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This work offers a systematic literature review of Brazilian and international research
on gender in physics and physics education published over the last decade (2010-2019).
We draw on a poststructuralist analytical approach to discuss assumptions about gender
and forms of problematization of gender inequalities in physics, referred as problem
representations, underlying one hundred and thirty studies. Results show that most
studies (76.9%) assume a binary gender model that restricts “gender” to sex-specific
issues related to female individuals. The “problem” is represented as the low number
of women pursuing careers related to physics. The implied solution is to attract girls
to physics and retain female academics in their careers. Around 22.3% of studies
assume that “gender” is a relational construct that constitutes power relations between
individuals, who may or may not conform to hetero-cis-normative social expectations.
The “problem” is represented as the reproduction of gender discourses and stereotypes
within and about the cultures of physics and physics education. Only one study assume
“gender” as one of several axes of a complex and dynamic power system that constrains
knowledge production in physics, then representing the “problem” as a matter of how
theories and practices are perpetuated in the field. We conclude that a call for more
gender diversity in physics and physics education should not only address hetero-cis-
normative conceptions of gender, but should also challenge strict and specific cultural,
social and epistemological norms within the physics community.

Keywords: gender; physicseducationresearch; problem representations; poststructuralist
analysis; systematic literature review.

Introduction

The body of research on gender in science has been growing during the last years,
mainly motivated by a persistent low proportion of women in careers related to science
and technology (S&T): around 28.8% of world’s researchers are women (UNESCO,
2017). In this context, gender inequalities in science education have become of major
concern for scientists and science educators, since the overall lack of interest from young
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students in science and the fact that girls seem to be less engaged in school science than
boys might impact directly on the underrepresentation of women in S&T (Hussénius,
2014). Over the past few years in Brazil, there has been a flourishing of initiatives aiming
to stimulate girls’ engagement with scientific activities and thereby increase the number
of girls choosing to pursue a future career related to S&T. Main Brazilian universities
have been developing educational projects focused on “girls in science’, such as Federal
University of Rio Grande do Sul (2020), Federal University of Rio de Janeiro (2020),
University of Campinas (2020) and University of Brasilia (2020).

Gender research in science education investigates causes of gender inequalities
in science engagement and possible ways to overcome it, and it gives special attention
to the impacts of gender upon teaching and learning of science. Nevertheless, gender
perspectives in science education research are not restricted to analysis of science
classroom dynamics, since social and cultural aspects of the scientific development
also play a role on the development of science education. Considering that the field of
science education has historically emerged from natural sciences, it is necessary to take
on account that “scientists have had a strong influence or even controlled what science
education should include and what is important” (Hussénius, 2014, p. 256). For the same
reason, it is noticeable that, although scholars at the fields of gender studies and feminist
studies have been problematizing the construct of gender and its impact on scientific
development for decades, scholars at natural sciences and science education have only
begun to give proper attention to the knowledge emerging from those fields (Hussénius,
2014; Traxler et al., 2016). As a result, different conceptions of gender are usually implicit
in gender research in science education. Studies on this topic indicate that conceptions
of gender are underdiscussed even in the disciplines of biology and health education,
in where issues of gender identity, sexuality, and sexual reproduction are part of the
disciplinary content (Marin, 2019; Pereira & Monteiro, 2015). It, thus, becomes an
essential task to make such implicit assumptions explicit in order to scrutinize possible
outcomes of research addressing gender inequalities in science and science education
(Sinnes & Loken, 2014).

The overarching aim of this paper is to contribute to the development of
gender research in science education through a critical analysis of studies addressing
issues of gender inequalities in physics and physics education. To accomplish that, we
have conducted a systematic literature review of Brazilian and international studies
published over the last decade (2010-2019). We discuss assumptions about gender
and forms of problematization of gender inequalities underlying these studies, also
pointing out its possible effects for physics education and academic training in physics
and related programs. Forms of problematization of gender inequalities and its effects
within educational and scientific contexts related to physics are hereby called problem
representations (Bacchi, 2009).
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Analytical framework

Over a decade ago, the American feminist and historian of science Londa
Schiebinger (2007) proposed a framework for analyzing “theory and practice of creating
equality for women in science” (p. 369). The framework has three distinct analytical levels,
which depicts different yet complementarykinds of solutions to the same problem: getting
more women into science. The first level of analysis, the participation of women in science,
focus on historical and sociological perspectives on women’s engagement in science,
and address policies aimed at supporting women’s career in scientific institutions. The
second level of analysis, gender in the cultures of science, evaluate how scientific practices
and values have been shaped mainly by men, excluding women. Policies at this level aim
to transform academic cultures as means to mitigate the effects of gender bias on women.
Finally, the third level of analysis, gender in the results of science, address the impact of
gender on scientific content. Schiebinger discuss, for example, how federal government
regulations developed in the 1990s worked to reduce gender bias in medical research
by making it mandatory to include women in clinical trials. Through proposing this
framework, Schiebinger argued that “gender” should be incorporated into all scientific
disciplines as an important analytical category, since human knowledge “may change
dramatically when women become full partners in knowledge production” (Schiebinger,
2007, p. 369). A relevant aspect of the framework was the premise that government and
institutional policies were simply addressing a problem that already existed out there,
that is, the underrepresentation of women (either as researchers or as research subjects)
in science. Such a premise is challenged by the “What is the problem represented to
be?” framework, which “makes the case that policies do not address problems that exist;
rather, they produce ‘problems’ as particular sorts of problems” (Bacchi & Goodwin,
2016, p. 16).

“What is the problem represented to be?” (WPR) is an analytical framework
originally developed by the Canadian-Australian political scientist Carol Bacchi (2009)
within the field of policy analysis as a tool to critically analyze government practices
and policy proposals. Drawing from a poststructuralist perspective of discourse analysis
based on the Foucauldian tradition, which focus on power relations in society as
expressed through knowledge and practices, Bacchi argues that policy-making process
do not simply solve social problems, but actually create “problems”. Here, the term
“problem” (purposely marked with “”) acquires a specific meaning that refers to “what
is seen as in need of fixing” (Bacchi, 2009, p. 32). In doing so, the WPR approach changes
the focus of policy analysis from the common assumption of problem — a situation that
is taken to exist as a real condition — to conceptualizations of “problems” — then called
problematizations. Therefore “the focus is not on how people shape problematizations, but
on how issues are problematized — constituted as ‘problems’ — within policies” (Bacchi &
Goodwin, 2016, p. 39). Forms of problematization and its effects within a specific context
are referred as problem representations. The poststructuralist perspective on problem
representations implies that problematization is understood as a contingent process, that
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is, a process situated within historical, social, institutional and epistemological contexts.

The WPR approach was developed as an analytical tool in order to facilitate the
identification, reconstruction, and interrogation of problem representations, while also
pointing the analyst to the contextual factors bringing the problem representations
into question (Bacchi & Goodwin, 2016). Its analytical strategy has been applied in
comparative studies across a broad range of disciplines such as education, gender and
feminist studies, social sciences, and health sciences. Regardless the discipline, the WPR
approach foregrounds the premise that not only policies but also research practices
have the power to shape realities. Consequently “it becomes important politically to
contest the view that research produces disinterested, objective contributions to solving
clearly observable societal problems” (Bacchi, 2012, p. 142). However, the statement
that problem representations are created within research practices do not suggest that
researchers necessarily intend to represent a certain “problem” in a certain way. We
highlight that, given the poststructuralist framework, no intentionality is considered
under the WPR approach. In this work, we use the framework proposed by Schiebinger
(2007) as a starting point to categorize selected studies. In addition, we apply the WPR
approach as means to identify and discuss assumptions about gender and implicit, non-
intentional conceptualizations about the “problem” (problem representations) of gender
inequalities in physics and physics education underlying such studies. The research
question that directs this work is: What are the problem representations and assumptions
about gender underlying research on gender in physics and physics education?

Gender in physics and physics education: previous reviews

The importance of research addressing “issues of gender” in physics and physics
education has been highlighted by main peer-review journals in the fields. For example,
the journal Physical Review Special Topics: Physics Education Research published
the special issue Focused Collection on Gender in Physics in 2016. More recently, the
American Journal of Physics published a resource letter that provides an overview of
American reports, statistics, reviews, empirical studies and theoretical works addressing
the underrepresentation of women in science, in general, and in physics, particularly
(Blue, Traxler, & Cochran, 2019). Nonetheless, researchers’ interest on the “effects of
gender” on the process of teaching and learning physics is certainly not new, as the first
paper on this topic was published in 1992 (Traxler et al., 2016). Since then, the field
evolved to answer more complex research problems, thus constituting “a rich tradition
of interdisciplinary research that studies the entanglement of gender and physics from
different perspectives” (Gotschel, 2011, p. 66). We briefly summarize previous reviews
of the research literature on gender in physics and physics education published over the
last decade (2010-2019) as means to offer an overview of this research field'.

1 We have selected previous reviews on gender in physics and physics education according to criteria for data
collection described in the methods section. No preview review of Brazilian studies was found.
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Madsen, McKagan and Sayre (2013) review the literature on the gender gap on
concept inventories (standardized assessment instruments) in physics, that suggest that
female students usually under-perform in comparison to male students. After evaluating
the impact of factors that possibly influence such results, the authors conclude that “the
gender gap is most likely due to the combination of many small factors rather than
any one factor that can easily be modified” (p. 1). Lewis et al. (2016) review research
findings that highlights how the need to feel a sense of belonging in academic physics
acts to inhibit the participation of women while stimulating the participation of men.
The authors suggest some strategies that could improve women’s sense of belonging in
physics, such as having contact with female role models and receiving social support
outside the classroom. Kelly (2016) explores research-based evidence on the engagement
and persistence of women in undergraduate physics, and exemplify socio-psychological
strategies to support them. She suggests, for example, social feedback to improve women’s
physics self-concept and self-efficacy. Finally, Traxler et al. (2016) review previous
research on gender differences in students’ participation, performance, and attitudes
toward physics. The authors point out that studies in the field of physics education
research usually have “taken an uncritical look at sex and gender as binary categories’,
also highlighting that “when a gap is noted between men and women, it is generally
framed either implicitly or explicitly as ‘why can’'t women be more like men?” (Traxler
et al,, 2016, p. 4). As an alternative to the binary model of gender, the authors suggest
a poststructuralist conception of gender, based on the theory of gender performativity
developed by the American philosopher Judith Butler (1990).

Methods: Steps for conducting the systematic literature review

Although providing valuable insights about the entanglement of gender and
physics — from which it is evident that gender inequalities in physics and physics
education are caused by complex factors — previous reviews on this topic have some
relevantlimitations. They arerestricted to the analysis of international studies published in
physics education and science education journals, besides providing limited explanation
of criteria for data collection or data analysis. Through this systematic literature review,
we complement and extend previous reviews by covering a broader range of journals
(physics education, science education, history, philosophy and sociology of science,
science communication, gender and feminist studies) and providing a comprehensive
method for data collection and critical analysis of studies. Moreover, we include Brazilian
studies, thus situating Brazilian research in relation to international research on gender
in physics and physics education and highlighting the implications of the review for the
Brazilian educational and scientific context.

The systematic literature review (SLR) is a secondary research method “used to
map, find, critically evaluate, consolidate and aggregate the results of relevant primary
studies on an issue or specific research topic, as well as to identify gaps to be filled”
(Dresch et al., 2015, pp. 129-130). Thus it is indicated as a first action in extensive
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research projects and best suitable for focused topics. The systematic aspect of the review
concerns the use of a clear and predefined method for gathering publications, making
it then possible to easily reproduce or update the review. Although different scholars
may rely on diverse methods for conducting a SLR, in this work we considered the
following steps: choice of database, selection of journals, definition of search terms and
time interval, pre-evaluation of titles and abstracts, and choice of papers according to
inclusion/exclusion criteria for data collection; and reading of full texts, compilation and
critical analysis of results for data analysis. The critical analysis is the most important
step, as it enables the generation of new research results (Dresch et al., 2015).

Data collection

Journals were initially chosen from Coordinating Agency for Advanced Training
of Graduate Personnel (CAPES) database according to Qualis classification®. As a first
step, we selected all journals whose scope included science education, physics education,
science communication and history, philosophy or sociology of science classified in
strata’ A1, A2, B1, B2, B3, B4 or B5 in the feaching evaluation area. We also included
journals focused on gender and feminist studies classified in strata A1, A2, B1, B2, B3,
B4 or B5 in the interdisciplinary evaluation area. As a second step, we included three
other international journals focused on gender and feminist studies (which were not
classified into Qualis system) for presenting relevant research intersecting the fields of
natural sciences and science education: Gender and Education, Journal of Women and
Minorities in Science and Engineering, and Sex Roles. Total number of selected journals
is shown in Table 1.

Table 1. Total number of Brazilian and international journals included in this systematic
literature review according to journal’s scope and related search terms

Brazilian International

Journal’s scope . . Search terms
journals journals
Science education 31 20 physics AND gender,
physics AND girls,
History, philosophy or sociology of science 4 3 physics AND women
Physics education 4 8 gender, women, girls
Science communication 11 4
physics
Gender and feminist studies 10 7
Total 60 42

Using the online search in each journal webpage, we looked for terms “women’,

2 Qualis is a journal classification system created by CAPES aiming to assess the scientific production of Brazilian
graduation programs. Classification process follows general and specific criteria according to each evaluation area.
Detailed information is available at <https://sucupira.capes.gov.br/>. Access on 21 Nov. 2019.

3 For 2013-2016 quadrennial evaluation, journals were classified under quality indicator strata ranging from A1,
the highest; A2; B1; B2; B3; B4; B5; to C, with weight equal to zero.
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“girls”, “gender” and “physics” (depending on journal’s scope) throughout all indexes
(titles, abstracts and full text) of papers published during the last decade (2010-
2019). A first screening of titles and abstracts was done to identify studies that were
not relevant in relation to the scope of this SLR. In this stage, we excluded studies
concerning: (i) sexuality or sexual education; (ii) biology or healthy sciences; (iii)
mathematics education; (iv) “physics” as one of STEM (science, technology, engineering
and mathematics) disciplines, whose focus was not specifically on physics. In addition,
we excluded Brazilian studies in which the term “género™ referred to literary or
discourse genre and papers identified as news, letter, interview, editorial, book review,
project report or teaching proposal. Finally, after full reading of papers, we excluded
studies based on results of large-scale international surveys (such as Programm for
International Student Assessment — PISA and The Relevance of Science Education
— ROSE), studies conducted in informal learning environments and in non-academic
research institutes. This way only studies explicitly addressing issues of gender in formal
educational contexts (schools, colleges, universities and academic research laboratories)
were included in this SLR. As such, selected studies investigated how gender impacts
on physics education at all educational levels (from primary school to doctoral studies)
and how it impacts upon the career development of professors, lectures, postdoctoral
researchers and academic scientists working in a physics academic department. For the
purpose of this work, studies concerning Brazilian educational and scientific system are
referred as Brazilian studies, while studies concerning other countries are referred as
international studies, regardless the publication journal. In sum, twenty-five Brazilian
and one hundred and five international studies published between 2010 and 2019 were
selected for further analysis.

Data analysis

Data analysis was based on a poststructuralist analytical framework (Bacchi,
2009, 2012; Bacchi & Goodwin, 2016) and done empirically from full reading of papers.
All information considered relevant was coded and used to categorize studies in three
analytical categories, inspired by the framework proposed by Schiebinger (2007). This
initial categorization was based on common assumptions about gender underlying
studies in the same category. We assume the premise that studies implicitly or explicitly
presented a particular proposal as a way to address gender inequalities in physics and
physics education, thus producing particular problem representations of the issue. Then,
by identifying common problem representations, we used this to categorize studies into
subcategories. However, we emphasize that theoretical and methodological approaches
adopted by studies in the same category/subcategory were not homogeneous. Detailed
criteria for studies categorization and any discrepancy between studies in the same
category/subcategory are explained in the results section.

4 The word “género” can be translated from Portuguese to English both as “gender” and as “genre”.
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Results: Representing the “problem”

We identified problem representations and assumptions about gender underlying
onehundred and thirty studiesaccordingto threeanalytical categories: (i) the participation
of women in physics and physics education; (i) gender in the cultures of physics and physics
education; and (iii) gender in the knowledge production in physics. The first category was
divided into four subcategories: historical perspectives; womens experiences; metrics
of inequality; and gender differences. The second category, for instance, was divided
into three subcategories: representations of science; gender dynamics; and identities.
Categorization of studies is summarized in Table 2.

Table 2. Total number and relative percentage of studies included in this systematic literature
review according to each analytical category and subcategory.

wdien %% MWW Toal
First analytical category 20 80.0 154 80 76.2 615 100  76.9
Historical perspectives 9 36.0 6.9 3 2.9 2.3 12 9.2
Women’s experiences 5 20.0 3.8 23 219 177 28 21.5
Metrics of inequality 6 240 4.6 0 0.0 0.0 6 4.6
Gender differences 0 0.0 0.0 54 514 415 54 415
Second analytical category 5 200 3.8 24 229 185 29 223
Representations of science 3 120 23 3 2.9 2.3 6 4.6
Gender dynamics 2 80 15 14 133 108 16 12.3
Identities 0 0.0 0.0 7 6.7 54 7 5.4
Third analytical category 0 0.0 0.0 1 1.0 038 1 0.8
Total 25 100 19.2 105 100 80.8 130 100

a) Percentage in relation to Brazilian studies only; b) Percentage in relation to all studies; and c)
Percentage in relation to international studies only

As shown in Table 1, the majority (76.9%) of studies were placed in the first
analytical category, where most Brazilian studies (36%) focused on historical perspectives
and most international studies (51.4%) investigated gender differences. The second
analytical category accounted for 22.3% of all studies and the third analytical category
accounted for less than 1%.

The participation of women in physics and physics education

Studies in the first analytical category focus on the participation of women in
physics and physics education. Here, the term “participation of women” assumes diverse
meanings. It could refers to the contributions of female scientists to scientific development
in physics and related areas, as portrayed by studies in the subcategory of historical
perspectives; it could refer to girls interest (or lack of interest) in learning school physics,
or to women’s individual trajectories in academic physics, as addressed by studies in
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the subcategory of womens experiences; it could refer to the under-representation of
women in academic physics, such as depicted by studies in the subcategory of metrics
of inequality; it could refer to differences between girls’ and boys’ learning outcomes
in school physics, or to differences in career paths of women and men in academic
physics, as addressed by studies in the subcategory of gender differences. Furthermore,
in Brazilian studies, the term “participation of women” may be replaced by “feminine
participation™ (Feltrin et al., 2016; Guedes et al., 2015; B. S. Lima et al., 2015; Ramos
& Tedeschi, 2015; Teixeira & Freitas, 2015). Thus, it becomes necessary to clarify that,
despite of being used interchangeably, these terms convey different meanings:

A “woman” is a specific individual; “gender” denotes power relations between the sexes
and refers to men as much as to women; “female” designates biological sex; “feminine”
refers to idealized mannerisms and behaviors of women in a particular time and place
which might also be adopted by men (Schiebinger, 1999, p. 8).

» <

While putting “women”, “girls” and “females” under the spotlight, studies in the
first analytical category assume that “issues of gender” are reduced to “issues of women”.
It follows that “gender” is used here as a descriptive category:

Although gender in this usage asserts that relationships between the sexes are social, it
says nothing about why these relationships are constructed as they are, how they work,
or how they change. In its descriptive usage, then, gender is a concept associated with
the study of things related to women (Scott, 1986, p. 1057).

The conceptualization of gender as a descriptive category also implies that
“gender” is used as a substitutive word for “sex”. Perhaps avoiding the use of the word
“sex” is a way of preventing discussions about gender inequalities from being reduced to
questions of biological, sexual (i.e., sex-specific) differences in which women are seen as
different from men - that is, in which men are the point of reference. This is a reasonable
interpretation, since much has been said about supposed “innate deficiencies” of
women for analytical, mathematical, and scientific thinking. However, the fact that the
distinction between “sex” as a set of biological characteristics and “gender” as a social
construct is being blurred and not explicitly discussed may act to perpetuate gender
bias against women precisely because sexism, discrimination against women based on
sex, usually happens in a “veiled, subtle way, and therein lies, precisely, its strength and
effectiveness” (Silva & Ribeiro, 2014, p. 455). Thus, how to discuss “sexism” and mitigate
its effects on women without discussing “sex”?

Opverall, studies in the first analytical category assume that the “problem” (the
situation in need of “fixing”) is the low number of women pursuing careers related to
physics, so the “solution” implies in attracting young women to physics and retaining
female academics who are already there. However, this assumption holds an implicit

5 We understand that, in this case, the word “feminine” is replacing the word “female”. This may happen because in
the Brazilian culture the words “female” (“fémea”) and “male” (“macho”) are commonly used to refer to biological
sex of (non-human) animals. When used to refer to human beings, these words may assume depreciative
connotations, as if individuals were demonstrating (non-rational) instinctive behavior.
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contradiction. On the one hand, girls and women are endowed with a powerful agency,
as it is up to girls to choose (or have an ambition for) learning physics and it is up to
women to choose (or persist) to continue pursuing their careers related to physics. On
the other hand, girls and women are victims of an oppressive system, as girls do not
have access to “proper physics education” and women do not have access to “proper
working conditions” in academic and scientific contexts. Nonetheless, it is unclear to
which girls and women these studies refer, which points to the question: are “all girls”
and “all women” in disadvantage in physics and physics education? Following the same
idea, if we assume that educational and scientific system is meant to benefit boys and
men, does it imply that “all boys” and “all men” can successfully engage with physics?
These questions are posed to challenge the implicit notion that “gender” could be in any
way restricted to “sex’, if “sex” is understood as a binary and opposing category that
reduce people to “male” or “female”.

Historical perspectives

Studies in the subcategory of historical perspectives represent the “problem”
as a matter of low awareness of women’s contribution to scientific advancement. It is
assumed that gender bias against female scientists will be reduced if their contributions
become visible; girls will feel inspired to pursue a scientific career if they know about
successful female scientists. Therefore, studies in this subcategory depict life and work of
outstanding women scientists as a strategy to praise their great — although not properly
recognized — contributions to the development of physics and its subfields. Scientists
pictured were: Chien Shiung Wu (Maia Filho & Silva, 2019a, 2019b); Emmy Nother
(Areas et al., 2019; Patrao, 2015); Grace Hopper, Hedy Lamarr, Katharine Blodget and
Maria Telkes (Incerti & Casagrande, 2018); Gertrude Scharff-Goldhaber (Goldhaber,
2016); Henrietta Leavitt (Barros, 2018); Lise Meitner (I. P. C. de Lima, 2015); Margrete
Heiberg (Reichenbach & Dragowski, 2017); Marie Curie (Cordeiro & Peduzzi, 2011);
Marietta Blau (Sime, 2013) and Rosalyn Yalow (Minella, 2017).

Studies were developed either from a traditional or a critical historical perspective.
The traditional historical perspective follows assumptions stated by the history of women
in science movement. This movement emerged in the 1970s, when biographies of female
scientists became a central point in debates about underrepresentation of women in
science. It emerged as a reaction to the common statement that women were not “capable”
to pursue scientific enterprise (Schiebinger, 1987). As it became broadly accepted that
women could be as competent scientists as men, revisiting biographies of famous women
in science became a way of arguing that female scientists were as valid historical subjects
as male scientists. In this perspective, depicting the history of women in science is a
task to be done for its own sake. Consequently, there is no need to question traditional
methods and narratives of history in science — the only need to be met is to put women
on an equal footing with men in the history of scientific development. In other words,
studies developed from a traditional historical perspective (Areas et al., 2019; Barros,
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2018; Cordeiro & Peduzzi, 2011; Goldhaber, 2016; Incerti & Casagrande, 2018; Patrao,
2015) do not question traditional historiography of science, “according to which only
mainstream science was worth pursuing as a research field” (Filgueiras, 2001, p. 709).

In contrast, studies developed from a critical historical perspective question the
mainstream perspective on scientific knowledge production, challenging its androcentric
and value-neutral premises. This perspective highlights the importance of understanding
scientific practices of scientists in relation to political and sociocultural contexts in
which such practices were developed. Among studies analyzed in this subcategory, half
were developed from a critical historical perspective (I. P. C. de Lima, 2015; Maia Filho
& Silva, 2019a, 2019b; Minella, 2017; Reichenbach & Dragowski, 2017; Sime, 2013).
Furthermore, only studies based on a critical historical perspective presented theoretical
frameworks. For example, Reichenbach and Dragowski (2017) discussed power struggles
involved in creating the first institute of physics in Argentina from the theoretical
perspective of cultural imperialism in science, as proposed by Pyeson (1985). Minella
(2017) presented career paths of five female scientists until they were awarded the Nobel
Prize while discussing possible political interferences in the process of nomination for
the award. The author based her analysis on perspectives from feminist critique of science
as discussed by feminist scholars such as Haraway (1995), Harding (1998), Fox-Keller
(2006) and Schiebinger (1999).

Itis noticeable that the majority (75%) of papers in this subcategory were Brazilian
studies. Curiously, however, no Brazilian scientists were pictured. The open question
here is: where does Brazilian scientists fit in the history of science? These studies fulfill
the important function of disseminating and discussing seminal contributions made
by international female scientists. However, the absence of studies dedicated to female
Brazilian researchers may imply that the development of physics and related areas in
Brazil happened without contribution of women, or even that their contribution was not
relevant — none of them are true. We could mention, for instance, Sonja Ashauer, Elisa
Frota-Pessoa and Amélia Império Hamburguer, among other researchers (Saitovich
et al., 2015). Further, it is of fundamental importance to critically analyze and discuss
trajectories of female researchers in Brazilian academic and scientific community. As
such, not only their contributions should be made visible, but it would also be important
to understand the reasons behind the general invisibility of their lives and works.

Women'’s experiences

The main goal of studies in the subcategory of women’s experiences is to scrutinize
women’s educational and professional trajectories in physics and related areas. Then the
“problem” is represented as a matter of identifying factors that would lead women to
science and factors that would contribute to retaining women in their academic and
scientific careers. Although studies in the subcategory of historical perspectives also
present life and work of female scientists, those women can be considered outstanding
scientists, whose contributions were exceptional in their fields of work. Nonetheless,
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most of historical scientists lived decades ago, in a time when women’s access to academic
and scientific careers was certainly much more restricted than it is nowadays. Therefore,
it is arguably necessary to investigate contemporary women’s experiences in order to
understand the factors influencing their careers. Some questions proposed by studies
about women’s experiences were “how do women fit into today’s sciences?” ¢ (Santos,
2016, p. 801) or “does the field attract the same types of women today as it has in the
past?” (Sax et al., 2016).

Despite the fact that these studies provide information about girls and women in
six different countries, their results were, in most aspects, very similar to each other. We
summarized results around four main factors shaping women’s experiences: motivation,
adversities, persistence and retention. Among twenty-eight papers, only one presented
a cross-cultural study, developed between Brazil, India and the United States (Foote
& Garg, 2015). One study was conducted in Australia (Abraham & Barker, 2018); one
in Estonia (Talves, 2016); one in Germany (Lucht, 2014); four in Brazil (B. S. Lima,
2011, 2013; Santos, 2016; Silva & Ribeiro, 2014); and twenty in the United States (see
references below).

Motivational factors include reasons that led female students to develop affinity
for physics classes at school or to pursue an academic degree in physics. The literature
suggests that both intrinsic and extrinsic motivation play a role on women’s choices.
Some common examples of intrinsic motivation (self-motivation) pointed out were: a
primary interest for science; love for the subject, for learning new things or for “building
stuft” (Martinez et al., 2019); and ambition for a career path in academia (Sax et al.,
2016). The extrinsic motivation was described as being related to family influence;
encouragement and recognition from teachers (Hazari et al., 2017; Hazari & Cass,
2018); pleasant school science experiences (Dabney & Tai, 2014; Wang et al., 2018); and
inspiration from historical scientists (Foote & Garg, 2015). One study investigated the
impact of five extrinsic motivational factors on the interest of female student’s for a career
in physical sciences: (i) having a single-sex physics class; (ii) having a female physics
teacher; (iii) having female scientist guest speakers in physics class; (iv) discussing the
work of female scientists in physics class; and (v) discussing the underrepresentation of
women in physics class (Hazari et al., 2013). Only the last factor showed positive effect,
which was explored in a later study (Lock & Hazari, 2016).

Adverse factors are barriers, obstacles or challenges faced by women during their
studies and professional development. Many women expressed facing tensions between
their private and professional lives, caused primarily by difficulties in reconciling
academic demands with family obligations. Some situations reported were related to:
maternity (B. S. Lima, 2011, 2013; Nehmeh & Kelly, 2018; Santos, 2016; Silva & Ribeiro,
2014); work-life balance; highly competitive professional environment; hostile work-
place climate; and daily situations of gender discrimination, sexual harassment (Aycock
et al., 2019) and microaggressions (Barthelemy et al., 2016, 2015). Besides that, women

6 Quotes from Brazilian studies have been translated to English from the original Portuguese by the first author.
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reported negative feelings of social isolation related to being the only (or one of the very
few) women in the physics department. All mentioned aspects contribute to a feeling
of incompetence among female scientists, endorsed by a strong belief in “unachievable
criteria of success” (Talves, 2016, p. 163). According to American studies, adverse factors
are aggravated for women of color (who self-identify as Black, Latina, American Indian or
Asian American) because of their gender and race/ethnicity (Horna & Richards, 2018).

Persistence factors depicts strategies adopted by women to cope with adverse
factors and, consequently, persist in pursuing a career in physics (Dabney & Tai, 2013;
McCormick et al., 2014). Three studies focused on actions taken by women of color
to overcome the double threat of gender and race/ethnicity, reporting similar results
(Johnson et al., 2017; Ko et al., 2014; Rosa & Mensah, 2016). As summarized by Ko
et al. (2014), main actions included “seeking an environment that enabled success,
circumventing unsupportive advisors, combating isolation using peer networks,
consciously demonstrating abilities to counteract doubt, finding safe spaces for their
whole selves, getting out to stay in STEM, remembering their passion for science, and
engaging in activism” (p. 171).

Retention factors are related to institutional actions that can contribute to women’s
persistence and success. Studies suggest the promotion of: network opportunities
among women, as for example, in a conference dedicated to undergraduate women in
physics (Buck et al., 2014); collaborative studying and working environment; contact
with female role models and mentors; family-friendly working place; information about
career options and opportunities inside and outside academia. One study reported “a
carefully planned intervention to increase the commitment of department chairs in the
physical sciences to the hiring and career advancement of women” (Greene et al., 2011,

p- 1).
Metrics of inequality

The subcategory of metrics of inequality comprises studies whose focus is to
quantitatively investigate gender inequalities in physics and physics education through
analyzing the proportion of women enrolled in academic programs and the granting
of fellowships to female academics. The problem representation underlying these
studies is the low awareness of women’s underrepresentation and disadvantages in
the academic and scientific scenario. In other words, it is still necessary “to prove just
how disadvantaged women” (Schiebinger, 1999, p. 33) in physics and related fields are.
Only Brazilian studies were placed in this subcategory, having in common the focus
on statistical analysis of national databases or institutional databases from universities
and scientific associations as primary research method. We note that, when analyzing
data from government federal databases (such as the Brazilian National Council for
Scientific and Technological Development — CNPq, CAPES and Lattes Platform), these
studies focused on data concerning “physics and astronomy” as fields of knowledge’.

7 This implies that such data does not concern the granting of financial support to researchers in the fields of
physics education or science education, who receive scholarships in the “teaching” field of knowledge.
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In sum, the overall conclusion is that the proportion of women in physics and
related programs in Brazil decreases as career progression occurs, as well as women’s
access to financial support for educational or research purposes. Studies show that, at
undergraduate level, women represent around 23% of students graduating in physics
bachelor and teacher training programs offered by Federal University of Santa Catarina
— UFSC (Menezes et al., 2018); 22.7% of fellows of Science Without Borders Program
in physics programs at Unicamp (Feltrin et al., 2016); and 33% of all scientific initiation
fellows in physics and astronomy programs (B. S. Lima et al., 2015). At graduate level,
the rate of female students and fellows in master and doctoral programs is around 21%
(Areasetal., 2019; B. S. Lima et al., 2015; Peres Menezes et al., 2018). Concerning faculty
level, the proportion of female professors in undergraduate and graduate departments of
physics is less than 14% (Areas et al., 2019; Ramos & Tedeschi, 2015; Teixeira & Freitas,
2015). Moreover, less than a third of productivity research fellowships® in physics and
astronomy are awarded to women (Guedes et al., 2015; B. S. Lima et al., 2015).

These studies present extensive statistical analysis about the situation of women in
Brazilian academia. However, the impact of such data when they are not accompanied by
a critical analysis of the reasons that keep women from progressing in academic careers is
likely to be limited. For instance, the majority (70%) of papers in this subcategory did not
articulate data analysis with a theoretical framework. In fact, what most of these studies
offered was freely “some rather speculative assumptions about the numerical situation
presented” (Menezes et al., 2018, p. 334). In addition, the intersection of gender, race
and social class is yet to be analyzed. Schiebinger (1999) argues, for example, that the
proportion of women in science should “equal their proportion in the larger population”
(p. 9). Considering that Brazilian population is mostly composed of women (51.7%) and
black people (53.9%)?, it is reasonable to argue that research on this topic should also
address the underrepresentation of black women as much as of black men, if we are all to
stand up for more “diversity in race and gender” (Ferrari et al., 2018, p. 90) in Brazilian
academic and scientific community.

Gender differences

Studies in the subcategory of gender differences focus on assessing how personal
characteristics and effects of education reform may differ between men and women.
Most studies developed quantitative investigations (usually followed by a sophisticated
statistical analysis) through the “disaggregation of data by gender”, aiming to depict
“gender patterns’, “gender effects’, “gender disparities” or “gender gap” Here, then,
“gender” is just “another important variable to include in the analyses” (Hochberg,
Kuhn, & Miiller, 2018, p. 390). This could explain the popularity of the gender differences
approach among physics education research community, since quantitative methods

are common in this field and can be easily recognized by an audience of physicists.

8 Academic researchers granted with productivity research fellowship are considered scientific elite in Brazil.
9 This category refers to self-declared black and brown people. Information retrieved from <https://educa.ibge.
gov.br/jovens>. Access on 12 Dec. 2019.
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In fact, this subcategory comprises the majority (41.5%) of analyzed papers. Studies are
summarized below according to common research focus*.

a) Technology-based learning: two studies evaluated effects of the use of technology
on learning physics concepts. Results showed similar effects on male and female students
considering the use of smartphones (Hochberg et al., 2018) and computers (Domelen,
2010).

b) Psychological processes: four studies investigated how learning physics might
impact on psychological processes of students. Results showed that learning physics
concepts caused higher levels of anxiety among female pre-service physics teachers
(Caliskan, 2017; Sahin, 2014), and it was more related to depressive symptoms among
female high-school students (Aggeliki et al., 2017). A psychological intervention in
introductory physics class helped to improve the performance of female college students
on physics tests (Angeles et al., 2010).

c) Career development: four studies evaluated gender disparities among academics
in relation to their career intentions and experiences. Results showed that, in relation
to their male colleagues, female academics: reported more often to accept constraints
or abandon career goals because of childcare (Langfeldt & Mischau, 2018); were more
likely affected by the imposter syndrome, were less satisfied with advisors and reported
more often that they had relocated work because of spouse or partner (Ivie et al., 2016).
In relation to graduate students enrolled in physics education research programs in the
United States, one study indicated that women represented more than half of students
in this field and reported positive career experiences similar to those of male students
(Barthelemy et al., 2015).

d) Conceptual learning and problem solving: six studies investigated gender
differences in the conceptual learning and problem solving of physics topics. Studies
showed no significant statistical difference between male and female performance in
relation, for example, to solutions of calculus-based force problems (Giilgigek, 2019) or
to the learning of magnetism concepts (Li & Singh, 2017). The teaching of Einsteinian
concepts to middle school students showed to increase girls’ scores in physics (Kaur et
al., 2017).

e) Active learning methodologies: fourteen studies evaluated the effects of active
learning methodologies (including interactive engagement, active-engagement, active
learningor collaborative learning) aiming to close the gender gap in students’ performance
in physics. Effects of active learning were usually evaluated through the application of
physics pre- and post-tests. Most studies showed that female students improved their
performance, that is, they had achieved similar post-test results as their male colleagues
(Cahill et al., 2014; Olaniyan & Govender, 2018). Other studies reported that active
learning did not result in reducing the gender gap (Day et al., 2016; Gok, 2014; Karim
et al., 2018). Nonetheless, we highlight that these results need to be approached with
caution. As some studies point out, statistical methods used to evaluate the gender gap

10 Fifty-four studies were analyzed in this subcategory. However, due to the limited space of this paper, we chose
to cite only the most recent studies when more than four studies presented the same research focus.
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in physics may have a significant impact on the measured effect sizes (Brewe et al., 2010;
Day et al., 2016).

t) Intentions, interests and beliefs: twenty-four studies investigated students’
intentions to study physics, as well as their interests and subjective beliefs (self-concept
andself-efficacy) towardslearning physics content. Studies evaluating students’ intentions
showed that boys were more likely to study non-compulsory physics at high school or
university (Caspi et al., 2019; Sheldrake et al., 2017). However, one study showed that
female undergraduate students who have had intention to study physics while at high
school were more likely than males to graduate with a physics degree (Rodriguez et al.,
2016). In middle school, studies reported that boys were more interest in topics related
to physical sciences while girls were more interested in biological sciences (Kaur et al.,
2018; Toma & Villagra, 2019). However, other studies showed no gender differences
in subject preference (Caspi et al., 2019; Dare & Roehrig, 2016). Finally, in relation to
subjective beliefs, studies showed that female students presented lower self-efficacy
(Marshman et al., 2018; Nissen & Shemwell, 2016) and lower self-concepts (Boe et al.,
2011) towards physics than male students.

Finally, we understand that Traxler et al. (2016) have already raised strong
critiques of studies focused on “gender differences” in physics education research, which
we endorse. Studies in the subcategory of gender differences explicitly reduce “gender”
to an objective and binary measure, implying that students’ multiple identity markers,
skills, interests and capabilities are reduced to two categories: “male” and “female”
Moreover, male performance is assumed to be the standard to be achieved by female
students, thus disseminating a binary gender deficit model which suggests that female
students are “deficient in characteristics necessary to succeed” in physics (Traxler et al.,
2016, p. 1).

Gender in the cultures of physics and physics education

Studies in the second analytical category shift the focus from individual
experiences to gendered cultural contexts, taking as starting point the recognition that
“language, styles of interactions, modes of dress, hierarchies of values and practices,
have been formed by their predominantly male practitioners” (Schiebinger, 2007, p.
371). This means breaking with the view of gender neutrality in the practices of physics
and physics education, which turned “issues of gender” into “issues of women”. It follows
that taking gendered cultural contexts into account opens the possibility to see “gender”
as an analytical category:

Those who worried that women’s studies scholarship focused too narrowly and
separately on women used the term “gender” to introduce a relational notion into our
analytic vocabulary. According to this view, women and men were defined in terms
of one another, and no understanding of either could be achieved by entirely separate
study (Scott, 1986, p. 1054).

The straightforward implication of such statement is that the adoption of gender
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asan analytical category requires the analysis of social relations between women and men,
instead of the description of their experiences apart from each other. Nonetheless, it is still
necessary to take into account norms and social conventions that delimit the conditions
in which some individuals are recognized as women while others are recognized as men.
It is worth noting that Western society is based on hetero-cis-normative'' assumptions,
and that such assumptions also permeate science and science education. As argued by
Barton and Yang (2000), science and science education are constituted as a “culture of
power” that must be embraced by those who wish to succeed as scientists or science
students. Not by chance, those who succeed are “mostly white, upper and middle class,
male and heterosexual” (Barton & Yang, 2000, p. 873). Further, “it is hard to be anything
but White, male, cisgender, straight, and able-bodied and be recognized as a physicist,
and that is a shame” (Traxler & Blue, 2020, p. 147). Taking this into account, we highlight
that gender can no longer be understood as a “property of individuals”, or as a fixed and
binary category which refers only to “male” and “female”, but as a complex construct. To
be able to take gender as a truly relational category, we must assume that without power
relations between subjects — cisgender as much as transgender'?; heterosexual as much
as homosexual — gender cannot exist (Butler, 1990, 2004).

Besides that, expanding Schiebinger’s considerations, we assume that the
“cultures of science” are mainly but not only constructed through academic practice,
as it also comprehends practices developed in school science and, in a broader sense,
the ones embedded in popular science culture (i.e., as portrayed by mass media, sci-
fi books, movies, etc.). In our analysis, we assume a constructionist understanding of
culture, which claims that “culture is concerned with the production and the exchange
of meanings — the ‘giving and taking of meaning’ — between the members of a society
or group” (Hall, 2013, p. xviii). According to this, we recognize that studies in the second
analytical category are based on an implicit problem representation: the meanings
produced within and about the cultures of physics and physics education contribute to
the reproduction of gender discourses and stereotypes, which reinforce the assumption
that physics is something suita ble for “men”, but not for “women”. We understand that
stereotyping is the practice of producing meanings that reduce “people to a few, simple,
essential characteristics, which are represented as fixed by nature” (Hall, 2013, p. 247).
Studies are discussed in the subcategories of representations of science, gender dynamics
and identities.

11 According to Worthen (2016, p. 31), “hetero-cis-normativity represents a hierarchical system of prejudice in
which cisgender individuals are privileged above non-cisgender individuals but also, negativity, prejudice, and
discrimination may be directed toward anyone perceived as noncisgender and/or nonheterosexual”

12 “Cisgender” means that one’s gender identity matches with their sex assigned at birth. “Transgender” means
that one’s gender identity differs from their sex assigned at birth.
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Representations of science

Studies in the subcategory of representations of science analyze how practices
of representation (Hall, 2013) impact on the construction of meanings about scientific
activity and scientists. In other words, the assumption made here is that practices of
representation shape ideas not only about how physics is done (or how it should be
done), but also about who is able (or not) to do it. These ideas can be explicitly or
implicitly represented through language, signs and concepts. And because language,
signs and concepts may have a material dimension, these ideas can be represented in
texts, pictures, etc. The implication of such materiality is obviously relevant for science
education research: shared meanings within and about the cultures of science can be
scrutinized through the exam of science textbooks, sci-fi books and films, pictures
(photos and drawings) of scientists, and science communication in the mass media
(for example, in newspapers and magazines). Such examination was conducted by six
studies.

One study evaluated the effects of media representations on female high school
students” perceptions of science. After watching news about science and the work of
scientists, girls described science as an activity of experimentation and discovery held
mostly by male geniuses, portrayed as eccentric scientists. The girls explicitly related such
stereotypical image to their male physics teacher (Reznik et al., 2017). Similar results
were found in the drawings of scientists made by pre-service physics teachers, who
commonly portrayed stereotypical conceptions of scientists, similar to Albert Einstein
(Souza & Silva, 2016). One study evaluated photos of scientists (physicists, biologists
and chemists) at their workplaces available on websites of academic and scientific
institutions, showing that those photos corroborate stereotypical and gendered images
of science (Christidou & Kouvatas, 2013). Two studies analyzed images from high school
physics textbooks, finding that women were sub-represented or mostly portrayed in
domestic work (Rosa & Silva, 2015) and “the images either explicitly show White males
or implicitly invoke masculinity and/or maleness” (Namatende-Sakwa, 2019, p. 373).
Finally, one study investigated the influence of science fiction on students’ interest in
pursuing an academic degree in physics, discussing “how the entanglement of physics
education and science fiction draws on a particular subgenre of science fiction” (Hasse,
2015, p. 922). While male undergraduate physics students were strongly influenced by
hard techno-fantasies, female students demonstrated appreciation for soft science fiction.
Despite that, materials depicting soft science fiction were not available at the library of
the investigated university.

In sum, studies in this subcategory converge to the conclusion that representations
of science disseminate a gendered image of the scientific activity, which reinforce
traditional assumptions about sex roles and contribute for the general stereotypical
image of scientists and distorted visions about scientific work.
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Gender dynamics

Studies in the subcategory of gender dynamics evaluate how social constructions
of gender impacts on the social positioning of women and men in relation to each other.
In doing so, these studies focus on processes of gender stereotyping and construction of
gender relations rather than “measuring” women’s performance in comparison to men,
which implies a significant change of perspective in relation to studies in the subcategory
of gender differences.

Investigations about gender relations explored eftects of gender socialization and
power asymmetries between men and women on their discourses. Analysis of high school
students’ statements about their disciplinary and professional preferences indicated
socialization patterns that were shaped in a different way by boys and girls due to social
pressures (Lima Jr. et al., 2011). This finding contributes to challenge “the argument
that choices are ‘freely’ made” (Ryan, 2012, p. 171) in regard to students preferences,
that is, it indicates that students preferences are shaped also by social expectations,
rather than only by individual interest. An analysis of discursive interactions between
undergraduate physics students suggested that males tended to take the lead more often,
while females needed to adopt certain strategies to make their points of view visible
(Lima Jr. et al., 2010). However, an evaluation of interaction between undergraduate
students during collaborative work showed that the activity “helped disrupt some typical
gender dynamics in that men did not dominate group discussions” (Gunter et al., 2010,
p. 1035). The recognition of a “gender gap in course grades between female and male
students” (Andersson & Johansson, 2016, p. 1) lead to an investigation of its causes,
showing that the perceived difference in achievement was, in fact, a difference in study
choice more related to the physics program structure than to students’ gender.

Moreover, studies depicting gender stereotypes contribute to challenge the
common assumption that “gender bias” is something inflicted by men against women,
putting women in a passive and victimized position. We emphasize that gender norms
are held by women as much as by men and affect all people (even though not in the
same way). For example, one study conducted in China showed that similar beliefs in
traditional gender roles were shared by both male and female physicists, thus contributing
to “reinforce women’s subordination in physics” (Di et al., 2016, p. 330). According
to a Finnish study, not only female, but also male physicists face conflicts to achieve
work-life balance, recognizing that they have neglected their families because of work
(Sannino & Vainio, 2015). In relation to perceived differences of self-concepts between
girls and boys, results of an investigation concluded that students with greater feelings
of gender compatibility tended to demonstrate greater self-concept in physics, despite
of their gender identity (Koul et al., 2016). This idea is supported by studies addressing
effects of “stereotype threat” (ST), which “states that one underperforms when negative
stereotypes about one’s racial or gender group are activated” (Hirshfield, 2010, p. 14). An
investigation about ST in high school physics class demonstrated that “simply being in a
typical physics testing situation may be enough to inhibit female performance compared
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with males” (Marchand & Taasoobshirazi, 2013, p. 3057). Besides that, based on the
analysis of similar situations, studies showed that both male and female professors
demonstrated bias against female physics post-doctoral candidates (Eaton et al., 2019).
Besides that, both male and female students tended to rate more negatively female
physics professors (Graves et al., 2017; Hofer, 2015; Potvin & Hazari, 2016; Zander et
al., 2014).

Identities

Studies in the subcategory of identities investigate how individuals negotiate
their subject positions in relation to implicit norms of physics. Here, “identity” does not
mean a fixed and stable set of characteristic that someone is or has, but rather it refers
to a complex and contingent process of individual adaptation and resistance to social
and cultural norms. This perspective is held by poststructuralist accounts on identity,
like the theory of performativity of Butler (1990). Butler’s theoretical development on
gender performativity “has strong underpinnings and would help further refine the
current efforts of many physics education researchers to support gender diversity in
the classroom” (Traxler et al., 2016, p. 5). Building from such theoretical underpins,
investigations conducted by the seven studies analyzed in this subcategory contribute to
understand the entanglement between personal, social and cultural aspects of identity
development through the practices of physics. This approach implies that “doing physics”
means at the same time “doing gender” or, in a broader sense, “doing identity” (Danielsson,
2012; Gonsalves et al., 2016).

We understand that studies in this subcategory contribute in two important ways
to further develop gender research in physics and physics education. First, they challenge
the implicit assumption that “just being a man” is sufficient to succeed in physics. This is
surely not the case, because “certain ways of becoming a physicist and doing physics is
privileged in this process” (Johansson et al., 2018, p. 205). As explored by these studies,
there are “various forms of masculinities that are produced and reproduced in physics
laboratory settings” (Gonsalves et al., 2016, p. 2), so men must conform to the dominant
masculinity norms of the setting in order to be part of it. In the case of a plasma physics
lab, for example, there is an “emphasis on the machines, the muscles and the physical
efforts” (Pettersson, 2018, p. 125) that clearly confront the stereotypical image of the
purely intellectual work of a theoretical physicist. Second, women must negotiate
aspects of their gender identities in order to belong to their fields of work. For instance,
the enactment of a female masculinity (Danielsson, 2012) may be a an available strategy
for women who prefer to act in ways perceived as more “masculine” to fit in working
places where traditional expressions of femininity (like wearing heels and make up, for
example) are discouraged, as it is usually the case of physics departments. However, this
may create a conflict for women who prefer to express themselves in more “feminine”
ways (Gonsalves, 2014). Therefore, we agree that to discuss such issues contribute to
“challenge heteronormative understandings of all men as desiring to be masculine and
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all women desiring to be feminine” (Danielsson, 2012, p. 37).

Finally, studies in the subcategory of identities show that individuals must adapt
to general social and cultural norms — which go far beyond just adapting to gender
expectations — in order to be recognized as competent physicists or competent physics
students. As highlighted by Traxler and Blue (2020, p. 179), “gender is never the whole
story”. Such norms comprehend demonstrating genuine curiosity and interest for physics
content, while also expressing specific personality traits — exaggerated confidence,
arrogance, intelligence, “nerdiness” — and a shared belief in a hierarchical status
between theoretical physics and applied or experimental physics (Bremer & Hughes,
2017; Johansson, 2018; Johansson et al., 2018). Complementing this statement about
hierarchical status between subfields of physics, we mention that a study has reported
that, in a physics teacher training program, “physics teachers” were taken to be in a lower
status than “physicists”, or even not to be considered “physicists” at all (Larsson, 2019).

Gender in the knowledge production in physics

Studies in the third analytical category investigate “how gender inequalities,
built in the institutions of science, have influenced the knowledge issuing from those
institutions” (Schiebinger, 2007, p. 372). Schiebinger (1999) explains and exemplifies
how scientific contents and theories have been marked by gender, especially in those
fields where the object of study is sexed — as it is the case for life sciences, social sciences
and biomedical research. However, theories of physics may not be gendered, and it
may be difficult to point out if theories would have been developed in a different way if
they were proposed by women instead of men. This issue has received attention from
researchers who acknowledge that, among investigations addressing gender inequalities
in physics, “there is an inclination to distinguish sharply between issues of ‘physics’ and
issues of ‘physicists” (Bug, 2003, p. 881). In other words, while it may be reasonable to
discuss “gender” within the social and cultural context of physics and how physicists
perpetuate gender bias, it is taken for granted that scientific practice (and its results) in
physics will remain the same, regardless physicists’ gender.

It follows that research on gender in the knowledge production in physics is still
an underdeveloped research area (Gotschel, 2011). As so, we identified only one study
which fall into the third analytical category. This may be explained by the complexity of
the topic, which touches upon epistemological issues, while still dealing with the same
social and cultural issues previously discussed. We expected that studies in the third
analytical category would question not only how gender, but in fact how any identity
marker (such as race, ethnicity, age, religion, sexuality, disability, etc.), ideologies and
beliefs “can become a silent organizer of scientific theories and practices, setting priorities
and determining outcomes” (Schiebinger, 1999, p. 154). According to this perspective,
“gender” is seen as just one axis of a complex and dynamic power system that constrains
knowledge production in physics. The implicit problem representation here is a matter
of how theories and practices are perpetuated in the field.
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The case raised by Lopez-Corredoira (2014) may help to add new insights into
the discussion about underrepresentation of women in careers related to physics. One
common argument made in relation to increasing the number of women in science is
that this would result “in more diversity in ideas and strategies to solve different types of
problems” (Ferrari et al., 2018, p. 90). However, the assumption that “gender diversity”
necessarily translates into “diversity of ideas” constitutes a controversial debate. For
instance, Whitten (2012, p. 128) argues that “including some women and men of color
in the scientific community will not effect significant change in science as long as these
diverse people are educated to be just like the white men who are already there”.

Lépez-Corredoira (2014) discuss how non-standard cosmological models are
prevented to compete with the standard model of the “Big Bang theory”. The author
reports that, when proposing the organization of a doctoral school in astrophysics, he
was advised to include “the name of some women among the list of possible invited
speakers for gender balance, and more orthodox cosmologists” (p. 93). While the
feedback about increasing the number of female speakers might have been a very positive
input, he follows on describing how the advisory board for the event was articulated in
a way to keep the profile of invited cosmologists as homogeneous as possible. That is,
main discussions should be kept around the “greatness” of the standard cosmological
model — position referred as “orthodox cosmology”. The author even mentions that
he have never heard about any women working as a “heterodox cosmologist”. In this
case, the ambition to achieve gender balance in the event was clearly irrelevant in face
of the underrepresentation of speakers aligned with competing scientific models of the
universe. In regard of this debate, we consider that the double question “do we need
a more diverse community of physicists in order to change theories and practices of
physics, or do we need to change theories and practices of physics in order to have a
more diverse community of physicists?” is a valuable one and need yet to be answered.

Concluding remarks

This paper presented a systematic literature review of twenty-five Brazilian and
one hundred and five international studies addressing issues of gender inequalities in
physics and physics education published over the last decade (2010-2019). Based on
a poststructuralist analytical framework, studies were categorized into three analytical
categories according to common problem representations and assumptions about gender
underlying these studies. Our analysis showed that studies in the first analytical category,
the participation of women in physics and physics education, restrict the conception
of gender to sex-specific issues related to female individuals, thus reducing gender
inequalities to “women’s issues”. In these studies, the “problem” is represented as the
low number of women pursuing careers related to physics, so the “solution” implies in
attracting girls to physics and retaining female academics in their careers. Studies in
the second analytical category, gender in the cultures of physics and physics education,
assume that gender is a relational construct which constitutes power relations between
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individuals, who may or may not conform to hetero-cis-normative social expectations.
Here, the “problem” is represented as the reproduction of gender discourses and
stereotypes within and about the cultures of physics and physics education. The only study
in the third analytical category, gender in the knowledge production in physics, assume
gender is one of several axes of a complex and dynamic power system that constrains
knowledge production in physics, then representing the “problem” as a matter of how
theories and practices are perpetuated in the field.

In sum, the field of research on gender in physics and physics education is based
on implicit assumptions not only about “gender”, but also about “gender diversity”,
thus bringing into question the intersection of multiple identity markers. Some studies
analyzed in this paper address the intersection of gender and race through investigating
personal experiences and academic paths of black women enrolled in physics programs,
as in the subcategory of women’s experiences. Other studies investigate the entanglement
of gender identity and gender expression, thus challenging hetero-cis-normative
assumptions of gender, as in the subcategory of identities. We have attempted to discuss
conceptualizations of “gender” and "gender diversity" in greater detail throughout the
analysis of studies presented in the second and third analytical categories. Such analysis
point to the fact that individuals studying and practicing physics must conform to
strict and specific cultural, social and epistemological norms underlying the physics
community. Finally we propose that it is important for physics and physics education to
make room for individuals who differ from the typical physicist or physics student (who
is not only and in the first place male, but also White, cisgender, heterosexual, middle
class, nerd, highly intelligent) in order to make physics truly “diverse”
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