 2017) and subsequently, through individual school’s 

regulations. 

Visible safety measures include dress codes for closed shoes, protective clothing, 

and safety glasses for working with chemicals and Bunsen burners (Figure 2).  

Figure 2: Safety measures in a science classroom. Photographs by J. M. Crerar. 

Participation in these activities is commonly only allowed following a science 

laboratory probation period and passing of safety exams. Success at the given tasks 
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often provides students with a licence to practice and this encourages students to self-

regulate so that they do not lose the right to practice science. Students who cannot 

demonstrate the required safety levels become excluded from science activities. While 

this seems sensible, it can also be argued that loss of the right to participate in the 

acquisition of science knowledges and skills is a ‘punishment’ for acting outside of the 

acceptable norms in the science classroom. Consequently, students who do not 

‘perform’ have less opportunities to become scientists. In this situation, the dispositif 

of contemporary Western science is produced and reproduced through mutual 

conditioning of discourses about safety and safe behaviours with other elements in the 

science classroom. What this means is that the rules and regulations of the school 

science laboratory are formed and maintained so become established as components 

that help to maintain a status quo in what is understood by and expected of ‘scientists’. 

The material composition of the science classroom is produced through the 

interplay of these regulatory measures (material elements) and discourses (immaterial 

elements) about science and safety that in turn are reinforced through the materiality 

of the science laboratory and regulatory elements. The visible structure of the science 

laboratory produces and reproduces discourses that science work is potentially 

dangerous, these discourses interplay with the existing regulation to constantly 

reproduce the need for regulations to ensure safety in the science workplace. The 

regulations in themselves provide the authority for architectural design of the science 

laboratory that reproduces the statements and discourses that drive the need for 

regulation. Regulations then promote the environment of the ‘panopticon’, where the 

holder of knowledge remains in the elevated position so that students self-regulate 

their interactions with the work of learning science while attempting to fit into the 

societal norms for science. 
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Science learning as work 

As demonstrated, self-discipline established by panopticism, is reinforced 

through mutual conditioning of immaterial elements (discourses about safety and 

dangerous chemical smells, sounds and sights of science) and the interplay with 

material elements (regulated procedures and classroom architecture). In the school 

science laboratory, behaviours are modified through legislated and regulated 

disciplinary power and science itself becomes a deliberate focused act of work. When 

asked about the architecture of the science laboratory, Jodi was the only teacher to 

express discomfort at the design of school science laboratories. Jodi confessed that 

when she was teaching science, she did not like the layout of the science lab and 

considered it restrictive to learning about science in a creative way. She also revealed 

that she remained uncomfortable about the raised platform and tried to avoid it when 

possible, preferring instead to wander around the classroom and to work directly with 

the students, observing them on an equal level. While Jodi could not clearly articulate 

her reasoning for this discomfort with the raised platform, she expressed an egalitarian 

approach to education that may conflict with the disciplinary power relations of the 

panopticon. 

It was funny because when I went back to night school and when studying 

science at uni, I felt watched constantly by the teacher but then when I was the 

teacher it felt like I was on show, quite the opposite, you know. (Jodi) 

As a student, Jodi felt the ‘gaze’ of the teacher from the platform as judgemental, this 

was the effect of the physical relation of the teacher to Jodi which produced 

disciplinary power. As a teacher, the ‘gaze’ was reversed, she became the point of 

visibility, the scientist on show to demonstrate ‘good’ science. As in the panopticon, 

the building that produced the social theory ‘panopticism’, the watcher becomes the 
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watched so that even the person in authority becomes self-regulating (O’Farrell, 2005). 

As such we can see here that panopticism influences gender subjectivity in relation to 

the uptake of science knowledge through the disciplinary power at play in the science 

classroom, and subsequently, in the science workplace. 

Since disciplinary power is effective in controlling behaviour, aptitudes and 

performance (Foucault, 1979a), the result of these conditions in the science classroom 

produces individuals subjectified as appropriate scientists. The students are docile 

bodies (Foucault, 1979a) being subjectified in certain gestures and behaviours 

appropriate for scientists. These appropriate characteristics are related to identity, 

including gender, and determined through industry-driven curriculum, patriarchal 

societal norms, student and teacher expectations, parental engagement, and school 

culture. In this setting, productivity in the form of knowledge and skill acquisition will 

reflect the gender relations of the social context in terms of industrial norms, 

educational institutions and family relations. Through these conditions, the uptake of 

science knowledge and skills will be highly related to norms observed in the science 

workplace. The relations of power in the science classroom is influenced by the 

panopticon, removing this will have an effect on the production of disciplinary power 

in the science classroom.  
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Removing the panopticon 

Removing the architecture of the school science laboratory has the effect of 

removing the panopticon; the prisoners are free from the disciplinary material 

arrangements of the regulated science workplace. Such freedom does not mean that 

there is no discipline, or that self-regulation ceases, since other mechanisms or forms 

of power come into play. While disciplinary power is a feature of schools as 

educational institutions, primary school science tends to be less regulated than 

secondary science, because the more dangerous activities involving Bunsen burners 

and chemicals are not generally accessible to younger students. In primary school 

science, participants are introduced and exposed to more holistic23, ‘real-life’ related 

activities rather than focused science experimentation (Figure 3).  

Figure 3: Science in a primary school classroom. Photographs by J. M. Crerar. 

Sandra recalled her enjoyment of what she later realised were science lessons in 

primary school but at the time it simply appeared to be going for a long nature walk 

rather than ‘science’. 

                                                 

 
23Holistic in this sense relates to the idea that the whole is more than the sum of its parts, for example, 

examining a naturally occurring phenomena (for example the science of rainbows) rather than 

studying biology, chemistry or physics as stand-alone subjects. 
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There was a teacher that we all thought was a bit loopy. It was the 70s or late 

60s and she would take us on science walks and we would find things like 

cocoons and look at them and I was always really excited by those sorts of 

things. (Sandra) 

There are two interesting points in Sandra’s story, one is that the female teacher 

is considered ‘loopy’ in her approach to teaching science, this is discussed further in 

Chapter 6. The second point is more relevant to this discussion since it provides insight 

into science lessons outside of the material form of the science laboratory. In this 

setting, science becomes more holistic and filled with opportunities to highlight 

science in everyday objects and events. The nature of science knowledge changes from 

curriculum driven content, which is often considered to be lacking in variety (Osborne 

& Dillon, 2008). Secondary science tends to focus on scientific principles, laws and 

conventions rather than allowing exploration as in the primary years24. The level of 

disciplinary power experienced in the school science laboratory is quite different from 

the feeling of freedom experienced when exploring science in the primary years. 

The early years informal learning of science outside of an educational institution 

was an important influence for many participants who decided to pursue science 

education, often through holistic and informal family experiences. 

Always a nature lover [mum] she would be very much one to point things, 

things that other people would regard just as weeds or whatever, she would 

see beauty in them. You know like roadside dock weeds with an autumn light 

                                                 

 
24In secondary science education, there is compartmentalisation into different science disciplines. 

Rather than focusing on ‘real life’ phenomena, there is a shift to look at biological, physical and 

chemistry elements, for example, and science is reduced to individual subjects as discussed in Chapter 

2. The compartmentalisation of science disciplines within the curriculum and pedagogies of secondary 

school science in relation to gender subjectification will be discussed in detail in Chapter 7. 
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against them, that wonderful orange. She’d point that out and, it was quite an 

aesthetic thing. (Jessica) 

Jessica used this description of a family walk to demonstrate how her mother 

had encouraged her love of biological and environmental science through incidental 

experiences in their daily lives. Similarly, Sarah found a love of maths and physics 

through working with her father and grandfather on their family farm.  

We were building a shed. A very large shed, like, from scratch. Out of, you 

know, poles that we cut down from wood, making it from scratch and I had a 

lot of questions and I said to him, “What’s the name of this science?” and he 

said “It’s physics”, I wasn’t even at high school yet but he used to teach me 

bits about physics and stuff like that. (Sarah) 

Sarah liked the way that “everyday problems got solved very easily with physics on 

the farm”. Her statement brought the routine and practical aspects of physics into 

visibility and normalised science as an everyday activity. The building of a shed 

became a scientific endeavour, which transformed into a young girl’s introduction to 

physics without the constraints imposed by the discipline of a school environment. 

Secondary science as the primary site of disengagement 

Once at secondary school, opportunities to learn science are different as science 

has become formalised with the disciplinary training considered necessary to become 

a scientist. Science learning becomes less holistic, less associated with everyday events 

and is seen in a reductionist view of individual disciplines (predominantly chemistry, 

biology and physics). In this setting, there is a high level of student disengagement, 

particularly from the physical sciences (Archer et al., 2017a; Osborne & Dillon, 2008).  
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Despite disengaging from science in secondary school, Judy, Jodi and Sandra 

returned to science education as adults and eventually worked as professional 

scientists. Jodi and Sandra had not studied science during their secondary education 

and both women decided to enrol in environmental science, a decision that was 

influenced by primary science memories. Another participant who studied 

environmental science, Carol, had stopped enjoying science in secondary school and 

felt disengaged from the teachers and laboratory-based lessons. During her secondary 

school years, Carol maintained her interest in biological science through voluntary 

environmental work and activism. She reasoned that her primary school science 

experiences were the key to awakening her interest in biology and that she had been 

more exposed to physics and chemistry in her home environment through her father’s 

profession.  

This resonated with several other participants in this study who found the 

physical world outside of the science laboratory more exciting and interesting for 

gaining scientific skills than the school science lab. Removing the school science 

laboratory has the effect of removing the panopticon, the prisoners are free from the 

disciplinary material arrangements of the regulated science workplace. Outside of the 

science classroom, Carol found a desire to learn about environmental science as she 

worked with Greenpeace on environmental issues. Jessica immersed herself in 

Victorian naturalist literature, and Jodi discovered an interest in natural history, 

becoming fascinated by the origins of life long before she was introduced to 

evolutionary biology.  

Learning science outside of secondary schooling, whether through social, family 

or primary experiences, tended to follow a holistic approach and gendered patterns did 

emerge. It is notable that the sciences of interest to Carol, Jessica and Jodi as a result 



 

146 Chapter 5: Elements of the dispositif: the science workplace 

of social interactions were biological and this was a common trend25. Science 

introduced by maternal figures (mothers and primary school teachers) and paternal 

figures (fathers and male friends) tended to differ. For example, Anna’s father 

frequently read Stephen Hawking’s books on physics to her as a ‘bedtime story’; Sarah 

was encouraged to do maths and physics by male role models; and Carol grew up with 

a father’s encouragement to study physics. Jessica’s love of biological science was 

influenced by her mother, and Sandra’s primary school teacher exposed her to the 

science of the natural world.  

According to Foucault (2003), there are commonly different power relations  

between paternal and maternal figures but no single model of power in the family 

situation. Traditionally the accepted family structure in western society is 

heteronormative whereby the female parent assumes a maternal caring role and the 

male parent the disciplining paternal role (Taylor, 2012). Individuals in the family unit 

generally grow to assume identities that are based on binary divisions of sexual 

characteristics through performative acts. Resulting gender identities and associated 

roles in the family tend to follow social norms through which individuals have social 

‘recognition’ (Butler, 2009, p.4). It is not surprising that for most participants their 

early experiences of biological sciences were generally provided by maternal figures 

while physical science experiences were provided by paternal figures. This pattern also 

reflects Irigaray’s argument that girls/women tend to be associated with caring and 

nurturing rather than the physical sciences which are considered more logical and 

rationale. I will expand on this discussion about the relations between power, 

knowledge and subjectivity in relation to science in Chapter 7. The following 

                                                 

 
25Important to note that this is a trend with a few exceptions 
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discussion lays the groundwork by providing insight and analysis of relevant 

participant data and experiences in relation to sexing and science. Interestingly, many 

of the science teacher participants considered sex/gender (based on biological sex) as 

the primary determinant for science ability and interest thus reinforcing the ideological 

status of science over other knowledge systems.  

Biological sex and science knowledges 

The discourses that produce and reproduce this false consciousness26 and the 

dispositif, work through mutual conditioning with other elements, particularly the 

demographics of science classrooms. 

We have two female chemistry teachers and six male chemistry teachers. 

Chemistry class is dominated by boys, two girls in one class with 20 

boys…Physics is also mostly boys…Biology is 50/50 and is seen as easier 

because of less maths involved. (Mary) 

Figure 4: A secondary school physics classroom. Photographs by J. M. Crerar. 

                                                 

 
26False consciousness was first described by Marx (Ratner, 2014) and refers to socially induced 

misperceptions and/or misunderstandings of social processes and traditional stances. In this thesis, the 

term refers to socially induced misperceptions and misunderstandings of the primacy of science 

knowledge in relation to sex/gender subjectification. 



 

148 Chapter 5: Elements of the dispositif: the science workplace 

The discourses that interplay within the visibly observed masculine physics 

classroom (Figure 4) work to present certain ‘truths’ about gender and science through 

mutual conditioning. In effect, stating that girls are less commonly found in physics 

classes, commonly found in biology and sometimes in chemistry, produces and 

reproduces associations between biological sex and science knowledges.  

The mutual conditioning of immaterial elements (statements about boys and girls 

in a physics classroom) with material elements (the demographics of the physics 

classroom) promotes the idea that physics is a male pursuit. Similarly, the idea that 

biology is a feminine pursuit is reproduced through the mutual conditioning of the 

elements (Figure 5). There has been significant discussion on the potential link 

between femininity and nature, primarily from feminist scholars, which will be 

expanded on in subsequent chapters. 

Figure 5: A secondary school biology classroom. Photographs by J. M. Crerar. 

Science teacher participants also emphasised the demographics of science 

classrooms in terms of teachers and students, usually drawing on a binary gender 

division based on biological sex. Science teachers, Tracy and Jessica, had found that 

their biology and environmental science classes tended to attract female and male 

students in almost equal numbers, something that was commonly stated by most 
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participants. All teachers noted that the number of girls studying chemistry had been 

increasing over the years, but they had observed minimal change in the physics 

classroom, which remained a masculine domain with very few women teachers or 

students. This visible representation of sex/gender in science classrooms replicates the 

science workplace that we observe in the 21st Century, where females mostly associate 

with biological science rather than other sciences, and males dominate science 

generally and achieve high level positions in all sciences (Bell et al., 2009).  

It is apparent that physics remains a male stronghold (Francis Archer, Moote, 

DeWitt, MacLeod & Yeomans, 2017) with only occasional female students and 

teachers and minimal female physicist role models in the media. This is the observation 

of most science teachers who conclude that the male dominance of physics is ‘normal’ 

because it is what they commonly observe. The ‘truth’ about gender differences is 

produced and reproduced through their discourses working to mutually condition the 

material elements of the science classroom. The participants place science as the 

ultimate knowledge without critique and are prevented from seeing the situation 

differently through this their false consciousness about contemporary Western science 

ideologies. Women science teachers and scientists are complicit in the dispositif of 

contemporary Western science through their lack of critique, their inability to question 

the primacy of science, or to challenge their positivist beliefs about gender, science 

and the subjectification of individuals. 

That these observations are made without thought or critique is evident in the 

presentation of discourses and statements during focus groups and individual 

interviews. No prompting was required and participants simply stated their 

observations and presented as ‘truth’. The potency of this ‘truth’ is such that Carol 
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who taught senior secondary biology, was always surprised when she observed even 

one female in the physics classroom as there tended to be such a strong gender bias. 

It’s sort of like when you look at the physics class…it’s surprising if one 

(female) is a teacher… “oh there is a female” …even when there is a girl in 

the class “oh there’s a girl doing it as well”, I mean there is definitely, 

definitely a gender bias there. (Carol) 

Carol’s strong conviction of the gender bias was such that she repeated the word 

‘definitely’ twice in the statement and her tone suggested a sense of wonder at any 

women or girls being in the physics classroom. Carol demonstrated several 

assumptions here; that gender is binary, that girls and boys have different abilities for 

science, and that it is unlikely that a girl would want to study physics. In these 

assumptions, Carol demonstrated lack of agency since she was working from 

assumptions without any critique of the socio-political context. She was also 

demonstrating a belief that girls have limited agency through their connection with 

nature and biology rather than the physical sciences. This relates to the work of Luce 

Irigaray (1985) discussed in Chapter 6. That there are very few female physics 

teachers, even at the all-girls schools attended by participants Maria and Ashley, 

provided ‘evidence’ for science teacher participants that physical sciences are not 

attractive or attainable to girls by virtue of the biologically determined sex/gender.  

Most of the science teacher participants reflected the ideas expressed earlier by 

Carol, as they shared their observations and experiences of their peers at schools. In 

the private schools, most teachers in all girls’ schools tended to be female with the 

exception of physics teachers. The participants who attended private single sex schools 

reported that they had male physics teachers in what tended to be an all-female 
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teaching cohort. There were also more female chemistry teachers than physics teachers 

in public school settings according to Natalie and Mary who both taught chemistry.  

We have two female chemistry teachers and six male chemistry teachers. 

Chemistry class is dominated by boys, two girls in one class with 20 boys. 

Physics is always mostly boys but Biology is 50/50. (Mary) 

The idea that a woman would be teaching senior school physics was surprising to most 

science teacher participants with one suggesting that men make better physics teachers 

because they are more naturally ‘hands on’ and would relate better to the boys. 

Guys are the ones that really love the physics because they can be hands-on, 

blow things up, whatever. (Lea) 

Lea was a mathematics teacher who strongly regarded traditional roles for male and 

female as the social norm, despite her own expertise in the maths classroom, an area 

also largely considered masculine by the participants. This belief tended to be based 

on several assumptions outlined earlier when discussing Carol’s statement. That 

gender is dictated by biological sex characteristics, that gender is binary, and boys and 

girls have different abilities generally so it ‘makes sense’ to her that there were few 

girls and women in physical sciences. For Lea, whose world was dominated by 

scientific evidence, gender difference was seen as natural, due to biological 

determinants rather than social construction, so she was unable to critique her role in 

this paradigm.   

Other teachers also shared Lea’s world view about the relationship of sex to 

gender and science knowledges and abilities. Mary, a senior chemistry teacher, 

considered maths and physics as ‘naturally masculine’ subjects and over many years 

as a teacher had observed that physics classrooms were dominated by boys and 
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biological classrooms by girls. Like Carol, she believed that girls and women have a 

strong link to nature as described by Luce Irigaray (1985). Mary did observe that 

chemistry classes were changing since more female students were participating than 

in previous years, something she attributed to the increased presence of female 

chemistry teachers. The idea that having a woman teacher influenced girls’ choice of 

science subject at school was supported by most other participants, something that is 

supported in research literature (Breakwell & Beardsell, 2016). Natalie, a young 

chemistry teacher, remembered that she related more to female science and maths 

teachers than males who also taught these subjects. Natalie said they were good role 

models but also very good teachers.  

I remember in Year 8 I had a really good year; my science teacher was 

excellent. She just made everything so interesting and I found it fun and I 

really liked it and ever since then it’s been my favourite subject. And then I 

had her again, as a teacher, in Year 11 for mathematics and then I had another 

teacher, another woman who taught me chemistry and I just found them so 

inspirational I think and that’s why I like nearly all of my memories of high 

school, with those teachers doing those subjects. (Natalie) 

During the interview, Natalie commented that science and maths felt more 

accessible to her because of these very good women teachers and they encouraged her 

to continue studying science despite other social factors that might have discouraged 

her. These, she suggested, were the masculine culture and the gender demographics of 

many science classes. Natalie had developed a critique of the social context for girls 

studying science since she was able to recognise that the masculine culture of some 

science classes discouraged her rather than considering it something out of her scope 

because she was a girl.  
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Having a female teacher as a role model demonstrated that it was possible to 

master being both scientist and woman, something that can influence subjectification 

during adolescent years, which are important to identity formation. As science teachers 

discussed the sex/gender demographics of the science classrooms, their lack of critique 

formed discourses that work through mutual conditioning with the demographics of 

the science classroom to produce and reproduce the social status quo of the science 

classroom. 

Discourses about gender and science 

The gender demographics of the student cohort and teachers in a science 

classroom is a material element of the dispositif that reinforces discourses about gender 

and science. For example, Mary stated, “there are more girls in chemistry than physics” 

and by doing so normalised the presence of girls in chemistry classrooms. In contrast, 

statements such as “there are more boys in physics classes” was reinforced by the 

physical absence of girls in the physics class and the small number of female physics 

teachers.  

This in turn was reinforced by, while further reinforcing, discourses associating 

sex/gender with particular science knowledges. For example, a statement from Louise 

during focus group discussion, “Boys are more logical and mathematical, which fits 

better with physics”, was agreed by most participants. The idea that male and female 

cognitive abilities differ was prominent in the participant data. Boys were regarded as 

being more logical and mathematical, and girls as hardworking and more holistic in 

their thinking. Several participants, including Natalie who had demonstrated some 

critique of classroom demographics, agreed that girls were attracted more to biological 

sciences as a “less difficult’ option than physics or chemistry since there was “less 

maths involved” (Mary).  
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Students who tend to be good at maths and physics are considered smart by 

their peers, but this is not always a reputation that fits with societal expectations of the 

feminine and can lead to isolation, as demonstrated by Jennifer and Sarah. The study 

of physics means taking on a knowledge regarded as inherent to masculine gender; it 

is the business of men rather than women in a society where gender is commonly 

measured on binary biological sex characteristics. Sarah, a radiation physicist, 

expressed her awareness that she was “always different” something that played out in 

the physics classroom and ultimately the physics workplace where she was usually one 

of the very few females.  

I’m not the normal sort of woman…I’m very aware that I look male. (Sarah) 

Sarah was interesting as she considered herself to have more shared traits with men 

and related her ability to understand and calculate maths and physics easily to her 

masculinity. Despite this, as a young woman, she had tried to fit into the societal 

expectations to avoid social isolation.  

They used to ask what I did like down the pub and stuff like that, I’d say, “Oh, 

I just work at Woollies.” And that would be okay. But if I told them what I 

did [physics] no-one would talk to me. (Sarah) 

While it is difficult to tell if the social isolation was from being a ‘nerd scientist’ or 

being a ‘woman nerd scientist’ or both, Sarah clearly felt that she was considered 

different because she was a clever girl/woman. The association of masculinity with 

cleverness and ability to do maths and physics also caused social isolation for Jennifer, 

a mathematician and climate change modeller.  

So, I didn’t actually like science at high school…I went to a rural high school 

where if you were an intelligent woman you’re obviously a lesbian and I was 
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good at maths and science, intelligent women were not really encouraged and 

science was a boys’ subject. (Jennifer) 

Jennifer’s sexuality was brought into question because of her ability to succeed at what 

were considered masculine subjects. In her ability at mathematics and science Jennifer 

is not lesbian, but she is “queer in the sense of belonging and not-belonging” 

(Rasmussen & Allen, 2014, p. 5) in that space. The impact of these experiences on 

Jennifer and Sarah in terms of their subjectivity as girls/women and scientists will be 

explored further in Chapter 7. Both women suggested during interviews that often girls 

work to appear less intelligent to maintain their identity as feminine and be more 

socially acceptable as a girl.  

It’s not considered socially acceptable for a girl to be intelligent. (Sarah) 

Jennifer considered this particularly true for girls from rural areas or working-class 

backgrounds emphasising that this provided an added challenge in post-secondary 

education. 

You had to draw on that tenacity to prove that you’re just as good as those 

private school girls27 (Jennifer) 

That girls and women work to appear less intelligent is both part of the dispositif 

and a sign of how well it is working as a mechanism to maintain a status quo28 where 

men are considered more capable of logical and rational thinking. The associated 

discourses and statements remain unquestioned by most participants, science teachers 

and professional scientists. These discourses and statements are reminders of the 

                                                 

 
27 Highlighted in quantitative research is that women currently working in science professions are 

predominantly Caucasian or South East Asian middle class or higher. Even in these class and ‘race’ 

cohorts, the numbers are not comparable to those of men. 

28 Status quo as in remaining in the current situation regarding science and binary gender 



 

156 Chapter 5: Elements of the dispositif: the science workplace 

primacy of science, where masculine and feminine traits are more associated to 

biological sexing than social conditioning. For example, Sarah justified her ability for 

physics and maths as ‘normal’ since she related more to the masculine rather than the 

feminine, despite her biological characteristics. In this way of thinking, women such 

as Jennifer and other physicists who claim femininity are ‘abnormal’, expressed 

through discourses and statements that mutually condition the material statements, 

such as the demographics of science classroom and other workplaces.  

Discourses of cleverness evident in participants’ descriptions will be explored 

further in the sexing of science section of this chapter since they tend to relate the 

‘harder’ sciences to masculinity and the ‘softer’ sciences to femininity. In the context 

of this section, the discourses of cleverness introduced here work to reinforce the 

material construct of the science workplace through mutual conditioning of these 

immaterial and material elements of the dispositif. The discourses become internalised 

by girls and women and their belief system that biological sex determines their abilities 

and aptitudes so that they doubt themselves when undertaking a non-traditional role 

for the feminine subjectivity. The mutual conditioning of the elements within the 

dispositif influence dynamics between power, knowledge and subjectivity. 

Teacher sex/gender and social norms 

Power, knowledge and subjectivity in the dispositif will be highlighted in this 

part of the discussion. The discussion will focus on relations between science 

knowledge and gender subjectivity, and gender categories based on binary concepts of 

male and female, in the context of the disciplinary power environment. In the physics 

classroom, the figure of authority is commonly male and in biological sciences, 

commonly female. According to participant data, the female biology teacher and the 

male physics teacher, regardless of their individual acts in the classroom, serve to 
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represent the social norms that link masculinity to physical sciences and femininity to 

biological sciences. Also evident is that the authority of the female biology teacher is 

less ‘important’ than that of the male physics teacher. This was expressed through 

discourses that associated physics with ‘difficult’ and biology with ‘easier’. This 

undermining of ‘female’ knowledge and skills has been a feature of Western 

patriarchal society. This has occurred through processes associated with the emergence 

of the ideology of science knowledges, discussed in Chapter 2, and the influence of 

other social apparatus; since the effects of one impact on others29.  

In this environment, the authority of the physics teacher becomes more 

‘important’ than that of the biology teacher through discourses that associate physics 

with ‘difficult’ and biology as ‘easier’. Mutual conditioning of material elements, the 

presence of a male authority figure and the predominantly male student cohort, with 

immaterial discursive elements about biology being less serious than physics and being 

associated to girls more than boys, reinforce an attribution of masculinity and 

associated difficulty to the physical sciences. An example is provided by Carol. 

Yes, so there definitely is a general attitude towards biology, that it is sort of 

well…nice and fluffy, not difficult like physics. (Carol) 

During our conversation it was clear that Carol felt ‘powerless’ in this situation 

and had limited agency to dispute the statements of the physics teacher. This was 

evident through her body language, and when prompted she said that it is something 

she heard so often that it had become tiring to dispute it. Carol deferred to the physics 

teacher, he is a male physicist and she is a female biologist in a patriarchal culture 

                                                 

 
29In this instance, the dispositif of sex/gender impacts on the relation of knowledges to sex/gender 

within various power relations depending on the contexts.  
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where female knowledge is subjugated. This dynamic will be discussed further in 

Chapter 7. 

Another participant, Chloe, worked as a physicist in a research facility at the 

time of interview. She was keen to finish her teacher education course and become a 

physics teacher because she wanted to challenge ideas of physics as masculine 

knowledge in two main ways. Firstly, her presence as a female authority on physics 

would be unusual in the male dominated physics classroom. Secondly, she wanted to 

challenge the pedagogical approaches to teaching and learning of physics in the school 

laboratory. Chloe recalled that she had enjoyed studying science but found secondary 

school science boring because it had a generalist biological curriculum and senior 

secondary pedagogical approaches were unappealing because they were geared to a 

masculine cohort. 

I had words with my year 12 physics teachers because I was just so bloody 

sick of going outside and doing water rockets or cars or you know, it’s just, 

like, “Can we stop doing dumb boy stuff?” And he’s just, like, “It’s the only 

way I can get them in the classroom.” It wasn’t I wanted to do girlie stuff, it’s 

just that I was sick of doing boy stuff. And this is coming from a girl who 

doesn’t mind doing boy stuff. (Chloe) 

There many elements of the dispositif evident in this statement, particularly the 

dynamics between the space, the students and the teacher. The teacher’s justification 

that the only way to get the boys into the classroom is to take them into the wider world 

and do “boys’ stuff” resonates with the changing disciplinary power relations between 

students and teacher as students transition from primary to secondary science. Physics 

as a masculine pursuit is maintained through the presence of people with male subject 

identities, and even when the venue is changed, the activities continue to be 
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discursively labelled as masculine under male direction. The teacher’s actions, and the 

power relations in the group, work through mutual conditioning to maintain relations 

between masculine knowledge and male subjectivity. The male students exercise 

resistance to the disciplinary power within the physics laboratory by ensuring the 

teacher, also male, continues to provide their preferred science activities in their 

chosen space. In her actions, Chloe expressed resistance to engaging with masculine 

pedagogies in a learning space outside of the classroom, which is commonly associated 

with nature and the feminine for reasons that will be discussed in Chapter 6.  

I was just so bloody sick of going outside and doing water rockets or cars. 

(Chloe) 

This shows that, even in the natural environment she felt ill at ease, since the 

boys and male physics teacher continued with masculine energy and pursuits that were 

not appealing or inclusive. The statement that ‘this is coming from a girl who doesn’t 

mind doing boy stuff’ demonstrated an awareness of this gendered work environment 

and the hyper-masculinity of the physics educational activities regardless of where 

they were conducted. Chloe felt uncomfortable in this masculinised work 

environment, something that is demonstrated in research as a common reason for high 

rates of attrition from science as discussed in Chapter 2. 

Feeling at odds with workplace culture can lead to feelings of isolation as 

individuals are considered different from their peers. This was experienced by Chloe 

and Sarah in different ways. Chloe had discomfort through the difference she felt to 

the boys in her physics class, while Sarah experienced a strong difference between 

herself and other girls but felt comfortable in the masculinity of the physics laboratory. 

Both Chloe and Sarah experienced difference because of the binary gender construct 

and related subjectivity in a social culture that focused on female and male and related 
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societal roles, something that will be discussed further in Chapters 6 and 7. In Chloe’s 

example, the only person in the situation identifying as a girl, objected to the teacher’s 

pedagogy but the teacher felt compelled to respond to the male students’ demands. 

There was an active maintenance of the physics class as a masculine domain through 

the actions of the students and the teacher and the objection of one girl had limited 

influence.  

In the context of a training site for young scientists, this incident demonstrates 

some of the relations between power, knowledges and subjectivity that occur in a 

dispositif while maintaining a given social construct. Changes in power relations 

between the students and teacher, in this example through complicity and resistance, 

demonstrate how the status quo was maintained in terms of relations between power, 

knowledge and gender subjectivity. The male teacher was effective in ensuring that 

most students in the class remained engaged through consistent pedagogical 

approaches. The activities were not necessarily attractive for female students who had 

been socialised as girls, either as observers or participants in the physics lesson. The 

visible representation of physics as a learning endeavour was maintained as masculine 

and in this instance, was taken beyond the classroom and became the object of public 

display. In this situation, one girl’s complaints in the male dominated situation were 

ineffective and her opinion was not considered. Despite different forms of resistance 

from all students, the situation of physics as a masculine pursuit remained 

unchallenged. In effect, the masculinity of physics was reinforced in a public domain 

and the teacher was the key figure in maintaining this social status quo through 

enactment of masculine pedagogy in the school grounds. This public representation of 

sciences as masculine pursuits is both produced and reproduced by what is visible: 

student learning activities and gendered student and teacher engagement. This example 
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works through mutual conditioning, with statements from participants who suggested 

physics would be best taught by men, since it is a masculine subject. 

If guys are the ones that really love the physics because they can be hands-on, 

blow things up, whatever they do, um, maybe they’ll make the better physics 

teachers. (Lea) 

The complicity of science teachers, those with authority in science education, further 

promotes the idea that physical sciences are associated with the masculine through 

mutual conditioning with material elements of the dispositif. 

Summary 

The dispositif of contemporary Western science is produced and reproduced in 

the science classroom, the primary site of training for young scientists, through mutual 

conditioning. The process of interplay and interrelation between material (visible) and 

immaterial (invisible) elements has been demonstrated in the discussion of participant 

data. The observed demographics of students in science classrooms works with 

statements and discourses about the relation of gender and science knowledges so that, 

by senior secondary school, there are considerably less girls studying physical sciences 

than boys. Given that most of the participants consider science knowledge to have 

primacy over other knowledge systems, this is unsurprising. What is surprising is that 

most participants did not question their ideas about gender and related societal roles. 

Through operations of power and subjectification, they have learned to associate 

science knowledges with femininity and masculinity. There appeared to be a false 

consciousness about these ‘truths’ by most participants as they accepted scientific 

knowledge and belief unquestioningly, without a critical eye. In doing so, the 

participants were unaware of contributing to the production and reproduction of the 

problem of women and science. Girls and women who continued to study ‘masculine’ 
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subjects at school were considered unlike ‘normal’ girls and the label ‘different’ had 

become an immaterial element of the dispositif, a statement of variance.  

Breaking down this statement of ‘normality’ in relation to participant data 

brought three core ideas of the false consciousness within the dispositif to the surface: 

First, the idea that sex determines gendered traits; second, that science sub-disciplines 

have attributes that are feminine or masculine; and third, that girls/women 

studying/working in male dominated fields are stepping apart from what society 

expects of them. Such women demonstrate strong agency in context of the dispositif, 

but this is unusual, and most women remain complicit and follow societal norms. Even 

if women remain in science, they tend to remain in the lower levels of hierarchy and 

predominate in the biological and health sciences that have been linked to the feminine 

traits of nature (Irigaray, 1985).  

Compliance and complicity emerge as an element of the dispositif of 

contemporary western science. Through interrelation and interplay of other elements 

both become observable through the actions, discourses and statements of those who 

succeed at science. Non-compliance is ‘weeded’ out early as those who are not able to 

comply to safety regulations or the gendered demographic of the science classroom 

are less likely to access the science workplace due to expulsion/exclusion during 

school years or attrition in the science working environment. Individuals subjectify in 

these social circumstances where, as they master becoming girl/woman, they must also 

submit to becoming the feminine thus losing opportunities for becoming a physical 

scientist. This mastery and submission is through the subjectification processes 

described by Butler (1990b) and discussed in further detail in Chapter 7. 

The emergence of complicity as an element, through mutual conditioning within 

the dispositif, works to ensure that only those able to master being scientist and woman 
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were participating, albeit more commonly in the feminine sciences. This involves not 

only compliance and complicity in the science classroom but to some extent accepting 

the ideological ‘truths’ of science knowledges within a contemporary Western context. 

Included in this ‘truth’, according to participant data, is a belief that sex/gender is 

determined largely by biological sex rather than social processes, that gender is binary 

and that science knowledges tend to be masculine or feminine. 

The science of sexing 

Many scientists tend to view the world in terms of scientific ‘fact’, they relate to 

what is known and proven to be ‘true’ through empirical data derived from scientific 

research. In this research, this viewpoint was prominent in the discourses of science 

teachers who tended to provide scientific evidence for the differences between female 

and male minds and bodies based on genetic evidence. 

…look, to me as a biologist, it has always seemed just plain silly to suggest 

that gender is culturally constructed...it is just plain silly to look at boys and 

girls and not see the physical difference…male bodies are obviously intended 

to be stronger and faster and women are adapted for bearing and rearing 

children, for caring. (Jessica) 

Jessica’s short, sharp statement above demonstrated that for her, scientific 

knowledge was unquestionable, it had authority over other knowledge systems, which 

become “silly” compared to science. Jessica was reminding us that for her, as for other 

participants, gender is fixed as predetermined by biological factors. The ideology of 

science is playing out in statements like this as Jessica perpetuated a narrative, a belief 

about sex and gender, that excluded herself, and other women and girls from certain 

life roles, including the physical sciences. The exclusion from non-traditional male or 

female roles is produced and reproduced through mutual conditioning of elements and 
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their interplay with power, knowledge and subjectivity relations in the dispositif. The 

success of this social apparatus is such that women perpetuate the social conditions 

that create the stereotypes that limit their options as women. Jessica was using the 

authority of biological science knowledge, a ‘feminine’ knowledge system, to 

perpetuate the idea that boys and girls are inherently different and in doing so 

demonstrated how a scientific statement, as an element of the dispositif, works to 

produce and reproduce binary gender categories based on biological sex. Through such 

discourses, the relation between gender subjectivity and science knowledge is 

reproduced through mutual conditioning. For example, the demographics of the school 

classroom previously discussed, and subsequently the science workplace, has 

ultimately been determined by genetic coding in this narrative. 

Jessica likened the physical and physiological differences between female and 

male bodies through genetic coding to a set of computer algorithms that program 

different machines to undertake different tasks. In her quote, Jessica explained that 

since the genotype (the set of genes in our DNA responsible for traits in physical 

characteristics) determined the phenotype (physical characteristics) then it was 

reasonable that women and men would have different skills and interests since they 

were ‘programmed’ differently. This conclusion was based on her knowledge of sex 

chromosomes, which determine the sex characteristics of species. In humans, the sex 

chromosomes are one pair in a total of 23 chromosomal pairs in the DNA, females 

commonly are found to have XX chromosome pairs and men XY, but there are some 

anomalies. While these physical differences might not appear to explain differences in 

intelligence or cognition, Carol, another biology teacher, focused on the genetics of 

brain cells to explain why different sexes have different cognitive abilities in relation 

to science knowledge and ability. 
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I’m sure there is a genetic component in there, female and male brains 

obviously they are different, after all the brains are made of cells and the male 

brain has XY and the female XX. (Carol) 

Carol was relating to thought processes and cognitive abilities in a genetically 

programmed brain. Jessica expanded on this to include differences in skills and 

abilities related to physiological as well as physical differences. As an example, Jessica 

referred to differences in retinal structure between male and female bodies. 

Photoreceptors in the retina differ between those with XX and those with XY 

chromosomes. According to scientific research, the ability to determine colour is better 

in individuals who have XX chromosomes, while those with XY chromosomes are 

more efficient at following fast moving objects. 

We [girls and women] see the colour but can we throw a spear as well [as boys 

and men] and actually hit a weaving animal, probably not. (Jessica) 

This ‘truth’ of science, presented as fact, perpetuates a certain realist ontology 

(Harding, 1991; Wenning, 2009) that is used to explain why females can appreciate 

biological components of the natural world more than males who have the physical 

domain of movement and action. This type of scientific statement works with 

discursive practices about girls and boys to reinforce the idea that ‘normal’ girls are 

more likely to study biology than physics. The statement also demonstrates the 

primacy of contemporary Western science in Western society. People who consider 

‘pure30’ science to be an objective truth, tend to present these ‘facts’ as though they 

are absolute, without option or argument. As discussed in Chapter 2, the primacy of 

science has been challenged by authors such as Latour (1999) and Haraway (1988). 

                                                 

 
30‘Pure’ science in this context is referring to reductionist thinking which defines science and 

introduced in Chapter 2. 
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Latour for example, suggested that current understanding and acceptance of science 

knowledge is reliant on what he called ‘black boxing’. This concept was briefly 

introduced in Chapter 3 and is relevant in this context. The complexity of genetics 

means that by the 21st century, molecular biology has ‘black boxed’ the inner workings 

of genetics and they are no longer open for scrutiny but simply accepted as ‘truth’.  

The result is that scientific statements are presented as a primary ‘truth’, as 

unquestionable ‘fact’ without consideration of social circumstances. In this example, 

Jessica’s statement also works to promote ‘truths’ that gender is a binary construct 

based on sexual characteristics, as well as reinforcing gender stereotypes with the 

argument that girls who study and work in physical sciences are unusual.  

When I enquired further about variations within binary gender groups, Jessica 

agreed that there was a spectrum between what she termed the ‘ultra-feminine’ and the 

‘ultra-masculine’ but she still emphasised genetics as the main driver for gender. This 

statement was problematic. Jessica clearly expressed throughout our conversations, 

that social factors had minimal influence on gender determination. But her qualifying 

comments were contradictory since a gradient of femininity/masculinity would 

indicate that social drivers have a role to play at least to some extent. Jessica’s denial 

of this dissonance, combined by her statements about genetics and gender and 

associated thought patterns, were the outcome of mutual conditioning. Material and 

immaterial elements in social apparatuses interplay and interrelate in the context of the 

patriarchal society context of our times. In this setting, the mutual conditioning is 

producing and reproducing systems of thought and action that maintain masculinity as 

the predominant site of power and knowledge. Women participants were complicit in 

the system as their false consciousness about contemporary Western science prevented 
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critique and they continued as part of the mechanism to produce and reproduce the 

dispositif of contemporary Western science. 

There are other elements of the dispositif at work here since the social apparatus 

at play for binary gendering of individuals in contemporary Western society is highly 

effective in producing and reproducing ‘truths’ that feed into the dispositif of 

contemporary Western science. For example, most science teacher participants agreed 

that gender was primarily determined by biological sex and that cognitive ability and 

skills were associated with the sex of an individual. During a focus group meeting, five 

teachers decided that boys tended to be more logical and mathematical and better 

suited to physics than girls, as demonstrated in the following conversation. 

There is not so much rational and logical thinking in biology whereas physics 

exam questions are pure scientific reasoning and logic. This makes it more 

suited to boys. (Jessica) 

 

I agree with [Jessica]. Boys are more logical and mathematical, which fits 

better with physics. (Louisa) 

The ‘natural ability’ of boys for physics became a ‘truth’ based on scientific 

statements like those introduced by Jessica. This ‘truth’ was seen in the material 

manifestation of the student cohort in the physics classroom (consistently more boys 

than girls), which in turn reinforced the statement that boys were more suited to 

physics than girls31. This is an example of how stereotyping persists in Western 

hegemonic culture as discursive components are supported by recurring images that 

demonstrate the ‘truth’ of certain discourses. In this instance, the discourse of science 

                                                 

 
31Stereotyping the female in a subordinate position is expanded on in Chapters 6 and 7. 
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provided distorted stereotypes of scientists that led to misperception and prevented 

critique of the perceived truth through false consciousness discussed earlier. This is a 

similar principle to Edward Said’s Orientalism in which Western writings about the 

‘Orient’ created the stereotypical images that many Westerners use in relation to 

people from other cultures (Shabanirad & Marandi, 2015). As a result, boys in the 

physics class was considered an expression of ‘truth’ by many participants and became 

a material manifestation that ‘proved’ the statement. This interrelated with other 

elements in the dispositif, such as life experiences, as evident in discussion with Carol.  

When I think of myself, I think my dad, because he was you know sort of 

trying to teach me chemistry and physics. I think he would’ve liked to have a 

boy, so I would’ve had the opportunity if I had been interested in physics or 

building rockets. I’m sure my dad would’ve been absolutely delighted to build 

rockets with me but I just didn’t have the interest, so I think there is some sort 

of genetic predisposition between males and females. (Carol)  

That social factors were influential in determining individual interests was 

acknowledged by Carol, but she strongly considered gender as genetically constructed 

and a determinant of individual cognitive abilities and interests, as demonstrated in her 

statement below. 

I’m sure there is a genetic component in there…female and male brains 

obviously they are different, after all the brains are made of cells and the male 

brain has XY and the female XX. (Carol) 

Carol’s statement and other discourses about binary gender differences, like the 

previous examples from Louisa and Jessica, set up a certain ‘logic’ that since males 

and females are inherently different at a basic genetic level they will have different 
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abilities and skills32. This logical argument is perpetuated through numerous 

professional texts such as those by Leonard Sax (2005; 2016) which were referred to 

by Jessica during a focus group session and interview.  

Carol considered genetic factors, primarily that she is female, as instrumental in 

determining her love of biology, since her father had been keen to teach her chemistry 

and physics. Born into a comfortable middle-class family in Europe, she has been 

offered many opportunities and her father introduced her early to chemistry and 

physics. These subjects held little interest for Carol, preferring animals and nature and 

this she provided as ‘evidence’ of genetic influences because she had every 

opportunity to excel at chemistry and physics but did not. Such reasoning is based on 

scientific knowledge and life experiences and, for Carol and other teacher participants, 

translated to expectations that boys and girls in science classrooms will have different 

science abilities and interests. Lack of interest in these sciences despite opportunity 

and encouragement was evidence for Carol that genetic factors determine science 

interest and abilities, which are related to biological sex. Disparity in gender balance 

in science classrooms is explained by personal experiences and supported by the small 

number of girls or women participating in the physical sciences. This demonstrates the 

interplay of elements in the dispositif to perpetuate circumstances that can be then 

considered as ‘truth’. In this case, the observation of disparity in numbers of boys and 

girls in different science classes, a material element of the dispositif, interplays with 

scientific statements about sex/gender and related abilities of boys and girls. 

                                                 

 
32Note that deterministic view of genetics and certain traits has been well discussed in the context of 

eugenics and while there is potential to expand the concept later it is not within the scope of the 

current thesis.   
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Boys are more logical and mathematical, which fits better with physics. There 

is more reasoning and extrapolation in biological sciences. (Hazel) 

In this repeated understanding and perpetuation of stereotypes, there was limited 

consideration of the social constructs that interrelate and interplay to perpetuate 

deterministic discourses about gender usually based on ‘objective’ scientific 

statements such as those expressed by Jessica and gleaned from the Sax (2005; 2016) 

texts previously discussed.  

Physically, girls have way more cones (in eye structure), so their colour vision 

is way better [to appreciate the beauty of the world]. (Jessica) 

Jessica was firm in her scientific beliefs and did not consider the instances that negated 

such evidence, for example the success of male artists such as Van Gogh.   

Contemporary Western society is dominated by primacy of scientific discourse 

and associated rules by which ‘scientific’ statements take precedence over 

understanding of other knowledges, for example Indigenous knowledges. By the early 

21st Century, science has generally become considered the ‘ultimate truth’ and 

scientific endeavour continues to be promoted through government policy and political 

rhetoric (e.g. Lee, 201533) despite some actions to the contrary34. While there is a 

continued emphasis on the need for science and technology for economic growth, there 

is also a growing mistrust of science, for example the Australian Government and 

                                                 

 
33 Australia’s Prime Minister stated “We have to recognise the central role of science and the work 

of scientists and people who follow the scientific method” at the Prime Ministers Prize for Science 

night in 2015 (Lee, 2015). 

34 In 2016, over 250 research scientists were made redundant from the Commonwealth Scientific 

and Industrial Research Organisation (CSIRO), many of the number were climate change scientists 

(Safi &Slezak, 2016). 
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leaders35 of other major Western countries have questioned climate change science, 

which is also reflected in attitudes among the general populous. There has also been 

much discussion in recent years about the possibility of links between autism and 

vaccinations in young children, but these discussions focus more on the 

pharmaceutical companies need for profit rather than on doubting scientific knowledge 

in itself (Rawlinson, 2017).  

Despite some societal and political shift in the status of science, participants of 

this study continued to regard scientific knowledge and research in exalted terms in 

comparison to other knowledge systems. This was demonstrated in the absolute belief 

that many of them had that biological sex determined binary gender categories, and 

that individuals develop traits related to their allocated gender status. Jessica’s earlier 

statement that ‘it has always seemed just plain silly to suggest that gender is culturally 

constructed’ summed up the primacy of science knowledge over other systems of 

thinking for some participants. According to participants, and reflecting general 

attitude in the scientific community, contemporary Western science knowledges are 

exalted at the expense of others and a scientific basis for allocating gender categories 

tended to be regarded as more ‘true’ than other (social) theories of gender identity and 

construct.  

The primacy of scientific statements had been challenged even before politicians 

started decrying scientific discoveries for economic rationalism (for example, 

Haraway, 1988; Latour, 1999). Latour (1999) suggested that contemporary 

understanding of science was reliant on scientific ‘black boxes’, a concept introduced 

                                                 

 
35 United States President Trump recently appointed a climate change sceptic as head of the US 

Environmental Protection Agency (Milman, 2016). 
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in Chapter 3, since science knowledge is often dependent on acceptance as ‘truth’ with 

limited understanding of the underlying concepts. In the previous example, to accept 

scientific statements about genetics, participants are reliant on building blocks of 

knowledge that extended over decades. Lacking the experience and empirical 

knowledge about the individual building blocks, individuals accepted them in their 

understanding and acceptance of genetic knowledge without consideration of social 

factors. This is the kind of situation that has been described as the: 

‘God trick’, the ability to apply certain knowledge and speak authoritatively 

of a situation based on scientific knowledge but with minimal concern for the 

personal or social. In essence, the participants pull the ‘God trick’ when they 

draw on scientific evidence to prove their point but the complexities of the 

situation are compounded since to some extent they support this with their 

personal and social experiences and observations (Haraway 1988, p. 185). 

The teachers’ observations that girls and boys were attracted to different pursuits 

and different ways of learning utilized the “God trick”. Their position as scientists 

meant that they were immersed in the knowledge/s offered within that paradigm. 

Consideration of the range of human experience that might also produce the same 

outcome was ontologically opposed. The teachers accepted that the differences in 

study choices between female and male students were due to genetic rather than social 

processes and did not question the scientific building blocks that lead to their scientific 

understanding. Acceptance of the dominance of scientific knowledge is crucial in the 

dispositif, the system of relations that support gendering of contemporary Western 

science.  

A characteristic of many scientists is the ontological belief in the primacy of 

science over all other knowledge systems and their resistance to social inquiry that 
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questions scientific knowledge is the ‘God Trick” in action, where contemporary 

Western science is assumed to be omnipresent and ‘truth’ (Harding, 2016).  

This is the outcome of the ‘will to truth’, described by Foucault (1980b) as a 

common societal force whereby there is a need for people to believe in an absolute 

truth. According to Foucault (1980), this ‘will to truth’ is both supported by and 

supports societal status quo through various dispositif. In relation to contemporary 

Western science, this is observed within the empirical data and critical literature 

review which demonstrates that while they may not always be influenced by social 

and personal situations, scientific statements work through mutual conditioning to 

influence some philosophical propositions about society. In this instance, through the 

work of discourses and scientific statements about the genetic root of sex and gender, 

philosophical propositions about the role of men and women in society are perpetuated 

as ‘truth’.  

Discourses such as, “women are adapted for looking after children and old 

people” and scientific statements, “the male brain has XY and the female brain XX” 

work together to reinforce each other through mutual conditioning. In Jessica’s 

opinion, it was logical to assume that women are prime carers for children due to their 

genetic and physical construction. In this mode of thinking, caring is not produced as 

a social cultural role, it is determined by physical and genetic makeup. Some of the 

physical features of a mature woman were linked to childbearing (genitalia, uterus, 

breasts, endocrine control), but in this way of thinking, other physical features also 

supported the female role as mother and holder of group (women’s) knowledge. These 

physical features include differences in eyes and ears that dictate sex/gender sight and 

hearing, and different brain wiring that determine sex/gender interaction with the 

environment. 
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I think it’s a fair call to suggest that women are adapted for bearing and 

sustaining children, looking after children, being around with the children and 

the old people getting all the story. All the narrative and weaving it together, 

maintaining the cultural continuity, having the culture, the story of the group. 

(Jessica) 

Jessica’s description of the female is exemplary of the material manifestation of binary 

gender categories into the social roles that maintain culture through caring, craft and 

storytelling. These characteristics were also considered integral to the learning and 

understanding of the biological sciences.  

Earlier in this chapter, the elements of the school science workplace were 

described. It is useful to remember that this as the context, the training place, for young 

people to become scientists. Students enter the school science workplace under the 

direction of teachers who accept sex as gender, and associate ability and knowledge 

with genetic programming. In the context of the school science workplace, the students 

learn to self-regulate so that they can participate in what has been established as a 

dominant knowledge system in Western culture. Compliance in the school science 

laboratory is a learned behaviour and the result of architectural design of the space, 

regulations of the school, and discourses about the primacy of science in contemporary 

Western society. Teachers in this context are promoting science knowledges as the key 

to progress and economic success while perpetuating ideas that boys and girls are 

programmed differently so that they can undertake different sciences effectively. Such 

ideas have immense implications in terms of the autonomy and self-determination that 

is core within Western societal structure. For example, the biological determination 

described here is at odds with the free will of contemporary Western thought and 

philosophies, particularly in terms of current educational theories (Davies, 2006). 
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This section has demonstrated how an acceptance of biological ‘truths’, that 

differences in girls and boys are primarily due to genetic differences, rather than social 

constructs. This interplayed with other elements in the dispositif of contemporary 

Western science to produce and reproduce a societal norm that males were more 

capable of the thinking and physical action required to be successful at physical 

sciences while females were more in tune with biological sciences. Allocating binary 

gender attributes to science subject will be discussed in the following section, which 

identifies the knowledge and scope of different science knowledges from the 

discourses and statements of participants. 

While genetic and physiological differences in male and female bodies usually 

produce different biological characteristics to some degree, false consciousness that 

promotes the ideological arguments of contemporary Western science perpetuates a 

status quo that contributes to maintaining the dominance of males in science 

workplaces. It follows that discourses and statements of science teachers represent 

immaterial elements of the dispositif of contemporary Western science that interplay 

and interrelate with material elements, previously discussed, to produce and reproduce 

the problem of women and science. The ‘problem’ is inevitable in the opinion of some 

participants as their deterministic views explain why women would not be successful 

at the physical sciences.  

This lack of success of women in the physical sciences may be inevitable in 

current societal contexts but not for reasons assumed by participants. However, under 

a more critical lens, the system is maintained by the complicity of women who do not 

want to look beyond the primacy of science. The result might be the same, that the 

problem of women and science is inevitable, but the end solution differs dramatically. 

Attempts to address the problem of women and science discussed in earlier chapters, 
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and in context of contemporary Western and patriarchal society, have tended to 

support the biological deterministic view of the problem and attempted to change 

science to make it more palatable for women (Bell & Yates, 2015). This approach 

lacks a critical review of societal structures that might contribute to the subjugation of 

women in many professional areas. This will be discussed in detail in Chapter 6 to 

demonstrate how such solutions tend to perpetuate the problem rather than address it, 

commonly because strategies emphasise gendering of science knowledges as 

masculine or feminine.  

The sexing of science 

When I talk to my colleague about biology, the physics teacher, he always 

argues like biology is not a real science, that’s his attitude and I know he 

conveys this attitude to the students as well. (Carol) 

In biological terms ‘sexing’ is the act of allocating sex to sexually reproduced 

offspring, which are generally female or male although variations do exist. In this 

section, discourses of participant data provide evidence of ‘sexing’ of science 

knowledges through discourse; that is, the allocation of masculine or feminine 

attributes to different science disciplines. The opening quote provides insight into the 

primacy of physics knowledge in contemporary Western science, particularly in 

relation to biological sciences, and the following section will expand on this while 

demonstrating the allocation of sexes to science. Discourses that characterise biology 

as feminine and physics as masculine will be explored to demonstrate how mutual 

conditioning of these discourses works to gender sciences and participation in science.  

The primacy of physics was evident in the discourses of several participants, for 

example Pamela, a biologist, introduced herself as a scientist but with the following 

qualifier, ‘when I say scientist, I suppose I’m not a hard-core physicist’. In this 
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statement, she revealed a high regard for physics, suggesting that it is the ‘real’ science. 

In conversation, her rich and imaginative descriptions of biology and physics 

illustrated the materiality of biology and physics.  

If I think of biology class, there is sort of pookie, wet smell, you know, we 

have lab coats…whereas I think with the physics class, it’s like a polished 

surface, you know with a perfectly spherical metal ball, measuring vectors, 

you know so it’s tidy and quiet. (Pamela) 

Pamela’s descriptive words (and lack of them) betray her underlying dis/regard 

for various science disciplines. The words she associated with biology—pookie, wet 

smell—were easily connected with nature and conjured up images of wetlands and the 

rich and diverse life forms found there. Keller (1995) discussed how the language of 

different sciences tend to be misogynist, for example she considered physics terms 

such as force and thrust masculine, while biological terms were earthier and more 

reflective of the female body. This resonated in Pamela’s statement if you consider the 

different images conjured by the wordage ‘pookie’, ‘wet’, ‘smell’ compared to 

‘polished’, ‘perfectly’, ‘spherical’, ‘tidy’, ‘quiet’. The word associations of the physics 

lab were reminiscent of a constructed and controllable environment. Chemistry was 

not mentioned in her repertoire of sciences and when asked, Pamela stated that she 

considered chemistry a tool that was useful for biological and physical sciences, but 

she did not have a strong image of the discipline as a stand-alone entity. Interestingly, 

chemistry was the science least discussed as a sole discipline by most participants 

despite it being a science that describes what is happening in many social and 

environmental issues.  

Examples of where knowledge of chemistry is crucial include climate change, 

sustainability, and energy resources for the future. These sciences require an 
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understanding of chemistry in relation to other sciences at a holistic level. However, 

most science knowledges continue to work in siloes and this is reflected in the 

Australian Curriculum and institutions for higher education. For example, the 

Australian Curriculum has four areas of science; Biology, Chemistry, Physics and 

Earth and Environmental Science (Australian Curriculum, 2017) and these streams of 

study are generally reflected in university courses for science degrees. Maintenance of 

a traditional school science curriculum in Australia has been the result of consultation 

with key stakeholders, including science educators and industrial bodies. The resulting 

distinct science subjects perpetuate traditional science knowledges while appearing to 

address the needs of industry and educators, but they are not completely discrete from 

each other. Within this system of science knowledges, discourses emerge that attribute 

a binary gender category to discrete science subjects and each continues to be regarded 

as an absolute and universal knowledge system (Haraway, 1988). From these 

discourses, science subjects arise with characteristics that lead to physics being sexed 

as male and biology as female. 

The physical properties and work of each science discipline is considered 

different within primary school but is increasingly emphasised by secondary 

education. For example, participant statements indicated that biology education was 

content driven and knowledge dense, but physics and chemistry were less so.  

Kids don’t think that biology is any easier because it has so much content and 

it’s not just math problems and manipulating numbers, content heaviness 

means a solid workload. (Jessica) 

In this statement, Jessica demonstrated the defensive tone that was typical of the 

biology teachers interviewed for this study. They seemed to generate an undercurrent 

of tension and tried to impress me with the complexity of their subject while revealing 
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limited agency in the situation due to their complicity in the dispositif of contemporary 

Western science. Biological science teachers do experience some bias and stigma in 

the school science department, and this will be discussed in more detail later. Of 

importance here, is the discourse that associates biology with hard work rather than 

with the ability for rational and logical thinking associated with the earlier discussion 

on productivity and disciplinary power. Productivity in this sense refers to amount of 

work achieved and knowledge gained in relation to subjectivity as a boy or girl.  

Participants’ statements reinforced the idea that productivity for girls is about 

the amount of work achieved while for boys it is about knowledge and skills gained. 

This interplays with discourses and statements that if you have the ‘right’ (masculine) 

cognitive abilities, you are more likely choose to study physics rather than undertake 

the hard work of biology. The connection of physics to ‘smart’ and biology to ‘hard 

work’ becomes aligned to parallel discourses about physics being male and biology 

being female. This implies that the male sex is smarter than the female, as physics is 

viewed as the ‘smart’ science with associated level of importance. The connection of 

these discourses is discussed throughout this section and the associated quotes 

demonstrate the connection between physics and biology and levels of work and 

‘smartness’ that emerged from the discourses of science teachers. 

When you do year 12 biology, it’s an awful lot of content. I think in physics, 

well physics might be less content driven. So, in that respect, males might be 

more inclined, you know to sort of look at physics. (Carol) 

We see that for both Jessica and Carol, girls who study science are generally 

viewed as hard working but less capable of logical and rational thinking than the boys 

who tend to “dislike hard work”. This is something Sarah, a physicist, could relate to 

since she had always found physics and maths easy if you are “able to work things 
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out’. Being able to draw out equations and calculations from first principles was clearly 

something she was proud of and she described physics as the “science of the universe” 

and maths as a tool for working out physics. Her mathematical skills meant that she 

had no need to remember facts, not even equations, as she was able to work out 

situations as they presented themselves to her. 

I derive everything from first principles, I don’t remember formulas, I 

remember a few constant numbers but they’re numbers, they’re easy to 

remember. (Sarah) 

There is no need for someone of Sarah’s ability to ‘burden’ herself with knowledge 

when she can calculate and think her way through life.  

I found biology boring, very related to learning of names and rote learning. I 

much prefer logical thinking where you can follow problems from the source 

to the end rather than remember facts (Sarah) 

Being able to ‘tap into’ this cognitive ability is thought to be associated with boys as 

demonstrated in the previous section, but Camille discovered that she had this ability 

when a school teacher pushed her further than usual during a geometry lesson. 

She was pushing us, leaving more than half the class behind, just two or three 

of us were able to follow her. It was one of the first times I was able to do that. 

(Camille). 

This was the first time that Camille, who worked as a research physicist, realised that 

she was very good at maths and able to think logically and rationally. The experience 

opened opportunities for her and provides evidence of what might be possible if all 

children were exposed to opportunities without constraint of binary gender 



 

Chapter 5: Elements of the dispositif: the science workplace 181 

categorisation based on biological sex characteristics in a political technology of 

control. 

The association of logical and rational thinking with both physics and 

masculinity mutually conditions discourses with material elements, discussed earlier 

in this chapter, to maintain a ‘truth’ that physics is a male science and as such girls and 

women studying it tend to be different from other girls. Females who have the ability 

for logical and rational thinking are enabled to undertake careers in physics, but this is 

unusual as demonstrated through quantitative research that shows physical sciences 

globally tend to be male dominated at all professional levels (Bell, 2010; Bell & Yates, 

2014). Jessica described a spectrum of ability, masculinity and femininity where she 

considered possible variation between each sex. In her thinking, girls and women who 

were good at maths and physics would be on the spectrum, moving closer to the 

masculine than the feminine. 

They are different animals [boys and girls], there are ultra-feminine females 

and ultra-masculine males and a gradient. The overlaps aren’t important but it 

is just plain silly to me to look at [boys and girls] walking around and not see 

them as very different animals. (Jessica) 

In this understanding, girls and women who are good at physics were less 

feminine that ‘normal’ girls because they have masculine attributes, the ability to think 

logically and rationally. This was also evident from Audrey, who was relieved to find 

she had the ability to succeed at physics and mathematics because in her experience, 

they were masculine traits and she hoped for a career as an oceanographer.  

And so, I did well [in maths and physics] and it reassured me that maybe I 

wasn’t that stupid because you always feel like, like, women are good at 
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biology, you know, looking after the dolphins and men do all the equations. 

(Audrey)  

Like Audrey, many physicist participants demonstrated a certain pride at being able to 

succeed at physics and through their statements and discourse the subject materialised 

as a confident and masculine entity.  Sarah and Camille’s pride at being able to succeed 

at complex mathematical equations and apply them to physics was obvious.  

In physics, you don’t really need to, you know, learn everything by heart, you 

can reconstruct everything. (Camille) 

Both women found other sciences boring and irrelevant and insisted that there was no 

need to learn facts when they could work things out from first principles.  

 I always found biology you needed to learn by heart everything. (Camille) 

This ability saved them having to acquire knowledge by rote learning and it was 

clear from their statements that they considered their abilities superior to other 

scientists who had to learn and remember a lot of factual knowledge rather than simply 

work out the world as they experienced it. As well as aligning biology to the feminine 

in their discourses and statements, participants revealed that biological science was 

considered with less gravitas than other science subject and in some instances even 

‘stupid’. This was evident in the interviews with Audrey and Carol who both 

demonstrated pride in their abilities in physics compared to the ‘drudgery’ of biology.  

Through the previous discussion, biological science was presented as the 

‘fluffy’ feminine science, more ‘stupid’ (Audrey) than the physical sciences and this 

trend continued through other participant data. In her statement, Audrey plainly 

aligned biology to the feminine and introduced the association of biology and ‘stupid’ 

as opposed to the ‘cleverness’ associated with physics. Most physicist participants 
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demonstrated pride at succeeding in their field of science, but biologists tended to be 

somewhat defensive. For example, Carol explained that in her experience as a teacher 

the biological sciences were commonly regarded by other science teachers, usually 

male, as ‘lesser sciences.  

When I talk to my colleague about biology, the physics teacher, he always 

argues like biology is not a real science, that’s his attitude and I know he 

conveys this attitude to the students as well. (Carol) 

This quote demonstrates power/knowledge relations of the science classroom, 

from the podium of the physics class, the authoritarian figure of the teacher relays a 

message to the students, predominantly male, that physics is the serious science, the 

science of men36. He accomplishes this through his discursive representations that 

reinforce the masculinity of physics. For many feminist science epistemologists, the 

type of language perpetuated through physics is inherently male (Harding, 1989; 

Keller, 1995). As highlighted earlier, the demography of the school physics laboratory 

reinforces the masculinity of the space (boys in physics classes) while working with 

discourses and rhetoric that reinforce physics as a ‘smarter’ science than biology. In 

effect, the interplay of these elements continues to reinforce physics as masculine, with 

logical and rational thinking as key characteristics for success in physics. Conversely, 

biology is viewed as feminine and associated with drudgery of hard work, and 

ultimately less rational and logical. 

In Chapter 2, I introduced the concept that men’s knowledge became more 

important than women’s knowledge in the emergence of contemporary Western 

science as a dominant knowledge system. Initially in the Western context, this 

                                                 

 
36Physics as the science of men has roots in the Age of Enlightenment as discussed in Chapter 2. 
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hierarchy of knowledge was maintained through sovereign power as science surpassed 

religion in the courts of Europe. Through time, the hierarchy has been maintained by 

disciplinary power through scheduling of time and space in the school science 

classroom, and ultimately in the science workplace, by the processes of the social 

apparatus that maintain its existence. In this context, the power/knowledge/subjectivity 

relations are such that physics emerges as masculine, important and easy if you have 

the ability. In contrast, biology remains hard work but also nurturing and caring, 

attributes associated with the feminine. How this works in relation to subjectivity will 

be fully explored in the next chapter; this has been introduced here to emphasise the 

relations at work. 

The primacy of physics was also supported in the experiences of Pamela, a 

senior academic research biologist, who talked of the respect she had for a friend, 

Josephine, who was undertaking a ‘very theoretical physics PhD in quantum physics’. 

Since Pamela held the friend, and physics, in very high regard she was concerned that 

Josephine was attending a seminar about her biological research. 

I thought ‘oh she’s going to find this so, you know, counting seeds’ [Pamela 

raises eyebrows and shrugs] but she told me afterwards, ‘oh boy, I really didn’t 

understand a word of what you said’. (Pamela) 

Pamela had concluded from her friend’s feedback that she had not explained her 

topic well enough and assumed that because her work was ‘simple’ compared to 

physics, the physicist would easily understand. What Pamela was demonstrating is the 

effectiveness of the dispositif in perpetuating the status of physics as more important 

and difficult than biology. She reasoned that if a physicist did not understand her work, 

she was to ‘blame’ and she obviously did not explain her thesis well enough. In this 

view of contemporary Western science, physics is not only more important than 
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biology but physicists themselves can understand ‘everything’. Add to this mix of 

interrelating elements the ‘truth’ that physics is masculine knowledge undertaken 

predominantly by men and ‘women’s knowledge’, or the science of biology, is reduced 

in importance.  

The masculinity of physics is reinforced through mutual conditioning of 

discourses with the demographics of the physics classroom, which is visibly a male 

domain. The physics class with a high number of males and a man in position of 

authority, the holder of physics knowledge, reinforces that physics is men’s business. 

Mutual conditioning with discourses of primacy of knowledge, discussed earlier, 

reinforces the importance of physics over other sciences. This is evident in the data, 

particularly from Carol and Jessica.  

Biology it’s the science of all living things, not light and fluffy at all. The 

complexity in all-natural systems is just absolutely phenomenal. It’s the 

science of life, it’s not fluffy at all, life is not fluffy at all. (Carol) 

 

I can think of at least one male physics teacher here who does the you know, 

‘physics’ is real science, the rest is just stamp collecting’. Biology is the stamp 

collecting, and its interesting cause what he’s saying is that if you can’t 

synthesise to the purely mathematic expression and give an equation, then it’s 

all just fluff. (Jessica) 

Carol was concerned that the reputation of biology as a ‘soft’ science is perpetuated 

through the discourses that associate physics and chemistry with ‘real’ science while 

biology is the softer option. Jessica and Carol told me that biological science is often 

studied by girls for entry to environmental science or health science courses, including 
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medicine, professions that are highly regarded and have more women that other 

science professions but not at higher levels of authority.  

The reputation of biology as a soft science was perpetuated through 

participants’ data in the form of descriptors, for example Carol and Jessica introduced 

the word ‘fluffy’ in reference to biology. Symbolism was also used. Dolphins became 

symbols of femininity in participant data, associated with caring and cuteness rather 

than ‘real science’.  

And so, I did well, and it reassured me that maybe I wasn’t that stupid because 

you always feel like, like, women are good at biology, you know, looking after 

the dolphins and men do all the equations. (Audrey) 

Audrey’s statement demonstrates that she associated women with biological 

science and biological science with caring rather than with the rational and logical 

skills of physical sciences. Chloe, also an ocean physicist, stated that she found marine 

biology “too girly, you know about dolphins and stuff”. The dolphin is symbolic of 

marine life and the emphasis for the scientists is on the caring of the marine life that is 

the domain of biology with its associations with the feminine. This reputation of 

biology as a soft science was also perpetuated through visual representation of science 

in the media according to Chloe and Marie, a chemistry teacher. Marie observed that 

physical sciences remained out of the domain for the public because they appeared less 

on television and other media. She considered physics and chemistry ‘too hard for 

public to understand’, while biological, environmental, and health sciences were 

frequently packaged for entertainment on television and other media. Jessica agreed 

and suggested that the reduced commercialisation of physical sciences in the public 

domain may provide a shroud of mystery.  
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The involvement of the public with biological and health sciences might remove 

some of the mysteries of biological sciences while other sciences remain more elusive. 

Participants generally considered that physics was almost invisible in the mainstream 

public eye while biological sciences were well presented and visible sciences for 

general consumers. While physicists such as Stephen Hawking and Brian Cox had 

popularised cosmology and astronomy to some extent, their presentation of physics 

promoted the associations of cleverness and masculinity. Brian Cox recently presented 

a popular astronomy show with Julia Zemiro, well known for presenting well-liked 

television shows, which helped make physics more accessible and enjoyable. Despite 

this, physics has continued to be seen as ‘smart’ As biology has become more familiar, 

particularly through promotion of shows that emphasise caring for the environment 

(ecological and environmental science) and caring for people and animals (health 

sciences including medicine and veterinary studies), the links between biology and 

nurturing have been perpetuated through mutual conditioning of what is seen and what 

is observed. Images of biology become more associated with nurturing and caring. 

This is reflective of research on women and science since much quantitative research 

focuses on women and men in the biological, health and physical sciences. 

Participant data tended to focus on biology and physics and there was limited 

discussion of other science knowledges such as chemistry or geology, even by 

chemists in the focus groups or individual interviews. The trend observed by 

participants and in research has also been observed in other areas of study and work 

traditionally viewed as male (e.g. Jenkins &Finneman, 2017). Trade figures, for 

example, have demonstrated that more men than women were employed in traditional 

male vocations such as mechanical, welding and building trades while women were in 

caring and nurturing industries (Australian Bureau of Statistics, 2017). It is not within 
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the scope of this research to discuss this further, except to highlight that some of the 

contributing factors may be similar, particularly since some of the participants 

explained that they had been excluded from opportunities to engage with other 

‘masculine’ subjects while at secondary school. This was exemplified by Sarah, a 

physicist, who first became aware of sex discrimination when she attempted to choose 

her secondary school subjects. 

Girls had to do the sewing, and cooking and the boys then did the mechanics 

and the engineering drawings, and all that sort of stuff. Girls were allowed to 

do the woodwork subjects but not allowed past Year 10. (Sarah) 

In this example, Sarah was demonstrating how disciplinary power within the school 

environment impacted on the subjects that students’ study during their secondary 

education. The allocation of time and space according to biological sex meant that both 

girls and boys were excluded from learning opportunities, and this exclusion was based 

on binary gender categorisation and no other factor. Disciplinary power in the school 

system is working to control the relation between subjectivity and knowledges. In 

terms of the dispositif, the visible division of girls and boys into different subject area 

classrooms works to mutually condition the discourses that drive the need to segregate. 

The girls are allocated to caring roles and the boys to technical subjects through this 

exercise of disciplinary power and the effect is to reinforce the relationship between 

binary gender categorisation and societal roles.  

The ‘forced’ connect between binary gender category and societal roles that 

emerges from this application of disciplinary power in the school environment 

perpetuates the material evidence, numbers of boys and girls studying particular 

subjects, and that female and male are ‘naturally different’. In such a system there is 

limited opportunity for consideration of student interest and experiences. With her 
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background on the farm, Sarah was particularly interested in mechanics and 

engineering but was initially not allowed to enrol in these subjects because she was a 

girl. Sarah resisted the disciplinary power of the institution, with the support of her 

parents, and was allowed to study her chosen subjects to an extent. 

But had to trade off by attending one girl’s subject, textiles [laughs] and it was 

horrible. That was the first time I noticed, in my life, that there was such a 

thing as gender imbalance in society. (Sarah) 

The insistence of the institution that Sarah participate in at least one ‘female 

activity’ shows an inability to consider the student without a sex or gender category 

and a desire to allocate knowledge and skills acquisition accordingly. This 

demonstrates relations of power, knowledge and subjectivity in a social apparatus of 

gender, another dispositif that has interrelations with the dispositif of contemporary 

western science through the sex/gender dichotomy.   

Philosophical positions in the discourse about nurturing and caring as a feminine 

pursuit have been enforced through disciplinary power in the institution of knowledge, 

the school system. According to Foucault (1979a), such disciplinary techniques, 

observed in many social institutions, ensure efficiency of the body as a working unit 

to assign certain behaviours according to binary gender categories to maintain social 

order and economic efficiencies (O’Farrell, 2005). In the economic system of the 

West, and other parts of the world, females are ‘girled’ through their allocated space 

and time for repetitive acts of caring and nurturing as they learn cooking and sewing. 

Through these repetitive acts, the appearance of girls caring and nurturing, cooking 

and sewing, is “mistaken as a sign of its internal or inherent truth” (Butler, 2009, p. 1) 

and this is how it works with science knowledge, which will be discussed in more 

detail in Chapter 7. 
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The disciplinary power utilised in Sarah’s example has been effective for several 

decades to ensure that girls and boys can perpetuate the industrial society so important 

in 20th Century economies. Two decades before Sarah attended secondary school, Jodi 

also experienced what she considered a sexist curriculum in high school when the large 

comprehensive high school that she attended in the mid-seventies restricted enrolment 

in certain subjects by sex/gender and this included sciences.  

The school did not encourage girls to study science; that was a boys’ domain 

and often only those boys who came from professional backgrounds. (Jodi) 

Jodi described a school system where access to science knowledge was dependant on 

binary gender category and/or socio-economic class despite an inherent illusion of 

equality since it claimed to provide equal access to education for all students.  

The attitude was that girls were just going to get a job but would soon be 

married and pregnant so no point in educating them. They trained us to work 

in offices and shops. Most of the boys were going to work in the factories or 

mines, no one really cared. (Jodi) 

It became apparent in this study that many of the participants were from a 

professional middle-class background and attended prestigious or small, single-sex 

schools. Only two participants grew up in families from a working-class background 

and another two came from rural areas. This is reflective of research that found most 

women scientists, regardless of their discipline, come from a white middle-class or 

South East Asian background (Archer et al., 2012b). This trend was reflected by the 

participants since most of those who were in higher level positions or employed as 

physicists or in physical sciences tended to be from a North Western European or 

Anglo-Australian middle-class background. This data suggests that factors other than 
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sex/gender are at work in the dispositif of contemporary Western science, and that 

there is a white (racial) middle-class (class) dominance in science.  

The dominance of masculinity and whiteness in contemporary Western science 

relates to its origins, discussed in Chapter 2. The ‘roots’ of contemporary Western 

science during the Age of Enlightenment began when the knowledge of men became 

more important than that of women. The knowledge of white European men became 

regarded as more ‘true’ than other knowledge systems (Keller, 1995; Spivak, 1999). 

Indigenous knowledge was relegated as myth and women’s knowledge as folklore, the 

‘old wives’ tales’, some of which have been scientifically proven now. Traditional 

Aboriginal stories of the Firehawk provide an example here since they were considered 

as folklore until Western scientists demonstrated three types of hawks that deliberately 

spread fire to flush out prey (Bonta, Gosford, Eussen, Ferguson, Loveless & Witwer, 

2017). 

In a culture where science is predominantly Western and masculine, there have 

been limited opportunities for different role models. While a few participants had 

attended all-girls schools, only one reasoned that success in male dominated studies 

may be easier if you have good female role models and focused learning for girls.   

Most of my science and maths teachers were actually female and they are 

encouraging us all to do well, there was no focus on gender. (Maria)  

Despite early experiences which ‘trained’ them for participation in traditional 

female roles, the two participants from a working-class background returned to adult 

education as a pathway to becoming professional scientists. Both women had been 

nurses in their earlier careers and while neither considered this a science, they both 

agreed that it was a strongly gendered profession, like the sciences.  



 

192 Chapter 5: Elements of the dispositif: the science workplace 

Social restrictions hindering access to science, and other subjects, within school 

environments work as elements in the dispositif to produce and reproduce the problem 

of women and science, the gender imbalance reported in quantitative research. The 

following section demonstrates that even for Caucasian middle-class women, 

becoming a scientist is not without discomfort since the dispositif maintains and 

perpetuates a sexist culture within the science workplace.  

Stepping apart 

As discussed earlier in this chapter, within the dispositif of contemporary 

Western science, certain knowledge systems are considered as masculine and others 

feminine. For example, physics is generally considered to have masculine attributes 

whereas biological sciences are categorised feminine with traits of nurturing and 

caring. Girls and women who demonstrate a capability for physical sciences are in 

effect demonstrating their abilities at masculine skills and knowledge, rather than 

being ‘feminine’. This caused discomfort and often distress for participants who 

described occasions where they felt they had to step apart and challenge social 

expectations about their sex/gender and profession.  

Some participants found that despite the support and opportunities attending 

private all-girls’ schools allowed, there were other factors that affected access to 

science knowledges, and this affected their career options. For example, Maria did not 

study physics at secondary school because she was discouraged by the material 

conditions of the physics classroom, in particular the male teacher. 

There was a male teacher who taught physics and he wasn’t very charismatic 

and there with only 30 girls in the year and only two girls doing physics and 

so I thought I don’t want to be in a room with him and a couple of other girls. 

(Maria) 
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Maria’s experience demonstrated the dispositif at work in a single sex school as 

she explained that most of the teachers were women, apart from the maths and physics 

teachers who tended to be male. Perhaps the fact that she viewed the male teacher as 

not ‘very charismatic’ indicated unrealistic expectations for a student who was not 

used to male teachers. The fact that he was there at all highlighted that the school 

considered physics as relevant to girls’ education. In this example, physics was 

considered important enough to employ a teacher for a small cohort but not quite 

important enough to exert disciplinary power, that is to enforce enrolment in the class 

for capable students. In this situation, the visible demographics of the physics 

classroom worked to reinforce physics as a masculine subject more suited to boys. 

This was evident in the presence of only two girls out of a possible thirty, and a male 

teacher where there was more often a female in this educational setting. In terms of 

mutual conditioning, this material element interplayed with the immaterial discourses 

and scientific statements, discussed previously, that physics was more suited to boys 

and was supported by the lack of women teaching or working in physical sciences.  

The socialisation of biological sex into binary gender categories produces a 

division between female and male so that girls tend to look to women as role models 

rather than men. In other words, they look to women to see what is possible and 

acceptable within the identity as girl or woman. In the case of science, men are viewed 

as the knowledge holders of physics, and for Maria it would entail looking to a male 

role model for guidance on physics knowledge. Maria rationalised her decision by 

saying she was too shy to be in a class with few girls and a male teacher. Relationship 

with teachers is important for students and research has indicated that positive 

experiences were more likely if students could identify with teachers at some level 

(Hernandez, Eisenberg, Valients, Van Schyndel, Spinrad, Silva & Southworth 2016; 
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Hosan & Hoglund, 2017). Natalie also demonstrated this earlier when she was 

encouraged to continue studying science by women teachers who were positive role 

models. Maria’s decision not to enrol in the physics class affected her eligibility for 

university entry and prevented her from following a career path she had originally 

intended. Other science teachers and scientists in the study tended to agree that the 

lack of women physics teachers and girl physics students influenced girls’ choices in 

relation to their science subjects.  

Sex/gender differences permeate the dispositif through interplay and 

interrelation in the form of visible and invisible elements and material evidence 

indicates that physical sciences and associated professions are the domain of men. This 

material evidence is supported through the interplay and interaction of the immaterial, 

discourses and statements about sex/gender and associated professions. This was 

evident in the interview with Chloe who studied physics through secondary school and 

university. She was used to being one of the few women in her study area but recalled 

that while engineering was her first career choice, she was not willing to step outside 

of her comfort zone as a woman in a male profession (engineering) and instead chose 

to study physics. The key element of influence was a statement from her male physics 

teacher. 

I [physics teacher] think you will be happier if you do maths and physics, 

because in maths and physics, you’ll be around people with brains. If you do 

engineering, you’ll be around people drinking beer. (Chloe) 

The work of the statement by the teacher was to reinforce the masculinity of 

engineering culture through the image of ‘beer drinking’ rather than intellectual 

pursuit. Chloe considered that maths and physics professions were masculine and male 

dominated but in a different way from engineering, “They’re just nerds [laughs], you 
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know”, referring to mathematicians and physicists. However, the culture of 

engineering is considered to be hypermasculine even by men in the physical sciences 

and a difficult and challenging area to study in with female identity. Laura commented 

on her son’s experiences working as an engineer on a remote mine site. 

It was that bad, it would have destroyed him…within six months he was a 

different character…the men there just drunk and womanised all the time, it 

was rough. (Laura) 

Laura considered the hyper masculinised culture of mining sites as unsuitable 

for women because of her son’s experiences. As previously stated, she also supported 

traditional male/female societal roles and becoming a maths teacher meant going 

against her own socio-cultural norms. From participant data, it seems that this is a 

common experience, particularly in the physical sciences, since it is expected that girls 

and women will be more attracted to nurturing and caring professions. As a result, girls 

and women who study physics and work in physical science professions are 

performing acts of masculinity. This is different from performativity, as described by 

Judith Butler (1990b), where through repeated performances a person masters the 

actions associated with the gender attributed to them in the context of their culture and 

sex. Performativity and relations to subjectivity, knowledge and power will be subject 

to detailed discussion in Chapter 7. The focus in the following section is on 

performance, individual acts that enable girls and women to function and even excel 

in a masculine environment. Participants demonstrated that they were commonly 

aware of their performances, and their ability and need to step apart from the social 

norms of being female. This was achieved through gaining insight into how 

participants move from school to science workplaces and the performances and 



 

196 Chapter 5: Elements of the dispositif: the science workplace 

strategies they adopted whether they ultimately remained as professional scientists and 

teachers or not. 

The science workplace 

The argument so far has demonstrated that, by the time women become 

scientists, their experiences of science in the context of school and university has 

included initiation into a society where three core ideas persist. Sex determines gender; 

science/s are gendered; and as women scientists, they can expect to face some 

discomfort in their efforts to create a successful science career. This discomfort is 

likely to increase as they enter the professional world where men completely dominate 

some sciences and invariably congregate in the decision-making levels of all sciences.  

Workplace design and the architectural structure of the science workplace can 

make more blatant statements than the spoken word. Structures can cause physical and 

personal discomfort related to the construct of facilities or lack of them. Jennifer, a 

mathematician, undertook post-doctoral study in a physics lab at a prestigious United 

States University in the early 2000s. A memorable part of the experience for Jennifer 

was the discovery that ladies’ toilets had been designed to include a kitchenette but 

lacked sanitary facilities in the toilet cubicles. She found that the building was 

constructed at a time when male physicists had female secretaries and the toilets had 

been designed to create a women’s space in a male dominated environment. By the 

time Jennifer was working there, the secretaries had gone but predominantly male 

physicists remained and there was limited call for sanitary facilities in the toilets.  

This example of material and immaterial mutual conditioning demonstrates how 

the absence (or inappropriateness) of women’s facilities states ‘this is not a space for 

women’, which potentially discourages, through levels of discomfort, women from 

being in the space. This ultimately means that there is no need to modify the facilities 
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because women do not work there. A few things were happening in this situation. First, 

Jennifer found the situation amusing but was not discouraged as she had already 

experienced bias during her time studying physics and mathematics. Second, the fact 

that the toilets and facilities were now outdated indicated a social shift even if the 

number of women in physics remains lower than men. Finally, the social shift was 

driven by changes to legislation and policy which in turn were driven by feminist and 

other social movements in the later 20th Century. The social changes and the factors 

that drive them are elements of the dispositif of contemporary Western science and, 

while legislation and policy provide material ‘evidence’ of equality, it does not always 

exist in practice. This will be explored more fully in the next chapter, along with 

Jennifer’s action in the situation and the role it also plays in the dispositif of 

contemporary Western science.  

Legislation and policy changes over the years have been reflected in architectural 

changes in science workplaces to accommodate the ‘different’ needs of women 

scientists, usually related to bodily functions such as menstruation and breast feeding. 

When Audrey returned to work after maternity leave, she considered herself fortunate 

to have childcare onsite at the research facility. With a supportive partner, industrial 

legislation for parental leave and positive workplace policies, she felt able to continue 

with her physics research career while taking on a new role as mother. In reality, the 

situation was much more challenging than she had considered, partly because of the 

construct of the physical working environment. 

If you try to go back to work when you are breastfeeding then it becomes 

really, really hard. I was cycling two or three times a day to childcare. 

(Audrey) 
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The research facility covered a large area and, even when facilities were onsite, 

it took Audrey half an hour to make the return journey to childcare when she needed 

to breastfeed or was called away from her workstation for other child care needs. Over 

a working day at least 90 minutes travel time was required to access the maternity 

benefits allowed in the workplace. Like many research scientists, particularly 

physicists, Audrey spent much of her working life in an office environment writing 

scientific reports, journal publications and technical papers about her research. These 

experiences and the statement that “when you are breastfeeding then it becomes really, 

really hard” contribute to the problem of women and science. They highlight a 

dissonance between industrial and workplace policies and practices that claim to 

provide a family friendly environment but make the provision physically and mentally 

exhausting for the mother. Statements about these experiences and associated actions 

further reinforce the problem of women and science through mutual conditioning of 

discourses, institutional policy and workplace design.  

Workplace design is not only related to architectural issues. Many scientists 

work between laboratories, offices and external environments even though most 

people imagine scientists working predominantly in science lab environments (Losh, 

2010; Appel et al., 2011). Carol enjoyed scientific fieldwork but found herself 

disillusioned by the amount of time she had to spend in an office. 

It wasn’t the sort of life that I envisaged, we had done all the fieldwork and 

then you sit in a cubicle to write up your research report and start writing 

publications. I had this feeling that you can only really get anywhere in the 

scientific world when you publish and when you attract research funds. But 

this was not what I wanted, to sit in a cubicle, I wanted to interact with people 

more than I did. (Carol) 
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There are two main issues demonstrated by Carol, the need to publish scientific 

research to maintain funding, something discussed in detail later in this section, and 

the tensions between ‘doing’ science in the field and writing about it in the office. 

Carol was a biological scientist, a profession that attracts and retains a high number of 

women according to research but not at high levels of authority (Bell & Yates, 2015). 

As discussed earlier, this branch of science is regarded as feminine since it has strong 

associations with caring and nurturing, but the images conjured by stories of women 

biologists on field work do not sound traditionally ‘feminine’ even if they are caring 

for country.  

The work of field scientists involves being alone in sometimes daunting, wild 

and remote environments undertaking heavy physical work to collect data from soil 

sampling and vegetation monitoring. Advancement in this professional career would 

have meant that Carol had to spend more time in the office and less in field work. Carol 

explained that as an ecologist she was happiest when undertaking field research even 

although it was often in extreme situations. She described her experiences as a field 

researcher in her last job as a research scientist when her physical work environment 

was in a very remote area of northern Australia and only accessible by helicopter. 

Carol and her female colleague set up camp at a fishing lodge and were transported to 

the research site every morning by helicopter. They would collect the quad bikes they 

had left there from the night before and take off using Global Positioning System 

(GPS) and Satellite imagery in a Geographic Information System to map their 

progress. Their work monitored vegetation responses to multiple land use, mainly 

pastoral activities and fishing in relation to salt water intrusion. The job was physically 

demanding since they carried scientific equipment (ogres, transects, quadrats, shovels, 

camera and laptop computers) on the quad bikes over large areas of floodplain with 
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diverse wildlife and terrain. Carol laughingly recalled one day when they had to travel 

almost 20 kilometres off the track because a very large saltwater crocodile was draped 

across a barrage, which was the shortest route to their allocated study site. In the field 

situation, Carol had agency and was able to actively resolve problems as they arose, 

she was working within the dispositif of contemporary Western science as a female 

biologist caring for the environment. 

Jodi also enjoyed field work in a remote environment. One of her jobs had 

involved travelling with Aboriginal rangers in Central Arnhem Land to collect eggs 

from crocodile nests on river banks while taking GPS readings and recording 

ecological information about the crocodile nest and surrounding vegetation. The main 

problem for Jodi was that she had to go without water in a very hot environment 

because there was no access to toilet facilities. 

I would go without water for most of the day because I was scared that I would 

need to pee, that would have meant going off on my own with no-one to look 

out for crocodiles. It was great the one time that another woman from the uni 

came out with me, I did not get nearly so dehydrated, there was someone to 

look out while I did the toilet in the bush. (Jodi). 

In this situation, it would have been culturally inappropriate for a woman to ask 

a traditional Aboriginal male to guard an area while she went for personal business 

like the toilet. In the situations described by Jodi, the physical environment and the 

materiality of being woman worked against her since her physical body disallowed her 

from acts of safety and urination possible for males in the situation. The mutual 

conditioning here is within the dispositif of contemporary Western science since 

facilities were developed with predominantly male scientists in mind. In this case, 

Indigenous cultural elements were also at work due to working closely with traditional 
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Aboriginal men. The social dynamics were complex and related to the fact that culture, 

‘race’ and gender differences were at play. Despite the discomfort of the female 

scientist, or her respect for the knowledge of the traditional Elders, in terms of 

contemporary Western science, her science knowledge and skills held primacy over 

traditional knowledge (Spivak, 1999).  

Workplace culture, or diversities of culture, is an element of the dispositif that 

emerges through mutual conditioning of immaterial elements, discourses and 

philosophical positions about the workplace and work done. This interplays with 

material elements such as workplace demographics, architectural design and, in some 

instances, geographic location. This was demonstrated in participant data where 

women scientists described feeling unsafe while working in remote environments with 

predominantly male colleagues. When Pamela undertook a graduate position as an 

environmental scientist in a remote part of northern Australia, she found herself 

working in an environment where women were viewed as prey.  

Everyone just saw the single women as prey and there were a lot of men who 

had never had any socialising with women. My peer graduates…were men. 

They had studied engineering or geology or something like that, usually gone 

to all boys’ school, stayed in an all-male college and then gone to work in a 

predominately male mining town so they really had just no idea.  

She described living conditions in which the couples were accommodated 

separately from single people and the fact that there was a limited number of women 

in the singles quarters meant that she felt very uncomfortable and unsafe. The element 

of the dispositif at work here included the architecture of the workers’ accommodation, 

which segregated families from single people, and, for the limited number of single 

women working in professional positions at the site, this caused feelings of isolation 
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and vulnerability. Pamela’s internal rhetoric excused the men’s behaviour since it had 

been influenced by other elements in the dispositif. This type of philosophical 

proposition that supports masculine culture and behaviours have been mutually 

conditioned by external discourses that excuse the men for behaviour. For instance, 

“they went to all boys’ schools”, is mutually conditioned by material elements of the 

dispositif such as the camp structure, physical isolation from other women, and social 

isolation due to remoteness of the workplace, and lack of single women on site.  

Sexual harassment is an extreme and damaging aspect of masculine culture that 

emerges as an element in the dispositif. In the last decade, there has been a significant 

increase in the incidence of workplace sexual harassment reported in the media. This 

was also evident in participant data.  

You know being in the phone box at night [in remote mining area on the 

Pilbara] and there would be groups of men that would bang on the phone box. 

(Pamela) 

 

One time I was awake in the night [on a scientific research ship] and I went to 

the galley to get some food and there was this one sailor in there. And it was 

just this odd time, you feel like you’re in a dream. It’s all dark. And he came 

right up to me and he tried to kiss me or something. And I just pushed him 

away and said, “This is not on” and walked away. (Anna) 

The explicit harassment experienced by Pamela and Anna was in the context of remote 

and extreme environments with predominantly male workers and very few women. 

Anna described how the context of the environment caused her to change how she 

presented to the world as a protective measure since she felt vulnerable on a research 

ship in the North Atlantic with so many men. 
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I wanted to fit in, I didn’t want them to see me as a woman so I was wearing 

big woolly jumpers and no make-up or jewellery…I was trying not to be pretty 

or feminine and not to say anything silly girly… the other girl on the ship was 

completely the opposite and actually got into a fair bit of trouble because she 

ended up having to push men away… (Anna) 

Anna’s discourse reveals intent to remain safe by altering feminine behaviours 

rather than challenging the behaviours of men. That feminine discourse is considered 

as “silly girly” is a result of social power relations where the business of men is 

considered primary. In the context of science on a ship, or in a remote region of 

Australia, the masculine culture was dominant and women scientists often changed 

their representation in the world to ‘fit in’ and appear less feminine.  

I used to find that I dressed in suits and wore my docs (Dr Martens) to look 

more masculine, I felt less obvious then. (Jodi) 

Jodi was discussing her attendance at meetings and conferences when she 

worked in spatial technology and, while she did not experience explicit sexual 

harassment or sexism, she felt that her experience and expertise was more likely to be 

accepted when she dressed less feminine. One participant, Sarah, was aware that her 

appearance was advantageous for a women scientist: “I am very aware that I look very 

male”. Sarah considered this positive when working in the Western science context 

because she “had never actually been treated differently” as she had witnessed for 

other women. Implicit sexism or sexual harassment is often more difficult to 

acknowledge as it can be subtle and difficult to substantiate, which means that making 

a formal complaint impossible. 

Our boss was a, was a middle-aged man who liked to stare at my breasts 

whenever we were in the lift. (Pamela) 
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We used to support PhD students who were struggling with the arrogance of  

some of the male students and they needed someone to talk to about that and 

share ideas about what was happening to them. (Jackie) 

The sexist behaviours emerging in Western science workplace culture are 

elements within the dispositif that are also perpetuated by their interplay and 

interrelation with other elements. Sexist behaviours, such as those described, serve to 

remind girls and women that they are different, they are viewed as feminine, and that 

attempting to participate in men’s business requires masculine attributes. The science 

classroom provides early science training and through disciplinary power and mutual 

conditioning of discourses and material elements of the dispositif women have been 

encouraged to the biological sciences as feminine endeavours. The masculinity 

established in certain science domains persists into the professional workplace 

experiences and women who have become scientists find that they remain different 

and have to work to perform a masculine role in the context of a female body. This is 

different from the act of performativity described in Chapter 7 where gendering in a 

binary context is the result of repeated mastering of performances (Davies, 2006). 

Conclusion 

This chapter has demonstrated mutual conditioning, whereby unseen and 

immaterial elements and visible (material) elements of the dispositif, interplay and 

interrelate to produce and reproduce social conditions that underpin the problem of 

women and science. The mutual conditioning of visible elements, including 

architecture, policy, regulation and legislation, and invisible elements, including 

discourses, primacy of knowledge and institutional practices, perpetuates a status quo 

position of the feminine in relation to science knowledges, skills and work. The work 

of this chapter has been to describe the nature of the connections that exist between 
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the elements and describe the interrelations and interplays. According to Foucault 

(1980a), the dispositif meets a societal purpose that can be explored through 

unravelling of the connections within the dispositif itself. Within the dispositif of 

contemporary Western science, girls and women who engage in physical sciences, 

considered strongly masculine and superior knowledge, have to operate outside of 

what society expects of them as girls and women. While girls and women are 

encouraged to the biological sciences in the educational setting, working as a science 

professional is challenged by sexist attitudes that ensure that the knowledge and culture 

of men has primacy in the context of the science workplace. 

The dispositif of contemporary Western science is maintained through this 

mutual conditioning as girls are discouraged from engaging in sciences that are 

considered masculine. The lack of girls in science classrooms and women in science 

workplaces provides fodder for the dispositif, as physics is constructed as masculine 

and girls and women as carers and nurturers. Binary gender is reinforced through 

scientific evidence and socio-cultural norms that perpetuate a patriarchy where power 

relations of men and women are established through mutual conditioning of material 

and immaterial elements, previously listed, in various dispositif. In this instance, the 

societal purpose of the dispositif of contemporary Western science is to maintain the 

patriarchy, maintain the primacy of men in a society that considers science, particularly 

physical sciences, as the superior knowledge of the future. 

Foucault (1980a) described the dispositif as a ‘formation which has as a major 

function at a given historical moment that of responding to an urgent need’ (p. 194). 

The term ‘urgent’ tends to be interpreted as ‘immediate’, as in ‘immediate action is 

needed’, but Foucault’s discussion of his writings in Discipline and Punish (1979a) 

explained the context of the dispositif as a societal situation that extends over a period 
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of time. In this sense, the dispositif emerges with social change where there is a ‘need’ 

for stability, establishment of status quo, to support new regimes of truth. This is how 

the term ‘urgent need’ is interpreted for this thesis, and the ‘urgent need’ for the 

dispositif of contemporary Western science emerged at the time of the Enlightenment 

when the knowledge of Caucasian men gained primacy over all other knowledges. The 

dispositif of contemporary Western science produces and reproduces the social 

conditions that maintain a status quo whereby men’s knowledge is more important 

than that of women. Rational and logical thinking, masculine, is considered greater 

than the knowledge of women and other non-Western knowledge systems. The need 

becomes evident through unravelling of the dispositif, the interplay and interrelation 

of the elements and the mutual conditioning that produces and reproduces the 

dispositif.  

A different ‘urgent need’ is expressed through contemporary rhetoric about the 

problem of women and science, but this need is part of the conundrum as it brings 

attention to the problem of women and science. By perceiving the problem itself as an 

‘urgent need’, there has been great effort in terms of time and money to address the 

problem of women and science. In an age where there are discourses about gender 

equality and equity in the workplace, driven by a feminist agenda in a patriarchal 

society, there is a need for visible signs that tackle the social problem of women and 

science. The following chapter discusses initiatives and programs that have emerged 

to address this ‘need’ and will identify their role in the dispositif of contemporary 

Western science. The subsequent chapter will work through this with consideration of 

the three variables of power, knowledges and subjectivity to expand on the ‘urgent 

need’ addressed by the dispositif. 
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Chapter 6:  Stereotypes, solutions and subjectivities 

In the previous chapter, I critically analysed empirical data to demonstrate 

mutual conditioning of material and immaterial elements of the dispositif of 

contemporary Western science. In that chapter, I drew on the historical beginnings of 

contemporary Western science, discussed in Chapter 2, to describe the urgent need of 

the dispositif. The dispositif of contemporary Western science emerged at the time of 

the Enlightenment to produce and reproduce social conditions that maintain status quo 

whereby masculine European knowledge systems are considered primary to that of 

women and other cultural groups. The primacy of masculine knowledge, associated 

with men in a culture of binary gender traditions, became evident by unravelling the 

dispositif in Chapter 5. In the context of the dispositif, we are currently in an age where 

discourses of gender equality and workplace equity have been driven through feminist 

agendas in patriarchal societies, and there is a need for visible signs of initiatives and 

policies that tackle social inequities for women. Social changes through programs, 

policy shifts and other initiatives over decades have been relatively unsuccessful as 

shown by only minor change in the patterns of women’s engagement with science 

(Bell & Yates, 2015).  

In 2018, women continued to predominate in biological and health sciences, 

rather than the physical, and rarely held positions at senior levels of any science 

profession (Bell & Yates, 2015). Initiatives aiming to attract girls and women to 

science have been driven by the problem of women and science found in quantitative 

research. These studies have continually indicated that ‘we’, as defined by subsequent 

governments and highlighted in research, need to have more girls and women in 

science professions. What many programs do not address is that attracting girls and 
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women to science studies, particularly biological and health sciences, is not the crux 

of the problem (Archer et al., 2015). The problem, as presented throughout this thesis 

and backed up by national and international research, is the limited number of girls 

and women in physical sciences and at higher levels of authority in all science related 

professions. As discussed in the previous chapter, physical sciences such as 

mathematics and physics, have generally been considered masculine, and related 

professions such as engineering, are almost always governed by men. This has 

developed in the context of what Foucault considered a disciplinary societal structure 

(Elden, 2017). 

The primary contention of this thesis is that the social conditions, including 

policies and programs, that produce and reproduce the problem of women and science 

have not been well examined. There has been even less critique of the policies, 

programs and initiatives established to address the problem, often at the grass roots 

level as well as through governance. Without such critique, solutions may well 

contribute to the problem through subjectification of both girls and women in the 

feminine, and of science knowledges in binary gender categories. The aim of this 

chapter is to draw on participant data and critical literature review to examine 

established innovations and solutions to the societally defined problem of women and 

science.    

That females are subjectified as girls and women through social processes has 

been discussed by several feminist theorists over decades (e.g. de Beauvoir, 1973; 

Butler, 1990b). The role that women’s networks, policies and programs play in 

subjectifying girls and women will be demonstrated in this chapter through critical 

analysis of interview and focus group data. The focus will be on subjectification in 

relation to science knowledges and engagement in science education and the science 
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workplace. I argue that ‘solutions’ to the problem of women and science work as both 

material and immaterial elements in the dispositif of contemporary Western science. 

While they affect an appearance of ‘helping’ they actually reproduce aspects of the 

problem through mutual conditioning.  

Once again, I draw on Foucault’s Discipline and Punish (1979a) to demonstrate 

how solutions can work within a specific social apparatus37 to reproduce the very 

problem they aim to address. In Foucault’s discussion, prisons as a solution for the 

problem of criminality, produced and reproduced discourses that worked to highlight 

that particular problem and thus the need for prisons. Solutions for the problem of 

women and science can work to produce discourses that highlight and perpetuate an 

essentialist view of binary gender based on biological sex characteristics. In short, the 

discourses, programs and initiatives tend to conflate the terms gender and sex as having 

the same meaning by reinforcing binary sex/gender stereotypes. These include several 

initiatives and programs that aim to attract and retain women in science through 

appealing to female stereotypes, thus reproducing social constructs of gender based on 

sex rather than challenging gender norms in society.   

That more complex and strategic thinking about potential solutions is needed to 

address the problem of women and science has been outlined in previous studies (e.g. 

Sinnes & Løken, 2014; Archer et al, 2017b). These authors suggest that too often 

research focuses on women as central to the problem rather than addressing underlying 

assumptions, particularly about gender construction.  

                                                 

 
37As discussed previously, the dispositif of contemporary Western science sits within and overlaps 

with other social apparatus, and, in particular, the social apparatus for gender categorisations in 

western social contexts. 
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Francis et al. (2017) and Archer et al. (2017b) assert that since gender is socially 

constructed, more complex social analysis would enable understanding of how 

subjectivity and other societal elements work to produce and reproduce the problem 

of science and women. Following this, there are three main points for discussion in 

this chapter. First, the stereotyping of women and scientists. Second, the role of 

women’s networks in producing and reproducing the dispositif of contemporary 

Western through stereotyping of women and scientists. Third, women’s strategies for 

entering and staying in science workplaces despite sexism and stereotyping operations 

of the dispositif. 

Stereotyping women and scientists 

Most programs aiming to attract and retain women in science are based on 

socially constructed ideas about sex and gender with limited attention to social 

contexts in terms of class, race’ and gender. Contemporary Western society tends to 

attribute sex/gender based on a biological sexing and individuals can find it difficult 

to fall exactly into the limited categories of girl/boy and woman/man. In this context, 

girls who are attracted to a science education and career, with the dominant 

associations of cleverness and masculinity, must undertake significant identity work 

(Archer et al., 2014; 2017a).  This is particularly highlighted when other factors such 

as ‘race’, class and culture are considered, since research indicates that the options for 

girls from working class and/or non-Caucasian backgrounds are greatly reduced 

(Archer et al., 2012b; Francis et al. 2017). In short, the workings of social apparatus, 

gender dispositif, and dispositif of contemporary Western science promote binary 

gender based on sex and associated stereotypes that tend to reflect women from 

Western European origins who are middle-class.  
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Some participants suggested that stereotypical images of science and science 

workplaces were limiting since they did not match easily with the perceived role of 

women in Western culture. Women considered this stereotyping of girls/women in 

most industries as a hindrance for women participating in science-related professions. 

Ashley suggested that science has been misrepresented through social practices that 

create a barrier for women who might otherwise take on engineering, and other male 

dominated professions.  

For me it’s trying to understand what the barriers are for girls and women to 

take on-board these [so-called masculine] roles and studies…for engineers 

they think that you’re stuck on an oil platform. (Ashley)  

Ashley proposed that challenging the stereotype of careers and workplaces was 

more important than challenging stereotypes of sex/gender. She suggested that girls 

and women would be more attracted to science professions if education challenged 

these career stereotypes. As a highly successful chemical engineer in a high-level 

position in a mining company, Ashley felt she was able to fulfil the role of woman and 

scientist without any problems. Other people, particularly other women, had problems 

at the idea of her working in remote areas in masculine dominated environments.  

 …they think that you’re unsafe stuck on an oil platform, if you want to be out 

in the Pilbara, or you know, in the middle of the Northern Territory digging 

rocks and stuff like that…you have great accommodation and you’re safe. But 

they don’t know that. (Ashley) 

Many other participants had felt unsafe in remote areas, as discussed in the 

previous chapter. However, Carrie agreed with Ashley that changing the message 

about science professions and workplaces could attract diverse groups to engage in 

science and related professions. Changing the stereotype of these professions could 
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also be enhanced by attracting more women in to what were considered masculine 

professions generally, according to Carrie and Ashley. They suggested that shifting 

the focus from professions that required university studies to Vocational Education 

and Training (VET) sector jobs as an entry point to careers could be successful. Their 

reasoning was that by increasing the number of women working in non-traditional 

trades, the image of the manual and physical worker could change and more women 

would advance through the system to become engineers and other related professions. 

I think it is important whether it’s science and engineering or whether it’s 

fitters or boilermakers or electricians, that if we want more women and a 

diverse workforce, and particularly at the more senior levels, they have to 

come through from the junior levels. They could do their certificate and then 

work up to diploma, degree etc. (Ashley) 

Carrie also suggested that encouraging students to science through the VET sector 

would be effective in providing an alternate pathway for those girls and women who 

had not been able to access science education through the school system. 

In the school system science is often considered something studied by ‘smart 

people, and yet it is relevant to everyone and ideally would be accessible for 

everyone through education…science is something most of us already 

‘do’…VET makes it more accessible… (Carrie) 

The idea of attracting women into VET courses and then encouraging them to 

further tertiary study was not emphasised or taken up for discussion by other 

participants. Both women who raised this as a possibility had been employed in 

professions where many of the workers came from the VET sector, such as mining and 

horticulture, therefore they had more awareness of different pathways to science and 

science related professions than other participants. Ashley suggested that further 
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research on this possibility would be of interest in the mining industry since they 

generally worked to create a diverse and inclusive working environment. She thought 

that they would be particularly interested since women had good reputations when 

working on mine sites.  

I don’t know if anyone has ever done any studies but it’s generally perceived 

that women are better at operating equipment, I mean, that gets commented 

on in the mining industry all the time. (Ashley) 

When questioned about this further Ashley said she wasn’t sure but thought they 

tended to be more careful and generally “lighter” on machinery than their male 

counterparts. Ashley was demonstrating her tendency to stereotype women in her 

statements while challenging the stereotype of masculine professions. Some jobs 

would benefit from diversity of sex/gender according to these scientists, but their 

statements reinforced the binary gendering of individuals and tended to reproduce the 

essentialisation of women as a naturally occurring social group. This was particularly 

true for Ashley who commented that women tend to take more care because they are 

“lighter” with the machines. Any tendency for the cognitive differences between girls 

and boys described by science teachers in Chapter 5 was not recognised by either of 

these participants. Both Ashley and Carrie considered any study and profession within 

the capability of girls and women as long as they were provided with the social 

circumstances to support them. As industry-based professionals both had opinions 

about encouraging diversity in the workplace and generally favoured setting targets to 

“force the change”. They agreed “It’s not just about the target, but the ‘mind-set’ and 

culture of male dominated professions and trades to keep females out of the labour 

market”. (Ashley). The ‘mind-set’ that Ashley referred to was one that connects gender 

and ability in terms of skills and knowledge as detailed in Chapter 5. It is also where 
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the social conditions of the dispositif of contemporary Western science are formed and 

reformed through mutual conditioning.  

The process of mutual conditioning of material and immaterial elements 

supports the production and reproduction of binary gender stereotypes based on sexual 

characteristics but this has been found to vary between diverse cultures. For example, 

Camille grew up in France but moved to Australia with her husband and young family, 

to undertake climate research as an ocean physicist. She observed that her efforts to 

avoid hyperfeminine influences for her daughter had been very challenging because of 

driving social pressures in public areas. 

Here [Australia] it is so huge, little girls with fairy wings and fluffy skirts, they 

are everywhere and during the weekend you can see the little girls they are 

dressed up as fairies in the street and little boys are dressed up as superheroes. 

(Camille) 

Camille felt her daughter had experienced bias since she tended to dress her in gender 

neutral clothing but even when she was wearing a skirt was asked if her child was a 

boy, because the skirt was blue. The physicist said it was very difficult to maintain her 

gender-neutral position for her daughter because of social pressures. 

…she was called little boy and she has got short hair too because it’s not 

growing so she is called little boy because she is not in pink. I think it’s quite 

big, the colour coding [of children] here in Australia. (Camille) 

‘Colour coding of children’ can be problematic since most colours have complex 

associations with personal and social characteristics (Von Taschitizki, 2006). 

According to Von Taschitizki (2006), pink is associated with stereotypical feminine 

features, softness, delicacy and innocence. The associations also vary with the age of 

the individual, pink has connotations of vanity, sexuality and lust in adulthood (Von 
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Taschitizki, 2006). Koller (2008) concluded that pink had been popularised in a post-

feminist38 context and continued to reinforce traditional feminine values and social 

norms. Pink, therefore, as a ‘colour coding of children’, is a social means to reproduce 

binary gender character associations through mutual conditioning of material and 

immaterial elements of the gender dispositif, which overlaps with the dispositif of 

contemporary Western science.  

Through interrogation of participant data in relation to the dispositif of 

contemporary Western science in the previous chapter, several points of interest about 

subjectivity were identified. These were that binary gender categories are based on 

biological sex; knowledge is associated with either masculinity or femininity; and that 

girls/women and boys/men are expected to associate with knowledge systems that 

reflect their sex/gender categorisation. These ideas have emerged within the dispositif 

as ‘truths’ about gender and knowledge, which are produced and reproduced through 

mutual conditioning of elements. Media and popular culture have been identified as 

material elements in the dispositif. According to McIntosh (2014) and Steinke (2005), 

these mechanisms have provided a channel where traditional roles for male and female 

have been perpetuated, particularly in relation to science and scientists. 

The portrayal of scientists in media and popular culture was commonly raised 

by participants in focus groups and individual interviews, particularly the very popular 

comedy show, The Big Bang Theory. This show featured seven main characters, four 

male and three females, and while the focus of the show was on relationships, it was 

set in the context of nerdy scientists. The men were predominantly physicists, except 

                                                 

 
38Post-feminism as a term emerged in the 1990s in mass media which claimed that feminism was 

irrelevant, unpopular and not reflective of the needs of modern women, these claims are generally 

unsubstantiated in research (Hall & Rodriguez, 2003). 
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for one engineer, two of the female protagonists were biologists and the other was a 

waitress who had failed at an acting career but found happiness as the wife of a 

physicist. This character was generally viewed as the most feminine and attractive 

compared to her scientist friends. This is interesting because it suggests that the level 

of femininity and attractiveness for women tends to reduce with intelligence. This 

resonated with participant data that suggested that being clever as a girl or woman was 

at a cost to femininity. The neuroscientist, Amy, was often the subject of comedy as 

she attempted to appear attractive and feminine while Bernadette, the microbiologist, 

was attractive, she was cast as less attractive than the physicist’s wife. Relating back 

to discussion in Chapter 2, which recognised a hierarchy of knowledge and prestige in 

science professions, it was noted that neurosurgery was more highly regarded than 

microbiology.  

While the show is well regarded as a tool to disseminate positive ideas about 

science (Li & Orthia, 2016), it can also be seen to support gendered science relations 

through the strong association of the physical sciences and high intelligence with the 

male characters (McIntosh, 2014). According to McIntosh (2014), the show initially 

appeared to challenge stereotypes but ultimately it reinforced the social status quo 

about scientists and gender. Such associations between physics and masculinity and 

biology and femininity in the context of the dispositif were detailed in Chapter 5. The 

emphasis here is on subjectification of girls/women through stereotyping in media and 

popular culture. 

During a conversation with Sarah, we toyed with the idea of changing the gender 

stereotypes in the show. Sarah was doubtful and thought that the success of the comedy 

depended on the emotional ineptitude of the ‘nerdy’ male characters. These were not 

characteristics that she considered would fit well with women. This was an interesting 
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contradiction. Sarah considered herself a woman scientist (through her response to a 

call for research inviting women scientists to participate) but she revealed through the 

interview, that she related more to men, and was not the “average woman” and 

preferred to be in men’s company since she did not really “get” women. When I asked 

who she related to most in The Big Bang Theory she responded, “Sheldon”, the main 

male protagonist. Despite this, Sarah was amused by the idea that Sheldon could be 

played by a woman. 

It probably wouldn’t work because Sheldon would be a woman as well…she’d 

get emotional as well. It probably wouldn’t work. (Sarah) 

Sarah is like many of the women in this research, in that even if they can analyse 

the social situation to some extent, they remain complicit and continue to play a role 

in the production and reproduction of the required social conditions for the dispositif 

of contemporary Western science. Sarah did this by complying to the label ‘woman’ 

since that has been socially assigned to her but then detached from any of the attributes 

associated with the term ‘woman’. This was common with other physicists Anna, Ruby 

and Chloe who also considered themselves to be women but felt they were different 

from the usual woman because they did not fall into the stereotype of what was socially 

regarded as woman in a Western cultural context. 

Most participants generally accepted the stereotypical male and female 

associations with physical sciences and demonstrated that they had embodied a way 

of thinking that prevented them from critiquing and potentially seeing the nature of 

their social situations. The women were demonstrating a ‘will to truth’ and the false 

consciousness described in Chapter 5. Sarah demonstrated the false consciousness in 

her belief that women and men were different based on their sexual characteristics, 

with women labelled as emotional, even although she did not consider herself to fall 
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within this category. The will to truth and false consciousness are integral to the social 

conditions that produce and reproduce the dispositif of contemporary Western science, 

with media and popular culture playing an interesting role even beyond sitcoms.  

Recent studies of scientists in popular culture shows apart from The Big Bang 

Theory, found it was a trend to feature male scientists more often than female scientists 

(Steinke, 2005; Long, Steinke, Applegate & Johnson,, 2010). This was despite a first 

impression that all the characters had similar air time. Steinke (2005) also observed 

that overt and subtle forms of discrimination occurred in the interaction between 

women scientists and their male colleagues and this reinforced a mind-set that related 

sex to binary gender and science disciplines. Even Sarah, who can easily imagine 

women in the role of physicist, tended to sex/gender stereotype as demonstrated in the 

previous discussion, by considering women to be quite different from men, more 

emotional and therefore not capable of the rational and logical thinking required of a 

physicist. 

Stereotyping people to a binary gender position means that ultimately, they are 

more able to work comfortably in a social situation that is more congruent to their 

assigned sex/gender. This was demonstrated by participants who often found they were 

discouraged from engaging in study and careers because of strongly masculinised 

environments. For example, the hypermasculine culture of the engineering profession 

had discouraged Chloe and Natalie and this was a major factor in their career decisions. 

I changed my mind about that when my physics teacher sat me down and said, 

“Look, you can do engineering, you will be amazing at it, but I think you will 

be happier if you do maths and physics, because in maths and physics, you’ll 

be around people with brains. If you do engineering, you’ll be around people 

drinking beer”. (Chloe) 
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Chloe’s experience demonstrated how discourses about the culture of engineering 

work to discourage females socialised as girls/women from studying or working in 

that profession. Sometimes the lack of girls/women in the environment denoted a 

masculine culture and discouraged engagement in study or work, as demonstrated by 

Natalie. 

I was considering doing engineering like when I went to uni. But it did kind 

of put me off the fact that not many girls did it, like it really did. (Natalie) 

Natalie expanded on this statement by explaining that the masculine dominated 

environment would be uncomfortable, a common experience for females who have 

been socialised as girls and women. Women participants also demonstrated this 

through their experiences of overtly sexist behaviours and sexual harassment discussed 

in Chapter 5. These experiences led participants to believe that significant social 

change would be required to address the problem of women and science.  

Most women recognised that stereotyping of both science knowledges39 and 

gender40 were hindrances for girls and women who would be interested in studying 

and working in science. This was interesting since most of the participants, particularly 

the science teachers, tended to unquestionably relate gender to biological sex and 

attributed sex/gender characteristics to knowledges and cognitive skills. Despite 

expression of these ideas and beliefs, discussed in Chapter 5, at some level the 

participants could identify that social factors were also influential in determining 

                                                 

 
39That is the masculinisation of physical sciences and feminisation of biological and health sciences 

discussed in Chapter 5. 
40As discussed in Chapter 5, this relates to the binary categorisation of gender based on sexual 

characteristics and associations with socialised gender roles. Women and girls’ patterns of 

engagement with science are reflective of socialised gender patterns of behaviour. 
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sex/gender and knowledge relations, which were then demonstrated in the professional 

science work environment. 

The social factors and stereotyping of knowledge and gender will be important 

for analysis of current initiatives and programs that aim to redress the problem of 

women and science. That sex/gender stereotyping is considered a contributor to the 

problem of women and science indicates a need for initiatives and programs to address 

cultural and social factors that influence gender identity formation. This could in turn 

challenge the association of sex/gender with different knowledge systems, for example 

the relationship of nature to the feminine and physical sciences to the masculine as 

previously discussed. A review of some of the initiatives and programs within 

Australia and overseas has indicated that initiatives aiming to address the problem of 

women and science do not necessarily address societal norms about sex and gender.  

Programs and initiatives 

Previous research has highlighted that programs aiming to address the problem 

of women and science usually occur in gendered environments and tend to work on 

the basis that women need to change to suit the discipline or the institution, rather than 

the contrary (Fox, Sonnert, & Nikiforova, 2011). Other authors have questioned the 

advantage of having the programs at all if they do not address, and might even 

reinforce, gender bias and the associated behaviours that are evident in the culture of 

Western science (Cohoon, 2006). This is particularly true where certain programs 

promote stereotypes in a very public forum (Archer et al., 2014) as occurred in the 

following programs.  

The L’Oreal-UNESCO For Women in Science program (L’Oreal-UNESCO, 

2017a) claimed to ‘encourage young women to enter the profession and to assist them 



 

 

Chapter 6: Stereotypes, solutions and subjectivities 221 

 

once their careers are in progress’ (L’Oréal-UNESCO, 2017a). This was achieved 

through the provision of fellowship awards (see Figure 6).  

 

 

 

 

 

 

 

 

 

Figure 6: 2017 L’Oréal-UNESCO For Women in Science Fellowship awards. Reprinted from website 

Foundation L’Oréal. Retrieved on 15 March 2018 from https://www.forwomeninscience.com.au/ 

Figure 6 shows 2017 award recipients at the ceremony held at the Sydney Opera 

House. Over the past five years, Australian winners have been predominantly early 

career researchers working as biological scientists and thus representative of the 

majority of women currently employed in science professions. Of the winners depicted 

in Figure 6, four of the scientists were undertaking health-related research and the other 

was a quantum physicist. The scientists were interviewed in online promotional 

videos, which showed the women in stylized feminine environments. Surrounded by 

coloured lighting and vases of flowers, the women talked about their lives as scientists 

and women (Figure 7).  
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Figure 7: Compilation of images extracted from promotional videos of 2017 Fellowship recipients for 

L’Oréal-UNESCO Women in Science awards. Retrieved on 15 March 2018 from 

https://www.forwomeninscience.com.au/fellows 

During the interviews, two of the women promoted the importance of 

motherhood in their work as scientists while highlighting the difficulties of combining 

a scientific career with family life. Balancing family life and motherhood as an element 

in the dispositive of contemporary Western science will be discussed later in this 

chapter.  

While the statements of family and motherhood remind the listener of the 

traditional roles of women in Western societies, the visual cues remind the reader of 

the femininity of the women receiving the awards. Images of women scientists work 

with other marketing strategies to promote the brand as supportive for women. When 

I was travelling through Paris in 2015, I was surprised to find myself surrounded by 

L’Oréal-UNESCO Women in Science promotional material at Charles de Gaulle 

airport (Figure 8).  
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Figure 8: L’Oréal-UNESCO Women in Science promotional material exhibited at Charles De Gaulle 

airport, Paris, 2015. Reprinted from Watson, S. (2015). Aeroports de Paris celebrates women in 

science, Frontier. Retrieved from https://www.frontiermagazine.co.uk/news/airport/aeroports-de-

paris-celebrate-women-science-16-03-2015/ 

The images depicted women scientists, but they also reminded viewers that 

L’Oréal was a highly stylized brand aiming to sell their products to women. When I 

entered the L’Oréal website to access the Women in Science program, I was reminded 

that ‘women need beauty for a better life’ (Figure 9). Further investigation into the 

website revealed that, while the apparent aim of the Women in Science program was 
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to showcase the fellowship awards, the images produced were glamorous and feminine 

rather than demonstrating the life and work of the women scientists. According to the 

L’Oréal company’s website, their core business is as a ‘world leader in beauty’ 

(Foundation L’Oréal, 2018) so it was not surprising that these awards would be used 

to promote the beauty industry. Through their marketing of the beauty products and 

the Women in Science awards, L’Oreal promoted both beauty and equity for women 

through glossy advertisements showing that women could be both a scientist and a 

feminine woman. Through this approach, the program failed to challenge Western 

concepts of either beauty and sex/gender, or of women and science. In the public 

domain women were presented as primarily biologists and as feminine thus producing 

and reproducing a stereotype of women scientists. 

Figure 9: Website banner for Foundation L’Oréal. Adapted from website, retrieved on 15 March 2018 

from https://www.fondationloreal.com/posts/revivez-la-remise-des-bourses-france-l-oreal-unesco-

pour-les-femmes-et-la-science-2015/en 

Despite these issues, the program has been considered useful for women 

scientists since it provides financial support over a one-year period for them to kick 

start research by paying for equipment, research support, travel and childcare. In 2017 

the company offered four fellowships worth AUD25,000 each for Australian women 

scientists and a further fellowship allocated to a New Zealand winner. The program 

aim ‘to encourage young women’, represents a discourse that works with material 

elements within the dispositif of contemporary Western science to highlight two main 
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points. First, that women need ‘special’ support to become successful in science, and 

second, that most women scientists are biologists. The dispositif has three dimensions’ 

power, knowledge and subjectivity, within which mutual conditioning of elements 

works. Programs such as L’Oréal-UNESCO For Women in Science function to 

produce and reproduce associations between subjectivities and science knowledge by 

representing women scientists as biologists in the context of the beauty industry, which 

promotes stereotypical images of beauty for young women.  

The idea that ‘special’ support is required for women in science is a discourse 

that is driven by the material images of the marketing material, which in turn produces 

and reproduces the discourses that provide a need for the program. In the context of 

the program, young women in Years 9-12 of secondary schooling were provided with 

the opportunity to meet the award-winning women scientists through the associated 

Girls in Science program (L’Oréal-UNESCO, 2017b). In promotional material for 

both programs, all women and girls were professionally made up, presumably with 

L’Oréal cosmetics41. The effect of support and marketing from L’Oréal enabled the 

participants’ subjectivity as girls/women to be influenced by the beauty industry. The 

girls being influenced were often in the social class and culture most represented by 

women in science (Figure 10), Caucasian and middle class. There was little evidence 

that girls/women in working class and/or non-European cultures were part of the target 

group for this program.  

  

                                                 

 
41 The program serves to promote western concepts of beauty and women since publicity ultimately 

advertises products of a European cosmetic industry which sells this brand of image. 
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Figure 10: L’Oréal-UNESCO Girls in Science promotional material showing girls from a private 

school in New Zealand. Adapted from L’Oréal New Zealand website. Retrieved from 

/https://www.loreal.nz/csr-commitments/loreal-new-zealand-corporate-social-responsibility/girls-

science.htm. 

As with other programs and initiatives, L’Oreal-UNESCO For Women in 

Science was driven by the problem of women and science through mutual conditioning 

between material and immaterial elements of the dispositif. The existence of the 

program both produced and reproduced discourses about women, science and the 

relationship between the stereotypical woman and stereotypical scientists. While it has 

provided the support that some participants see as essential for women scientists, it has 

not acknowledged that attracting girls and women to science studies, particularly 

biological and health sciences fails to address the key elements in the problem of 

women and science (Bell & Yates, 2015). Other programs also produce and reproduce 

strong links between girls/women and femininity, even when they are initiated by a 

public body rather than private industry.  

One campaign that was very well publicised at its inception, Science, it’s a girl 

thing, was sponsored by the European Commission in 2013. In an attempt to attract 

young women to science, the program used images of femininity like those found in 

many 21st Century glossy magazines, on its website and promotional material. The 

campaign commenced with a video launch featuring girls in high heels and lipstick 

https://www.loreal.nz/csr-commitments/loreal-new-zealand-corporate-social-responsibility/girls-science.htm
https://www.loreal.nz/csr-commitments/loreal-new-zealand-corporate-social-responsibility/girls-science.htm
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doing ‘girly’ things and strongly promoting socially normative stereotyping, and even 

sexualizing, of girls and women (Dimitriadi, 2013) (Figure 11).  

Figure 11: Compilation of images extracted from Science, it’s a girl thing promotional video42. 

Adapted from Citizen, D. (2018). Mix – Science: It’s a Girl Thing, Retrieved on 15 March 2018 from 

https://www.youtube.com/watch?v=GMOqpxlW66E&list=RDGMOqpxlW66E&t=1. 

The video prompted an outcry from feminists and prominent researchers who 

argued that it strongly reinforced stereotypes of women doing ‘girly’ things in high-

heeled shoes and painted toe nails (Whitelegg, 2012). Moira, a physicist who had seen 

early promotional material for the campaign, complained that it “peddled in exactly 

the stereotypes that people like myself are trying to work against”. The European 

campaign awakened her memories of trying to reconcile femininity, intelligence and 

her love of physical sciences when younger. Moira was concerned that the campaign 

message put pressure on girls to be ‘girly’ while maintaining an interest in science 

rather than simply being who they are without these societal pressures.  

                                                 

 

42The video was removed from the promotional material within a day of release due to social outcry 

but is still available on youtube.com. 
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Younger participants thought that the campaign might work to change the 

stereotype of scientists by showing girls and women that it is possible to be feminine 

and a scientist. For example, Brianna, who was studying science at the time of 

interview, had seen the short video and while she described it as more like a “make-

up commercial than a career video” reasoned that this was a positive thing. 

It [the video] is like what an ideal lifestyle would be, you know they are 

dressed up, they have their hair all nice, which you don’t often see in scientists, 

like normally they [scientists] don’t really care about their looks. That video 

it changed that idea around, it is like you can still do that in science, you can 

still be an idealistic [sic] woman. (Brianna) 

When Brianna talked about scientists, particularly women scientists, she was 

clearly in awe of them and her stereotypical woman scientist was a biologist who did 

not have the time to take care of her physical appearance. Her comment about scientists 

not caring about their looks was said with respect, and with the understanding that 

these women were beyond that, they had more important things to concern them. 

Despite this, Brianna’s idealistic vision of any women was to be attractive and well 

presented, to demonstrate femininity. This was reinforced by this program with its 

vision of the feminised science workforce. This works within societal constructs of 

disciplinary power and gendered knowledges, which subjectify girls/women who 

would be scientists by mutual conditioning. Material elements such as feminine images 

of women biologists, interplay and interrelate with immaterial discourses about 

femininity and gender identities to produce and reproduce a certain vision and 

idealised status quo in science workplaces and the traditional role of women. Moira 

and Sarah, both physicists, were concerned that the campaign was at odds with the 

intellectual pursuits required to be a successful scientist. 
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There were two main points of interest here that work within the dispositif of 

contemporary Western science to produce and reproduce societal disconnections 

between women, femininity and intellectual pursuit. Firstly, discourses that femininity 

and associated knowledge systems are ‘girly’, ‘silly’43, less serious than masculine 

characteristics and pursuits, works with material images such as those from the 

L’Oréal-UNESCO and the Science: It’s a girl thing campaign. Such discourses work 

through mutual conditioning with scientific statements about sex and gender and 

philosophical propositions that maintain traditional societal roles for women in caring 

and nurturing positions. Such positions are often unpaid and not counted in labour 

statistics of most countries44. The second point that being feminine in the ways peddled 

by these programs is not considered in keeping with serious intellectual pursuit, adds 

complexity since it provides girls and women with the options to be feminine or to be 

a ‘serious’ scientist. Ultimately, no matter how you view these programs, the social 

situation has remained unchanged and unchallenged and the problem of women and 

science persists.  

The two programs described here primarily support girls and women to be 

stereotypical women and biologists, and by doing so support a status quo that 

associates girls and women to femininity and related knowledge systems and skill sets. 

As such, the programs ultimately become elements within the dispositif of 

contemporary Western science since they produce and reproduce discourses that 

mutually condition material elements. If we step back to Chapter 5 and the overview 

of Discipline and Punish (1979a), Foucault demonstrated that the material structure of 

                                                 

 
43 Drawing here on discussion of ‘silly’ as a discourse in Chapter 5. 

44 A recent paper from Wheatley et al. (2018) reports that women still perform significantly more 

unpaid work than men in most societies.  
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the prison produced statements about criminality, which then produced forms of 

visibility that reinforced the need for prisons. I argue here that the material structure 

of these programs produced statements about women and science, which produce and 

reproduce forms of visibility that reinforce the need for the programs. In short, the 

programs produced images and stereotypes that reinforced the connection of 

femininity to girls and women in a society that considers binary gender identities as 

the social norm. In doing so, they promoted the image of ‘acceptable’ girls/women as 

nurturing caring beings, and any stepping outside of this perceived norm would mean 

that the individual is not meeting the social needs of womanhood. 

The impact of these programs has been significant since societal pressures to be 

feminine often outweigh individual girls’ interest in being a physical scientist due to 

masculine associations. This is not generally a conscious process; there is limited 

agency in this aspect of subjectification. Sarah and Moira demonstrated some degree 

of agency since they were aware that they had somehow challenged subjectification as 

feminine in their work to become physicists. Sarah questioned the social stresses that 

encouraged girls to be feminine and considered herself ‘lucky’ since she was not drawn 

to be “ultrafeminine” when growing up, like some of her peers. This awareness was 

demonstrated by both physicists when they insisted that science should not change to 

appear feminine in a bid to attract girls and women to study. Instead, both participants 

advocated for a more egalitarian society that allowed people to be “however they are” 

(Sarah) without feeling isolated or lonely because they were different from people in 

their class or other social circumstances. Being “however they are” would require 

significant agency for individuals to make decisions unhindered by social norms of 

sex/gender and traditional roles. These roles have been perpetuated by socialisation 
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processes that allocate sex/gender based on biological sex and ultimately feminise 

female children. 

Some of the participants, predominantly professional scientists rather than 

science teachers, expressed concern that girls were socialised to be feminine to the 

extent that they “dumbed” down their cognitive abilities because it would be 

considered unfeminine. For example, Sarah, who had previously disclosed that she 

grew up feeling “different” and described herself as “very far from normal”, had 

experienced acceptance in her small rural community but this had changed when she 

left home to study physics in a city. During the period that she studied physics, she 

was acutely aware that she was different and smarter than other young women in her 

peer group and she admitted having to hide part of herself or face isolation. 

They used to ask what I did, like down the pub and stuff like that so I’d say, 

‘Oh, I just work at Woollies’. And that would be okay. But if I told them what 

I did, then no-one would talk to me. (Sarah) 

Jennifer, a mathematician, also experienced social isolation, especially at school where 

she was considered too intelligent for a girl. 

I didn’t actually like science at high school, I went to a rural high school where 

if you were an intelligent woman you’re obviously a lesbian. Intelligent 

women were not really encouraged so science was a boys’ subject. (Jennifer) 

Jennifer, Sarah and Jodi had experienced isolating workplaces based on their 

gender. The social isolation experienced by Sarah and Jodi was, in their opinion, 

related to their decision to work as scientists and take on a role that was not 

traditionally associated with girls and women. Jennifer considered that this type of 

behaviour was instrumental in discouraging girls and women from science and other 

professions considered to be ‘un-feminine’. As an intelligent girl who excelled at 
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science and maths, Jennifer was considered abnormal, less feminine and her sexuality 

was brought into question. These experiences demonstrated the production and 

reproduction of binary positions and relationships of sex/gender with certain 

knowledge systems as discussed in Chapter 5. For example, physics was considered 

smarter than biology; physics was more logical and rational therefore masculine; and 

biology involved caring and nurturing so feminine. Sarah and Megan suggested that 

programs that promoted intelligence and challenged female stereotypes would be more 

effective than the programs discussed earlier. According to Sarah, this would 

ultimately allow girls to express who they were rather than getting caught up in what 

they were supposed to be. This was demonstrated to some extent by Camille’s 

experience discussed in Chapter 5. 

She was pushing us, leaving more than half the class behind, just two or three 

of us were able to follow her. It was one of the first times I was able to do 

that...It felt good. (Camille). 

It was this experience that demonstrated to Camille that she could achieve well, that 

she was intelligent, and this was instrumental in her progressing to study physics and 

become a professional physicist. 

Realising that you are intelligent enough to study different sciences is important 

since it challenges societal expectations and disrupts the dispositif of contemporary 

Western science. The dispositif supports the association between cleverness and 

masculinity, physical sciences and masculinity and thus cleverness and physical 

sciences. Negotiating these social expectations and norms in a binary gender system is 

part of the subjectification process and leads to limited options for all sex/genders. In 

the dispositif of gender, the option is for girl or boy based on female or male sex 

characteristics and this carries into the dispositif of contemporary Western science 
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with the strong associations of sex/gender to knowledge. Clever girls who are 

interested in physical sciences in this social system were seen to demonstrate 

masculine rather than feminine traits. To continue this path required significant 

internal negotiation for identity (re)formation since girls were expected to follow the 

binary associations of caring and nurturing and thus the biological sciences. Sarah and 

Moira considered that social influences discouraged girls to demonstrate acts of 

cleverness. The social feedback that they received was not encouraging so they worked 

to fit into a more acceptable model of themselves.   

Young girls are pressured into being a particular model of what they see, to 

be attractive to men or boys, or whoever, the world in general, you know. They 

need to be accepted into society. They feel that they need to look like this, so 

they do. They go out of their way to pretend to be dumb. I think it’s really 

difficult for young girls to break that peer pressure. (Sarah) 

Subjectification of female children into the feminine will be discussed in more 

detail in Chapter 7, particularly in relation to knowledge and power. What has 

happened in this social context is that female and male children have been allocated 

an apparently fixed gender identity based on sex (Hey, 2006). The gender identity may 

be incongruous with the individuals’ characteristics, as identified by Sarah, but this 

could be less of a problem for the individual if they were able to attain more agency to 

assert an understanding of their sex/gender. 

Several of the participants had been aware that some of their characteristics 

were not necessarily considered ‘feminine’ and had observed through their life that 

girls often received messages to be “less than intelligent than their potential” (Sarah) 

and to fit with feminine stereotypes. Some of the participants expressed relief at 

finding out that they were more intelligent than they had thought. 
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And so, I did well [in maths and physics] and it reassured me that maybe I 

wasn’t that stupid because you always feel like, like, women are good at 

biology, you know, looking after the dolphins and men do all the equations. 

(Audrey)  

While validation of their abilities was beneficial to these individuals, celebrating 

women’s intellectual success as a strategy to encourage women into science studies 

and professions could also work to reproduce stereotypes and discourses that produce 

and reproduce the problem of women in science. As an example, the mining industry, 

like other professional industries, has tended to acknowledge women working in non-

traditional fields of science through various initiatives, awards and network events. 

Sandra, an environmental scientist in a mining company, was awarded the prestigious 

Australian Mining Prospect Award: Mining’s Female of the Year. After receiving the 

award Sandra found she was regularly contacted by women’s science networks and 

invited to present and appear in media interviews. The outcome felt positive for Sandra 

since she became well known and had a celebrity status when she went to network 

events and industry conferences.  

I just got all these invitations to go and speak at places…People actually said 

to them: you can’t be holding a conference on case studies on water and 

mining or special speakers without inviting [Sandra]. I had good audience 

reviews, they said ‘you’re the highest mark speaker’. (Sandra)  

While this was positive for Sandra as an individual, this type of award strategy 

did not challenge societal norms that produce and reproduce the problem of women 

and science for two reasons. Firstly, Sandra’s popularity extended to industry women’s 

network gatherings or conferences rather than the general scientific community. 

Secondly, the visibility of a Woman in Mining without the binary opposition, Man in 
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Mining, produced women as a special case, the ‘Other’ in the mining community. The 

discourse of the mining industry was that women were encouraged through these 

events, but such initiatives could also function by ‘masking a practice which itself 

remains silent’ (Foucault, 1980b, pp. 194). In this case, the practice was that women 

were considered with other minority groups as ‘special cases’ for increasing diversity. 

We set expectations about diversity whether…whether it’s Indigenous 

employment or female employment. (Anna) 

The Women in Mining award is competitive and highlights that the awardee is the best 

woman in each field, a system commonly used to encourage educational achievement.  

During her higher education studies, Chloe received two awards at the end of 

her first undergraduate year as a science student, one award was for achieving first in 

chemistry over the whole year group and the other for being the ‘best girl in maths and 

physics’ (Chloe). The maths/physics award was worth more in monetary terms and 

was clearly aimed at encouraging women who were studying physical sciences. 

Despite this difference, Chloe regarded the chemistry award as a greater achievement 

since it indicated that she scored highest in chemistry against all students. 

…the physics one was worth a lot more than the chemistry one, but it feels 

like [more of] an achievement coming top in all of first year chemistry. 

Beating two girls in maths and physics, it felt like a hollow reward, great to 

devote money specifically to encourage girls. But then it just feels so hollow. 

(Chloe) 

Chloe explained that while she appreciated the intention of the award, she 

thought it worked negatively for women in science since it put them into competition 

with each other rather than encouraging mutual support. To the onlooker, the awards 

also highlighted the low number of women in some sciences and reinforced the idea 
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that girls and women need to be encouraged to enrol in the physical sciences. This is 

the dispositif at work with one element, the award, producing statements about women 

in physical sciences that perpetuate the need for the award through identifying the lack 

of women in the maths and physics programs. As with other ‘wicked’ problems in 

contemporary Western societies, these initiatives reinforced a deficit narrative that 

drew attention away from the social systems that produced and reproduced them. 

Programs, awards and women’s networks respond to the scarcity of women in 

science but also drive the discourse that there are few women in physical sciences. 

This has prompted governments to provide funding for quantitative research to 

investigate the problem, and the research has demonstrated that there is horizontal and 

vertical segregation of women in science professions (e.g. Bell & Yates, 2015). This 

then drives the need for policy and programs to address the issues. The complex 

interplay and interrelations in the dispositif of contemporary Western science have 

continued to unquestioningly produce and reproduce a social construct of gender. 

Women remain stereotyped and discourses of science knowledge that promote a ‘truth’ 

that girls are genetically determined to be carers and mothers, rather than physicists 

and engineers, has been perpetuated. In effect, historic and current attempts to resolve 

the segregation of women in science have tended to produce and reproduce the social 

conditions for the problem of women and science. 

Challenging these social conditions will be vitally important to disrupt the 

problem of women and science, however the programs described above have tended 

to reproduce the situation by perpetuating feminine stereotypes and highlighting 

segregation patterns as the norm. This means that they have continued to promote the 

idea that women scientists will rarely be employed in the physical sciences. This is 

important because, according to Young et al. (2013), girls and women were much less 
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likely to engage in science careers that were considered male professions. The result 

has been that girls and women continue to be attracted to biological and health sciences 

because they subjectify as the feminine with associated characteristics. Women have 

less opportunity for career advancement than men even in these professions, and often 

seek strategies and support for a more equitable workplace, commonly in the form of 

professional women’s networks.  

Women’s networks 

Professional women’s networks have been considered important to women’s 

social involvement and access to mentors and role models (Eisenhart & Finkel, 1998), 

which have been commonly reported to increase women’s opportunities for 

professional advancement. This has been common rhetoric about women’s 

professional networks, and, in some instances, significant funding has been provided 

to establish and support national and industry-based networks. In the following 

section, I will demonstrate that these networks become material elements of the 

dispositif of contemporary Western science as they interplay and interrelate with other 

elements to produce and reproduce the problem of women and science while 

presenting an illusion of support and advocacy for the subjects. These initiatives were 

seen to offer strategies for the high attrition rate of women from the science workforce 

but instead they have tended to highlight the problems and stereotype women and 

associated social roles. This is because the discourses that arise from the networks tend 

to further highlight women and science issues and, by doing so, could be in danger of 

normalising the working conditions of the female scientist. The discourses and 
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material presence of the network have also tended to support an essentialist45 view of 

women that has continued to drive sex/gender assumptions and related traditional 

social roles. These discourses will be demonstrated through discussion of national and 

local women’s science networks. 

The Australian national science women’s network at the time of this research 

was called Women in Science Australia (WISA) following a merger with WISENet at 

the end of 2015 (WISA, 2016). The national network aimed to ‘connect women in 

science, technology, engineering and mathematics (STEM) including health and 

medicine, across every professional sector (education, research, industry, academia 

and government) regardless of their profession’ (WISA, 2016). Membership of the 

WISA executive committee reflected women’s engagement patterns in the science 

workplace as most committee members were in biological and health sciences. This 

structure failed to challenge the connection of women scientists with biological or 

health science and the stereotypical image of women associations with caring and 

nature. This reinforcement of a ‘truth’, that women were more suited to the ‘caring’ 

sciences has been produced and reproduced through the images of the women 

scientists and the statements of their science professions and interests. 

The network also highlighted the common issues experienced by women in 

science professions and in doing so normalised the social conditions within which they 

occur. Sarah also thought that women’s networks normalised “being a certain type of 

female” at the expense of diversity and she had often felt alienated from the other 

women in network groups.  

                                                 

 
45This essentialisation of women differs from strategic essentialisation of FST methodologies applied 

in this thesis. There is tension about essentialising that requires consideration of both rationale and 

context. 
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I am very aware that I look like a man and there is a great deal of pressure for 

girls and women to comply to a certain model of the feminine. (Sarah) 

This had not made the workplace easy for Sarah as she battled to be identified 

as a person in the science workplace rather than being categorised either female or 

male. She felt much more comfortable working and communicating with men than 

women since she ultimately considered herself to be “very far from the normal 

woman”. Sarah still regarded herself as a woman by responding to this research but 

felt she had little in common with most other women. Sarah talked about her 

experiences in the mining industry and referred predominantly to industry funded 

networks. In contrast, Jodi’s experience had been in grass roots networks established 

by women experiencing difficulties in the science workplace. The trend for networks 

to produce and reproduce stereotypical images of women scientists persisted 

regardless the origins or supports in place. With this shared image of ‘women scientist’ 

there was also an assumption that women would experience the same problems, which 

would be pre-empted through the discourses of the network. This has been seen as a 

conundrum since the network aimed to provide a platform to raise awareness of 

common issues amongst women scientists (Raymond, 2013), but not all women had 

the same issues.  

Jodi had not shared the kinds of issues that affected other women and she had 

felt excluded from her local women’s network group, which comprised predominantly 

biologists. Most women in the group focused their discussion on balancing 

motherhood with balancing a career as a professional scientist. Members of the group 

shared experiences of maternity leave and breastfeeding and these were of no 

relevance to Jodi at that point in her life. At that time in her career, Jodi was working 

as a spatial scientist for a mining company and was experiencing difficulties with the 



 

240 Chapter 6: Stereotypes, solutions and subjectivities 

 

male dominated workplace. For this reason, she had gone to the network meeting 

hoping to find some support and strategies to cope with her situation. Instead, she 

found that most of the women worked in less masculine environments with more 

female colleagues, although as usual the boss was commonly male. While Jodi 

considered the issues discussed at the group as important, she could not understand 

why women with partners seemed to be taking all the responsibility for childcare rather 

than sharing. At one meeting she expressed this thinking, but it was not well received 

or further discussed. Eventually Jodi stopped attending the meetings as she felt lonelier 

as part of the group than when she tried to “go it alone”. Sarah had also felt isolated at 

women’s network meetings and like Jodi expressed frustration that childcare and 

family issues had dominated women’s group discussion. Both Jodi and Sarah 

considered this level of discussion as supporting societal status quo.  

I could never understand why women continually had to be the ones to care 

for family, surely feminism was not about women undertaking careers and 

looking after families, surely the aim was equity and equality in relationships 

so that men and women cared for children. (Jodi) 

Chloe, a physicist, was part of a focus group discussion and individual 

interview for the research. During the focus group, which was held as part of a regular 

women’s network at a national science research centre, Chloe had been relatively 

quiet, but she became much more animated during the individual interview. She 

indicated that the network groups seemed to be more important to women who were 

having children, but much less relevant to her. This network had been established by 

three women aiming to be proactive about some problems they were experiencing, 

such as loss of research time and associated publications because they had taken time 

off work to have children. The women did not consider these things as deliberate ploys 
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to hold women back, but reasoned that they had been disadvantaged because, 

historically, there were not many women in their situation as physicists and mothers. 

This relates to the discussion in Chapter 5 where the physical lack of women in 

physical sciences is a material element of the dispositif that mutually conditions 

discourses about the relationship of physics to masculinity.  

While the statement that there were few mothers in physics has been 

demonstrated in quantitative research (Bell & Yates, 2015), women in biological and 

health sciences also experienced the same issues when trying to balance motherhood 

and career advancement.  

The founders of this women’s network group, Jennifer, Audrey and Camille, 

were all mothers of young children and felt they benefited from a support group to 

drive issues related to motherhood. The discussion focus of the network group was 

relevant to women in most professions who have had difficulty balancing the required 

outputs for employment with maternity leave and caring for children. The 

commonality of these issues reflected societal norms, which have been produced and 

reproduced through mutual conditioning of elements in multiple dispositif. The 

dispositif of motherhood within which discourses about an essentialist group ‘woman’ 

mutually condition material elements of that dispositif has produced and reproduced 

the need for women’s groups to support each other. The presence of women’s network 

groups that focus on motherhood and childcare has produced discourses that reproduce 

the stereotypical and essentialist view of the group ‘woman’. Many members of the 

network had tended to regard them as essential because they provided a support 

mechanism and a place where women’s issues could be discussed and action taken. 

This was particularly in relation to parental leave and part-time working conditions, 

which many of the women had chosen to accommodate family situations.  
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The level of intersection between different societal dispositif becomes evident 

in the complex discussions about women’s network groups, their functions and 

intentions. The dispositif of motherhood, the dispositif of contemporary Western 

science and the dispositif of masculinity intersect to reproduce the situation that is 

evident here. Women subjectified as mothers and scientists were working in a 

professional environment where mutual conditioning had worked to produce and 

reproduce the problem of women in science. Women’s network groups were 

considered to be a support for the problem. Ultimately, they work to reproduce the 

problem since their presence provided a material element that drove discourses about 

the problem particularly in relation to motherhood, the ultimate status of being woman 

in most societies. The position of women in science workplaces was also established 

in the comment from one focus group session. 

We had a great forum about working part-time and some senior men came and 

talked about how they also worked part-time. By seeing that men worked part-

time and it’s okay, it made women feel less guilty about working part-time. 

(Jennifer with agreement from other women in network focus group). 

The invitation for male scientists to validate women’s choice to work part time 

indicated a reverence to masculinity. If it was OK for men to do it then it must be OK 

for us, despite the fact that men do not share the experience of motherhood and the 

role of fathers in childcare was not raised at any time during the conversations. That 

women deferred to men for guidance indicated a power relation established by the 

connection of knowledge to masculinity, since the scientists were all physicists or 

mathematicians. Jennifer, Audrey and Camille, co-facilitators of this women’s 

network, insisted that men were important at the meeting “because you are not going 

to effect change unless you’re talking to the men too”. While this revealed a 
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recognition that the problem was societal rather than just about women, it also 

indicated that men were considered important for resolution since they were in a 

position of power due to their numbers in higher level positions in the science 

workforce. In the case of physics, they were also regarded as the ‘true’ holders of the 

knowledge because of the strong associations established between masculinity and 

physical sciences through mutual conditioning as described in Chapter 5. Women find 

ways to cope and survive in these masculine workplaces and while some women find 

support from the women’s networks, many women have found other strategies for 

staying in the science workplace. 

Strategies for staying 

Some participants did not find women’s networks useful because, as expressed 

by Jodi in an earlier discussion, they did not discuss issues relevant to her, that is the 

problem of working in a strongly masculine workplace. To counter this, some women 

had downplayed their femininity in their workplace as a strategy for acceptance and 

safety. To achieve this, Jodi had tended to dress in a shirt and pants during her time 

working in the mining industry and the defence force, hoping that this would distract 

from differences rather than highlight them. 

I remember wearing a dress one day and feeling very inappropriate for the 

work even although I was in an office sitting at a computer…I felt too girly. 

(Jodi).  

In Jodi’s experience, the men she worked with responded differently to her when 

she dressed like a ‘girl’. When Jodi had dressed in masculine clothing she felt that she 

was more accepted in the workplace. Another interviewee, Audrey had also changed 

her dress style when working as a research scientist on a ship for six weeks with only 

one other woman in a crew of fifty. She had deliberately changed her appearance 
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because she did not want to be “like a beacon of light and attract them” or to be “seen 

as a woman”. 

What I did was wear big woolly jumpers, never put a skirt on, didn’t wear any 

makeup, didn’t wear any jewellery. I didn’t say anything silly girly. (Audrey) 

Audrey consciously downplayed her feminine subjectivity by excluding certain 

clothes, make-up and jewellery from her appearance and being careful to avoid ‘silly 

girly’ comments. In her statement, Audrey had revealed that she considered masculine 

traits to be more serious than feminine. The feminine is commonly seen as more 

frivolous and this was apparent in the Chapter 5 discussion.  

According to Irigaray (1985), by changing their dress and habits, both Audrey 

and Jodi assimilated to male subjectivity and in doing so became subjects. As 

discussed in Chapter 3, Irigaray (1985) proposed that the feminine, woman, has no 

subjectivity, particularly in relation to knowledges about physical sciences. Butler 

(1990a), also discussed in Chapter 3, takes a different view as she is particularly 

interested in subjectification processes in relation to gender.  In the examples provided, 

Audrey and Jodi adopt masculine performances as part of the process of 

performativity, that is becoming subject through successful and repeated 

performances. Both women found that in these circumstances the repeated 

performances were generally successful as their male colleagues responded differently 

as a result and their work as scientists was more effective Both women considered 

themselves to be more effective as scientists when they adopted these masculine 

performances while working in male dominated fields of physics and spatial sciences. 

The process of subjectification in this way does not end but is an ongoing process so 

that the women could become somewhat different when social conditions change. 
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 Irigaray (1985) has suggested that mimesis, described in Chapter 3, is one 

strategy that women could successfully apply to gain subjectivity in situations where 

feminine characteristics are not accepted. This was common practice according to 

Irigaray (1985), who asserted that the feminine does not have a subject in Western 

society. This emerged during the time of the Enlightenment when women’s knowledge 

became disqualified as ‘inadequate to the task…naive knowledges, located low 

down on the hierarchy, beneath the required level of cognition or scientificity’ 

(Foucault & Gordon, 1980, pp. 81-82). Consequently, women became excluded as 

subjects, as detailed in Chapter 2. In Irigaray’s opinion, science has been controlled by 

male imagery since that time, with little consideration of women’s agency. Men, and 

a masculine controlled society, have continued to link women with nature, something 

they consider as unthinking matter to be dominated and controlled. Ultimately, she has 

claimed that true social change will occur only if society challenges this perception of 

nature and women. This is interesting considering participant data, which showed that 

participants working in physical sciences were mostly employed in climate change and 

other environmental research. Women’s science work has continued to be associated 

with caring for the natural environment. Irigaray (1985) argued that men and women 

must reconfigure their subjectivity so they both understand themselves as belonging 

equally to nature and culture and she claimed that sexual difference was the 

philosophical issue that defined this age (Irigaray, 1985, page 3). This argument will 

be discussed in more detail in Chapter 7, particularly in relation to Judith Butler’s 

performativity in terms of gender subjectivities within the dispositif of contemporary 

Western science and in relation to knowledges and power.  
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Conclusion 

This chapter has demonstrated how some of the ‘solutions’ to the problem of 

women and science work to produce and reproduce stereotyping of both women and 

scientists. They also essentialise women as a group where members have common 

problems often related to motherhood and have limited commonality with successful 

strategies for women coping in masculine working conditions. The masculinity of 

many science workplaces has not been challenged by the initiatives that have tended 

to work to support the status quo by producing and reproducing the social conditions 

within which the problem can exist. Within this context, some of the solutions aiming 

to provide support and equity for women in science have become elements in the 

dispositif by producing discourses and material imagery that in turn produce and 

reproduce the problem of women in science. This chapter has drawn on Chapter 5 to 

discuss the so-called solutions as elements of the dispositif, and to identify how they 

interplay and interrelate to maintain gender stereotypes that commonly relate to 

traditional social roles. The solutions tend to highlight femininity and motherhood and 

leave women without subject in a masculine environment, reduced to one dimensional 

caring and nurturing roles in society. With this legacy, female children have been 

required to undertake significant identity work to operate outside of social norms for 

girls. This will be one focus of the following chapter, which discusses the three 

dimensions of the dispositif, subjectivity, knowledge and power, by drawing on the 

work of Foucault, Butler and Irigaray in relation to participant data.  
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Chapter 7:  Power-knowledge and subjectivity at work in the 

dispositif 

Introduction 

Describing social conditions that produce and reproduce the wicked problem of 

women and science is the focus of this thesis. Previous research has suggested that 

more understanding of social conditions would provide insight into assumptions, 

conditions and potential points of disruption for the problem (Archer et al, 2014; 

Sinnes & Løken, 2014). This is supported by social theorists; for example, Butler 

(1990b) argued that understanding social conditions was important so that potential 

points of disruption to the production and reproduction of social problems could be 

identified. Foucault’s genealogy, in particular the concept of the dispositif, has been 

applied in this research. Analysis of participant data in Chapter 5 described the material 

and immaterial elements within the dispositif of contemporary Western science and 

demonstrated how mutual conditioning of these elements works to produce and 

reproduce the problem. The role of policy, programs and initiatives as elements in the 

dispositif was described in Chapter 6, highlighting stereotyping and reinforcement of 

social conditions within which the problem persists. 

Foucault was particularly interested in relations between knowledge and power 

in socio-political and economic contexts (O’Farrell, 2005), and he highlighted the 

relations between technologies of power and science knowledges (Lemke, 2011). 

These interests were evident in his concept of the dispositif, which explains mutual 

conditioning of elements through interplay and interrelation. The workings of the 

dispositif are also influenced by the workings of three variables of particular interest 

to Foucault (O’Farrell, 2005): power, knowledge and subjectivity as described in 
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Chapter 3. These three variables will be the focus of this chapter, which synthesises 

the analysis provided in previous chapters to explain the complex social relations that 

produce and reproduce the dispositif of contemporary Western science. Potential 

points for disruption to the social conditions of the problem will be signposted in 

keeping with theoretical framing of the research. Theories of Luce Irigaray will also 

be used to analyse and synthesise links between power, knowledge and subjectivity of 

the female body.  

Conditions of becoming woman and scientist 

The conditions under which 21st Century people become women and scientists 

exist within a patriarchal culture established during the Age of Enlightenment (1620-

1789). At that time, rational and logical thought became regarded as the dominant 

means for social progress (Sandywell, 2009) and women were considered to be 

incapable of serious reasoning and more suited to nurturing and caring roles (Kerber, 

1976). Raising sons was thought to be the most important role for women, and 

feminine ways of thinking and being, were regarded as less important than the 

masculine business of men (Keller, 1995). Science emerged as a masculine knowledge 

with the power to dominate and control ‘feminine’ nature and non-Western thinking. 

Indigenous, non-Western and feminine knowledges became subjugated as they were 

considered less important than that of European men in an Age of Development. The 

rise of technology during the industrial revolution in the 18th Century produced social 

pressures that further distinguished between the business of men and women. The role 

of the feminine in Western society became significantly reduced, with strong divisions 

between the work of home and the work of industry. In previous times when people 

depended on subsistence living from the land, work and home life had been more 

significantly integrated and binary gender divisions of labour less obvious (Kerber, 
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1976). This trend continued until the world wars of the early to mid-20th Century, when 

a shortage of men on the home front meant that women had to fill traditionally male 

roles until the end of each war46. After the wars, women reverted to home duties as 

mothers and carers, mostly with a focus on repopulating following loss of young lives, 

mostly men, during war time (Grayzel, 2014). Twenty-first century discourses, policy 

and legislation suggest that there is equal opportunity and access to knowledge and 

careers for women and men. The problem of women and science is produced and 

reproduced by this discourse, policy and legislation. These material elements state that 

women have equal access to knowledge and professions in theory, but this is not 

observed in practice. The problem-solving rhetoric then moves to focus on how 

education and professions could change to ensure access for girls and women. There 

has been limited focus on the social structures that work to produce and reproduce 

social conditions and maintain the status quo. Women science teachers and scientists 

have demonstrated in this research that the underlying culture of science and gender 

remains connected to the Enlightenment. Within established patriarchal cultures, 

relations of power, knowledge and subjectivity produce and reproduce the problem 

through mutual conditioning of elements in the dispositif of contemporary Western 

science. The relation between the dimensions: power-knowledge and subjectivity, and 

the dispositif in the context of becoming scientists will be described in the following 

section. This will be achieved by exploring how power relations work to produce 

knowledges, discourses and social conditions that are used to maintain subjugation of 

                                                 

 
46Women in Australia and other western countries were generally employed in industry during the 

term of the wars but were forced to resume home duties when men returned to take up employment 

(Australian Government, 2017) 

http://www.australia.gov.au/about-australia/australian-story/women-in-wartimehttp:/www.australia.gov.au/about-australia/australian-story/women-in-wartime
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women through particular subjectivities and how the dispositif produces and 

reproduces the social conditions within which women become scientists.  

Power and knowledge 

Becoming a scientist starts in the school science classroom where the 

deployment of disciplinary power works to produce and reproduce conditions that 

determine access to various knowledge systems. This occurs through material 

elements such as scheduling of time and space. Timetabling and classroom design are 

characteristic of disciplinary power, which Foucault (1979a) described as a means to 

keep individuals under surveillance to improve their performance and control their 

conduct. Disciplinary power in the science classroom is essential for safe and effective 

learning but traditionally schools have also been responsible for producing and 

reproducing educated citizens with social behaviours to meet the needs of the time. 

Historically, access to knowledge was timetabled according to binary gender 

categories so that girls and boys were able to access only relevant socially gendered 

knowledges. For example, even in quite recent history some participants were denied 

access to knowledges constructed as masculine, including science. This was 

highlighted and discussed in Chapter 5. In more recent times, science knowledge has 

theoretically become more accessible to all students regardless of gender, ‘race’ or 

culture in an environment where educational theories assume high levels of individual 

agency and autonomy (Davies, 2006). While the level of self-governance required for 

optimal student autonomy is a key component of contemporary educational theories, 

there are limitations in the science classroom environment where disciplinary power 

forces student and teacher to self-regulate based on a particular paradigm that promotes 

gendering of science knowledges as detailed in Chapters 5 and 6.   
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Teachers, as school leaders and holders of knowledge, affect student access to 

knowledge despite current curriculum, gender equity and equality principles and 

school policies. As demonstrated in Chapter 5, schools no longer restrict student access 

to certain subjects based on their biological sex but, science teacher participants tend 

to characterise science subjects in terms of masculinity and femininity. To explore this 

further, I draw on the idea that several social apparatuses are at play in any one given 

social situation. For example, the dispositif of contemporary Western science is 

impacted by the dispositif of gender, which produces and reproduces binary gender 

characteristics of individuals based on the biological sexual characteristics of female 

and male. The gendering of individuals into binary systems affects identity formation 

in relation to knowledge and skill acquisition as mutual conditioning of elements in 

the dispositif produce and reproduce these patriarchal social norms. This is particularly 

evident in learning environments where science teachers associate binary gender 

characterisations with cognitive ability and style. Girls socialized in the feminine are 

less likely to embody physical sciences with the associated masculine ways of being 

in these social conditions.   

Teachers and professional scientists were complicit in reinforcing this binary 

gender discourse as both groups spoke of rational and logical thinking as masculine. 

They went on to associate this with physical sciences, which require the ability to 

“work things out” (Camille) rather than the “learning of names and rote learning” 

(Sarah) required by biological sciences. The science of life, biology, was viewed as 

feminine because of the associations with nurturing and caring, and according to 

participants, girls were more likely to do the “hard work” (Jessica) required for success 

in this discipline. According to the science teachers interviewed, becoming 

accomplished at physical sciences required cognitive abilities commonly associated 
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with masculinity, while the propensity for caring and nurturing made the toil of biology 

a worthwhile feminine activity. As previously explained, the hierarchy of science 

knowledge places physical sciences higher than the biological sciences (Aronowitz & 

DiFazio, 2017). This was repeatedly demonstrated in the secondary school 

environment where physics teachers, largely male, were regarded with more authority 

than biology teachers, mainly female. Biology was regarded as “fluff” (Carol, Jessica), 

and not as intellectual as physical sciences, as expressed by Audrey, who considered 

that her intelligence was validated by her success at physical sciences rather than 

‘only’ biology.  

And so, I did well and it reassured me that maybe I wasn’t that stupid because 

you always feel like, like, women are good at biology, you know, looking after 

the dolphins and men do all the equations. (Audrey) 

Audrey’s’ statement reinforced that women scientists are complicit in their own 

subjugation as they reproduce rather than rupture the discourses. This statement, and 

similar statements from other participants, reproduced the idea that physical sciences 

as masculine and biological as feminine in the context of patriarchal society. This has 

two main effects on girls and women. One is that the physical sciences are not 

consistent with aspirations to the feminine, and the second is that masculine traits are 

superior to feminine. The effects of subjugation of the feminine are produced and 

reproduced through years of science education with a significant role being played by 

individual teacher, which impacts directly on students.  

Teachers’ impact on students 

As authority figures, science teachers influence students and while teaching 

science, participant data showed that the association of binary gender categories with 
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different science knowledges was conveyed in three ways. Firstly, teacher expectations 

were seen to impact on student performance; secondly, physical science classrooms 

were viewed as predominantly being staffed by male teachers; and finally, teachers’ 

discourses relayed binary gender categories directly or indirectly to students. 

Student performance 

Student access to knowledge is influenced by teacher expectations, which are 

often reflected in their teaching practice and pedagogical approaches (Davies, 2006). 

Having high expectations of students can encourage them to improve on their usual 

abilities. This was evident in the experience of Camille who discovered her ability to 

excel at mathematics when a teacher pushed students beyond their known abilities. 

She was pushing us, leaving more than half the class behind, just two or three 

of us were able to follow her. It was one of the first times I was able to do that. 

(Camille). 

Moving beyond your known ability requires an opportunity to challenge yourself in a 

positive and supportive environment. Classrooms where teachers have implicit or 

explicit expectations of students according to their binary gender category do not 

provide the positive messaging for access to knowledge by all students (Baker, 2000). 

Male dominated classrooms 

Chloe studied senior school physics in an environment that she found very 

masculine due to a male teacher who designed learning experiences, thus access to 

physics, for male student’s needs. “I was just so bloody sick of going outside and doing 

water rockets or cars”. These activities were “dumb boys’ stuff” in Chloe’s opinion, 

and as a girl “who doesn’t mind doing boys stuff”, she felt alienated because of the 

hypermasculinity of the learning environment and associated relation to acquisition of 
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knowledge. In this example, Chloe was able to critique the discourse rather than 

reproduce it. Chloe was not subjugated in this situation as she was able to demonstrate 

a significant level of agency, unlike the other students. 

Chapter 5 included an example in which a physics teacher publicly denounced 

biology in a school staff room and classroom. When this occurs, it has a significant 

impact on the status of biological sciences and the women who teach them. Biology 

teachers teach girls and boys in equal numbers, according to the participants, but 

chemistry and physics classrooms were characterised by more boys and more male 

teachers. The authority figures in science were the male physics teachers who project 

masculine abilities, particularly logical and rational thinking, as essential for success 

in physical sciences.  

Complicit discourses 

Teachers’ discourses repeatedly relay binary gender categories to students, 

both directly and indirectly, as demonstrated in Chapter 5. Participants gave examples 

of teaching about sexual-specific differences in boys and girls anatomy and physiology 

as an important part of the biology teaching. Jessica explained how retinal differences 

in colour detection accounted for differences in male and female abilities.  

We [girls and women] see the colour but can we throw a spear as well [as boys 

and men] and actually hit a weaving animal? Probably not. (Jessica) 

Other participants noted that sex chromosomes in females and males differ (XY 

and XX respectively) and this influences human development, including 

differentiating anatomical features between the two sexes. Female and male brains are 

sometimes also considered different since each cell has XX or XY chromosomes. 
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…female and male brains, obviously, they are different, after all the brains are 

made of cells and the male brain has XY and the female XX. (Carol)  

These statements and understandings assume that using genetic evidence to 

determine if an individual will have the aptitude for science or mathematics removes 

the will to provide access to that knowledge, at least at a subconscious or indirect level. 

The teachers maintain social norms through their ‘ignorance about the self’ 

(Rasmussen, Sanjakdar, Allen, Quinlivan & Bromdal, 2015) and become complicit 

through lack of insight. It can be seen that the unintentional exclusion of girls from 

science and mathematics based on this reasoning has contributed to the reduced 

number of girls observed in the physics classroom and ultimately, the physics 

workplace.  

Since science and technology are promoted as integral to economic growth and 

wellbeing globally, dominant discourses suggest that it is inequitable to exclude girls 

from science knowledges, thus reproducing the problem of women in science through 

mutual conditioning as detailed in Chapter 5. The context for this is that physics and 

mathematics are the enabling sciences, which means that they are the knowledge base 

for most of the prestigious and highly rewarded science professions in Western societal 

contexts. Science careers in biological and health sciences are generally well respected 

but do not require this foundation and, coincidentally, do not reap the same economic 

benefits. This is particularly true when most women remain in lower level positions of 

this discipline (Bell & Yates, 2014). In the next section, I will describe the links 

between knowledge and subjectivity that underpin these conditions. 

Knowledge and Subjectivity 

This thesis argues that becoming a girl/woman and scientist in the 21st Century 

is impacted by thinking from the Enlightenment, which emphasised female and male 
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differences and associated specific knowledges to particular sexes. According to Luce 

Irigaray (1985), the imaginary body of contemporary Western science is male at a 

cultural level since it arose from the time of Enlightenment when ‘truth’ was 

articulated from a masculine perspective while subjugating the feminine (Donovan, 

2015). In effect ‘women’s’ knowledges, and other non-masculine European 

knowledge systems, were considered less important than science. This thinking has 

persisted. Therefore, contemporary science lacks diversity, explains world views from 

a masculine perspective, and is constructed through mechanisms of power in socio-

political and economic contexts (Lemke, 2011). This was highlighted in the 

postcolonial works of Spivak (1999) who stated that during the Enlightenment, the 

focus on the production of truth encompassed only the male rationality of North 

Western Europe at the expense of all other ways of thinking and being (Harding, 2016). 

In the context of the problem of women and science, subjectivity of the feminine in 

relation to technologies of power and knowledge construction is a key element within 

the dispositif of contemporary Western science.  

Feminine categorised in relation to masculine 

Irigaray (1985) argued that the association of the feminine with nature relegated 

the related binary gender category woman without subject; left to fall into a role 

assigned by patriarchal society. This varied from the view of Judith Butler (1990a; 

1990b) who described the process of subjectification as girl in different terms, 

therefore it will be useful to examine Luce Irigaray’s argument in more detail. Irigaray 

(1985) highlighted the strong associations between deployment of masculine power 

and the positioning of women and feminine knowledges in contemporary Western 

society. My research has shown that, even in the 21st Century, the feminine is 

categorized in relation to the masculine so the subject position of ‘woman’ is 
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consigned to nature and caring, in opposition to the logic and rationality of the 

masculine. Male imagery controls science and there is little consideration of women’s 

agency since the feminine is linked to nature, something considered as unthinking 

matter to be dominated and controlled (Irigaray, 1985). 

Domination of nature by technology is a feature of 21st Century science as 

evident in climate change politics and science research. Climate change research was 

the interest and passion of many participants, and those women engaged in physics 

tended to be employed in climate change research, which coincidentally has also been 

considered with skepticism in Western communities. For example, in the United 

States, while most (97%) climate change research has indicated that human factors are 

the main cause, less than half the population shared this belief (Bliuc, McGarty, 

Thomas, Lala, Berndsen & Misajon, 2015). In Australia, 75 percent of the population 

believed it is happening but only 50 percent accepted that human activity was the main 

driver. The beliefs of populations in both countries has been largely driven by political 

factors (Head et al., 2014; Bliuc et al., 2015). 

Linking the feminine to nature, as discussed by Irigaray, was evident in 

participant data, particularly in the visual description provided by Pamela. 

If I think of biology class, there is sort of pookie, wet smell, you know, we 

have lab coats…whereas I think with the physics class, it’s like a polished 

surface, you know with a perfectly spherical metal ball, measuring vectors, 

you know so it’s tidy and quiet. (Pamela) 

The imagery of this statement aligns physical sciences to technology, widely 

considered as the way forward for economic growth as discussed earlier in the thesis. 

Nature is represented as something dark and damp, with connotations to the feminine, 

there is almost a primeval feel to the description. The domination of technology over 
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nature is a feature of the 21st Century widely discussed by Haraway (2013) and others 

(e.g. Noble, 2013; Webster, 2014) 

This is the type of imagery discussed by Irigaray: pictures of masculinity being 

cold and clean in comparison to the earthiness of the feminine; and also, the references 

to male and female anatomies. Other participants linked the feminine with nature and 

or caring in their discourses, which work through mutual conditioning with other 

elements in the dispositif to produce and reproduce feminine subjectivity in terms of 

nature and nurture. 

I think it’s a fair call to suggest that women are adapted for bearing and 

sustaining children. (Jessica) 

Participant data provided support for the position of Luce Irigaray in terms of 

linking the feminine, and associated binary gender category girl/woman, with nature 

and caring. In the scientist’s training ground, the school science classroom, Irigaray’s 

observations were most obvious. Biological sciences were considered easier and 

associated strongly with the female, even though commonly half the students were 

male. 

Biology is 50/50 and is seen as easier because of less maths involved. (Mary) 

 

There is not so much rational and logical thinking in biology whereas physics 

exam questions are pure scientific reasoning and logic. This makes it more 

suited to boys. (Jessica) 

In the second statement, the association of biology with femininity is implied 

since there is not as much logical thinking in biology, which is considered harder work. 

In Chapter 5, terms such as hard work, perseverance, and drudgery emerged as 

descriptors for biology education and as feminine traits. Since the feminine is also 
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strongly associated with caring and nurturing, it is fair supposition to also connect the 

societal role of women with these characteristics. In attributing these characteristics, 

the participants were revealing some internalisation of societal attitudes to female 

gendered roles. Commonly, the participants expressed that given the choice, that is, if 

able to achieve logical and rational thinking required for physical sciences, that 

individuals would choose that path. Girls and women were subjectified as female 

through attribution of these characteristics and the connection with nature. In turn, 

women further subjectified girls, and themselves, through discourses that work 

through mutual conditioning to produce and reproduce social apparatus that support 

patriarchy and in this context the problem of women in science. 

Boys are more logical and mathematical which fits better with physics. There 

is more reasoning and extrapolation in biological sciences. (Hazel) 

Physics requires more logic while biology has a call for holistic and bigger 

picture thinking, the associations between holistic/feminine/biology and 

logic/masculine/physics emerge in keeping with Irigaray’s theorising. 

Synthesising power, knowledge and subjectivity within the dispositif 

The previous section discussed the relation of power to knowledge and I draw on that 

discussion to demonstrate how the three dimensions of the dispositif, power, 

knowledge and subjectivity, interrelate to produce and reproduce social conditions that 

perpetuate the dispositif of contemporary Western science. In science training sites, 

conditions have been deployed to subjugate some knowledges and promote others in 

a masculine culture where students have been and continue to be subjected to binary 

gender categories. Masculine science knowledges are regarded as a higher ‘truth’ and 

feminine science knowledges are seen as ‘fluffy’ in this classroom culture where 
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physics and maths are considered ’easier’ if you have an inherent ability in logical and 

rational thinking. Biological sciences are also considered with contempt amongst some 

high school male physics teachers who, according to participant data, wield significant 

arrogance and authority in the school environment.  

When I talk to my colleague about biology, the physics teacher, he always 

argues like biology is not a real science, that’s his attitude and I know he 

conveys this attitude to the students as well. (Carol) 

 

I [physics teacher] think you will be happier if you do maths and physics, 

because in maths and physics, you’ll be around people with brains. (Chloe) 

As a person in authority teachers are key in supporting conditions of 

subjectification in the school environment. As noted earlier, disciplinary power also 

produces and reproduces conditions that determine when and what students study 

through restrictions in terms of time, space or permission to undertake learning of 

particular subjects. ‘Masculine’ subject areas had been explicitly restricted to some of 

the older participants due to their biological sex and the time and place they attended 

school, but restrictions also existed for the youngest participant who had left school in 

the recent past. 

When they step outside of feminine roles in the school learning environment and 

beyond when working in the science workplace, girls and women are viewed as 

‘other’. Female children born into Western societies are ultimately gendered as girls 

and women in the context of cultures that view gender in binary terms, based on 

biological sex with limited recognition of other possibilities. While there have been 

signs of some change, for example, Australian Government Records must now provide 

an option to select Male (M), Female (F) for people who identify as non-binary gender 
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(X) and prefer other terms to self-identify (Australian Government, 2013) , binary 

gender division based on biological sex has generally persisted in the context of 

schools and workplaces.  

This was evident in participant data where disciplinary power in the school 

environment maintained social conditions of binary gender and association to 

knowledge systems that were regarded as masculine or feminine. In this context, girls 

gendered in the feminine were less able to engage with masculine knowledge systems 

such as the physical sciences because they related the characteristics of biological 

science, caring and nurturing, to their socialised gender identity. This subjectification 

of girls in the feminine produces and reproduces the problem of women in science 

through indirect exclusion by these unseen social contexts. 

Subjectivity, shaped and reshaped through the deployment of power, influences 

the availability of knowledges to girls and women. These relations are integral to the 

working of the dispositif of contemporary Western science since they produce and 

reproduce discourses that work through mutual conditioning to maintain the 

patriarchal status quo whereby women’s knowledges are considered lesser than men’s 

(Weedon, 2000). As immaterial elements in the dispositif, discourses position 

individuals by their material sexual characteristics in accordance with binary gender 

categories and contextual societal role (Hey, 2006). When children grow and embody 

their identity in relation to sex and associated gender category, they are encouraged 

through a series of social reactions to perpetuate certain actions. Whether girls aspire 

to become scientists or not, they are informed, through action, institutional practices, 

discourses and role models, about their right and ability to access certain science 

knowledges over others. Social norms promote a narrative that associates the female 

sex with feminine attributes. 
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Strategies for social change 

As a feminist scholar, Luce Irigaray provided strategies to drive social change 

including two strategies that are of relevance to this thesis: mimesis, which will be 

discussed later in this chapter; and strategic essentialism, which has been applied in 

this thesis to garner a group identity while recognising that strong differences exist 

within the group. From Judith Butler’s theory of performativity (1990b), we 

understand that individuals ‘become’ through ongoing processes of subjectification, 

dependent on conditions of agency within which they function and become scientists, 

or not. 

In this thesis, Butler’s theory has been applied in conjunction with Irigaray to 

both analyse participant experiences in relation to masculinity and femininity and 

consider potential for change. Ongoing subjectification as a girl/woman provides 

social conditions that produce and reproduce gender conditions that in turn produce 

and reproduce material and immaterial elements of the dispositif of contemporary 

Western science. Subjectification is crucial to identity formation and, in terms of 

gender and science, is pivotal to production and reproduction of the problem of women 

in science, which relies on binary gender categories with related attributes. According 

to Butler (1990b), gender identity can be changed through individual lifetimes and 

individuals can be freed from the tyranny of socially constructed gender and associated 

life roles. This means that there is potential to disrupt the conditions, that is the 

interplay and interrelationship of elements in the dispositif of contemporary Western 

science. This is only possible if the conditions for both status quo and change become 

apparent, that is the mutual conditioning of different elements and the role of gender 

subjectification. Disrupting the status quo can open up new realities (Butler, 2009) and 

children can be provided with the opportunity to grow and become without the tyranny 
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of binary gender associations with science knowledges previously discussed. In the 

following section, the implications for girls and women who pursue a science career 

under current social conditions will be discussed. 

Performativity in the context of science 

Butler (2009) described gender as performative since it is a ‘certain kind of 

enactment’ (p. 1) where the appearance of gender (as in boy or girl) is ‘mistaken as a 

sign of its internal or inherent truth’ (p. 1). In Butler’s terms, gender is not due to 

socialisation pressures but a consequence of performativity; a series of actions that 

produce what she termed ‘girling’. According to Judith Butler (1990b), gender 

categories are culturally constructed subjective identities with no essential meaning 

outside of the conditions that form the category. The enactment of gender by 

individuals is influenced by discourses and social norms, usually within a binary 

frame, based on prompts to be either girl or boy. This was evident in analysis of 

participant data Chapter 5, which demonstrated the mutual conditioning of certain 

scientific discourses to expectations of student interest and success in relation to 

science disciplines. The discourses discussed in that context related to genetic sexing 

(presence of XX or XY chromosomes) to binary gender identities with limited scope 

for difference. 

…look, to me as a biologist, it has always seemed just plain silly to suggest 

that gender is culturally constructed. (Jessica) 

Jessica was referring to the anatomical and physiological differences between 

male and female and, while many of the differences she described were physical, this 

is only one aspect of the complex characteristics of gender. Jessica was firm in her 

belief that female sexing was associated with the categories girl and woman. Another 

teacher Carol reasoned that since neurons of male and female are different in their 
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genetic code then this would relate to intellectual ability and interests, “female and 

male brains, obviously they are different” (Carol). These discourses influence 

‘enactment’ of gender within a binary frame as they perpetuate different expectations 

for boys and girls in the science classroom and thus produce and reproduce the 

stereotypes of feminine and masculine science knowledges. By mutual conditioning, 

as described in Chapter 5, the narratives of ‘truth’ become self-perpetuating since 

women believe the stereotypes and pass this belief on to students, girls and boys alike. 

In effect, the science classroom prompts female students to be girls and male students 

to be boys with associated behaviours and abilities. This is enacted through discourses 

that associate masculinity with physical sciences and femininity with biological in 

mutual conditioning with material elements as discussed in Chapter 5. School culture 

and the science classroom reflect cultural social norms and it was evident in participant 

data that, even in the 21st Century, females are categorized as girls and women in 

Australian society. 

The categorization of females as girls and women was more evident in 

Australia than in other countries according to participants. An example was provided 

by one participant who was both physicist and mother and had grown up in Western 

Europe. 

… [my daughter] she was called little boy and she has got short hair too 

because it’s not growing so she is called little boy because she is not in pink. 

I think it’s quite big, the colour coding [of children] here in Australia. 

(Camille) 

Statements like this work through mutual conditioning in the dispositif to produce the 

conditions for production and reproduction of the gender categories girl and boy. 
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Binary gender identity formation 

Butler’s theory of performativity described the processes for construction of 

binary gender categories through internalisation of societal rules and discourses. She 

applied the term performative to describe the process since it is a type of enactment 

where the appearance of sex (as in boy or girl) is ‘mistaken as a sign of its internal or 

inherent truth’ (Butler, 2009, p. 1) as demonstrated in the participant data. According 

to Butler, gendering is not simply due to socialization pressures, to be a girl or boy, it 

is the consequence of a series of actions that produce ‘girling’. Butler described this 

process of subjectification as one of simultaneous mastery and submission, ‘the more 

a practice is mastered, the more fully subjection is achieved’ (Butler, 1997, p. 116). 

Essentially an individual submits to that which s/he masters and this simultaneous 

process forms a paradox since submission is marked by mastery rather than ‘a yielding 

to an externally imposed dominant order’ (Butler, 1995, p. 45). Interestingly, the 

accomplishment of mastery may well be in response to situations where the individual 

has limited knowledge or experience and there is a need to form self out of the 

unknown, guided by ‘a set of culturally sanctioned signifiers of the thing they must 

become’ (Davies, 2006, p. 433). 

Becoming a scientist, in terms of contemporary Western science, generally 

begins in the secondary school science laboratory, the site of training through 

disciplinary power (Foucault, 1979a). Participant data has demonstrated that by the 

time students reach secondary school in Australia, teachers generally expect them to 

identify as either girls or boys. This is in keeping with general public associations of 
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sex and gender, but it is not necessarily the case for all students47.In societal terms, 

students enter the school science laboratory as girls and boys and, according to 

participant data, will be expected to access knowledge according to their gendering an 

environment of disciplinary power. While adolescence is considered an important time 

for identify formation (Crocetti, Branje, Rubini, Koot & Meeus, 2017), it is generally 

assumed that individual gender has been established even if sexual preference has not. 

Conversely, in Butlerian terms, the process of subjectification through internalisation 

of societal norms and discourses is a lifelong process of submission and mastery since 

the formation of subject depends on external sources that provide conditions for 

existence (Hey, 2006). What this means in terms of girls and science is that processes 

within the science classroom continue to influence binary gender identity formation 

and access to knowledge. Subjectification is working in relation to technologies of 

power, which maintain the process and influence the conditions for identity existence 

and formation.  

In the school science laboratory, disciplinary power is deployed as a technology 

to maintain the process of subjectification, as described in Chapter 5, and is evident in 

the architectural structure, regulated procedures and discourses. The discourses of the 

teachers provide conditions where girls and boys undertake feminine or masculine 

intellectual activities that are associated with particular science disciplines. In short, 

the feminine identity is ‘good at biology’ while the masculine identity is more suited 

to physics and maths. This, in the context of binary gender identities, is influential in 

the subjectification of students, particularly in relation to Western science. 

                                                 

 
47The Australian Bureau of statistics (2017) estimated a correlation between biological sex and 

gender in 98 per cent of the Australian population and used the label ‘Other’ for individuals that 

did not relate to male or female categories. 

http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/1200.0.55.012Media%20Release12016?opendocument&tabname=Summary&prodno=1200.0.55.012&issue=2016&num=&view=http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/1200.0.55.012Media%20Release12016?opendocument&tabname=Summary&prodno=1200.0.55.012&issue=2016&num=&view=
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There is not so much rational and logical thinking in biology whereas physics 

exam questions are pure scientific reasoning and logic. This makes it more 

suited to boys. (Jessica)  

 

I agree with Jessica. Boys are more logical and mathematical, which fits better 

with physics. (Louisa in Focus Group with science teachers) 

This type of stereotypical reasoning of science and individuals has been 

produced and reproduced through efforts to address the problem of women and 

science. Many of the initiatives aiming to encourage more girls and women into 

science careers perpetuate the associations of girls with biological sciences and boys 

with physical (see Chapter 6). Awareness of the limiting effects of stereotyping was 

more apparent in participants who were employed in the physical sciences and who 

demonstrated high levels of agency in their ability to pursue ‘masculine careers’. 

In Butlerian terms, all subjects have agency; it is a radically conditioned agency 

in which they can reflexively and critically examine the possibilities and so rework 

and resist cultural relations (Butler, 1995). In this way, subjectification is not a 

limitless or unchallengeable process, but it is ongoing through life through the 

mastering and submission process previously described. An individual is becoming 

and being simultaneously and there is no fixed identity from which a person cannot 

move (Hey, 2006). Examples of this were evident in participant data, particularly Jodi 

and Sarah, who both provided stories that demonstrated shifts in identity and agency 

through their lives. As high school students, both these participants had been told that 

they were not able to study subjects that were considered masculine. These actions 

were deployed through the disciplinary power of the school institution following social 

norms of the time, which enforced traditional sex/gender roles to maintain a societal 
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status quo. Jodi did not openly question this rule, instead she accepted the feminine 

role assigned to her by enrolling in classes suitable for girls. Enrolment indicated 

compliance but Jodi demonstrated passive resistance to her assigned role. 

I spent most of the time in the school library or I would go home at lunchtime 

and not go back…they [teachers] never really seemed to notice I was missing.  

I even won a prize for most use of the school library in second year there, that 

was strange. (Jodi) 

Jodi was demonstrating agency through non-compliance, but she was not able to 

articulate the problem within the school institution, instead she continued to be a ‘good 

girl’, quietly appearing to conform to the feminine role assigned to her. In this act, Jodi 

was demonstrating her mastery and submission of feminine acts attributed to the social 

grouping ‘girl’. Her compliance to enrol in subjects attributed to girls was a 

performative act of femininity but in doing so she submitted to that which is feminine 

and lost access to masculinity and associated options.  

In Chapter 3, I discussed Butler’s performativity, a process of subjectification 

through simultaneous mastery and submission, ‘the more a practice is mastered, the 

more fully subjection is achieved’ (Butler, 1997, p. 116). Essentially an individual 

submits to that which s/he masters, and this simultaneous process forms a paradox 

since submission is marked by mastery rather than ‘a yielding to an externally imposed 

dominant order’ (Butler, 1995, p. 45). Jodi could be seen to actively pursue feminine 

acts by enrolling in acceptable subjects and thus be accepted as innately feminine in 

congruence with her biological sexing. Onlookers appeared to have limited critical eye 

for the situation, since they failed to notice her absence from classes and accepted her 

appearance of compliance. The lack of institutional response to her passive resistance 

was as important for subjectification as Jodi’s performative acts of being girl. Since 
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she had limited knowledge or experience to guide these decisions there was a need to 

form self out of the unknown guided by ‘a set of culturally sanctioned signifiers of the 

thing they must become’ (Davies, 2006, p. 433). In this instance, the signifiers were 

underlined by the disciplinary power of the school institution and included access to 

knowledge systems for different sex/genders; access to binary sex/gender choices 

through architecture (for example, girl and boys’ toilets of the school), timetabling 

(segregation of girls and boys during physical education) and failure of the institution 

to question passive resistance. These signifiers provided conditions whereby ‘girls’ 

should be seen as compliant to feminine social roles but could ‘opt out’ as long as they 

did so without bringing attention to their acts of resistance. 

Sarah experienced similar social signifiers to Jodi, but the outcome was quite 

different in terms of mastery and submission of sex/gender and access to knowledge 

systems. Being denied access to ‘masculine’ school subjects was the first experience 

of sex discrimination for Sarah.  

Girls had to do the sewing, and cooking and the boys then did the mechanics 

and the engineering drawings, and all that sort of stuff. (Sarah) 

The situation is comparable to Jodi’s, but Sarah’s response was quite different 

as she openly objected to the situation and argued with the school system. Supported 

by her parents, Sarah was strong in her resolve to study what was considered ‘boys’ 

knowledge systems. If we review this in context of becoming a subject in Butlerian 

terms, Sarah was being timetabled for repeated performative acts through disciplinary 

power deployed by the school institution. Through these acts, Sarah would experience 

a process of simultaneous mastery and submission in processes influenced by mutual 

conditioning of material and immaterial elements of the dispositif. Unlike other 

students, Sarah demonstrated a high level of agency and refused to accept that she was 
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not allowed to study masculine subjects at secondary school. Ultimately, Sarah could 

study ‘boys’ subjects but only if she agreed to participate in feminine studies as well. 

But had to trade off by attending one girl’s subject, textiles [laughs] and it was 

horrible. (Sarah) 

Sarah’s response demonstrated the deployment of disciplinary power in the 

school environment to ensure that she accessed knowledge most appropriate to the 

gender category assigned to her based on sexual characteristics rather than interests 

and abilities. Since the formation of subject depends on external power by providing 

the ‘condition of existence and the trajectory of its desire’ (Butler, 1997, p.2), Sarah 

provided an example of the mastery and submission required for subjectification as a 

scientist. She gained access to the knowledge systems required for her future career 

but in doing so submitted to the socially conditioned stereotypical image of a scientist 

so became ‘less’ female.  

Although the situations that Jodi and Sarah found themselves in were similar, 

there were great differences in their life experiences leading up to that point and these 

influenced the responses and subjectification of both. According to Davies (2006, p. 

433), becoming self is influenced through ‘a set of culturally sanctioned signifiers of 

the thing they must become’. Both Jodi and Sarah experienced social signifiers that 

assigned them to binary gender categories with limited access to diverse knowledge 

systems through the disciplinary power of the school institution. Their different 

responses to this can be explained by their experiences prior to the situation as 

demonstrated by Sarah’s comment that this was the first time she had experienced sex 

discrimination. Jodi was willing to accept the sexist rule because in her life experience 

this was the norm, when questioned further she described other types of discrimination 

that she witnessed in everyday life. 
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At that time, very few women drove cars and most of them didn’t work but 

stayed home looking after their family. (Jodi)  

In contrast, Sarah had grown up in rural Australia working with her father and 

grandfather on a farm and had never considered that any skill or knowledge system 

would be out of her reach because she was born female. As previously stated, both 

women demonstrated shifts in identity and agency through their lives. Sarah ultimately 

grew to recognize herself as more masculine than feminine through a subjectification 

process that reinforced that if you are intelligent, capable of rational and logical 

thinking and related more to males then you are not a ‘normal girl’. The following 

statements refer to Sarah’s observation of society in the 21st Century. 

It’s not considered socially acceptable for a girl to be intelligent. (Sarah) 

Young girls are pressured into being a particular model of what they see, to 

be attractive to men or boys, or whoever, the world in general, you know. They 

need to be accepted into society. They feel that they need to look like this, so 

they do. They go out of their way to pretend to be dumb. I think it’s really 

difficult for young girls to break that peer pressure. (Sarah) 

The statements also reflected Sarah’s life experiences and she recollected a time when 

she did try to fit with the norms of society.  

They used to ask what I did, like down the pub and stuff like that so I’d say, 

‘Oh, I just work at Woollies’. And that would be okay. But if I told them what 

I did, then no-one would talk to me. (Sarah) 

Sarah could not submit or master being girl though and demonstrated a high level of 

agency by accepting that she related more to ‘masculine’ social norms. She also tended 

to relate more comfortably with men than other women. 
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I’m not the normal sort of woman…I’m very aware that I look male. (Sarah) 

I’m, and as I said before, I tend get attracted to people who think the same 

way as me because when we talk to each other, we’re communicating the same 

thing. They understand what I’m saying, I understand what they’re saying… 

we are on the same wavelength…and they tend to be men rather than women. 

(Sarah) 

Through social processes that subjectified Sarah, she had come to identify as a woman 

who felt masculine and while she recognised that certain ways of thinking were more 

common in men than women, she also acknowledged the role of socialisation 

processes assigning sex/gender to individuals. This a level of analysis that was more 

common for scientists in this study than science teachers.   

Sarah and Jodi’s experiences of inequity in the education system were from last 

century and contemporary educational philosophies of the 21st Century focus on 

inclusion and equity with associated assumptions of individual autonomy for both 

students and teachers (Davies, 2006). This environment sets up the illusion of choice 

for students and teachers, especially when teachers’ discourses produce and reproduce 

binary gender categories with associated access to different knowledge systems, as 

described in Chapter 5.  

Illusions of choice 

Choice becomes limited since girls and boys tend to study subjects most 

associated with their assigned gender identity. The illusion of choice is an element of 

the dispositif of contemporary Western science that works through mutual 

conditioning with discourses and material elements to produce and reproduce the 

social status quo. For example, contemporary educational philosophies assume student 
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autonomy so when more boys than girls were constantly observed in certain science 

classes, it was assumed that the subject is more suited to boys than girls. The 

domination of the physics classroom by masculinity was accepted as ‘normal’ since it 

is considered a masculine knowledge (see Chapter 5). 

We have two female chemistry teachers and six male chemistry teachers. 

Chemistry class is dominated by boys, two girls in one class with 20 boys… 

Physics is also mostly boys… Biology is 50/50 and is seen as easier because 

of less maths involved. (Mary) 

The illusion of choice of what girls and boys want to study has been reproduced 

through mutual conditioning with teacher discourses. 

Guys are the ones that really love the physics because they can be hands-on, 

blow things up, whatever. (Lea) 

The illusion that girls choose biological science over physical sciences produces 

and reproduces associations between femininity and some science knowledges but not 

others. This illusion of choice was evident in Carol’s story; her father was keen for her 

to be a physical scientist, but she was only interested in the biological sciences, mostly 

animals and the environment. 

When I think of myself, I think my dad, because he was, you know, sort of 

trying to teach me chemistry and physics. (Carol) 

Carol reasoned that she was given every opportunity to engage with chemistry 

and physics but preferred biological and environmental science. This she considered a 

conscious choice, a simple ‘I like biology better than physics’, without insight that 

these preferences might have been influenced by social conditions. In this context, 
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Carol reproduced the illusion of choice as she extrapolated her own experiences and 

preferences to other females but with scientific validation (see also Chapter 5).  

I’m sure there is a genetic component in there, female and male brains 

obviously they are different, after all the brains are made of cells and the male 

brain has XY and the female XX. (Carol) 

This illusion was supported by other participants who concluded that ‘truth’ was what 

they observed rather than considering the multiple contributing factors. 

I think it’s a fair call to suggest that women are adapted for bearing and 

sustaining children, looking after children, being around with the children and 

the old people getting all the story. All the narrative and weaving it together, 

maintaining the cultural continuity, having the culture, the story of the group. 

(Jessica) 

Jessica observed student behaviours around the school yard and in classrooms and 

could see the behaviours she described above in the girls and boys she taught.  

They are different animals [boys and girls], there are ultra-feminine females 

and ultra-masculine males and a gradient. The overlaps aren’t important but it 

is just plain silly to me to look at [boys and girls] walking around and not see 

them as very different animals (Jessica) 

Jessica engaged with contemporary educational theories and attended regular 

professional development sessions. She possibly believed that each student was 

making an autonomous decision about studying biology or environmental science 

rather than physical sciences or mathematics. She also engaged with literature that 

promoted differences between boys and girls rather than similarities (e.g. Sax, 2016). 

The interesting thing was that teacher discourses commonly cited differences between 
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sex/genders while aligning with contemporary educational theories with minimal 

social analysis of the conditions of autonomy in contemporary Western society. 

I agree with [Jessica]. Boys are more logical and mathematical, which fits 

better with physics. (Louisa) 

Louisa commonly attends professional development and aligns to contemporary 

educational philosophies, which tend to encourage student decision making and 

autonomy.  

Since interplays and interrelations of elements in the dispositif, particularly in 

relation to subjectivity and access to knowledge, are subtle, it is difficult for 

individuals to understand or critique their choices. An example of this was found in 

Marie who had withdrawn from physics class while at an all-girls high school. She 

stated that her choice was based on the fact that the teacher wasn’t very “charismatic”, 

and she did not want to be “in a room with him and a couple of other girls” because 

the number of students studying physics was very low. As discussed in Chapter 5, this 

statement was in the context of a situation where multiple material and immaterial 

elements were working together through mutual conditioning to reinforce physics as a 

masculine subject. For Marie, there was an illusion of choice, she was conscious of a 

decision to withdraw from physics but unaware of the power/knowledge nexus at play 

in the school science laboratory and how this worked in relation to her subjectification 

as a girl/woman. In this situation, Marie had limited agency since she was unaware of 

the social conditioning that influenced her decisions or the implications for her adult 

life. As a result of this choice, Marie had to change her career path. She could not 

pursue a career in physiotherapy because she did not have physics qualifications 

required for university entry. Similar experiences for Chloe and Natalie also 

demonstrated a lack of agency in decision making since both changed their career 
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paths after secondary teachers warned them about the difficulties for women working 

in hypermasculine environments. 

If you do engineering, you’ll be around people drinking beer. (Chloe) 

Statements like this demonstrated disciplinary power. A person of authority, the 

male physics teacher, reminded a female student that some domains were more 

masculine than others. In these examples, Maria, Chloe and Natalie were at crucial 

points in their identity formation (Crocetti, 2017), particularly in relation to their 

chosen careers. They were at senior secondary level or above when they made their 

‘choices’. The advice on which Natalie and Chloe based their decisions was probably 

made with good intent from the teachers but the outcome maintained the social norm 

to some extent. Chloe continued to study physics but decided to be less disruptive to 

social norms by not becoming an engineer, based on the views of her advising teacher. 

The disciplinary power of the school institutions and the authority of the teachers 

influenced Marie, Chloe and Natalie. Drawing on Butler (2004), the relationship of 

power to knowledge and subjectivity forms the subject because it provides conditions 

of its existence, being and becoming (Davies (2006). Subjectification for Marie, Chloe 

and Natalie was under social conditions where disciplinary power assigned authority 

to the teachers and their associated relationship of knowledge and sex/gender. 

According to Butler (1990a), stepping outside of social norms requires 

negotiation that disrupts the status quo and potentially opens new realities. Disrupting 

the status quo of hypermasculine environments requires a high level of agency. This 

is dependent on the capacity of individuals in relation to the dispositif of gender and 

the dispositif of contemporary Western science and the unseen relations of 

subjectivity, power and knowledge. A high level of agency in the situation increases 

the likelihood of stepping outside of social norms as demonstrated by Sarah.  
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In this section, I have shown how the relationships between disciplinary power, 

knowledge systems and subjectification work with the dispositif of contemporary 

Western science by drawing on Judith Butler’s theory of performativity (Butler, 

1990b). The role of teachers in maintaining the status quo in social conditions was 

highlighted as a potential point of disruption for the dispositif. The next section will 

consider structural influences at work in the dispositif of a contemporary Western 

science classroom, and the role of disciplinary power within the family, and how these 

central influences work on the feminine to limit agency and choice.  

Curriculum, educational philosophy and the family 

In theory, 21st Century science education is available for all students regardless 

of their binary gender category and, in the context of contemporary educational 

philosophies, students have choice about their studies. This perceived choice and 

related pedagogy and science curriculum works on the assumption that students have 

a high level of agency. The student autonomy suggested in this picture does not 

account for the disciplinary power that is exerted by educational governance bodies 

such as the Australian Curriculum, Assessment and Reporting Authority (ACARA) 

(Australian Curriculum, 2017) as they work to determine the types of knowledge 

taught in secondary schools through prescribed curriculum. Recommended knowledge 

and skills are the business of the school, which deploys another type of disciplinary 

power to determine the conditions for access of knowledge by students.  

For the learner, science becomes a serious business in secondary school48, it is 

the time for “nifty little experiments” (Ashley) rather than the holistic experiences of 

                                                 

 
48Currently science curriculum is taught by specialist teachers from the junior secondary years, but 

this is changing in Australia due to recent Australian Government emphasis on science and 

technology for future economic growth and there is a push for specialised science teachers in 

primary settings.  
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childhood and the primary school described in Chapter 5. However, it is also the time 

of greatest disengagement from science education (Chubb, 2011). 

 School curriculum and access to science 

Growing into young adults occurs in the context of secondary schooling where 

power is productive in further establishing the associated roles for binary gender 

categories that come to define individual lives and associated roles. This is particularly 

true in terms of access to science, which is influenced by the dispositif of gender that 

assigns gender categories to knowledge through conditions of learning, including 

teacher expectations. The observation by participant science teachers that girls were 

more interested in biological and boys in physical sciences led them to believe that 

what they observed was dictated by choice rather than by social and cultural contexts. 

Subjectification as a girl scientist is directed in part by the science curriculum, which 

in Butlerian terms, provides the terms of submission to science and so outlines what 

the students must become as scientists. In the acts required to become scientist, the 

students must master science knowledges and skills outlined by that document while 

simultaneously submitting to these terms. The position of scientist is dictated by the 

document, based on government and industrial needs, and readily perpetuates 

contemporary Western science knowledges and skills and associations to binary 

gender categories. 

Some of the major global issues that require an understanding of science have 

been positioned in the humanities curriculum thus reinforcing contemporary society’s 

refusal to accept social and environmental conditions as science. The prime example 

here is climate change and associated learnings, which has been allocated to the 
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humanities and social science curriculum space in the Australian context (Australian 

Curriculum, 2017). School students who are becoming scientists learn to master 

isolated, siloed sciences: biology, chemistry, physics and earth sciences, while 

simultaneously submitting to reductionist models of science knowledge. Climate 

science, and the complex physics, chemistry and biology at its base, has become 

environmental science due to the holistic elements and approach required. Climate 

science becomes somehow less credible in its association with the feminine. As 

previously discussed, participants were complicit in their reinforcement of the belief 

that girls were more suited to holistic sciences since they require more “reasoning and 

extrapolation” (Louisa). On the other hand, boys were well equipped for the more 

masculine “logical and mathematical” sciences (Mary), such as physics. 

As female students submit and master the contemporary Western curriculum 

reductionist view of science, mutual conditioning within the dispositif of 

contemporary Western science works to produce and reproduce cultural conditions 

and signifiers. The culturally sanctioned signifiers within education are the visible 

representation of what girls see they must become (Davies, 2006) and as they master 

becoming girl and woman, they also submit to the limited definition presented by 

society. As demonstrated in Chapter 5, cultural conditions and signifiers within this 

dispositif effectively produce relations between science knowledges and binary gender 

categories. Since boys and girls were considered to have different roles as discussed 

in Chapters 5 and 6, being proficient at physical sciences might have been out of reach 

for individual girls for societal reasons rather than genetic (Archer et al., 2017b), 

despite government rhetoric (e.g. Chubb, 2014; Turnbull, 2016). Biological reasoning 

that girls and boys were different did not consider the presence of cultural signifiers 
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and the reinforcement of these through the deployment of disciplinary power in the 

educational environment. 

Curriculum and science teachers provide access to knowledge within the 

constraints of a reductionist science curriculum and binary gendered expectations of 

students. Girls are becoming in conditions where unspoken cultural signifiers direct 

femininity as the desired outcome for the female. Girls must perform as female to be 

considered as appropriate girls, this means that female students are more culturally 

influenced to study biological sciences. By mastering the biological sciences, the 

female student submits to the culturally constructed relations between science 

knowledges and gender. By mastering the act of being feminine, the female student 

submits to cultural constructs of binary gender categories and associated gender 

behaviours. 

Influences of the family 

Many of the participants enjoyed memories of their early years of science under 

the influence of family rather than the institution of school. 

I always had a great love for animals ever since I was little and I loved 

watching nature shows at home. (Carol) 

 

A few Christmases in a row I got these books and they were like “what insect 

is that”, nature sort of books so when people ask me ‘how did you get into 

science?’ that’s the story I tell that I remember. (Marie) 

 

My father read to me, this book by Stephen Hawking. (Audrey) 
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Foucault (2003) highlighted the differences between power relations of school 

and power relations of family, which is of interest in this context since many of the 

girls who became physicists had established their interests before secondary schooling. 

For example, Sarah came to understand her love for physics while working with her 

father and grandfather on the family farm. Audrey’s initial interest in physics came 

from her father reading Stephen Hawking books to her at bedtime. Overall, for the 29 

women who participated in this study, experiences of physical sciences were generally 

associated with fathers rather than mothers. For instance, Chloe was encouraged to 

play with construction toys bought by her father. Power relations in families can be 

quite different from the school environment. 

In the school environment, disciplinary power is deployed through scheduling 

of time and space and there is clear structure of authority but in families the power 

relations can be more complex since there is no anonymity (Foucault, 2003). 

Interpreting Foucault, Taylor (2012) argued that there is no single model of power in 

the family environment and referred to feminist scholars who tended to analyse the 

family in terms of biopower as well as disciplinary. Disciplinary power is deployed in 

the form of parental surveillance on children and, in turn, parents are under community 

surveillance. Educational and medical institutions traditionally deploy disciplinary 

power (Rabinow & Rose, 2006) through the ‘gaze’ so that people tend to self-regulate 

to be acceptable as ‘family’ within societal norms (Feder, 1997).  In schools or 

classrooms where teachers are responsible for students’ pastoral care, disciplinary 

power may be less evident than biopower, a Foucauldian concept whereby governance 

and regulation of students is through practices associated with the body (Wright, 

2012).  Empirical data indicates that the participants experienced disciplinary power 

rather than biopower in the science classroom through interplay and interrelations of 
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discourses and rules and regulations of the science classroom discussed in chapter 5. 

In that chapter the science laboratory was critically analysed through participant data 

and ethnographic imagery and this indicated a predominance of disciplinary power at 

play in that site of learning. Tradition tends to direct knowledge transfer in the family 

environment and, since there is no written curriculum as there is in the school, 

knowledge and skills in the family context are largely driven by often unspoken 

societal norms (Taylor, 2012). In contemporary Australian society, the rhetoric 

supports equality and equity, but the unspoken norms promote differentiation through 

production and reproduction of difference in terms of binary gender based on sexual 

characteristics (Taylor, 2012). This is the work of the dispositif of gender, which 

operates in parallel to the dispositif of contemporary Western science, and other social 

apparatus. The interaction of various dispositif can be observed in the family situation, 

often driven by the context of socialised gender roles. Girls and boys in families are 

often assigned their roles based on their sexual characteristics rather than their inherent 

interests, although after a while it is difficult to tell what is inherent and what has been 

embodied through the processes of power and subjectivity in relation to knowledge, 

skill acquisition and transmission. 

The physical sciences were introduced to Sarah, Carol and Audrey by their 

fathers or other key male figures, rather than their mothers or other female figures. 

My dad would’ve been absolutely delighted to build rockets with me but I just 

didn’t have the interest. (Carol) 

 

He [father’s friend] used to teach me bits about physics and stuff like that. 

(Sarah) 
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Most mothers tended to introduce their daughters to science through environmental 

observations but occasionally a non-binary approach to gender was observed. 

Always a nature lover [mum] she would be very much one to point things, 

things that other people would regard just as weeds or whatever, she would 

see beauty in them. (Jessica) 

 

My mother went out of her way to make my upbringing quite non-gendered 

so I was exposed to all sorts of things. (Chloe) 

Maternal care was conceptualised by Foucault in the form of biopower, and 

according the Taylor (2012), women have power over life and death in the act of 

mothering. Maternal figures in contemporary Western society are generally viewed as 

female, for example: mother, the predominantly female nurse and primary school 

teacher. In primary schooling, alongside the disciplinary power deployed for 

timetabling and structuring of lessons, I would argue that in each classroom the 

relations integrate biopower as young students look to the teacher for care and 

nurturing. Such needs tend to lessen by the time students enter secondary school, and 

in the context of adolescence and the presence of more male teachers, disciplinary 

power relations become more apparent. The panopticon style science classroom and 

strict timetabling set the scene for the growing scientist who has been allocated a 

binary gender category despite the opportunities they have to grow, develop and 

become adults. 

‘Girling’ within the disciplinary school environment 

It is important to note here that when individuals perform as gender or as 

scientist, this is not the same as performativity. Performativity describes a process of 

simultaneously becoming and being through compulsive and repeated performances 
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(Butler, 1990b). Performativity involves the process of ‘girling’, becoming a girl. For 

the female, becoming a scientist requires constant and ongoing negotiation through 

mastery and submission of repeated performances in the disciplinary school 

environment and social context of their existence. These complex acts of becoming 

are generally invisible in secondary school science classroom where pedagogical 

approaches have been influenced by contemporary educational philosophies that 

assume individual autonomy. 

The limited awareness or regard for the paradoxical conditions through which 

subjectification as a girl who is becoming a scientist is accomplished, is in itself an 

element in the dispositif of contemporary Western science. Science teacher participant 

expectations for girls and boys were different based on the idea that boys tended to be 

more rational and logical in their thinking while girls tended to be nurturing and caring. 

Since the physical sciences were considered as rational and logical, they were 

attributed masculine qualities, while caring and nurturing were associated with 

biological sciences. The relations of subjectivity in the masculine or feminine with 

knowledge in the dispositif of contemporary Western sciences both influences and is 

influenced by power relations in the science workplace, school or otherwise. In these 

conditions, individual positioning is always questionable and at risk of being viewed 

as inappropriate, as ‘other’. 

Since mastery of a binary gender category, in relation to curriculum science 

knowledge, is not available to all students, individuals can be considered inappropriate 

and incompetent to their category (Rasmussen & Harwood, 2003). This was evident 

in the experiences of women physicists during their time of becoming girl scientists in 

secondary school education systems. Jennifer attended a rural high school where 

intelligence was considered a masculine quality and intelligent girls were ‘othered’ as 
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lesbians, non-girls. Stereotyping females has also been a characteristic of many 

contemporary initiatives to attract girls into science professions in an attempt to 

provide role models to show that girls can be feminine and intelligent. This was true 

of the L’Oreal-UNESCO For Women in Science program (L’Oreal-UNESCO, 2017a) 

discussed in Chapter 6. As demonstrated, this initiative and others, promoted 

stereotypes rather than challenging societal constructs of gender and the relations 

between binary gender categories and science knowledges. Advertising for some of 

the initiatives tended to promote feminine images that were related to biological, health 

and environmental sciences rather than physics or maths. Since research indicates that 

girls are more likely to engage with careers that are considered female (Young et al., 

2013), the initiatives are more likely to reproduce the cultural signifiers and conditions 

for subjectification as a girl/woman and scientist rather than challenge them. 

Being woman, being scientist 

That girls and women do not belong in the masculinised science workplace has 

been perpetuated through the early decades of the 21st Century despite changes to 

legislation and policy and the introduction of various grass roots, commercial or 

educational initiatives. The educational environment has often been considered 

successful at addressing the problem of women and science since the number of girls 

and women studying science at school or in higher education has increased (for 

example, Bell & Yates, 2014). However, these reports have not often considered the 

fact that girls and women have continued to pursue biological, environmental and 

health sciences rather than enabling sciences, which have higher prestige and potential 

for higher earnings in professional science careers. 

The professional retention rate for women in science careers has been poor and 

that many girls and women who study to become professional scientists tend to 
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withdraw at some point for various reasons commonly discussed under the ‘leaky 

pipeline’ approach. Such research conclusions do not accommodate the social 

conditions that women work in as professional scientists and do not recognise the 

ongoing subjectification processes highlighted by Judith Butler. Performativity is 

ongoing and in the context of the dispositif of contemporary Western science, the 

social signifiers discussed in the previous section continue to influence through 

relations of power, knowledge and subjectification. The following discussions 

demonstrate how these relations manifest in sexual harassment and sexism, and in 

stereotyping. 

Sexual harassment and sexism 

Continuing into the 21st Century, disciplinary power has been deployed in the 

science workplace through hypermasculine behaviours in the form of sexism or sexual 

harassment. This was evident in participant data and reflected in media stories about 

sexism in science workplaces, even those largely considered to be within the domain 

of the female. A senior vascular surgeon in Australia, Dr Gabrielle Mullen, stated 

during a press conference: “If you are approached for sex, probably the safest thing to 

do in terms of your career is to comply with the request” (Lillebuen, 2015). Dr 

Mullen’s statement gained media attention and an internal review but only held public 

interest for a short time. In the same year, the international science community was in 

conflict over a public ‘joke’ from Sir Tim Hunt, a Nobel Laureate, who stated at an 

international conference that he was in favour of single sex labs where male scientists 

were segregated from female scientists because “you fall in love with them, they fall 

in love with you and when you criticise them, they cry” (Hunt in Crerar, 2015). 

Insight into the sexist culture that pervades Australian society was evident in the 

responses to the story, which instantly became global news via social media. 
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‘Tweeting’ on #Distractinglysexy became the mechanism for women scientists who 

felt strongly about the ‘joke’ to garner support and stimulate discussion. Global 

response was immense as people commented on the ‘joke’, which reduced professional 

women scientists to emotional children (crying girls) and made them the objects of 

sexual attraction. The second aspect of the joke particularly troubled women scientists 

who used mimesis, a strategy outlined by Luce Irigaray (1985). Irigaray suggested 

that, when used effectively, mimesis is a positive strategy that involves exposing and 

demystifying negative views by repeating those views, in this case about women 

(Taussig, 1993). This process of resubmitting to stereotypical views in order to bring 

the views to attention can be an effective strategy to raise awareness about a contested 

point of view with humour (Johnstone, 2013). 

In the instance of Sir Tim Hunt, social media and strategic mimesis worked 

together to bring attention to his ‘self-depreciating joke’ (Young, 2015) through the 

#distractingly sexy Twitter campaign. The Twitter site was used by women scientists 

to post photos of themselves in their usual science work clothing and protective 

equipment such as goggles, white coats or body suits, gloves and foot coverings. This 

resulted in a backlash and controversy through other media outlets over the impact that 

his ‘joke’ and the resulting campaign had on the professional science community. 

Some reports claimed that Sir Tim Hunt had ‘been hung out to dry on the altar of 

political correctness’ (Boyle, 2015). One of the problems with mimesis is that it can 

further divide and cause othering of the ‘Other’, this is well represented in literary 

studies (e.g. Goswami, 2015) and the concept is observable in this situation to some 

extent. The initial reporter of the ‘joke’, a lecturer in science journalism at a London 

University, was denounced as a feminist and a liar (Fernandez, 2015). Other reports 

discredited the responses to his comments, including the #Distractinglysexy campaign, 
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as the extreme acts of feminists. Women scientists were the subject of the conference 

that was being attended by Sir Tim Hunt when he made the joke during a keynote 

speech. He might have intended his joke to contrast amusingly with the rest of his 

speech in which he went on to recognize the contributions of women scientists, 

particularly in Korea where he was presenting, but even in that context, it was 

patronising in the least. The problem with such jokes is that for many women they 

reflect the circumstances of their existence. There is mutual conditioning of the 

discourses, ‘girls’ and ‘crying’ suggest something weaker, not yet formed and 

emotional. This and other elements in the dispositif work to produce and reproduce the 

masculine culture of science workplaces. This was also evident in participant data 

discussed in Chapter 5, when women scientists discussed their experiences of sexual 

harassment and efforts to avoid difficult situations. 

In the science workforce, women scientists change behaviours and become less 

feminine in an attempt to be part of the masculine culture and to avoid sexism and 

harassment. This type of abuse and subjectification was more likely to be experienced 

by women who remained feminine in dress and attitude (see the discussion in Chapter 

6). Audrey and Jodi both adopted less feminine dress and attitude when working in 

environments that were male dominated. 

What I did was wear big woolly jumpers, never put a skirt on, didn’t wear any 

makeup, didn’t wear any jewellery. I didn’t say anything silly, girly. (Audrey) 

 

I remember wearing a dress one day and feeling very inappropriate for the 

work even although I was in an office sitting at a computer (Jodi) 
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In effect they adopted more masculine performances49to avoid gender related 

problems. 

Overt sexism and sexual harassment is an extreme form of disciplinary power 

deployed to maintain masculine authority in certain social circumstances. Sexist 

behaviours determine the spaces accessible to women in science and limit their 

accessibility to knowledge and authority. This was demonstrated in the advice 

provided to Natalie and Chloe that prevented them from studying engineering, despite 

their lifelong ambitions. Subtle sexist practices discouraged Jodi from remaining in a 

career in spatial science, but it was not these behaviours alone that worked to produce 

and reproduce the problem of women and science. It is the ongoing interplay and 

interrelation of the discourses with other elements in the dispositif that continue to 

work in the context of three variables: power, knowledge and subjectivity. As 

previously discussed in Chapter 6, stereotyping highlights the distinctions between 

women and men in society and contributes to sexism, as discussed in the following 

section.  

Stereotyping 

Social signifiers impacting on subjectification include stereotyping in the binary 

gender category, produced and reproduced through the dispositif of gender and based 

on patriarchal attitudes that masculine is the baseline norm. The ‘pink aisle’ remains 

common in children’s toy and clothing shopping areas. Initially there appears to be a 

greater choice for girls than boys but on closer inspection the choices for both are 

limited to stereotypical and traditional societal roles. Masculine toys promote 

                                                 

 
49Adoption of a performance in this way differs from Butler’s performativity, which results from 

repeated successful performances in a process of mastery and submission (Butler, 1990b), described 

in Chapter 3 
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excitement, adventures, building and experimentation but the girls’ toys continue to 

promote ideals of beauty and caring, so in essence there is less choice amongst more 

products. Dockterman (2014) observed that the chemistry sets in the pink aisle were 

focused on make-up and that a construction kit was to build a dog grooming parlour. 

In the next aisle, the boys’ chemistry sets were making goo or food explosives 

(Dockterman, 2014). Hudak (2017) observed that girls’ attitudes about what they could 

do and become was influenced by stereotyped toys. Girls STEM toys included Dora 

the Explorer and Barbie, but these dolls came without any science-related game play 

other than the back story. Lego recently added several professional female characters 

in the context of a construction game, which include non-traditional female science 

roles such as astronomer, palaeontologist, chemist, geologist, engineer and 

construction worker. These efforts by Lego are positive as they indicate that change 

might be coming but it is a recent improvement and the pink aisle generally persists in 

most Western countries (Dockterman, 2014). 

The stereotypical social pressures described above are relevant to girls who 

would become scientists, however the women who are currently working in 

professional science have succeeded without the influences of Lego toys or other social 

signifiers that provide context for them to ‘be anything’. Becoming scientists in male 

dominated professions required development of techniques demonstrated by women 

participants. Performances outside of their usual identity became a tool to cope with 

being ‘Other’. This was exemplified by Audrey who found that dressing in masculine 

clothing and performing less ‘feminine’ helped her feel safer while working on a 

remote ship with male scientists. By doing so, Audrey had agency in the situation, she 

took control of her surroundings by adapting to become part of them. Another woman 
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on the ship was unable to adapt in this way and fell victim to subjectification; she had 

limited agency in the social conditions that she was experiencing.  

Another scientist, Jodi, found that dressing masculine every day at work was 

incongruent to her identity and consequently felt this reduced her agency in the 

situation. As demonstrated in Chapters 5 and 6, gender stereotyping of science 

knowledge connects ability to knowledge and accepts that being born as girl or boy is 

determinant on your future potential as scientist. As a professional in physical sciences, 

women then must accept that they are outside of the normal stereotype, they are not 

typical scientists and they have to work in that situation. For some women, for example 

Jodi, the environment was such that she could not stay in science and, like others, left 

the science workplace to become a science teacher rather than a practitioner. Other 

women scientists tried to find ways to cope with being ‘Other’ in the science workplace 

by joining women’s networks or seeking the support of male colleagues. A supportive 

senior man was one way to progress your career according to Judy. 

If you have someone to champion you then the others start to think you might 

be OK. (Judy) 

Some women scientists included male scientists in the women’s network meetings 

since they provided validation for working part-time. 

We got some senior men to come and talk about how they work part-time and 

by seeing that men work part-time and that it’s okay it made women feel less 

guilty about working part-time. (Jennifer) 

Such situations demonstrate the deployment of masculine disciplinary power in the 

science workplace as women seek the permission of men to be scientists and 

subsequently approve the hours that women work. Part-time hours are commonly 
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needed for women scientists who are also raising children and this is one of the reasons 

for their lack of progression or retention in the science workplace.  

Leaving professional science to become a science teacher is quite common when 

women plan to become mothers, as demonstrated by several participants. Jessica 

stopped her work as a plant pathologist and studied teaching, so she could balance 

work and family life. Motherhood was also the main influence for Linda, even though 

she had always wanted to study medicine. 

In the end, I had a very conservative mindset and thought that going into 

medicine was too much for being a mother in the end. (Linda) 

Motherhood tended to dominate women’s network groups to the extent that 

women with other problems felt invalidated by the group. This was the experience of 

Jodi who was looking for support and strategies to cope with exclusion in her male 

dominated work environment. She also felt excluded from the women’s group 

because, as biologists, they did not relate to her issues. The role of networks and 

motherhood as elements in the dispositif of contemporary Western science was 

discussed extensively in Chapters 5 and 6. What is important in this context is the links 

between stereotyping and motherhood in social conditions that promote the feminine 

in terms of caring and nurturing, at odds with individual women’s identity as physicist 

or physical scientist. 

In a society that identifies masculine and feminine in binary gender contexts 

based on sexual characteristics, there is limited space for the woman/mother who 

identifies in a masculine role (for example, physicist or engineer) due to the 

juxtaposition of stereotyping that these identities produce. Even in the so-called 

feminine sciences, women are expected to be the primary carers of their children and 

this is often posed as the greatest barrier to retention and progression of women in the 
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science workforce. Becoming and being a scientist is more complex than suggested by 

the leaky pipeline theory (Sheltzer & Smith, 2014; Resmini, 2016). Girls and women 

are excluded from science knowledge and careers because of complex social 

conditions and related identity signifiers that produce and reproduce patriarchal 

conditions under which the female and feminine is allocated social roles of caring and 

nurturing associated with nature, which the masculine continues to dominate and 

control. 

Conclusion 

Becoming a woman in science is contingent on social conditions in the context 

of the dispositif of contemporary Western science. Mutual conditioning of material 

and immaterial elements produces and reproduces a social situation that supports 

binary gender categories based on sexual characteristics linked to socially assigned 

gender roles, particularly in relation to science. As a result, the sciences arise as 

gendered knowledges with physical sciences regarded as masculine and biological as 

feminine. Girls and women are subjectified in conditions that emerged from the Age 

of Enlightenment, with rational and logical thinking dominating over cognitive skills 

generally associated with the feminine. Girls and women are relegated in this system 

to roles of caring and nurturing, commonly associated to biological and environmental 

sciences. 

In the educational system, individuals become scientists in conditions where 

disciplinary power is deployed to maintain social order through control of time and 

space. In situations where teachers are considered in authority, the masculinity of the 

physical sciences continues to carry most conviction due to unseen hierarchy of the 

sciences. Physics remains masculine in the school system with male teachers and 

predominantly boys in classrooms. Some biology teachers express a belief system that 
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supports binary gender categorisation based on their genetic knowledge. In such a 

system they support the linking of physical science to masculinity and biology to the 

feminine. Girl students can be influenced by this discourse, which works through 

mutual conditioning to produce and reproduce the circumstances that create the 

discourse. The said becomes visible as more girls fill biology classrooms than physics 

or chemistry and the position of biology in the science hierarchy is further reinforced 

by the discourses of male physics teachers. Masculine knowledges require clear, 

rational and logical thinking whereas feminine knowledges are associated with rote 

learning and hard work.  

Female students who relate to feminine knowledge systems tend to respond to a 

woman physical science teacher who demonstrates that it is possible to be girl/woman 

and study sciences more often considered to be masculine. By being in a non-

traditional role, women can provide young students with an example of a female 

undertaking traditional masculine roles. Teachers can also encourage female students 

to extend out of their comfort zone and help them to be more conscious of the 

expectations on students related to binary gender categories. Female and male students 

are assumed to have autonomy and choice in contemporary educational philosophy 

with limited consideration of the conditions for subjectification in the context of school 

power relations and access to knowledge. Choosing to study biology rather than 

physics may be seen as an independent act not influenced by societal norms and 

therefore it appears to reinforce binary gender categories and associations with 

knowledge. Soft biology and hard physics provide the imagery for the feminine and 

masculine described by Irigaray (1985) and deny the ongoing potential for becoming 

described by Judith Butler (1990b). 
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As female students submit and master science knowledges in the conditions of 

the dispositif of contemporary Western science, they accept reductionist and 

hierarchical views of science that link them to the lesser biological sciences. The lesser 

knowledge position held by the female reflects the cultural signifiers upon which she 

develops her gender identity. By mastering the biological sciences, the female student 

submits to culturally constructed relations between science knowledges and gender. 

Girls and women mastering the physical sciences are required to submit to masculinity, 

or at least the loss of some femininity. This is reflected through previous chapters 

where girls and women adopted behaviours to protect themselves in masculine 

circumstances where they were open to abuse, sexism and sexual harassment. 

Stereotyping controls the social signifiers for subjectification as feminine for the 

female child and she is subject to the pink aisle and social expectations of her feminine 

role in society. Social policy and legislative change have not altered the conditions of 

her subjectification to a significant extent, and it could be argued that initiatives to 

attract and retain the female have become elements in the dispositif of contemporary 

Western science. Motherhood becomes a key point in the debate only because of the 

assumptions that women leave professional positions to ‘mother’, despite the social 

conditions that have been established to support them in the workplace. Limited insight 

into the role of motherhood as an element in the dispositif prevents a move from this 

rhetoric even by the women who it affects most. 

In the introduction to this chapter, I stated that the purpose of this thesis was to 

describe the social conditions that produce and reproduce the wicked problem of 

women and science. The rationale for this was to understand the processes that 

maintain the social conditions under which the problem thrives. Understanding this 

allows disruption to the conditions for the problem and potentially disrupts the problem 
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itself. In the next chapter, I will present a cohesive conclusion and provide insights 

into where further research can work to disrupt the social conditions identified and 

described in this thesis. 
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Chapter 8:  Conclusions 

The problem of women and science has been described as wicked’ by Bell & 

Yates (2015) because the patterns of disadvantage associated with women’s 

participation in science are well entrenched, extending over decades. In this thesis, I 

have argued that this problem is produced and reproduced through power relations and 

societal elements in contemporary Western society. Societal elements include the 

binary gender divide, which is perpetuated through many of the policy, programs and 

initiatives that have aimed to redress the problem over decades.  

In 2018, in the context of the globalised West, women and men appear to be 

divided into socio-cultural wars with stories of rape, sexual assault, abuse and 

harassment emerging from some of the most influential institutions. These institutions 

work as image-makers, behaviour enforcers and guardians of the patriarchy to 

maintain a status quo within which the problem of women and science emerges as a 

symptom that ‘must be cured’. Potential solutions initiated by government, industry 

and women work to produce and reproduce the problem as they maintain optimal 

social conditions to sustain capitalist patriarchy despite political and media rhetoric. 

We live in a society that maintains binary gender classifications based on biological 

sexing, assumes cisgender as the social norm, despite social inclusion legislation, and 

upholds traditional societal roles through policy, programming and practices. In this 

context, and in one of the most masculine domains of Western culture—science and 

technology—women have been presented as a problem. 

It is within such power relations that the problem of women and science is 

produced and reproduced, through social conditioning that encourages individuals to 
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follow traditional patterns of workforce participation, and associated opportunity and 

reimbursement (Schwab et al., 2017). This is evident from significant research 

focusing on the problem of women and science with some authors concluding that 

more insight of social conditions is needed (e.g. Archer et al, 2017a). This research 

has responded to this call. The research aims and objectives investigate societal 

elements and power relations while seeking points of potential disruption and 

alternative accounts of relations between sex/gender and science to come into being. 

Consequently, this thesis does not build directly on previous research, rather it 

provides insight into societal norms that produce and reproduce the problem of women 

and science. This chapter will focus on addressing the aim and objectives of the 

research, which have been achieved through application of methods from Foucault’s 

genealogical toolbox, Butler’s performativity (1990b) and FST, including Irigaray 

(1985). 

Aim and objectives of research 

The research process was guided by the following aim: To investigate the 

societal elements and power relations that contribute to the ‘wicked’ problem of 

women and science. This overarching question reflects Foucauldian methodology to 

firstly identify elements of the dispositif of contemporary Western science and 

secondly, to describe how they interrelate and interplay to produce and reproduce the 

problem of women and science. The assumption of the research is that at the heart of 

the problem there are social conditions that support a status quo such that the 

segregation of women in science, and other masculine enterprises, is inevitable. 

Underlying this assumption is the suggestion that societal change to more egalitarian 

conditions could resolve the problem of women and science. As a means to identify 
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and describe the social conditions of our time in relation to the problem of women and 

science, I worked to the following objectives: 

• Determine the relationships between gender, sex and science in 

contemporary Western societies. 

• Investigate how relations of gender, sex and science are produced and 

reproduced in the context of science and the science workplace. 

These objectives guided the research to describe social elements and power relations 

for the problem of women and science. The purpose of describing these was to identify 

points of potential disruption for the problem and this was guided through a further 

two objectives: 

• Critically examine how relations between gender, sex and science can be 

disrupted in the context of 21st century Western science workplaces. 

• Determine how alternative accounts of relations between gender, sex and 

science could come into being. 

The following discussion is organised around the research aim and objectives to 

provide an overview of the results of the research discussed in Chapters 5 – 7. The first 

two objectives are discussed in the following section. 

Gender, sex and science 

Determine the relationships between gender, sex and science in contemporary 

Western societies and investigate how relations of gender, sex and science are 

produced and reproduced in the context of science and the science workplace. 

In this thesis, I have demonstrated that the relationships between gender, sex and 

science are complex in contemporary Western society with the terms sex and gender 

sometimes conflated. This means that people become characterised in binary terms as 
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girl/woman or boy/man in most societal contexts. These categories are reinforced 

through government and research rhetoric that tend to describe gender in binary terms 

despite recognition by WHO (2015) that gender is socially constructed and could be 

considered outside of binary terms. In this thesis I contribute to the understanding of 

these relationships by arguing that production and reproduction of binary gender 

discourses, through institutional policy, programs, research and most social practices, 

can restrict opportunities for gender construction outside of prescribed social 

paradigms. This is important for the problem of women and science since critical 

analysis of empirical data demonstrated strong relationships between different science 

knowledges and sex/gender.  

In Chapter 5, I demonstrated links between biological sciences and femininity 

and physical sciences and masculinity through analysis of participant interview data 

as well as images and journal observations obtained through ethnographic research. I 

did this by describing elements of the dispositif of contemporary Western science and 

mutual conditioning that occurs between discursive and non-discursive elements in the 

science workplace, particularly the school science classroom. Most science teachers 

who participated in the research considered it ‘normal’ for girls to study biological 

sciences since as females they are considered to be more suited to caring and nurturing. 

In contrast, participants generally consider boys to be more capable of logical and 

rational thinking and so more suited to physical science. As demonstrated in Chapter 

2, in contemporary Western society, physical sciences tend to be regarded as more 

prestigious than biological sciences. Women’s knowledge is considered as less 

important than that of men and this can be reflected in science education and 

professions. This became evident in participant data, which demonstrated that, even in 

school environments, biological science was considered less important than physical 
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sciences. This is generally the culture of school science, and often girls and boys learn 

that some knowledge is more suited to one sex than the other, and that some knowledge 

is more important than others. Participant data clearly demonstrated that physical 

sciences are considered ‘superior’ to the biological and the masculine as ‘superior’ to 

the feminine. Interplay and interrelation of this with other elements of the dispositif 

contributes to maintaining status quo in a patriarchal system within which the problem 

of women and science manifests.  

The system of relations between complex and interrelated discursive and 

material elements that work together to create ‘gendered’ environments in the science 

workplace contribute to maintaining the ‘problem’ of women and science. The 

elements include: philosophical beliefs in the primacy of science knowledges; 

scientific statements that ascribe gender as binary, denouncing other possibilities as 

‘silly’; discourses that reinforce connection of science knowledge systems to sex; 

discourses that perpetuate binary gendering; workplace architectures that enable 

disciplinary power through regulatory statements and regulations; and workplace 

statements and practices about paternity leave and childcare facilities. Through the 

complex mutual conditioning described throughout this thesis, these elements produce 

and reproduce social conditions that highlight binary gender based on sexual 

differences while providing strong binary links to science knowledges. This tends to 

reflect the demographics of science classrooms, which are both shaped and reshaped 

by complex social interactions. 

As previously noted, in the science classroom, physical sciences are commonly 

considered masculine and more suited to boys while girls are expected to undertake 

biological and environmental sciences due to the associations with caring and 

nurturing. This plays out in the demographics of the science classroom since empirical 
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data indicates that in the experiences of participants, science teachers and scientists, 

few girls are observed studying physics beyond compulsory level. For the teachers 

who participated in this study this tended to provide evidence that different sciences 

are suitable for different sex/genders. Some participants assumed that correlation is 

causation with limited social analysis of the situation. Gender segregation of science 

knowledges observed by the participants is reflective of gender relations in a wider 

Western societal context in terms of industrial norms, educational institutions and 

family relations. Influenced by patriarchal power relations, the uptake of science 

knowledge and skills in the science classroom is related to gender norms observed in 

the science workplace. The school science laboratory provides fertile ground for 

students to subjectify sex/gender and science through disciplinary power that 

encourages self-regulation and compliance. Learning science within these settings 

reproduces the societal conditions of the science workplace and ensures that, within 

the science classroom, students’ uptake knowledges in relation to their gender 

subjectivities. 

The relationships between sex, gender and science demonstrate a false 

consciousness that maintains the social status quo, and it becomes ‘normal’ for girls to 

be focusing on biological and health sciences rather than the physical sciences. 

Emerging as masculine and prestigious, the physical sciences are considered the 

business of boys and men. In contrast, the business of women, biological sciences, 

including health and environmental science, are less important and less high-status. 

According to Luce Irigaray (1985), Western science as established during the 

Enlightenment, has little consideration of women’s agency. As a result, women 

continue to be linked with nature and subsequently, biological and health sciences. 

Irigaray (1985) has argued that women and men must reconfigure their subjectivity so 
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that both understand themselves as belonging equally to nature and culture. In doing 

so, individuals could focus less on differences and more on connectivity. If individuals 

were free of the binary gender divide then subjectification would not operate within 

the narrow confines of girl/boy and woman/man and the related knowledge systems. 

Binary sex/gender is generally allocated at birth in response to sexual 

characteristics. Social processes then provide circumstances and cues for becoming 

girl/woman or boy/man. According to Judith Butler’s (1990) theory of performativity, 

the binary gender categories are culturally constructed, subjective, and identified with 

no essential meaning outside of the conditions that form the category. Gender is an 

enactment influenced by discourses and social norms, established through the mutual 

conditioning described earlier. What this means in terms of this thesis is that girls and 

boys are influenced by social norms to be feminine or masculine and through mastery 

and submission of a series of performative acts ‘become’ appropriate and ‘normal’ 

girls/women or boys/men. Girls and women who step outside of the stereotype to 

become physical scientists are commonly considered to be ‘unlike’ other women as 

demonstrated in the experiences of women participants of this research. Women 

biologists and those in the health sciences are generally considered ‘normal’ women 

and even although they are studying and working on significant scientific challenges, 

their work is often considered less impressive or important than the physicists or 

engineers. This study indicates that while women who focus their energies on the 

physical sciences and related professions might be respected for their scientific 

knowledge, they become less feminine in the process since they are stepping outside 

of the societal norms for women. While much social and political rhetoric encourages 

girls and women to these masculine pursuits, some women undertake significant 

identity work to maintain their position as scientists in masculine cultural workplaces. 
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Women working as scientists in hypermasculine work environments tend to alter their 

behaviour through mimesis to remain safe and free from harassment. 

These complex relations begin in the science classroom where the person with 

most authority, the science teacher, engages with discourses and acts of complicity to 

highlight sexual differences as gender differences, relate science knowledges to sex, 

and elevate the physical sciences above biological in the hierarchy of sciences.  

Disrupting relations between gender, sex and science 

The critical examination of how relations between gender, sex and science can 

be disrupted in the context of 21st century Western science workplaces is discussed 

below. In the previous section, the production and reproduction of relations between 

gender, sex and science were described. These relations are integral to sociocultural 

conditions that produce and reproduce the problem of women and science. Disrupting 

the problem requires disruption of the conditions within which it thrives in the context 

of the dispositif of contemporary Western science. The dispositif is composed of 

material and immaterial elements that interrelate and interplay through mutual 

conditioning to produce and reproduce the social conditions, which have been 

established since the time of the Enlightenment. As previously discussed, Foucault’s 

concept of a dispositif is that of a social apparatus that arises in response to an urgent 

need. The urgent need for this dispositif emerged at the time of the Enlightenment 

when the knowledge of men geographically located in North Western Europe gained 

primacy over all others.  

The dispositif of contemporary Western science produces and reproduces the 

social conditions that maintain a status quo whereby men’s knowledge, whose lineage 

is linked to European Enlightenment, is more important than that of women’s and 



 

 

Chapter 8: Conclusions 305 

indigenous knowledges50. Masculine traits are claimed for the logical and rational 

physical sciences, which are then considered as greater than the knowledge of caring 

and nurturing, associated with femininity and the biological and health sciences. From 

critical analysis of empirical data, previous research and political rhetoric, the need 

attended to by the dispositif of western science is to firstly establish and now maintain 

social conditions that shape and reshape relations between the power/knowledge nexus 

and gender where there are limited choices outside of the binary concepts of 

girl/woman and boy/man. The relations are reinforced through formal science 

education, which begins in the school science classroom with secondary schooling as 

the primary training site for young scientists.    

Disrupting the school science classroom 

The roots of the problem of women and science began to take hold during the 

Enlightenment when the dispositif of contemporary Western science emerged to 

stabilise power/knowledge relations at a time of immense cultural and social change. 

The work of this thesis has been to unravel the dispositif, to identify its assumptions 

and potential points of disruption, and in doing so, to seek measures that could 

influence social change.  

I have drawn on Foucault (1975) to consider schools as sites of mass training, 

where through disciplinary power, students are subjectified to provide economic and 

social potential for specific purposes and productivities (O’Farrell, 2005). In the school 

science laboratory productivity is the amount of work achieved and knowledge 

obtained in relation to subjectivities. Becoming girl/woman or boy/man and scientist 

within the architectural confines of the science classroom is highly influenced by the 

                                                 

 
50 In this context the term Indigenous knowledges refers to worldwide Indigenous knowledge systems. 



 

306 Chapter 8: Conclusions 

mutual conditioning between material elements (for example, architecture, safety 

regulations and curriculum) and immaterial elements (for example, discourses, 

philosophical propositions about gender and beliefs) at play in that social environment. 

Through disciplinary power, ‘the teacher’ emerges as the person of authority who 

models what a student might become through their adherence to discourses, 

philosophical beliefs and statements about the primacy of science, including the 

dominance of the physical sciences. Masculine knowledges are produced and 

reproduced as a dominant knowledge through the interplay of these elements of the 

dispositif. Students subjectify as girl/woman and boy/man in relation to science with 

the teacher role-model influencing their performative roles as girl or boy, the 

mastering/submission process of becoming a gender with appropriate knowledges. 

The mechanisms of the physics lab, the dangers of chemistry and the earthy tones 

of biology form environments where discourses about science work are formed. The 

visual (material) elements of the physics lab call for calculations and logical thought, 

which are commonly attributed to the masculine. Images of life, and death, in the 

biology lab stimulate discourses about the association of nurturing and nature and the 

association with females. This is observed in the demographics of the different 

classrooms, driven through the relations of sex/gender to science knowledges. In turn, 

this produces and reproduces the idea that physical science is more suitable for boys 

and biology for girls. Through the mutual conditioning, the interplay and interrelation 

of these elements within the dispositif of contemporary Western science, the problem 

of women and science is produced and reproduced.  

Bringing attention to the relations of gender, sex and science is essential to 

identity points of potential disruption. Disrupting the primary site of training to 

become a scientist would require several measures. Firstly, altering the technologies 
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of power at play in the science laboratory. Secondly, changing the demographics of 

science classrooms to ensure gender diversity. Thirdly, challenging teacher beliefs and 

attitudes about sex/gender and science, and finally, consciously promoting pedagogies 

of engagement for all students about all science knowledge systems. In short, change 

requires instituting an egalitarian learning environment where students have equal 

access to knowledge systems regardless of their perceived sex/gender and other social 

characteristics. This is not without issue since there is considerable argument and 

assumption in curriculum, policy, legislation and practice that such a learning 

environment already exists.  

Most contemporary educational theories and philosophies tend to promote 

student autonomy and diversity (Davies, 2006), therefore most science teachers are 

unaware of the impact of their pedagogies and practices on student segregation. The 

social interactions are complex and Foucauldian genealogical tools can make these 

visible through Foucauldian Discourse Analysis and critical analysis of elements that 

make up the dispositif. Importantly, the empirical data for this research included 

discourse, from participant interviews, and material data in the form of classroom 

images, legislation and rules and regulations of science classrooms. This allowed 

analysis of interrelations and interplay of elements of the dispositif which led to 

visibility. The following measures: altering technologies of power, changing 

classroom demographics, challenging teacher beliefs and attitudes, and investigating 

pedagogies for change in the science classroom are discussed in more depth below. 

Ultimately, I will discuss a combined strategy to disrupt the dispositif in the school 

science classroom but first I will work through each measure separately. 
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Altering the technologies of power at play in the science classroom 

In Chapter 5, I described the relationships between disciplinary power and the 

panopticon style science classroom. The architecture of the science laboratory 

produces and reproduces discourses that science work is potentially dangerous and 

requires regulatory measures to ensure safety. While some activities that occur in the 

science classroom do require strict disciplinary measures to prevent accident or injury, 

not all science work falls into this category. Removing science learning from a highly 

regulated architectural structure has potential to alter power relations between the 

science teacher and students. Power relations would shift if individuals, teachers and 

students were positioned differently to remove the effect of the gaze from the learning 

environment.  

Changing the power relations of the learning environment tends to produce more 

holistic learning. As discussed in Chapter 5, science learning outside of the classroom 

tends to be more holistic, focusing on a topic of interest rather than a science subject, 

for example, studying soil erosion requires knowledge of chemistry, biology and 

physics as well as sound mathematical skills. Removing barriers between physics, 

chemistry, biology and earth sciences through a holistic focus to science education has 

potential to reduce sex/gender associations in the learning and teaching of science as 

traditional associations between science subjects and sex/gender would be reduced. 

Sex/gender associations upheld through discourses by some science teachers could 

also be diluted in the changing power relations achieved by taking science outside of 

the panopticon of the science lab and into the field for example, since there is a change 

in power relations in a different environment. In the early years of secondary school, 

a holistic approach to science in an open environment could encourage students to 

participate in all sciences without unconscious or conscious bias.  
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Changing the demographics of science classrooms 

Changing the demographics of science classrooms is more likely to be an 

outcome from other measures rather than a deliberate act. Forcing the change is 

unlikely to be successful because it would mean prescribing studies to unwilling or 

uninterested students in the senior years of secondary schooling. In these years of 

schooling, students tend to select subjects that are relevant to their career choices; this 

is particularly true of science subjects as discussed in Chapter 2. Despite this, on 

occasion girls will not study physics even when it is required for their preferred career 

since it is considered a ‘boys’ subject and the classroom is dominated by males, more 

often a male teacher and students in the classroom. There are two options discussed 

here to challenge the demographic norm of senior secondary science classrooms, as 

previously discussed the approaches must be multifaceted to influence the dispositif 

of contemporary western science. First, increase sex/gender diversity of teachers 

across all science subjects; and second, schools to actively challenge the associations 

of sex/gender to different science knowledges. These two points are dealt with in 

further detail below. 

Increasing sex/gender diversity of science teachers would entail active 

recruitment and professional development strategies to ensure that feminine and 

masculine identities of science subjects are challenged. In participant data, the 

demographics of students and teachers in the science classrooms emerged as an 

element in the dispositif of contemporary Western science. For instance, the male 

dominated physics class tended to reinforce the masculinity of the subject and works 

with other elements of the dispositif so that women physics teachers would require 

significant agency to teach physical sciences. Women biology teachers may well 

believe that they do not have required skills or cognitive ability to teach physical 
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science due to their complicity in the dispositif of contemporary western science 

discussed in previous chapters.  

Challenging stereotyping of science teachers could help enforce change but only 

if other approaches were established to challenge societal norms about gender, 

knowledge and abilities so that several elements of the dispositif are disrupted. There 

are several practical strategies that could enable sex/gender diversity in science 

teaching. These include: employing quotas for science teachers to ensure balance of 

male and female and other gender identities; supporting science teachers to study for 

a second science specialisation, for example biology teachers study physics and 

physics teachers study biology so they can teach both subjects; and science teachers 

could team teach so that no one sex/gender is associated with learning and teaching of 

a particular science knowledge. Professional development would be required in any of 

these scenarios. This would promote reflexive and reflective teaching practice and 

encourage teachers to become aware of their sex/gender discourses and science 

knowledge biases. Women science teachers who are currently complicit in the 

dispositif and have strong identity as female and biologist would need significant 

incentive, support and opportunity for success before they could undertake teaching of 

subjects that they would normally associate with masculine identities. Through 

professional development programs that individual teachers could increase their 

personal awareness of relations of gender, power and knowledge. If at least some 

teachers achieved awareness of gender diversity in relation to individual agency and 

science knowledge they could help disrupt the dispositif of contemporary western 

science in the school workplace through encouraging students to similar thinking and 

providing gender diverse learning opportunities. This brings us to the second point of 
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how schools can actively challenge the associations of sex/gender to different science 

knowledges, discussed below. 

Challenging teacher beliefs and attitudes  

Professional development for all teachers to develop insight into sex/gender 

discourses would be helpful for all school subject, but discussion is focused on learning 

and teaching of science in this instance. Many science teachers demonstrate a belief 

that sex/gender determines science ability, and this could be challenged through 

professional development and networking events. Open discussion across professional 

bodies such as science teacher associations and other networks could aim to reduce the 

sex/gender bias in science subjects and others. Inclusion of gender education across all 

teaching education degrees could reduce the sex/gender bias in science subjects and 

others.  

Another potential measure to increase sex/gender diversity in science 

classrooms is indirect but builds on the first point of disruption discussed above. Junior 

secondary science classrooms could take a holistic approach and students could learn 

science knowledge related to their interests rather than siloed into curriculum-defined 

areas. This would provide opportunity for students to engage in all sciences without 

labelling associated with the social norm for feminine, masculine or other. Students 

could develop interests in a range of science knowledges and this could inform their 

career choices if they had appropriate support and career counselling into secondary 

years. As highlighted in Chapter 2, when they consider it relevant to their career 

opportunities, most students continue to study science beyond the compulsory years. 

This measure would need to be implemented in a supportive environment where 

sex/gender assumptions are challenged through ongoing diversity programs for 
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teachers and students. This process relies on high levels of agency for students and 

teachers and conscious efforts to maintain awareness of the benefits for doing so.  

Challenging teacher beliefs and attitudes has the potential to change the 

pedagogies of learning in the science classroom. Pedagogical approaches tend to be 

guided by teacher philosophies and indirectly, by their attitudes and beliefs about 

students and education. Programs to challenge teachers with a focus on science 

pedagogies that could change the culture of the science classroom are described below.  

Investigating pedagogies of engagement for cultural change in science 

education 

Science pedagogies focus on developing science knowledges and skills rather 

than challenging underlying assumptions and beliefs about science and sex/gender. 

Current educational theories promote pedagogies that support students to develop high 

levels of autonomy and self-determination, and high levels of agency for accessing 

educational needs. Furthermore, there is an assumption that this develops high levels 

of agency for each student. In reality, as demonstrated in Chapter 7, students have 

varying levels of agency generally related to their life experiences, class, ‘race’, culture 

and socially constructed sex/gender identities. Recognition of these factors during 

school-based education could be achieved through promotion of reflective and 

reflexive practices for teachers and students. A reconfigured pedagogy to increase 

teacher awareness of the assumptions they are working within their daily practice 

could extend over time to include reflective and reflexive practices for students. The 

everyday day act of learning and teaching could be changed through pedagogies that 

promote teacher and student awareness of their bias, assumptions and expectations of 

each other in the school classroom. Growing awareness of the factors that influence 
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the lives and decisions of both teachers and students could challenge the stereotypes 

that are unconsciously promoted in the school environment.  

For example, this thesis has demonstrated that in science education, policy, 

programs and initiatives, biological and health sciences are stereotyped as feminine 

and physical sciences as masculine. Similarly, girls are stereotyped as health scientists 

or biologists and boys as physical scientists, commonly engineers. Developing 

pedagogies of engagement that challenge sex/gender stereotypes of science knowledge 

and science students, could work effectively with other measures in secondary school 

science education. From my research, I argue that innovative programs in science 

education could drive social change required to resolve the problem of women and 

science. 

Disrupting science education 

Achieving social change through public institutions, in this instance the 

education system, generally requires political and public will, as well as large-scale 

operational support. The Australian Institute for Teaching and School Leadership 

(AITSL) and ACARA could drive effective social change in the Australian context if 

political will dictated. AITSL guides teacher education and practice through the 

development and monitoring of teacher standards. The Australian Professional 

Standards for Teachers is a statement of what constitutes teacher quality. The standards 

include statements on diversity in culture, linguistics, religion and socioeconomic 

background but there is no consideration of sex or gender. I propose that AITSL 

consider including gender as a diversity in the teaching standards. Furthermore, I 

recommend that the term gender be defined to reflect the WHO (2015) definition thus 

emphasising the importance of recognising and accepting that gender is social 

constructed and that gender identities outside of the binary social ‘norm’ do exist. 
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Teaching standards that reflect the needs of gender diverse students would be a starting 

point for educating teachers about gender bias and gendering behaviours in their 

teaching practices. The main advantages of this uptake by AITSL would be that all 

teacher education providers would need to incorporate gender diversity in their 

programs and the benefits would extend beyond the science classroom and infiltrate at 

the earliest age of compulsory schooling. 

The other main disciplinary body for teaching practice is ACARA, which 

provides guidelines for the Australian Curriculum and Assessment system. A review 

of the Australian Science curriculum, particularly a revision of the junior secondary 

curriculum to reflect a holistic approach would implement the changes outlined earlier. 

It is unlikely that this would be a popular move since the current science curriculum is 

the result of consultation with industry bodies, governance bodies and teachers with 

the current siloed approach being generally favoured. This is the approach that most 

Western curriculums follow in secondary education with holistic curriculum favoured 

in the primary years. 

With or without the support of governance bodies, further research and 

implementation of programs across Australian schools could work to implement social 

change at a local level. Such programs would incorporate the principles of each 

measure discussed previously. That is, the science program would be holistic, relate to 

student driven interests and current issues with learning facilitated in an environment 

appropriate to the problem rather than always in a school science laboratory. Teachers 

would receive professional development and be supported to be reflective and 

reflexive in their practice. This would be designed to raise their consciousness about 

sex/gender diversities and any cultural bias. The program could reflect egalitarian and 
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prefigurative51 education principles, with room for transformative practice for teachers 

and students.  

While these suggestions could be effective in challenging social constructs and 

relations about science education and science professions, there are two main issues to 

be considered. Firstly, the onus for social change would yet again be placed on 

teachers, and secondly, there would be limited emphasis on creating social change 

through challenging sex/gender stereotypes and social norms in Western or other 

cultures. Nevertheless, there is potential for some change through the school system, 

even at local levels and even small changes would be more effective than none at all. 

Future research to investigate the potential for cultural change in the secondary science 

classroom is recommended and should include consideration of the implications of 

such programs for wider societal change. Ideally, the research, programs and initiatives 

in the education system would be part of a broad effort to target socio-cultural norms, 

particularly in the science workplace beyond the school environment. 

Disrupting the science workplace 

The thesis has demonstrated that individuals socialised as girls and women 

become professional scientists in a society where three core ideas have persisted. Sex 

determines gender; science knowledges are engendered; and as women scientists, they 

can expect to face some discomfort to create a successful science career, particularly 

if they are working in the physical sciences. In these sciences, the cultures tend to be 

                                                 

 
51 Prefigurative politics are modes of social relationships that reflect what is sought by a social group 

(Boggs, 1977). Prefigurative education embodies these principles within educational practice, for 

example, in the instance of sex/gender and science, social relations, decision-making and human 

experiences could incorporate principles of gender equity beyond the binary constraints currently 

functioning in Western cultures. 
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hypermasculine. Even in the biological and health sciences, women experience 

inequities as they generally receive less reward in terms of salary and advancement 

opportunity. In principle, women scientists experience equality through legislation and 

workplace policy guidelines but this is not reality in the experience of most women 

scientists. Since scientists seem to be considered in gender terms with different 

expectations for women and men, a good start to reducing sex/gender segregation 

would be to extend socio-political definitions of gender beyond the binary model. This 

would also have profound implications for other binary positions observed in the 

dispositif of contemporary Western science, particularly in relation to primacy of 

difference science knowledges. Ultimately this strategy could lead to a more holistic 

approach discussed previously.  

Lobbying government for gender diversity practices 

Lobbying government to change their current gender definitions could benefit 

science and other gendered professions since political recognition of gender diversity 

will ultimately change how people come to perceive gender. For example, the 

Workplace Gender Equality Agency (WGEA) does not currently reflect gender 

diversity and instead discusses the status of women and men in employment in a binary 

model. Promoting a limited binary gender definition produces and reproduces societal 

discourses that reinforce the idea that gender is based on biological sex rather than 

other factors, including social conditioning. This is one of the elements of the dispositif 

of contemporary Western science that could be disrupted through lobbying to 

government and other agencies for a change in definition that would mark the onset of 

wider social change in how Australians come to regard gender. 

Socio-political rhetoric of the 21stCentury global West suggests that social 

change is inevitable and the need for a segregated industrial workforce is diminishing 
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in the move away from industrial towards technological advancement (Schwab, 2017). 

In this change, an integrated workforce is more important than ever to secure global 

growth and success in capitalist systems (Schwab, 2017). Extending gender definitions 

to reflect social diversities will integrate the workforce by removing limitations that 

associate sex/gender to particular knowledge systems or workplace characteristics. As 

traditional roles cease to exist, the binary gender association between women and men 

and their rights to knowledge and abilities will become extinct and viewed as a need 

of the dispositif of contemporary Western science, which developed from the industrial 

era. 

Changing focus, less women and more gender diversity 

Many of the programs, policies and initiatives about the problem of women and 

science have focused on girls and women. They have tended to reinforce many of the 

stereotypes and binary divisions that work through mutual conditioning with other 

elements of the dispositif to produce and reproduce the problem. This was 

demonstrated through chapters 6 and 7 of this thesis. I argue that the programs 

stereotype women and science and the impact of many initiatives is to promote 

femininity and biological and health sciences rather than challenge current 

assumptions and expectations of sex/gendered social roles. Programs and initiatives 

that promote gender diversity, particularly in non-traditional roles, would be more 

effective in disrupting the dispositif and the problem of women and science. Some of 

the programs provide important funding to support women scientists to progress their 

careers, which is essential since they are a disadvantaged group in terms of career 

progression when compared to men. However, the requirements for these programs 

could be changed to reflect need rather than being solely based on gender. Future 

research to investigate the potential for gender diversity and equity programs and 
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initiatives in science workplaces is recommended. Research programs could be 

implemented to drive cultural change in science workplaces, which could be prepared 

for the future by some enforced cultural changes through quotas and professional 

development on gender diversity and acceptable behaviours. 

Enforced cultural change in science workplaces 

I have witnessed significant cultural change in my lifetime, commonly enforced 

by legislation with ongoing implementation through education and penalty. The 

introduction of compulsory installation and use of seat belts in motor vehicles is one 

of the most commonly cited mass behaviour changes (e.g. Vasudevan, Nambisan, 

Singh & Pearl, 2009). initially enforced by legislation and maintained through fines 

and educational programs promoting safety. This example demonstrates a multifaceted 

approach to a social issue addressing through media, education and legislation. This is 

essential to ensure that more than one element is altered in a dispositif to create effect 

on the overall societal problem. 

I suggest that similar approaches could be utilised by using disciplinary power 

to enforce cultural change in science workplaces by applying gender quotas as part of 

an overall strategy to address the ‘problem’ of women and science. Initially I suspect 

the quotas would be binary sex-based measures for women and men, but ultimately 

the quota could reflect gender diversity as other elements of the dispositif shift and 

change. Currently in Australia, the WGEA rewards companies who employ women at 

executive levels. I am proposing that similar be instigated for science workplaces. The 

difference would be that disciplinary action would be enforced for companies who are 

not attempting to employ diverse genders into their workforce. Initially, it would be 

difficult for companies and industry to employ women and men in equal number, with 

equal spread in the hierarchy but they would be required to report on efforts to do so. 
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Over time, and combined with other initiatives, the definition of gender could expand 

beyond the binary and the workforce would reflect gender diversity. Enforcement of 

gender diversity would be facilitated in line with workplace education programs that 

explain, promote and highlight the advantages of gender diversity. Such programs 

could also address sexual harassment between diverse genders rather than focusing on 

male and female interactions. Enforced change on several elements of the dispositif of 

contemporary western science could influence the interplay and interrelation within 

this social apparatus and change would occur.  

The rationale for the enforced change through disciplinary power is to ensure 

that women scientists are provided with every opportunity for fair employment and 

advancement at the initial stages of the program. As demonstrated in this thesis, girls 

who are being socialised as girls can look to feminine role models to see what is 

possible for them in the workplace. Ensuring women are sitting in non-traditional jobs 

provides more options for girls and the uptake of non-traditional studies becomes more 

likely if enforced change was part of a multifaceted approach, a campaign, that aims 

to influence shifts in the dispositif of contemporary western science and challenge 

relations between power, knowledge and subjectivity. 

Implications of research 

In this thesis I have identified points of disruption for the problem of women and 

science by describing the mutual conditioning of material and immaterial elements of 

the dispositif of contemporary Western science. Recommendations for further research 

and initiatives that could disrupt the problem during school science education, and in 

the science workplace, have been described. A major element arising in this thesis is 

the role that sex/gender definitions play in maintaining a status quo where traditional 

sex/gender roles are perpetuated through social conditioning. This maintains a 
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patriarchal social system where women continue to be assigned roles as carers and 

nurturers with less social impact than men in terms of money and prestige. This is 

reflected in the science workplace where women continue to experience horizontal and 

vertical segregation with few women found working in the physical sciences. These 

are the science knowledges most commonly associated with the masculine in a binary 

gender system and women are regarded as having less ability for these rational and 

logical sciences. Instead, women are considered more suited to biology and health 

sciences where they can express their caring and nurturing traits and their ability for 

hard work. This belief perpetuates the role of women in these roles.  

While this system remains unchallenged, the problem of women and science will 

continue to be produced and reproduced through the mutual conditioning of elements 

in the dispositif of contemporary Western science. This social apparatus was 

established at the time of the Enlightenment in response to an urgent need to support 

a system where men’s knowledge had primacy over others as part of societal 

dominance of Western masculine knowledge systems. Masculine traits were claimed 

for the logical and rational physical sciences, which are considered as greater than the 

knowledge of caring and nurturing, associated with femininity and the biological and 

health sciences. The urgent need served by the dispositif of contemporary Western 

science relies on the social conditions that produce and reproduce the binary 

sex/gender categories and associated relations to science knowledges. This thesis has 

described points of disruption for these social conditions. Building on from this, to 

develop programs and initiatives that will disrupt social norms about sex/gender 

categories and their relations to science knowledges is the next stage. Developing 

strategies for research funding is crucial to enable post-doctoral research to advance 

the ideas forwarded in this thesis. 
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Policies, programs and initiatives aiming to redress the problem of women and 

science are largely ineffective in the long term, as discussed in Chapter 6, because they 

fail to challenge the social elements that support binary sex/gender categories and 

associated science knowledges. This failure has implications for ongoing research and 

initiatives on the problem of women and science and indicates that effecting social 

change in how people consider sex/gender and associated social roles and knowledges 

is crucial to the problem of women and science. Programs, policies and initiatives that 

do not address these facts are part of the problem since they produce and reproduce 

the social conditions that support the dispositif of contemporary Western science. 

Concluding statement 

In this thesis, I describe the social elements and power relations that produce and 

reproduce the problem of women and science through application of Foucauldian 

methodology to participant data. I explain the interrelation and interplay of material 

and immaterial elements of the dispositif of contemporary Western science so that 

points of disruption can be identified. The relations between sex/gender and science 

emerge as key elements in producing and reproducing discourses, statements and 

practices that maintain societal status quo in relation to the problem of women and 

science. I examine the impact of binary categorisation of sex/gender definitions 

through policy, legislation and practice in relation to social theories of gender 

subjectification. Namely Judith Butler’s performative theory (1990b), which 

demonstrated the ongoing process of becoming girl/woman through repeated social 

performative actions, and the writings of Luce Irigaray (1985), which showed the 

relationship of the feminine to nature in relation to primacy of knowledge and 

individual agency. 
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Through this analysis, I show that the problem of women and science is an 

outcome of socio-cultural conditions of patriarchy emerging at the time of the 

Enlightenment and persisting into the 21stCentury despite legislation and rhetoric to 

the contrary. In the conclusion of this thesis, I recognise the need for social change in 

regard to attitudes and assumptions about sex/gender. Current programs, policies and 

initiatives aiming to redress the problem of women and science do not target the points 

of disruption of the dispositif of contemporary Western science and as such are 

unlikely to effect the change required. Instead, these initiatives are likely to maintain 

the social conditions that make the problem inevitable. 

In the final chapter of this thesis, I recommend future research and educational 

strategies that aim to disrupt the problem of women and science through challenging 

social assumption about sex and gender. Removing assumptions about sex/gender 

differences by extending the social consciousness about gender diversity has the 

potential to reconfigure subjectivities in relation to science knowledge systems. This 

is no small task and ultimately requires commitment to social change that disrupts 

patriarchal relations of power in the 21st Century.  
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Appendix A 

Invitation to Participate in Research 

Dear Science Teachers 

I am currently undertaking Doctoral research on Gender, Science and Discourse and am 

inviting women science teachers to participate in this research.  Participants would be willing 

to take part in a monthly online focus group meeting and contribute on an ongoing basis to 

an online discussion board.  The title of the research is Science and Discourse: Investigating 

the effects of dominant discourses in science and science education on the uptake of science 

knowledges in Australian schools.   

Within the context of the focus groups women science teachers and the researcher will 

explore common discourses in science and science education from participant perspective 

and discuss our perceptions on the potential effects of these discourses on the uptake of 

knowledge in Australian Schools. 

Before you agree to join the research, I can confirm the following: 

1. This research has the approval of the Charles Darwin University Research Office 

and the Human Ethics Committee. 

2. With your permission, each online focus group meeting will be recorded and stored 

digitally in the university system with access protected by secure password. 

3. Your anonymity will be maintained and no comments will be ascribed to you by 

name in any written document or verbal presentation.  No data will be used from the 

discussions that might identify you to a third party. 

4. Transcripts of online focus groups will be available after each session. 

5. You are free to withdraw from the research at any time. 

Please read the attached Plain Language Statement for further information.  If you have any 

queries concerning the nature of the research or are unclear about any questions please 

contact me at Janice.crerar@cdu.edu.au. 

Could you please pass this email to any women science teaching colleagues? 

Finally, thank you for taking the time to help me with my research, it is much appreciated. 

Yours sincerely 

Janice Crerar 
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To [whom it may concern] 

 

I am currently undertaking Doctoral research on Gender, Science and Discourse and am 

inviting women to participate in this research.   

 

Participants would be willing to take part one of the following activities: 

1. A once only online ‘live real time’ focus group session (40 minutes – 1-hour duration)  

2. An individual interview (40 minutes – 1-hour duration) 

3. Ongoing online ‘live real time’ focus group sessions, once monthly for six months. 

The title of the research is Science and Discourse: Investigating the effects of dominant 

discourses in science and science education on the uptake of science knowledges in 

Australian schools.   

Within the context of the focus groups women and the researcher will explore common 

discourses in science and science and discuss our perceptions on the potential effects of these 

discourses on the uptake of knowledge. 

Before you agree to join the research, I can confirm the following: 

1. This research has the approval of the Charles Darwin University Research Office 

and the Human Ethics Committee. 

2. With your permission, each online focus group meeting will be recorded and stored 

digitally in the university system with access protected by secure password. 

3. Your anonymity will be maintained and no comments will be ascribed to you by 

name in any written document or verbal presentation.  No data will be used from the 

discussions that might identify you to a third party. 

4. Transcripts of online focus groups and individual interviews will be available after 

each session. 

5. You are free to withdraw from the research at any time. 

Please read the attached Plain Language Statement for further information.  If you 

have any queries concerning the nature of the research or are unclear about any questions 

please contact me at Janice.crerar@cdu.edu.au. 

Could you please pass this email to any women who you think might be interested? 

Finally, thank you for taking the time to help me with my research, it is much appreciated. 

Yours sincerely 
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Plain Language Statement 
 
Project title: 

Gender, science and discourse: Investigating the effects of dominant discourses in science 

and science education 

Researcher: 

Janice Crerar is currently a lecturer in education and Doctoral Candidate in the School of 

Education at Charles Darwin University.  Janice is interested in the ongoing national and 

international debate on women in science and the segregation patterns observed.  She has 

extensive previous professional experience in science and science education. 

Aim of the Study: 

The purpose of the study is to identify common discourses in science and science education 

from the perspectives of women science teachers through analysis of their discourses on key 

science issues and school science documents, including science text books and curriculum 

documents. 

Benefits of the study: 

This study will contribute to the ongoing national and international debate on science and 

science education and gender. 

What would we expect of you? 

If you decide to take part in this research you would be invited to participate in an online 

‘live real time’ information session where you would meet other participants and the 

researcher and be provided with further information about the background to this research. 

You will have the opportunity to ask questions and discuss the expectations of the research.  

During this session you will be introduced to the discussion forum where all participants will 

engage in ongoing discussion about key issues in science over a period of 6 months. 

You will also be asked to nominate times that would be suitable for you to participate in a 

live monthly online discussion.  You will then be allocated to a smaller group (one of three) 

for regular monthly online live focus group discussion for a period of 6 months (6 in total).  

In the smaller focus groups, you will be asked to participate in discussion of current issues in 

science, including: 

• Reproduction and Reproductive technology 

• Beauty and performance myths  

• Nano and bio technology 

• Climate Change  

Discussion will be prompted by stimulus material such as contemporary science magazines 

(e.g. New Scientist), multimedia (e.g. Catalyst, Insight), science text books and science 

curricula documents.  Key questions from the researcher will guide the discussion but you 

are also welcome to introduce related questions, topics and stimulus materials to the focus 

group. 

The researcher will analyse and synthesise discussion from the focus group and post a 

summary to the main discussion forum for all participants to comment and discussion on an 

ongoing basis.  You would be expected to respond to all new posts on at least a monthly 

basis but ideally would participate in ongoing discussion and respond to other participants’ 

posts.  

While you are free to withdraw from the research at any time, the iterative process of this 

research means that your information provided prior to withdrawal could not be returned or 
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destroyed.  It is important that you are aware of this point; it will be discussed in more detail 

at the information session prior to you providing input to the research. 

Discomforts/Risks: 

There are no major risks associated with this research.  A minor risk is breach of 

confidentially from peers but the nature of the participants (professional adult volunteers) 

renders this risk unlikely. 

Confidentiality: 

You will not be named in any outcomes of this research.  You may choose to use a 

pseudonym in the online focus groups and discussion forum. In any publications you will not 

be named or identified. 

Participation: 

Janice Crerar would be grateful if you did participate in this study but you are free to refuse 

or to withdraw from the research at any time.  If you have any concerns about issues that 

may prevent you from participating, please discuss this with the researcher, Janice Crerar.   

Results of the Study: 

Synthesised results of small group discussions will be available monthly on the main 

discussion forum. If you have any issues or concerns with the results you are free to discuss 

this privately with the researcher or within the open forum at any time.  Final synthesised 

results will be made available on completion of the research. Please be aware that 

information collected for, used in, or generated by, this project will/may be used for another 

purpose by the researcher for which ethical approval would be sought.  The nature of future 

information use could include further analysis for a related project. 

Person to Contact: 

If you have any question please contact the researcher, Janice Crerar at 

Janice.crerar@cdu.edu.au or phone (08) 89466694. 

If, during the course of the project, you have any concerns about the project or the 

researcher, you may contact the Ethics Administration Officer of the Charles Darwin 

University Human Research Ethics Committee, who is not connected with this project and 

who can pass on your concerns to appropriate officers within the University. The Ethics 

Administration Officer can be contacted on 1800 466 215 or by email: cdu-

ethics@cdu.edu.au. 

Thank you 

Whatever your decision about participating in this research, thank you for taking time to read 

this statement and considering its content.  If you do decide to participate, please sign the 

attached consent form and mail it in the reply-paid envelope provided.  You will be 

contacted soon about participation in the information session.  Please remember, even if you 

sign the consent form you remain free to withdraw your participation at any time without 

penalty. 

 

This information sheet is yours to keep 
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Appendix B 

Consent Form 

Project Title: Gender, science and discourse: Investigating the effects of dominant 

discourses in science and science education 

I,_______________________________, Of, ________________________________ 

Hereby consent to participating in a study to be undertaken by Janice Crerar, a Doctoral 

Candidate at Charles Darwin University and I understand that the purpose of the research is 

to: Identify common discourses in science and science education from the perspectives of 

women science teachers through analysis of their discourses on key science issues and 

school science documents, including science text books and curriculum documents. 

Specifically, the research involves: 

• Participation in a synchronous online information session at the onset of the 

research 

• Ongoing participation in an asynchronous discussion forum with all participants  

• Monthly participation in synchronous focus group discussion with a small group (5-

8) of participants for a six-month period.   

I understand that participation will involve engaging in open discussion of current science 

issues, including: 

• Reproduction and Reproductive technology 

• Beauty and performance myths  

• Nano and bio technology 

• Climate Change  

I acknowledge that: 

1. Aims and methods of the research, including potential benefits and risks, have been 

explained to me by the researcher, Janice Crerar. 

2. I voluntary and freely consent to participate in this study. 

3. Any information that I provide will not be publicly released in identifiable format. 

4. Aggregated and synthesised results will be used for academic purposes and may be 

reported in academic journals. 

5. I am aware that information collected for, used in, or generated by, this project 

will/may be used for another purpose by the researcher for which ethical approval 

would be sought. The nature of future information use could include further analysis 

for a related project. 

6. I am free to withdraw my consent at any time during the study but understand that 

information provided by me in focus group discussion prior to my withdrawal cannot 

be returned or destroyed due to the iterative nature of the research, this process has 

been explained to me. 

 

Signature ______________________________________________Date ______________ 


