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GENDER MATTERS 
Building on the Past, Recognizing the Present, 

and Looking Toward the Future 

Anna Danielsson, Lucy Avraamidou, and Allison Gonsalves 

Introduction: Building on the Past 

In this chapter, as per the title, we build on the past, we recognize the present, and we look toward 
the future as we explore gender matters in science education research. Similarly to other chapters in 
this handbook, a departure point for this chapter is Kathryn Scantlebury’s chapter with the same title, 
which was published in 2014 in the Handbook of Research on Science Education. We use Scantlebury’s 
chapter as a departure point because until today it remains the most recent published work on gender 
and science education ofering a rich and comprehensive historical overview on how research on 
gender and science education has evolved over the years. 

In summarizing the fndings of key review studies in school education as well as women scientists, 
Scantlebury argues that the fndings of these review studies “suggest little has changed in the daily 
teaching of science in school education, and for many women, the sociocultural climate in science 
and science education remains chilly” (p. 189). Following on this, Scantlebury goes on to summa-
rize the fndings of two international studies (TIMSS and PISA) carried out in 2008 and 2009 and 
examined gender diferences in students’ science achievement and attitudes toward science. For most 
countries there were no gender diferences on science achievement; however, more than three times 
the number of boys indicated interested in computing, engineering, or mathematics than girls, while 
more girls indicated a preference for a biology, agricultural, or health career. These diferences have 
been examined through research studies that followed these two international studies and focused on 
students’ attitudes toward science. The outcomes of these studies, as Scantlebury summarized, point 
to structural issues and gender essentialism as impacting students’ participation within the sciences. 
Next, Scantlebury critically synthesizes the fndings of several gender studies, ranging on purpose 
from an examination of learning science in diferent spaces and teachers’ gendered perspectives. In 
discussing the fndings of these studies, Scantlebury highlights the important role that teachers play in 
supporting girls to engage with science as well as the possible impact that spaces outside of a formal 
classroom might have on positively impacting attitudes toward science. Following on this section, 
Scantlebury summarizes studies focused on individuals’ engagement with learning science and/or as a 
career pathway. In doing so, she draws upon feminist theory and reviews studies in the area of science 
identity and physics masculinity to argue that the culture of physics needs to change its practices and 
image if we want more students to identify with the subject. 

The chapter ends with a set of recommendations for future directions based on identifed gaps 
in existing knowledge base and questions that remained unanswered. Some of these include the 
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following: (1) at a structural level, gender has been approached through a binary approach; (2) data 
on gender are rarely reported through an intersectional lens to include race, socioeconomic status, 
frst language acquisition, and immigration status; (3) how gender or other social categories infu-
ence research, the context, or the theoretical framework remains unexplored; and (4) the knowledge 
base on the intersection of gender and subjects besides physics remains scarce. In responding to 
these questions, as Scantlebury argues, calls for the adoption of intersectionality, material feminism, 
and queer theory as theoretical frames for the purpose of expanding gender research and including 
other social categories as well. In this chapter, we critically synthesize studies on gender matters in 
science education from 2014 onwards. We have included studies where the authors use “gender” as 
a descriptor of their work. This means that the conceptualizations of gender in the included work 
vary considerably; from gender as a way to denote studies of women and men to studies utilizing, 
for example, poststructuralist or posthumanist theories of gender. As such, not all included stud-
ies have an explicitly stated theoretical approach to gender, but all studies make gender a relevant 
category of analysis. In addition, we have included studies concerning LGBT+/queer, even when 
such studies do not explicitly deal with gender. The included studies are published in international, 
peer-reviewed journals. It should be noted that we have only reviewed English-language articles, and 
while we have strived to include research from diferent national contexts, the limitation in terms of 
language skews the selection. 

The chapter is organized in three main sections, where the frst includes research focused on 
understanding gender gaps, the second includes research that utilizes identity-based approaches to 
gender, and the third brings emerging perspectives to the fore. Each main section is followed by a 
short summary and synthesis. The chapter is concluded by a discussion and recommendations for 
future research directions. 

Part I: Understanding Gender Gaps 

Gender gaps in science participation and performance have received considerable attention from 
researchers since at least the 1980s and continue to do so (Jacobs, 2005; Kanny et al., 2014). Research 
about “gender gaps” typically assumes a taken-for-granted view of gender as representing either 
social and/or biological sex, by, for example, dividing research participants into men and women, 
without further problematizing this. Consequently, studies within this line of research do not nec-
essarily defne or theorize gender. Instead, theoretical constructs such as self-efcacy or sense of 
belonging are used to explain gender diferences in performance and participation. 

Performances and Participation 

Although female students overall outperform male students in school (Voyer & Voyer, 2014), gender 
gaps in performance favoring male students have been found in a variety of physics learning contexts 
(Day et al., 2016; Gok, 2014; Henderson et al., 2017). However, researchers have also stressed that 
fndings concerning gender gaps in performance need to be treated with caution and examined 
in relation to contextual factors. For example, Day et al. (2016) found gender diferences in per-
formance among physics students on the Concise Data Processing Assessment (CDPA), but also 
observed compelling gender diferences in how students divide their time in the lab. On a similar 
note, Traxler et al. (2018) found that when items on the Force Concept Inventory that appear to be 
substantially unfair to either women (six items) or men (two items) were removed, the gender gap in 
performance was halved. They analyzed three samples (N [pre-test] = 5391, N [post-test] = 5,769) 
and looked for gender asymmetries using classical test theory, item response theory, and diferential 
item functioning. Andersson and Johansson (2016) analyzed a gender gap in course grades favoring 
male students during a six-year period for a university course in electromagnetism (N=1,139) and 
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found that the grade diference between female and male students on the same program was in most 
cases not statistically signifcant. The gender gap for the student group as a whole was predominantly 
related to diferent achievements on diferent programs. 

Women continue to be underrepresented in mathematics-intensive science felds (Schwab et al., 
2017; Skibba, 2019). However, a numerical parity in a science feld is not the same in that there are 
no gender disparities in participation. In a study of 23 large introductory university biology classes, 
Eddy et al. (2014) examined two measures of gender disparity in biology: academic achievement and 
participation in whole-class discussions. They found that even though women on average made up 
60% of the students in the studied courses they only made up 40% of responses to instructor-posed 
questions in the classes. Females also consistently underperformed on exams, compared to males 
with similar college grade point averages. An interaction analysis of video data recorded in Swedish 
high schools demonstrates that boys still occupy more space in science classrooms, taking up more 
teacher–student interaction time in classroom discussions (Eliasson et al., 2016), although girls do 
seem to have extended the time they take up in science discussions. The researchers cautiously sug-
gest that this may in part explain why Swedish girls today perform better than boys; however, boys 
still occupy the majority of interaction space in the classroom. The researchers suggest that an impli-
cation could be that teachers more often address their interactions to boys, which may negatively 
impact girls’ attitudes in science. A follow-up study to this one (Eliasson et al., 2017) investigates the 
nature of those interactions and found that closed (lower cognitive demand) questioning tends to 
predominate classroom discussion, which limits interactions between students and teachers. Taken in 
light of the limited classroom interactions that girls already have with teachers, the researchers sug-
gest that this may further disadvantage girls, who already have limited time to engage in productive 
science talk. 

International and National Tests 

One recurring theme in the research on gender gaps is gender diferences in international and 
national tests. In a study of gender diferences in science achievements on the 2011 Trends in Math-
ematics and Science Survey among 45 participating nations (N=261,738) Reilly et al. (2019) found 
small to medium diferences, with varied directions, and no global gender diferences overall. In a 
meta-analysis of data from the US National Assessment of Educational Progress, Reilly et al. (2015) 
found small, but stable mean gender diferences in mathematics and science achievement and that at 
the higher levels of achievement boys outnumber girls by a ratio of 2:1. In order to extend studies of 
achievement gaps to the early school years, several researchers have utilized the US Early Childhood 
Longitudinal Study, Kindergarten Class of 1998–1999 (ECLS-K), a nationally representative cohort 
of children who entered kindergarten in 1998. Quinn and Cooc (2015) examined gender (and race) 
achievement gaps in science in third grade in ECLS-K and found that boys score approximately one 
quarter of a standard deviation higher than the girls. Quinn and Cooc (2015) also extended their 
study to eighth grade and found that controlling for prior mathematics achievement explained the 
entire eighth-grade science gender gap. Curran and Kellogg (2016) analyzed the ECLS-K 2010– 
2011 and did not fnd a gender gap in science achievement in kindergarten and only a small gap by 
the end of frst grade, indicating that the gender gap found by Quinn and Cooc (2015) develops 
during the frst years of schooling. 

Cognitive Abilities 

In a review of studies of observed gender diferences in cognitive and motivational factors that afect 
women’s decisions to opt out of mathematics-intensive STEM felds, Wang and Degol (2017) dis-
tinguish between biological and sociocultural explanations for observed gender diferences. Studies 
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investigating cognitive ability as linked to women’s and men’s diferential participation in science 
suggest that such gender diferences are not a result of diferences in absolute cognitive ability, but 
rather linked to diferences in the breadth of cognitive ability (Valla & Ceci, 2014). Individuals with 
similar cognitive abilities in mathematics and verbal skills are more likely to pursue non-STEM 
careers and since ability patterns are divided by gender, with women typically having more evenly 
distributed cognitive abilities across diferent felds, Wang et al. (2013) argue that this could be an 
important explanatory factor for the lack of women in mathematics-intensive STEM felds. How-
ever, the fndings of studies examining the link between biological factors (such as brain lateralization) 
and the diferent cognitive profles of men and women are inconclusive (Miller & Halpern, 2014). 
Research on cognitive abilities have also focused on ability beliefs, bringing this forward as poten-
tially contributing to the underrepresentation of women in mathematics-intensive STEM-felds. 
Studies show that individuals are more likely to rate male-dominated felds than female-dominated 
felds as requiring raw intellectual talent or brilliance (Leslie et al., 2015; Meyer et al., 2015). Meyer 
et al. (2015) suggest that adults’ feld-specifc ability beliefs, together with the stereotype that females 
are less likely than males to be brilliant, could lead to diferences in how adults encourage girls’ and 
boys’ interests and provide them with opportunities to develop skills in diferent felds. 

Stereotypes and Bias 

The impact of stereotypes and bias is another area of research seeking to understand gender gaps. In 
the Global North, children as young as six years old subscribe to the stereotype of mathematics and 
science as male domains (Miller et al., 2015). Carli et al. (2016) examined the stereotypes about men, 
women, and scientists and found greater similarity between stereotypes about men and stereotypes 
about scientists than between stereotypes about women and scientists. They also found that in felds 
with a higher proportion of women, the stereotypes about scientists in that feld was closer to the ste-
reotype about women. Similarly, Ramsey (2017) found that agentic traits, which are typically associ-
ated with men, are considered more important for success in science than communal traits, which 
are typically associated with women. There is substantial evidence suggesting that stereotype threat 
can impact both the retention and performance of women in science (Smith et al., 2015) as well as 
women’s career choices (Deemer et al., 2014). This has been conceptualized in the phenomenon 
stereotype threat. In this phenomenon, stereotypes held about a particular group (women; women of 
color) create psychologically threatening scenarios wherein individuals fear that they may be judged 
based on their membership in that group. This, in turn, inhibits their learning and can impact their 
performance (most often assessed on tests or exams). Smith et al. (2015) found that female students 
perceived less stereotype threat in female-dominated biology courses. Similarly, Taasoobshirazi et al. 
(2019) found that stereotype threat did not impact students’ performances in biology and concluded 
that the negative efects of stereotype threat are found predominantly in physics, engineering, and 
mathematics felds. There is also evidence that agreeing with a gender stereotype correlates nega-
tively with the performance of female students in physics (Maries et al., 2018). In addition, Makarova 
et al. (2019) found that women who held a strongly masculine image of mathematics and science 
were less likely to choose a science major at university. The extent to which the stereotype that 
science is a masculine profession is endorsed also varies between diferent national contexts, and in 
nations with a higher proportion of women employed in science such stereotypes are less likely to 
be explicitly endorsed (Miller et al., 2015). 

There is also research indicating that stereotypes and biases lead to discriminatory practices. For 
example, Reuben et al. (2014) found that when female and male applicants who performed equally 
on a mathematical task applied for a hypothetical job, male candidates were twice as likely to be rec-
ommended for the position as females. Research has demonstrated that gender bias exists in hiring 
practices (Eaton et al., 2020), granting (Fox & Paine, 2019; Witteman et al., 2019), grading (Hofer, 
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2015), and in students’ evaluations of teachers and professors (Graves et al., 2017). Regarding the 
latter, research has shown that male students underrate female high school teachers in biology and 
chemistry, while all students underrate female teachers of physics (Potvin et al., 2009). Following 
up on this work, Potvin and Hazari (2016) found that students who report a strong physics identity 
show a larger bias in favor of male teachers than those who report less strong physics identities. These 
results suggest a mechanism by which the physics community upholds the gender status quo, as 
younger members of the community move through inbound trajectories into physics membership. 
This is not a phenomenon that is isolated to physics. A recent social network analysis demonstrated 
that students in university biology classrooms over-nominate their male peers as knowledgeable 
about course content (Grunspan et al., 2016). This was predominantly due to male students over-
nominating their male peers where female students nominated knowledgeable others based on stu-
dent performance rather than gender. The researchers suggest that the favoring of male students by 
their peers can result in over-confdence, thus contributing to their persistence in biology. 

Imposter Syndrome 

The imposter phenomenon was frst described in the late 1970s (Clance & Imes, 1978) to understand 
why highly successful women had difculty recognizing their own achievements, and described feel-
ing as imposters in their career felds. Since then, science education researchers have investigated the 
impact of the imposter phenomenon on gendered participation in the sciences. Generally, imposter 
syndrome is defned by attributing one’s success in a feld to luck or being in the right place at the 
right time. Imposter syndrome can also attribute success to hard work rather than natural ability. Ivie 
et al. (2016) suggest that women in astrophysics are more likely to have imposter syndrome than 
men, and that women who felt like imposters were more likely to take a path that led out of the feld. 

Self-effcacy, Self-determination, Interest, and Sense of Belonging 

A set of studies have shown that male and female students have diferent interests toward science 
studies and careers and that those diferences are attributed to various factors ranging from cognitive 
to sociocognitive ones, such as self-efcacy, self-determination, and sense of belonging in science. 
In a study with Finnish students, Kang et al. (2019) examined to what extent relationships between 
factors of students’ science interest and career perspectives difer between male and female. With 
the use of a sample of 13-year-old students (N=401), the researchers found that there were strong 
gender diferences regarding interest and preferences of science subjects as well as their relationship 
toward future careers. With regard to future careers, female students’ science interest was positively 
correlated with time- and motivation-oriented career perspectives, while male students’ science 
interest was positively correlated with outcome-oriented career expectations. Biology was preferred 
by females and physics and chemistry were preferred by males. Similar results have also been found 
in the South African context, where Grade 7 boys preferred chemistry and physics and Grade 7 girls 
biology and astronomy (Reddy, 2017). 

Gender diferences have also been found in relation to self-efcacy, where studies have found that 
female students have lower self-efcacy than male students in physics, while fndings concerning 
other STEM disciplines are mixed (Cheryan et al., 2017; Kalender et al., 2020; Nissen, 2019; Nis-
sen & Shemwell, 2016; Verdín et al., 2020). This is important since self-efcacy is highly correlated 
with performance, student persistence, and career aspirations, especially in physics (Henderson et al., 
2020). In a longitudinal study carried out in the United States, Kalender et al. (2020) surveyed about 
1,400 students in an introductory physics course to examine female and male students’ self-efcacy 
scores and the extent to which self-efcacy is related to learning outcomes and gender diferences 
in conceptual post-test scores. The fndings showed that initial self-efcacy diferences showed a 
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direct efect on outcomes and that self-efcacy had the strongest total gender efect on conceptual 
learning. Marshman et al. (2018) examined the self-efcacy of male and female students with similar 
performance in introductory physics courses. They found that female students had signifcantly lower 
self-efcacy compared to their male students in all grade groups. In fact, female students receiving A’s 
had similar self-efcacy to male students receiving C’s. 

Besides cognitive factors, sociocognitive factors were found to explain women’s underrepresenta-
tion in science (Kelly, 2016). For example, a recent study applied the sociocognitive construct of self-
determination to analyze six undergraduate female students’ experiences leading to their choice of 
physics study, along with factors afecting their persistence in the context of an undergraduate physics 
program in the United States (Nehmeh & Kelly, 2020). The fndings of the study revealed that the 
support of faculty, research opportunities, and peer socialization contributed to the development 
of self-determination. Hindrances to the participants’ undergraduate experiences included nega-
tive gender stereotypes, persistent self-doubt, minority status, and unwelcoming classroom cultures. 
Similar fndings were produced in a study carried out by Tellhed et al. (2017), who tested self-efcacy 
and social belongingness expectations as mediators of gender diferences in interest in STEM in a 
representative sample of 1,327 Swedish high school students. The fndings of this study showed that 
gender diferences in interest in STEM majors strongly related to women’s lower self-efcacy for 
STEM careers and, to a lesser degree, to women’s lower social belongingness. These results imply 
that more attention is needed toward counteracting gender stereotypical competence beliefs while 
interventions need to focus on the social belongingness of students. 

Social and cultural factors have been examined in chemistry as well. For example, Rüschenpöhler 
and Markic (2020) examined gender relations, the impact of secondary school students’ cultural 
backgrounds and the impact of chemistry self-concept on learning processes in Germany. The fnd-
ings of this mixed-methods study with 48 students showed that chemistry self-concept is strongly 
related to learning-goal orientations. Contrary to existing research evidence, the results of this study 
showed that the gender gap in relation to self-concept traditionally described in the literature was 
not found. Instead, the study provided evidence of how the interaction of gender and cultural back-
ground might infuence chemistry self-concepts. Culture was central in a study situated in Kazakh-
stan, in Central Asia, exploring the experiences of female university students enrolled in STEM 
majors (Almukhambetova & Kuzhabekova, 2021). In carrying out this study the researchers were 
interested in how diferent cultures existing within the university and outside the university infuence 
the girls pursuing education in STEM majors and how they deal with the conficting ideological dis-
courses in this unique context. With data collected through interviews with 14 purposefully selected 
women, the researchers provided evidence of the infuence that three conficting discourses had on 
the participants’ experiences: the Western discourse emphasizing progressive norms and equal oppor-
tunities; the Soviet discourse that expects women to be educated and combine professional duties 
with family responsibilities; and the traditional discourse, which expects women to be attractive and 
prioritize family life and sees working in STEM as socially awkward. 

Gendered/Sexual Harassment and Microaggressions 

Several studies have identifed sources of gendered discrimination in science, particularly in physics, 
astrophysics, and planetary science felds. Aycock et al. (2019) surveyed undergraduate women at a 
physics conference in the United States and found that three quarters of them had experienced at 
least one form of sexual harassment. They determined that experiences of sexual harassment can pre-
dict negative sense of belonging and imposter syndrome among women physicists. Similarly, Clancy 
et al. (2017) found that women of color frequently reported feeling unsafe in their workplaces in 
astronomy and planetary science felds, and this sometimes led to women skipping professional 
events and reporting a loss of career opportunities. 
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Repeated acts of sexual or gendered harassment in the form of “subtle and unintentional expres-
sions” of sexism (Sue, 2010) are known as gender microaggressions. Barthelemy et al. (2016) detail 
the various types of microaggressions women experience in physics, reported from interviews with 
women in physics and astronomy. They found several microaggressive themes in women’s narratives. 
For instance, women reported sexual objectifcation and detailed how this impacts possibilities for 
being viewed as professionals in the feld. Women reported the use of sexist language and sexist jokes. 
Assumptions of inferiority were reported frequently along with restrictive gender roles where women 
were assumed to not have the physics strength or the spatial cognition skills to conduct physics. Simi-
larly, women reported invisibility wherein participants reported not being heard or listened to by their 
peers. Finally, a form of microaggression women in this study reported is the denial of sexism, wherein 
peers refute the need for support for women in physics, denying that gender is an issue for them. 

Part I: Summary and Synthesis 

Research on gender gaps in science participation and achievement has long been an important part 
of research on gender and science education – and will probably continue to be so as long as such 
gaps exist. One strand of research has been predominantly focused on documenting diferences in 
performance and participation, without dwelling deeper into the underlying causes to such difer-
ences. The preferred research methodology is large-scale quantitative studies. This research has been 
essential for revealing inequalities, and a strength is that this research can be generalized and generates 
easily communicable results. However, if the problem is represented as limited to numbers, the solu-
tion is likely to focus on, in Londa Schiebinger’s words, “to fx the numbers” (Schiebinger, 2014). 
The research we have reviewed suggests that numerical parity is no guarantee that there will not 
be gender diferences in participation. Hence, it is crucial for studies to take a wider perspective on 
participation (or achievement, for that matter). We suggest that studies that examine classroom inter-
actions and the role that gender plays in structuring these continues to be an area that is understudied 
and useful to advancing the feld. Even as science classrooms reach gender parity both in secondary 
schools and in post-secondary contexts, these studies can illuminate the gender inequities that are still 
produced in science learning contexts, showing that the problem is not one of numbers that can be 
easily fxed. Studies that seek to understand gender gaps have also uncovered a range of discrimina-
tory practices ranging from unconscious bias to gender-based harassment. While this research frmly 
confrms that sociocultural factors (such as societal expectations on female/male diferences in ability) 
are far more likely to explain gender gaps in science than biological diferences (see also discussion in 
Wang and Degol [2017)], the quest for cognitive diferences between men and women continues. 
We do not fnd evidence that such research contributes considerably to the understanding of gender 
inequities in science teaching and learning. 

We wish to highlight that the studies reviewed in Part I largely rely on a taken-for-granted under-
standing of gender as another way to say “women and men”, or even “women”. The theorization 
of gender is limited and there is the risk that notions of gender as something binary and static are 
reinforced. To some extent, gender is problematized in terms of characteristics typically associated 
with men and women, but gender is mostly treated as categories. Consequently, research participants 
who do not ft neatly into the categories are at the risk of being made invisible. Further, such work 
has been criticized for reinforcing diferences and not being able to count beyond two, with little 
room for investigating nuances in how gender is performed. The lack of clear defnitions of gender 
and/or an explicit theoretical foundation is also problematic in that it potentially contributes to a lack 
of precision in fndings. Partly as a response to perceived limitations with the scholarship focused on 
understanding gender gaps, science education researchers have sought theoretical inspiration from 
gender studies and cultural anthropology, conceptualizing gender and identity as performative. This 
is the scholarship we turn to next. 
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Part II: Identity-Based Approaches 

In the past two decades there has been a growing interest in identity-based approaches to exploring 
how gender matters in science education and examining girls’ and women’s engagement with science. 
Quite a few researchers have used an identity lens to explore girls and women’s self-identifcation 
with science as well as recognition by others (Brickhouse & Potter, 2001; Gonsalves & Danielsson, 
2020; Scantlebury & Baker, 2007). For our discussion on identity, we take as a departure point the 
section in Kathryn Scantlebury’s (2014) chapter “Gender and individuals”. Whereas Scantlebury 
suggests that identity studies focus on individuals’ engagement with learning science and career 
pathways, we suggest that science identity (Carlone & Johnson, 2007) as a broad concept now frames 
a range of research focused on gender and its intersections with other social identities. As such, we 
argue that the construct of science identity is of great importance when studying engagement with 
science because identity ofers itself as a tool for examining the ways in which various cognitive and 
afective experiences infuence the ways in which individuals might see themselves as science persons 
and also recognized by others (Avraamidou, 2020). Next, we review key studies in identity-based 
research that examined how gender identity might shape science participation across contexts and 
age levels. We begin with studies focused on performances of femininities and masculinities and 
then move on to studies that seek to scale up identity-based approaches, either by doing large-scale 
quantitative studies or by the development of teaching and learning interventions. 

Femininity and Science 

Femininity as a unit of analysis and investigations that seek to understand how cultural understand-
ings of femininity in relation to science have consequences for students’ identity work has been 
a consistent focus of study in science education research. In recent years, studies have begun to 
examine the cultural image of certain sciences, like physics, that appear to be particularly hostile to 
women (Archer et al., 2017; Archer et al., 2020a; Francis et al., 2017; Gonsalves, 2014). The cultural 
image of physics as “hard” (Whitten et al., 2003) or a “culture of no culture” (Traweek, 1988) has 
contributed to its persistent exclusion of femininity, which is deemed incompatible with physics 
(e.g., Francis et al., 2017). 

Research that explores this supposed incompatibility draws predominantly from Butler (1999), 
who understands gender as performative, and performativity as salient to understanding the produc-
tion of social identities (e.g., Archer et al., 2012b). The focus on performativity, and particularly the 
regulatory practices that govern intelligible notions of identity, permit an investigation into the vari-
ous strategies or positions that girls especially must perform to be recognized as “intelligible” in sci-
ence (Archer et al., 2017; Carlone, Johnson et al., 2015). An exception to this is the work of Simon 
et al. (2017), who investigated STEM majors’ scores on masculine or feminine personality scales and 
the correlations with odds of majoring in a STEM feld, and perceptions of a chilly climate in that 
feld. The results of this study show that women who scored highly on the femininity scale were less 
likely to go into STEM careers, but this was not true for men who had a positive correlation between 
scoring highly on the femininity scale and going into STEM. The authors argue that this points 
to the diferent meanings of femininity and masculinity when embodied in women and men – it 
appears that men and women are rewarded diferently for their feminine and masculine personality 
dimensions. For example, men who had more abundant feminine personality characteristics were 
associated with more positive perceptions of academic climate. They also reported that they received 
fairer treatment from their professors, more attention in class, and had more friends. Women who 
scored highly on the femininity index, on the other hand, had fewer friends in STEM than those 
who scored lower. The authors point to a “femininity penalty” for female STEM majors, that is not 
present in male counterparts. 



 
 
 
 

 
 

 
 
 
 

 
  

 
  

 
 

Gender Matters 

This fnding echoes qualitative work that has identifed the various ways that femininity has 
been constructed as incompatible with science in its female embodied form. Francis et al. (2017) 
identifed constructions of femininity as “superfcial” and associated with an overall denigration of 
girly/super-feminine girls. Girly girls were deemed to be focused on their friends, lacking “strength 
of character”, and would be dissuaded from science because of its association with “manual and/ 
or dirty work” (p. 1104). The contradiction between girly girls and science has been documented 
elsewhere (Gonsalves, 2014), where girliness is regarded in contradiction with science. Gonsalves 
(2014) found that women doctoral students in physics were positioned as “Other” because of gen-
der norms, while some women were found to be compromising their femininities and performing 
gender neutrality or “androgynous” performance in order to ft into the dominant culture of their 
department. In a recent study, Godec (2020) described hyper-femininity as involving an investment 
in personal appearance, firtatiousness, and popularity. Godec notes that hyper-femininity is not 
always (hetero)sexual and takes care to note that it is distinct from emphasized femininity (Con-
nell, 2013). Emphasized femininity (discussed next) can include more restrained performances of 
“good girls” or “nice girls” and relates more concretely to a middle-class femininity. Godec (2020) 
argues that hyper-femininity is reprimanded and positioned at odds with science. Thus, in contexts 
where hyper-femininity is rewarded with popularity and friendship, “cool girls” will reject science 
to embrace hyper-femininity. 

Balancing Performances of Femininity 

Researchers have identifed multiple constructions of femininity in relation to science, some that are 
not entirely regarded as incompatible with science identities. 

In a UK study of with working-class girls between 11 and 13 from diverse ethnic backgrounds, 
Godec (2018) found that fve science-identifying girls negotiated their identifcation and engage-
ment with science through several diferent discursive strategies: (1) rendering gender invisible, (2) 
drawing attention to the presence of women in science, (3) reframing “science people” as caring 
and nurturing, and (4) cultural discourses of desirability of science. Reframing “science people” as 
nurturing and caring makes identifying with science more “intelligible” but simultaneously reifes 
the desirable femininity as contradictory to “dirty” felds, like engineering. A similar formulation of 
science identity in relation to femininity can be seen in the “pleasers” identifed by Carlone et al. 
(2015). In a fourth-grade class, girls performed diferent versions of femininity and identifed a 
proper femininity (e.g., the proper way of being a girl in a school science class) as pleasing. Pleasers 
performed well scientifcally and were recognized for their scientifc performances. However, as girls 
moved along in their schooling trajectories, they continued to perform as pleasers but did not make 
further bids to be recognized scientifcally. Pleasing was a dominant theme in research investigating 
emphasized femininity (Connell, 2013) in science. For example, Dawson et al. (2019) identifed the 
“good girl student” identity performance among secondary students, which focuses on politeness and 
completion of tasks. However, these girls were largely concerned with maintaining a good student 
identity rather than connecting to science in any meaningful way. These middle school girls engag-
ing with learning at a science museum seemed to resist meanings of science or scientists that were 
threatening to their “good girl student” performances. In the museum, there appeared to be limited 
available discourses of appropriate feminine behavior; as a result, girls risked compromising their 
good girl behavior to carry out learning tasks in the exhibits. 

These kinds of performances of femininity have also been noted in workplace contexts. Matts-
son (2015) describes a similar balancing of pleasing forms of femininity with engagement in science 
practices in the health sciences. Mattson notes that women researchers used the expression “good 
girls” to describe how hardworking they are. Hard work was celebrated (e.g., when publications or 
awards were received), but women also noted that they needed to balance achievements in order to 
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not be seen as problematic by male colleagues. Thus, women took on roles as “responsible caregiver” 
in the department to dampen their efects of being bold intellectuals: 

According to this logic, the women in the Unit – successful and highly productive research-
ers – risked becoming problematic in the eyes of their male peers, but by being caring and 
responsible they established a form of middle-class femininity that made their subordinate 
feminine position clear. 

(p. 692) 

It is worth noting that constructions of femininity should be regarded as local, as well as culturally 
and context specifc. For example, research in British contexts suggests that working-class feminini-
ties are constructed in confict with science (Dawson et al., 2019; Godec, 2020), while some cultural 
constructions of femininity (e.g., among frst-generation youth from South Asian contexts) are seen 
as compatible with science identities (Godec, 2018). Moshfeghyeganeh and Hazari (2021) suggest 
that expressions of femininity in Muslim majority countries can have constructive intersections with 
physics identities and may in fact promote participation and persistence in physics. All local con-
structions of femininities, however, require strategies to navigate science, and build science identities, 
which we elaborate on next. 

Strategies Used to Navigate Femininity and Science (Especially Physics) 

Predominant in the literature investigating femininity and science were various strategies women 
and girls took to navigate discourses that denigrate femininity and position it outside of science. In 
an early study, Archer et al. (2012a) describe students positioning themselves as “feminine scientists” 
in attempt to balance identifcation with science with “appropriate” heteronormative femininity. 
The success of these performances depended on whether the girls were able to draw on aesthetic 
resources, such as being fashionable, sporty, or good-looking. Often, girls accomplished this by fnd-
ing ways to render their science performances as “cool”, so their identities as science people could 
be balanced out with positioning themselves as “normal girls”. For girls invested in hyper-femininity 
in ways that position them outside of science, Godec (2020) found that their brief engagements with 
science can be supported by “popularity capital”. Resources related to popular culture (and usually 
not available in school contexts) were mobilized to support engagement in science in ways that 
aligned with hyper-femininity. In these brief engagements, girls could hybridize science with their 
non-science interests and create possibilities shifts toward insiderness. 

On the contrary, Archer and colleagues also identifed strategies of “bluestocking scientists” – girls 
who were unable to draw on aesthetic embodied resources, and as such positioned themselves as 
“non-girly” and focused instead on academic success. These girls positioned themselves as diferent 
to other girls, thus aligning with common strategies to position femininity as “other” to science. 
Similarly, in a 2017 study, Archer and colleagues identifed girls doing “geek chic” as a strategy to rec-
oncile their “non-girly” gender performances with socially acceptable ways of being good at science. 
In this way, girls described being comfortable working in male-dominated environments and did not 
anticipate being put of by this in further education. Gender performances in relation to science that 
lean toward the masculine or position girls as “non-girly” do so while subjugating other gender per-
formances; in particular, they denigrate hyper-femininity. However, Dawson and colleagues (2019) 
suggest that some masculine performances in science can also be transgressive rather than hegemonic. 
Their analysis of girls doing gender and science in a museum suggests that assertive performances 
interpreted as masculine can be strategies to challenge the limited identity positions available to them. 

Finally, among faculty, Mattsson (2015) found that “sameness” operates as a protective strategy 
to cement women’s presence in faculty. In this study, women faculty members in medicine were 
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thought to adopt strategies of aesthetic sameness in which “They were united in a femininity that 
rendered them alike as white, middle-class, heterosexual women, that made them well adapted to 
the faculty of medicine, and that secured their position as women researchers” (p. 695). Mattson sug-
gests that women in this unit “cloned” a collective femininity that strengthened their presence in the 
context of academia and as researchers in medicine. 

Theorizing and Investigating Masculinities in Science Education 

In some senses, investigating connections between masculinity and science/science education is 
not a novel research area. Feminist philosophers of science have long theorized and explored the 
masculine connotations of science (Harding, 1986; Schiebinger, 1991). Likewise, it is well-known 
that young people tend to see science as “for boys” (Archer et al., 2012b; Calabrese Barton & Tan, 
2009), and it has been argued that physics education embodies an understanding of physics as a mas-
culine activity (Hasse, 2002). Recent research studies have also confrmed how pupils view physics 
as a subject is strongly associated with masculinity (Archer et al., 2020a; Francis et al., 2017). The 
association between physics and masculinity is also entangled with notions of nerdiness (Johansson, 
2018), connected to an interest in particular forms of science fction (Hasse, 2015) and ways of using 
humor in physics teaching (Johansson & Berge, 2020). Research has also shown that the association 
of masculinity with science requires female science teachers to navigate students’ and colleagues’ 
stereotypical perceptions of women’s incompatibility with science (Mim, 2020). Yet, studies of how 
men and boys relate to the teaching and learning of science is surprisingly sparse and the application 
of theories from masculinity studies unusual within science education. However, science education 
scholars are increasingly starting to utilize empirical studies to scrutinize constructions of masculin-
ity within science, but in order to analyze how students from nondominant backgrounds may be 
marginalized, but also how to analyze the norms of particular science teaching and learning contexts. 

Masculinity and Outsideness 

In this section we focus on studies that in various ways highlight how masculinity performances 
are not always unproblematic in relation to science. Archer et al. (2014) has explored the role of 
masculinity within boys’ negotiations of science aspirations, from a theoretical perspective of gender 
as performative (Butler, 1999) and masculinities as a “doing” (Connell, 2005). They identifed fve 
discursive performances of masculinity related to the boys’ aspirations, two of which directly concern 
their relationship to science (termed “young professors” and “cool/footballer scientists”). Similarly, 
Archer et al. (2016) analyzed performances of masculinity, in this case in the context of school trips 
to science museums. Mark (2018) does not explicitly theorize masculinity, but the examination of 
how one African American male youth engaged in an informal STEM program intervention from 
a perspective of identity development shares an interest with Archer et al. (2014) and Archer et al. 
(2016), highlighting how male students from nondominant student populations relate to science. 
This line of scholarship thereby challenges the taken-for-granted association between masculinity 
and science by highlighting a range of masculinity performances, which to diferent extents are 
possible to combine with science participation. Further, the studies foreground the importance of 
considering the intersections of masculinity with class and race/ethnicity. For example, Archer et al. 
(2014) stress the importance of disrupting the association between science and middle-class “brainy” 
masculinity in order to make science more accessible to students from working-class backgrounds. In 
a forum paper written in response to Mark (2018), Rosa (2018) further stresses the complex dynam-
ics of potentially utilizing the masculine connotations of science to attract men from non-hegemonic 
backgrounds to the discipline “while simultaneously working to deconstruct patriarchal views that 
seem to reinforce this very STEM image”. A commonality across these studies is that they focus on 
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increasing and widening participation in science by illuminating the identity work of students from 
nondominant backgrounds. 

Masculinity and Insideness 

One strand of research focuses on individuals from dominant backgrounds within science commu-
nities, who often are positioned as the invisible norm (Archer et al., 2020b; Carlone, Webb et al., 
2015; Gonsalves et al., 2016), with the aim of scrutinizing norms and investigating how insideness 
is produced. Carlone et al. (2015) examined the school science trajectories of four scientifcally tal-
ented and interested boys from fourth to sixth grades, asking the question “What kind of boy does 
science?” Theoretically, the article utilizes feminist and critical men’s studies literature (Connell, 
2005; Letts, 2001), conceptualizing masculinity performances as varying across time and context. 
They are also interested in how diferent masculinity performances are valued over others, and what 
constitutes a hegemonic masculinity (Connell, 2005) is a particular context. As such, the study seeks 
to trouble taken-for-granted notions of the link between science and masculinity. The analysis of 
the four boys’ identity work shows that “being smart” is necessary but not sufcient in order to be 
positioned as scientifc. The analysis also shows how science subject positions are related to class and 
ethnic positionings. Gonsalves et al. (2016) also have a similar research agenda, in that they focus 
on how diferent masculinities are produced and valued in particular contexts, in their case various 
experimental practices in physics higher education and research. They argue that: 

Men and cultures dominated by men within academic disciplines and research communities 
should also be analyzed as political categories and political subjects. In order to understand 
why physics in particular is still dominated by men, the cultures and actions that are associ-
ated with masculinity are analyzed. 

(p. 2) 

Empirically, the article draws on case studies of three diferent physics contexts, and an important 
fnding across all three case studies is a strong emphasis on physical skill, including the capability 
to engage with instruments designed for larger (male) bodies. By conceptualizing masculinity as 
performative, across both men and women, they are able to consider how masculine ideals are also 
negotiated and taken up by female physicists. Another study seeking to unpack the relationship 
between science and masculinity is Ottemo et  al. (2021), who drawing on poststructural gender 
theory, explore how notions of corporeality, style, and aesthetics are articulated within two difer-
ent computer engineering and physics higher-education settings. The authors investigate the co-
production of disciplines and gendered forms of subjectivity, and while most informants understand 
their respective disciplines as gender neutral, they also acknowledge that being a student in the dis-
cipline is highly gendered. The analysis brings to the fore how notions of corporeality and style are 
central to such gendering. Archer et al. (2020b) take a diferent theoretical perspective by utilizing a 
Bourdieusian lens to explore how physics identity is shaped by habitus, capital, and feld. The chapter 
investigates how and why White, middle-class boys are more likely than many other students to end 
up in physics, through a longitudinal case study of Victor, from age 10 to 18. The authors show how 
Victor’s trajectory is strongly shaped by the cultivation of a particular kind of embodied masculine 
habitus, which also structures what is possible and desirable for boys like him. 

Large-Scale Studies of Identity and Gender 

As a means to extending the use of identity-based approaches beyond small-scale qualitative studies, 
researchers have begun to operationalize the concept of identity in ways that make up-scaling possible. 
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Drawing on social identity theory, Seyranian et al. (2018) examined the longitudinal efects of 
STEM identity and gender on fourishing and achievement in college physics in the United States. 
Data were collected from 160 undergraduate students enrolled in an introductory physics course 
who completed a baseline survey with self-report measures on course belonging, physics identifca-
tion, and fourishing as the beginning of the course and a post-survey at the end of the academic 
term. Additional data were collected through force concept inventories and the use of physics course 
grades. The fndings of this study showed that women reported less course belonging and less physics 
identifcation than men even though no gender disparities emerged for course grades. In addition, 
students with higher physics identifcation were more likely to earn higher grades, and students with 
higher grades reported more physics identifcation at the end of the term. For women, higher physics 
identifcation was associated with more positive changes in fourishing over the course of the term. 
These fndings point to gender disparities in physics, especially in terms of belonging, and suggest 
that strong STEM identity may be associated with academic performance. Similar fndings were 
produced in Kalender et al.’s (2019) study, which examined physics identity alongside other moti-
vational constructs of male and female students (N=559) by administering a survey in introductory 
calculus-based physics courses at a large research university in the United States. The fndings of this 
study showed that female students reported signifcantly lower identity scores than male students. 
The analysis revealed a statistically signifcant gender diference (lower for female students) for both 
physics identity items in the survey related to students’ perceptions of both being a physics person and 
being recognized by others as a physics person. 

Another large-scale study in the context of university physics in the United States is the one 
by Hazari et al. (2017), who examined when girls (N > 900) became interested in physics careers 
through a survey. The fndings showed that the highest percentage of participants became inter-
ested in physics careers during high school and sources of recognition included the following: self-
recognition, a perceived recognition from others, and a perceived recognition for other students 
around them. Interestingly, the most important source of recognition appeared to be the students’ 
high school teacher. These fndings point to the crucial role of high school teachers in supporting 
students, and especially girls, to develop strong physics identities. These fndings conquer with the 
fndings of a systematic review of empirical research, mostly large case studies (N=47) in the United 
States, published in the period of 2006–2017, that focused on the experiences of female students in 
STEM during middle school and high school, drawing on social identity theory (Kim et al., 2018). 

In these studies, identity and/or identifcation with science is theorized in ways that are concomi-
tant with the studies previously reviewed in Part II of the chapter, but gender is nonetheless treated 
in a categorical way, with a focus on (statistically signifcant) diferences between male and female 
students. 

Interventions Aimed at Supporting Science Identity and Belonging 

In addition to up-scaling through large-scale quantitative studies, there is also a line of research seek-
ing to extend small-scale explorative studies by the development of interventions that aim to support 
girls’ science identity and belonging. The motivation for such studies is typically to come to terms 
with the underrepresentation of women in science felds and has targeted interventions toward girls 
and women in both informal and formal learning contexts. 

Levine et al. (2015) studied the impact that a camp aimed at providing hands-on chemistry learn-
ing opportunities and featuring female chemistry role models and feld trips had on middle school 
girls’ excitement and appreciation for science. They found that short-term efects were positive, but 
they were unable to ascertain any longer-term impacts or shifts in identity work and career interest. 
Todd and Zvoch (2019) sought to measure the impact of an informal science intervention on middle 
school girls’ science afnities. This study suggests that role messages, peer learning, and hands-on 
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science experiments, which were featured in the program, are critical for girls’ science identity and 
self-efcacy development. The emphasis on these features, rather than content knowledge, is thus 
understood to be critical to the program’s success in improving girls’ self-efcacy and science atti-
tudes. While these interventions suggest short-term gains in terms of interest and attitudes, we do 
not know what the long-term impact is on how girls view science in their lives and whether science 
becomes a part of their career paths. In addition, we cannot know from these kinds of studies what 
the impact might be on girls’ identity work in science. 

Adopting sociocultural frameworks highlighting the importance of attending to identity, some 
recent research in physics education has aimed to construct formal learning environments for girls 
that focuses on strategies to develop a sense of self as a physicist. Following a 2013 study by Hazari 
et al., suggesting that talking about underrepresentation can be critical to supporting girls’ identity 
development in physics, Lock and Hazari (2016) have investigated the impact that classroom con-
versations about women’s minoritization in physics can have on girls’ physics identities. This study 
reports that opportunities to gather and talk about underrepresentation can be an efective strategy to 
“bufer” against the ill efects of minoritization that women feel in male-dominated felds like phys-
ics. They found that explicit opportunities to discuss underrepresentation can shift young women’s 
fgured worlds about the norms in physics and open up possibilities for identity shifts to insider-
ness in physics. Similarly, Wulf et al. (2018) demonstrate that constructing deliberate environments 
for young women to engage in physics learning in small, single-sex groups at a Physics Olympiad 
appeared to create possibilities for them to access increased opportunities for recognition and thus to 
develop their physics identities. Despite the emphasis on identity work in formal and informal learn-
ing contexts, these studies do not interrogate binary constructions of gender, or what Traxler et al. 
(2016) call the “gender-binary defcit model”, and the constructions of masculinities and femininities 
in science learning contexts. 

Part II: Summary and Synthesis 

Unlike the studies reviewed in the previous part that have treated gender as a category, the stud-
ies reviewed in Part II have treated gender as “performance” and hence researchers engaged with 
the constructs of “femininity” and “masculinity” to examine science participation through the lens 
of science identity. Over the past 20 years, science education research has seen a large increase in 
studies adopting identity-based approaches (Danielsson et al., in review). Theoretically, many stud-
ies are inspired by cultural anthropology (Gee, 2000; Holland et al., 2001; Lave, 1996), and in the 
studies reviewed in Part II such a theoretical vantage point is often combined with a poststructuralist 
perspective of gender (Butler, 1999). This allows for detailed and nuanced investigations of how 
gender is performed in particular contexts. Embarking from the fact that science has historically 
been constructed as masculine, researchers have examined how women navigate their presence in 
science environments or how they author their science identities. The fndings of this set of studies, 
largely qualitative, point to the fact that femininity has been constructed as incompatible with science 
identity, and hence those performing more feminine identities have been constructed as “other” in 
science. However, as another set of studies showed, femininity is not a binary construct. Instead, 
femininity, being culture-dependent, is enacted through diferent kinds of performances with unique 
characteristics, and each of those shape how those performing such identities are recognized (or not) 
in science contexts. These studies have been very successful in showcasing the great variety in how 
students engage with science in various contexts. 

Theoretically situated in similar underpinnings, another set of studies have adopted a large-scale, 
quantitative approach to examining women’s science identity. Despite their usefulness in producing 
more generalizable claims, these studies have treated gender as a category instead of performance, and 
hence fail to provide insights about the nuance, complexity, and specifcity of gender performances 
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and how those might cause misrecognition and make certain bodies vulnerable. Moreover, when 
utilizing a performative view of gender, there is scope for decentering gender performances from 
sexed bodies, but among the reviewed studies, those that center femininity tend to focus on girls 
and studies that center masculinity tend to focus on boys. As such, there is a risk that gender binaries 
are reproduced by the very studies that seek to critique them, in that girls’ doings are equated with 
femininities and boys’ with masculinities. This risk might be even greater in studies that operational-
ize gender and identity in ways that make the concepts possible to adapt to large-scale quantitative 
studies – at the same time that such studies are pivotal for extending fndings beyond the scope of 
small-scale qualitative case studies. 

Part III: Emerging Perspectives 

In studies of gender and science education we can discern two main approaches; the treatment of 
gender as something categorical (basically equated to “men and women”) and the conceptualization 
of gender as performative and, as such, interrelated with identity performances in a broader sense. 
Both these approaches have been present in science education research for at least 20 years and can 
be considered consolidated felds of research. Getting sight of emerging perspectives is more chal-
lenging, but in this third part of the review we would like to highlight three contemporary trends: 
intersectional perspectives, queer perspectives, and posthumanism. Identity-based approaches to 
studies of gender in science education have since the beginning to some extent attended to intersec-
tions between gender and race/ethnicity (see, for example, Brickhouse & Potter, 2001), but we have 
chosen to include intersectionality among the emerging perspectives, as intersectionality recently 
has been more theoretically pronounced in science education and also empirically extended beyond 
studies of gender and race/ethnicity. 

Intersectional Approaches 

In the past couple of years, we witness more and more studies adopting intersectional approaches 
to examining gender in science participation. As a term, coined by Kimberlé Crenshaw in 1989 to 
counter the disembodiment of Black women from law, intersectionality captured the inadequacy 
of legal frameworks to address inequality and discrimination resulting from the ways race and gen-
der intersected to shape the employment experiences of Black women (Crenshaw, 1989). Since 
then, intersectionality theory has transcended the boundaries of legal research and the US context 
and found application in various other geographical contexts and disciplines. Ringrose and Renold 
(2010) argued that feminist researchers invested in understanding women’s experiences must con-
tinue to develop intersectional approaches that challenge “regulative gender and (hetero)sexual dis-
courses, as these are cross-cut by race, class, cultural and other specifcities” (p. 591). 

Charleston et al.’s (2014) study examined the role of race and gender in the academic pursuits of 
15 African American women in STEM. The fndings of the study showed that the participants faced 
a series of racial and gender challenges related to their educational trajectories, felt marginalized as 
persons of color, and shared a sense of cultural isolation in departments heavily populated by White 
males, which essentially points to the double bind: the simultaneously experienced sexism and rac-
ism in STEM careers. Similar fndings were produced in Rosa and Mensah’s (2016) study, which 
explored the life histories of six African American women in physics. The analysis of the interview 
data revealed specifc commonalities in their experiences. The frst one is that all participants felt 
isolated in the academy, especially as members of study groups in which they felt excluded. The 
second one is that they all participated in after-school or summer school programs where they were 
exposed to a science environment at an early age. Lastly, all participants had opportunities to engage 
in summer research programs along with their academic training and to be members of a community 
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of practice. Collectively, what these three studies show, is the sexism and racism that women of color 
face throughout their STEM career trajectories, and at the same time they highlight the importance 
of examining gender in conjunction with race, especially for women of color, when examining 
STEM career trajectories. 

In order to examine the role of safe social places or counterspaces that women seek during their 
STEM trajectories, Ong et al. (2018) analyzed interview data collected from 39 women of color 
in the United States. These women were purposefully selected to comprise a group of varying 
racial/ethnic groups, career stages, and STEM disciplines. In dealing with negative experiences in 
STEM, the participants looked for counterspaces that provided critical support for their persistence 
in STEM, however. These counterspaces occurred in a variety of settings and served diferent func-
tions: (1) counterspaces in peer-to-peer relationships, (2) counterspaces in mentoring relationships, 
(3) counterspaces in national STEM diversity conferences, (4) counterspaces in STEM and non-
STEM campus student groups, and (5) STEM departments as counterspaces. These fndings ofer 
useful insights, especially for STEM university departments seeking to be counterspaces for women 
of color. 

Similar fndings are found in other levels of education, such as teacher education, STEM univer-
sity education, as well as school science. A key study in teacher preparation is the one carried out 
by Moore-Mensah (2019), who examined the journey of an African American female (Michelle) in 
science teacher education by looking at her educational history from childhood to teacher education 
and professional life as an elementary teacher with a focus on how she viewed herself as a science 
learner and as a science teacher. The fndings of this study exemplifed issues related to underrepre-
sentation of both Black preservice teachers as well as instructors and the emotional impact that this 
underrepresentation had on Black preservice teachers. The fndings also showcased how specifc 
courses on teacher preparation might serve as transformative experiences. One such example is pro-
vided in this work, which is a course taught by the author, who is an African American woman, and 
which provided opportunities for discussions about the intersections of race, ethnicity, gender, and 
class in their role on the development of science teachers. 

In contrast with Moore-Mensah’s study, Wade-Jaimes and Schwartz’s (2019) ethnographic study 
with a group of seventh-grade African American girls illustrated how dominant discourses of educa-
tion, science, race, and gender led to the exclusion of these girls. The fndings of the study showed 
that although the girls tried to engage in scientifc practices, they did not receive positive recognition 
from their teacher. In fact, the students were recognized for copying from sources and memorizing 
facts, which encouraged a passive and noncreative participation in science, which favored specifc 
types of students. Most of the girls, however, did not ft within that type of student, and hence did 
not receive positive recognition from their teacher. This fnding illustrates how narrow, limiting, and 
exclusionary the dominant discourse of school science is. 

As evidenced in this brief review of key studies that adopted intersectional approaches to examin-
ing girls’ and women’s participation in science, these have predominantly focused on the experiences 
of Black women and women of color. This points to a gap in knowledge when it comes to other 
types of identity intersections, for example, ethnic identity, religious identity, social class, disability, 
and motherhood. A couple of studies aiming to address these types of identity intersections provide 
evidence of a diferent set of barriers that women in science face. 

Using science identity as a unit of analysis, Avraamidou (2020) explored the barriers, difcul-
ties, and conficts that Amina, a young Muslim immigrant woman in Western Europe, confronted 
throughout her trajectory in physics and the ways in which her multiple identities intersected. The 
main sources of data consisted of three long biographical interviews, which were analyzed through a 
constant comparative method. The fndings of the study illustrated that Amina was confronted with 
various barriers across her journey in physics, with the intersection of religion and gender being the 
major barrier to her perceived recognition due to cultural expectations, sociopolitical factors, and 
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negative stereotypes. Moreover, Amina’s social class, religion, gender performance, and ethnic status 
positioned her as Other in various places throughout her trajectory in physics, and consequently 
hindered her sense of belonging. Two more recent publications also consider the impact that religion 
has on women’s experiences, especially in physics. Avraamidou (2021) continues the exploration of 
women’s experiences in physics, using explicitly intersectional frameworks to consider the “politics 
of recognition” and the local and contextual ways that bodies, identities, and associated cultural 
objects can contribute to misrecognition in physics. For example, Amina’s story suggests that her 
Muslim identity (and associated cultural artifacts, like the hijab) contributed to her misrecognition 
in Western physics contexts. In contrast, in a study conducted with women in physics in Muslim 
majority countries, Moshfeghyeganeh and Hazari (2021) revealed a relative absence of such gender 
identity conficts and negotiations. Taken together, these fndings complicate notions that femininity 
is incongruent with physics and suggest that, rather, femininity needs to be understood in relation to 
science within the cultural contexts in which it is done. 

In another understudied population, Castro and Collins (2021) investigated the experiences of 
Asian American women in STEM. In this study, the researchers interviewed 23 women who self-
identifed as Asian Americans and were either in a doctoral program or within fve years of earning 
their degrees in STEM felds at the time of the study. The study is one of the very few studies that 
examine Asian Americans experiences with science in the US contexts where Asian Americans are 
commonly portrayed as a monolithic group and as incapable of assimilating into American society. 
Similarly with the fndings of the studies reviewed earlier, the fndings of the study provided evidence 
of how Asian American women are not validated in STEM, are perceived as outsiders, and experi-
ence microaggressions and harassment because of not ftting the “White male logic systems”. 

Queer Theory and LGBTQ+ Issues in Science Education 

The teaching and learning of science intersect with issues of sexuality in several diferent ways, most 
directly as related to in the representation and experience of LGBTQ+ individuals in science disci-
plines (e.g., Barthelemy, 2020) and sex and sexuality as a teaching content in biology (e.g., Reiss, 
1998). In addition, queer theory is used to explore the entanglement of sex, gender, and sexuality 
with science education. Queer theory seeks to deconstruct sexuality and gender, and to destabilize 
binary constructs, such as gay/straight. In studies of science education queer theory frst appeared in 
the early 2000s. Early work includes Letts’s (2001) analysis of heteronormativity as part of the hidden 
curriculum in primary school science. Later, Bazzul and Sykes (2011) used queer theories to analyze 
how gender and sexuality were addressed in biology textbooks. 

LGBTQ+ Students and Teachers in Science Education 

Sansone and Carpenter (2020) use survey data to analyze the representation of LGB individuals in 
STEM felds. They found that men in same-sex couples were less likely to have completed a bach-
elor’s degree in a STEM feld compared to men in diferent-sex couples, but found no diference for 
women in same-sex and diferent-sex couples. They also found that the representation of gay men 
in STEM felds were positively associated with female representation in those STEM felds. Sansone 
and Carpenter conclude that: 

Taken together, these patterns are highly suggestive that the mechanisms underlying the very 
large gender gap in STEM felds such as heteropatriarchy, implicit and explicit bias, sexual 
harassment, unequal access to funding, and fewer speaking invitations are related to the 
factors driving the associated gap in STEM felds between gay men and heterosexual men. 

(p. 12) 
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There are also studies of the experiences of LBTQ+ individuals in STEM. In a national survey of 
LGBTQA individuals in STEM careers in the United States, Yoder and Mattheis (2016) found that 
participants who described their workplace as welcoming and safe reported greater openness to col-
leagues and students. They also found that participants who worked in STEM felds with a higher 
proportion of women were more likely to be out to colleagues. Consequently, in line with Sansone 
and Carpenter (2020), they also make a connection between the gender gap and the experiences of 
LGBTQA individuals, hypothesizing that a better gender parity in a workplace also fosters a more 
inclusive climate for LGBTQA individuals. In a qualitative survey study of the feld of physics specif-
cally 71 out of 324 respondents reported some form of exclusionary behavior or harassment, most 
often based on their gender expression or being a woman (Barthelemy, 2020). A survey of biology 
college instructors in the United States found that over half of the biology instructors surveyed were 
out to their work colleagues, but less than 20% were out to their students (Cooper et al., 2019). In 
interviews following the survey, instructors reported that reasons for being out in class included pro-
viding students with LGBQ role models in science, but some were also worried about students devel-
oping negative views of the instructor if they were out in class. Studies of students are more unusual, 
but a study of student retention among students who identify as a sexual minority (for example, les-
bian, gay, bisexual, or queer) using US national longitudinal survey data showed that sexual minority 
students were less likely to be retained in STEM compared to their heterosexual peers. 

To summarize, the studies of LGBTQ+ teachers and professionals, and to a lesser extent students, 
in STEM felds are mostly quantitative, sometimes with qualitative components. The purpose of the 
studies is typically to uncover inequalities, within an agenda of inclusion. Sexuality is problematized 
in the sense that the use and defnition of acronyms (e.g., LGBQ, LGBTQA) are discussed, but 
mostly sexuality is operationalized as a variable that can be neatly captured by multiple-choice ques-
tions. It can also be noted that all studies reviewed have been carried out in the US context. 

Queering Science Teaching and Learning 

In the handbook chapter from 2014, Scantlebury called for an increase in the use of queer theory 
within science education research. The development of this area has been slow, but a major contri-
bution was made recently by an anthology collecting work that queers STEM education (Letts & 
Fifeld, 2019). The chapters concern a variety of disciplinary areas, such as environmental education 
and higher-education physics, and both informal and formal education, from elementary to higher 
education. An important objective of the volume is also to move the discussion beyond a project 
of equal rights for LGBTQ people, to use queer theory and allied perspectives as a way to question 
what is perceived as normal and release new possibilities for reimagining the world. Gunckel (2019b) 
argues that “queering the constructions that legitimize the discrimination in the frst place, and thus 
insists that we (re)imagine and (re)construct our world to eliminate the normal/queer binary alto-
gether” (p. 150). Further, Knaier (2019) stresses that problems caused by restricting two-category 
systems of boys/girls or masculine/feminine cannot be solved by adding more categories, but that 
the categorizing in itself is problematic. Instead, she proposes that we move beyond gender, not by 
ignoring or erasing gender identities, but by using queer theory to challenge the idea of normative 
gender and sex identities. Götschel (2019) brings queer theory into the higher-education physics 
classroom, leveraging its potential to scrutinize what is supposed to be normal and what is invisible 
or silenced and thereby making the familiar strange. In particular, she is interested in its potential for 
refecting on the discursive production of physical knowledge and questioning hegemonic narratives 
of physics and physicists. In the context of biology teaching, Reiss (2019) and Gunckel (2019a) both 
argue that a consideration of queer theory can provide both a richer understanding of the content 
at hand and a more inclusive teaching. Reiss (2019) argues that conventional teaching about sex 
and sexuality in biology tend to represent poor science, and queering the way sex and sexuality is 
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taught in school science will allow for a richer understanding of (human) sexuality and what it is to 
be a sexual person. Such a teaching could have implications both for students’ views of science and 
of themselves and their sexuality. In summary, Reiss concludes that queer approaches to teaching 
about sex and sexuality within the science curriculum can “aid human fourishing, enable students 
to gain more powerful knowledge, and address social injustices’ (p. 265). Gunckel (2019a) analyzes 
an elementary school science lesson about crayfsh and shows how a focus on dichotomies and cat-
egorization hides the diversity of sexual morphologies and reproductive processes, something that 
not only is poor science but, she argues, can also be harmful to students who have non-normative 
bodies and identities. 

A related strand of research unpacks how gender is discursively produced in classrooms, and stud-
ies have highlighted the ways that classroom talk and interactions discursively produce masculinity 
and femininity in science contexts. Orlander (2016) investigates how the ways teachers communicate 
invoke masculinity and femininity in examples from biology and how this constructs notions of 
“natural” sexual behavior in humans. Orlander (2020) examines how masculinities and femininities 
are mobilized in argumentation in science classrooms, in the context of debates around sustain-
able development. These studies suggest that disciplinary content is imbued with masculinities and 
femininities, in which masculinity and heteronormativity is privileged, and send normative messages 
about gender roles through science. 

Posthumanism 

Scantlebury’s (2014) chapter identifed material feminism as a new direction for gender and sci-
ence education research. Scantlebury provides an overview of the manner in which language and 
discourse have been granted “too much power”, according to Barad (2003), and highlights calls 
for research to engage with matter/material. In the years since the publication of Scantlebury’s 
chapter, “new materialist” approaches to studying gendered participation in science education 
have begun to emerge. Other approaches relying on video ethnographic data and participant 
observation instead focus on embodied performances of gender and identity. Barad (2007), whose 
theoretical work has infuenced new materialist orientations to research in science education, 
argues that we must also investigate the entanglement of discourse, language, embodiment, and 
matter. New materialist approaches to research in science education thus give possibilities to 
understand the identity performances of participants who do not possess language resources to 
narrate identity work. In very recent years, we have begun to see research taking new materialist 
perspectives to understand the gendered identity work of youth and very young children in rela-
tion to science and technology. 

Godec et  al. (2020) have investigated the role that physical and digital materiality play in the 
identity performances of young people engaged in STEM learning in informal settings. While this 
research does not seek to understand gendered interactions with materials, the research draws on 
aspects of gender theory to understand how materials shape tech identity performances. Particu-
larly, this group mobilizes the concepts of identity performativity (Butler, 1993; Butler, 1999) and 
intra-activity (Barad, 2007) to understand the ubiquitous presence and importance of materiality in 
the contexts of young people’s STEM identifcations. The fndings suggest that reading material-
discursive entanglements as identity performances can yield insights into the importance of intra-
actions with matter in contexts where these might yield new forms of recognition that contribute 
to identity performances. These researchers additionally described intra-actions with the digital, 
thereby raising the possibility for nondiscursive and nonmaterial intra-actions to contribute to iden-
tity recognition. This work also raised equity issues when it came to gendered intra-actions with 
technological matter and the digital. The researchers noticed that even though youth were ofered 
access to technology (e.g., via coding events), young women participating in the club tended toward 
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verbal, pen-and-paper, and photographic modes of intra-actions, suggesting that these young people 
tended to engage with technology in ways that reproduce dominant gender relations. 

Importantly, recognition emerges as a salient concept for investigating gendered intra-actions with 
materiality. Günther-Hanssen and colleagues (Günther-Hanssen, 2020; Günther-Hanssen et  al., 
2020) describes the intra-action between a preschool girl and a swing in ways that produce embodied 
understandings of physical phenomena, but also provide opportunities for the girl to be recognized 
as an insider to science phenomena (at least to the researcher and to the teacher observing her move-
ments). These intra-actions, however, also create outsiderness when the girl’s movements and intra-
actions with the swing are usurped by a boy who uses the swing to gain attention from his peers. 
Gonsalves (2020) describes similar possibilities that intra-actions with materials in physics laboratories 
provide for recognition as an insider or expert in new ways. Investigating diferent forms of tinkering 
both in and outside of the lab, Gonsalves suggests that viewing tinkering through the lens of material-
discursive intra-actions can yield new and unexpected possibilities to learn how students may become 
recognized as competent in physics on instruments “built with gender in mind” (Berg & Lie, 1995). 

Scantlebury et al. (2019) use the concept of “material moments” (Taylor, 2013) to investigate how 
intra-actions produce space and time in classroom through moments of intra-action. By asking ques-
tions about space (how students are included and excluded in classroom spaces) and time (how stu-
dents’ movements through school are marked by time) in the intra-actions with matter (blackboards 
and textbooks) they explore how iterative difractive readings of text can yield understandings about 
why students “get bored” with science. These readings highlight material-discursive practices in the 
classroom that send messages to students about the (gendered) forms of engagement in science that 
are welcomed (e.g., note taking) at the expense of their interest. 

Part III: Summary and Synthesis 

The studies reviewed in this section urge researchers to expand our understanding of issues related 
to gender and science learning beyond experiences that foreground binary formulations of gender 
and even performances of gender as central organizing concepts. This work challenges the primacy 
placed on gender in research and invites us to consider more broadly how the intersections of race, 
class, sexuality, identity, and gender interact to create environments where recognition is aforded 
or constrained in various ways. Additionally, this work challenges some of the primary constructs 
researchers use to investigate experiences of recognition. For example, Avraamidou (2021) suggests 
that current conceptualizations of recognition are themselves limited by a binary formulation where 
research focuses on opportunities where one is recognized or not. This approach masks complex 
interactions that can result in diferent forms of recognition, notably, misrecognition. These fndings 
demand approaches to identity research that investigate these complexities and move beyond binary 
formulations both in how we treat gender and in how we seek to understand experience. Thus, we 
suggest that recent trends in research invite us to move beyond gender as a primary organizing concept, 
and rather to advance frameworks that seek to unpick the complexities of experiences, events, and 
interactions that shape individuals’ modes of becoming in science learning environments. 

In this section, we have reviewed three emerging perspectives that contribute richness and com-
plexity to our understanding of minoritized learners’ experiences in science. While the integrated 
treatment of gender and race/ethnicity is not new to science education research, a more explicit 
consideration of intersectionality provides depth to our understanding of the kinds of identities, 
bodies, and cultural objects are considered “in place” or “out of place” (e.g., Avraamidou, 2021) in 
science. There is also an emerging scholarship around gender and queer/LGBTQ+ perspectives that 
concerns both the identities of students/teachers and the science content as such. Still, studies of how 
gender intersects with other markers of identity, such as social class, age, and dis/ability, are largely 
missing. The material turn has slowly started to make its way into science education research, but 
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considering how materiality and (human and animal) bodies are at the heart of science as a discipline, 
there is plenty of room for additional explorations of the entanglement of science learning, gender, 
identities, and bodies. In particular, questions around what it means for a body to be sexed/gendered 
in relation to materials in science learning spaces calls for increased attention, and posthumanism here 
provides a powerful theoretical vantage point. 

Discussion and Future Directions 

In the years since Scantlebury’s (2014) chapter, there has been a sustained interest in gender issues 
within science education research. Studies that map and seek to understand gender disparities con-
tinue to form a substantial part of this research, but we have also witnessed a consolidation of 
identity-based approaches. Still, the conversation between studies in Part I and Part II of this chapter 
have been limited. This is perhaps not surprising given that the division between the two frst parts 
of the review largely follows the divide between cognitive and sociocultural perspectives on (science) 
learning. But given the complexity of the issue of understanding (gendered) students’ relationship 
to science as not only a (potentially gendered) body of knowledge but also a (gendered) cultural 
enterprise, the creation of silos of research that do not communicate with one another is unfortunate. 
While studies within the diferent traditions may be theoretically incompatible – for example, the 
implicit assumption about gender as binary and static that underlie some studies in Part I does not 
sit comfortably with a performative perspective of gender – work on stereotype threat, unconscious 
bias, and sense of belonging can be informative to studies using identity-based approaches. In syn-
thesizing empirical evidence on gender and science education, one thing becomes clear: women’s 
underrepresentation in science cannot be explained by cognitive diferences or simply a lack of inter-
est, but it is an issue of women being constructed as outsiders in science. This is illustrated through 
both international study results (e.g., PISA), which show that girls are less confdent than boys in 
their science abilities even though they score higher in science tests, as well as small-scale studies 
that show that women are not recognized as competent science persons and that they face a series of 
barriers and constraints throughout their studies/careers in science. 

In terms of disciplinary contexts, the majority of studies reviewed are found in the context of phys-
ics. This is perhaps not surprising given the fact that physics remains the most male-dominated scientifc 
feld. But this focus of research carries the assumption that gender perspectives are only useful in areas 
where there are inequalities in gender ratio. In terms of geographical contexts, the majority of the stud-
ies are situated in the Global North, specifcally the United States, Canada, and Western Europe. As 
noted earlier, while intersectional studies are gaining increased traction, such studies still predominantly 
concern the intersection between gender and race/ethnicity. Further, studies almost exclusively deal 
with gender and science in terms of gender as something relevant to individuals and their relationship to 
science. Apart from a few notable exceptions, gender in the disciplinary content is not problematized. 
Empirical research gaps identifed concerning gender and science education thus include: 

• Studies of science disciplines other than physics, including boys’ and men’s gender performances 
in the female-dominated discipline of biology as well as studies of interdisciplinary areas 

• Studies situated in a broader variety of national contexts 
• Studies concerning the intersection of gender and social class, age, dis/ability, and religious afli-

ation that operationalize intersectionality to move beyond additive conceptions 
• Studies of gender in the disciplinary content in biology, both in terms of assumptions carried 

by this content (such as companion meanings concerning heterosexuality) and in terms of the 
meeting between the content and students’ sexed and gendered bodies (with a particular rel-
evance for transgender and nonbinary students) 

• Studies in the context of science teacher education and professional development 
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Methodologically, the feld reviewed in this chapter is strikingly heterogeneous. Very broadly speak-
ing we can discern large-scale quantitative studies (often operationalizing gender in terms of men/ 
women), small-scale qualitative studies (often drawing on identity-based approaches), and interven-
tion studies. However, few studies cross these methodological divides, and large-scale quantitative 
studies drawing on identity-based approaches are just starting to emerge. We also note that study 
designs often fall back on binary defnitions of gender, even when made explicit that this is some-
thing the researchers are seeking to avoid. As intervention studies based in identity-based approaches 
to gender become more common it will be important to involve teachers in collaborative studies, to 
ensure that models for practice are based in systematic and refected development that bridge across 
theory and practice (for example, by utilizing the idea of didactic modeling, see Sjöström, 2019). 
Thus, for a methodological point of view, we identify the need for: 

• Mixed-methods studies that combine qualitative and quantitative elements 
• Large-scale studies informed by identity-based approaches 
• Study designs (both in quantitative and qualitative studies) that allow for the inclusion of trans-

gender and nonbinary participants 
• Collaborative studies involving researchers and teachers, including such studies set in the context 

of science teacher education and professional development 
• An increased attention to how fndings can be made transferable, both in terms of how large-

scale quantitative studies can be made relevant for teachers and in terms of how small-scale 
qualitative studies can be made relevant for policy and for practitioners in other contexts 

So far, we have discussed empirical and methodological gaps identifed, with recommendations for 
future research. But how far will this take us? Filling the gaps outlined earlie will create a more solid 
and complete research basis for gender and science education as the feld is currently understood and 
practiced. It is, however, notable that our synthesis of emerging perspectives remains similar to those 
outlined by Kathryn Scantlebury in her 2014 chapter in this handbook. For instance, we have found 
that emerging trends in gender research have focused on eforts to ensure that the “gender-binary 
defcit model” is not reproduced, and researchers have focused on identity negotiations in gender 
performances. However, science itself (and its practices) has been left untroubled and unchallenged 
by this identity turn in gender research. Furthermore, in our synthesis we notice an increasing dis-
tance from the critical feminist theories that laid the groundwork for research into gender issues 
in science. For example, in the late 1990s and early 2000s it was common to fnd gender research 
grounded in the work of Evelyn Fox-Keller (Keller, 1982, 1987), who challenged the masculine 
underpinnings of science, or Sandra Harding’s work (e.g. Harding, 1991), which went further to 
critique science as an enterprise. Harding’s criticism of science-as-usual challenges the ethics, goals, and 
functions of science and sees adding more women (by promoting equitable pedagogical and employ-
ment practices) as complicit with our culture’s failure to confront the status quo in science. From a 
theoretical point of view, our recommendation is therefore to turn the critical gaze back at science. 
Feminist philosophers of science here provide a theoretical grounding for doing so; it is worth both 
returning to and building on the past (Harding, 1991; Keller, 1982) and looking into more contem-
porary developments in this feld (Archer & Kohler, 2020; Barad, 2007). 

In this context, it is worth repeating that “what the problem is represented to be” (Bacchi, 2012) 
is a key question to consider, both when research problems are justifed and when implications for 
practice are presented. For example, if researchers  – ourselves included  – keep justifying gender 
studies in science education by existence of various forms of gender gaps, the problem is assumed 
to concern the number of men and women in a discipline. Much research today is still grounded in 
this goal of gender mainstreaming, asking questions about how to get more women into science or 
how to retain them once there. Maybe it is the narratives about the “need” to bring more students 
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into science – which in efect contributes to solidifying the position of science as a superior – that 
ought to be disrupted? While critical of social practices that continue to discourage women in sci-
ence or pedagogical practices that make them feel like science is “not for me”, this kind of gender 
research has lost sight of the critique of science’s history as an enterprise that is rooted in racism and 
the oppression of women and gender-diverse people (e.g., Carter et al., 2019), and settler colonialism 
(Bang & Marin, 2015). While the efect of bringing gender studies in science education research into 
the mainstream is overall very positive, we caution that losing sight of these critical perspectives may 
lead to practices aiming to promote gender equality (e.g., interventions that reproduce stereotypical 
ideas about gender roles) without changing the culture of science that women and other minoritized 
groups are entering. If we were to conclude this chapter with just one recommendation for studies 
of gender in science education, it would be: Bring feminism back! 
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