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‭Abstract‬

‭Beyond Binary: Understanding Gender-diverse Students’ Experiences in Science Education‬

‭Caroline Darin‬

‭Past decades of research on gender in science education have yielded important insights‬

‭into the experiences of cis women and girls and have also facilitated their increased participation‬

‭in scientific fields. However, in recent years as understandings of gender have become‬

‭increasingly constructivist and fluid, especially among young people, a gap has emerged between‬

‭the way that many students understand gender, and the binary way that it is presented in most‬

‭research. Highlighting the specific experiences of students of diverse gender identities in science‬

‭classrooms is especially crucial given an increasingly polarized and hostile political climate‬

‭around gender. This study uses the theoretical frameworks of Fourth Wave Feminism and Queer‬

‭Theory to focus on the experiences of gender-diverse young people along the construct of sense‬

‭of belonging, engagement in science, and perceptions of science. These constructs are explored‬

‭through an explanatory sequential mixed methodology, using a quantitative survey (n = 232)‬

‭with demographic questions, questions about social media, and three survey instruments used to‬

‭assess each of the research question constructs. The quantitative strand was analyzed and used to‬

‭inform the qualitative strand (n = 5), conducted using critical-case sampling from the quantitative‬

‭participants to collect detailed experiences using a semi-structured interview protocol. These‬

‭findings added context and depth to the overarching patterns found in the quantitative data.‬

‭The triangulation of quantitative and qualitative data uncovered stark differences in sense‬

‭of belonging between gender-diverse participants and their cis peers. Though the quantitative‬



‭data around engagement showed few significant differences between groups, the qualitative‬

‭interviews revealed the complex ways gender-diverse students navigated science curriculum and‬

‭pedagogy, indicating a tension between interest in science and comfort in science learning‬

‭communities. Furthermore, despite feeling less welcome, many gender-diverse participants‬

‭expressed high regard for science’s importance and value for society. The qualitative data‬

‭analysis yielded five interconnected themes that were also aligned with quantitative findings: (1)‬

‭representation and visibility gaps, (2) finding and building community, (3) evolution of scientific‬

‭understanding, (4) navigating social spaces in science classrooms, and (5) intersectional‬

‭identities. These results point toward needed reforms in science education, including explicit‬

‭institutional support structures for gender-diverse students, curricular adaptations that reflect‬

‭contemporary gender understandings, and pedagogical approaches that build community rather‬

‭than isolation. This study expands science education equity research beyond binary gender‬

‭constructs and provides concrete directions for supporting students whose experiences have‬

‭remained underrepresented in previous literature.‬
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‭Chapter 1: Introduction‬

‭Background‬

‭The decades-old argument for increased participation of women in STEM espouses the‬

‭economic benefits of jobs in STEM as well as increased access to “civic debate and influence”‬

‭(Bourdieu, 1984). This priority was highlighted in Second Wave Feminist movements, which‬

‭highlighted critiques of male dominated spaces, such as science, and called for increased‬

‭representation and gender equity initiatives to support the empowerment of girls and women in‬

‭male dominated spaces (Harding, 1986). As feminism progressed into a Third Wave, the issue‬

‭of representation in science and science education was understood in deeper contexts that‬

‭reflect the complex construction of gender and the institutions that perpetuate power‬

‭differences along normative lines (Crenshaw, 1989). Along with these more nuanced‬

‭understandings and critiques of the ideologies embedded in scientific institutions has come‬

‭expansive visions of participation in science (Keller, 2009). These expanded visions not only‬

‭reimagine who can participate in science but also how science itself might be transformed by‬

‭diverse perspectives.‬

‭Beyond benefits for individuals, science stands to gain further validity and objectivity‬

‭by including more diverse perspectives. While the issue of gender equity in science is not new,‬

‭the nature of the conversation is changing. As gender theory has continued to evolve into a‬

‭modern Fourth Wave, understandings of the intersectional identities and the constructivist‬

‭nature of gender, previously relegated to academic spaces, have been democratized through the‬

‭internet (Munro, 2013). Modern lay-person understandings of gender are well outside the‬

‭bounds of what is taught about sex and gender in science classrooms. The number of students‬

‭who openly identify outside the bounds of binary gender constructs has increased dramatically‬
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‭in recent years as many young people have chosen to build new meanings of gender in their‬

‭lives (Ghorayshi, 2022). Evolved ideas of gender demand a deeper examination of the role of‬

‭gender in the sciences. And while great strides have been made in increasing women’s‬

‭participation in science, progress can be expanded by examining the work in the field through‬

‭contemporary ideas of gender.‬

‭Problem Statement‬

‭The number of students who openly identify outside the bounds of binary gender‬

‭constructs has increased dramatically in recent years as many young people have chosen to‬

‭shape new meanings of gender in their lives (Ghorayshi, 2022). Evolved ideas of gender‬

‭demand a deeper examination of the role of gender in the sciences. The conversations that form‬

‭young people’s ideas about gender are happening with increasing frequency on the internet,‬

‭sometimes leaving them to navigate a polarized environment without tools of critical literacy‬

‭(Hannell, 2020; Price, 2022). Additionally, social media algorithms create echo-chambers and‬

‭have facilitated generational gaps in gender discourse, limiting the extent to which teachers‬

‭may be able to understand their students’ identities, without active work to bridge the‬

‭knowledge gap (Peña-Fernández et al., 2023).‬

‭The shifting paradigm of gender has been accompanied by cultural and political‬

‭backlash, evidenced by 48 laws enacted between 2018 and 2022 across 19 U.S. states that‬

‭restricted the rights of transgender and non-binary people (Lee et al., 2024). These laws were‬

‭shown to increase suicide attempts among young people between 7 and 72% in the states they‬

‭were enacted in. This backlash was galvanized when President Donald Trump took office in‬

‭2025 and quickly issued an executive order that sought to reduce gender to simplified‬

‭biological constructs of male and female across all government agencies and documents,‬
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‭cutting funding for gender affirming care, and prohibiting the incarceration of trans-women in‬

‭women’s prisons (Trump, 2025).‬

‭The larger context of this hostile political climate is also evident in schools, where‬

‭students who identify outside of traditional notions of gender are at significantly higher risk for‬

‭a number of dangers within their school including suicide and mental health issues, bullying‬

‭and harassment, and substance abuse (Fuxman et al., 2021; Pampati et al., 2020; Perez-Brumer‬

‭et al., 2017). Though these issues are not specific to science classrooms, the historical misuse‬

‭of science as a tool of gender oppression through restrictive notions of biological essentialism‬

‭merits a critical analysis (Harding, 1986; Wyer, 2009). As the youth moves towards‬

‭post-structural navigation of the world, science and science education lag behind, often‬

‭alienating those who do not align with the antiquated binaries they espouse (Ball et al., 2024).‬

‭In my experience as a physics major in my undergraduate degree and my current work‬

‭as a high school physics teacher, I have experienced the masculine constructions that exist‬

‭within science and have seen the way that traditional science curricula often exclude the‬

‭feminine perspective. I have also witnessed the exclusion of the perspectives of students who‬

‭identify outside of cis-gender binaries in science classrooms and the subsequent rejection of‬

‭scientific thinking by many of these students. Researching how students experience gender in a‬

‭science classroom would provide a formalized understanding of how to recontextualize science‬

‭to engage and empower people of all genders in the science classroom. This study explores the‬

‭work done so far to make visible the way that gender acts in a science classroom, proposes a‬

‭new lens to understand the phenomenon via Fourth Wave Feminism and Queer Theory, and‬

‭attempts to illuminate the way the students experiences gender in the science classrooms, as‬

‭well as potential implications of these experiences.‬
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‭Purpose of the Study‬

‭The purpose of this study is to both highlight general‬‭trends in the experiences of‬

‭students in science classrooms who identify outside the bounds of cis-binaries, referred to in‬

‭this paper as gender-diverse students, and to highlight to individual narratives of these students.‬

‭Specifically, I examined the dimensions of sense of belonging, engagement in science, and‬

‭perceptions of science through a quantitative survey distribution, and added deeper context and‬

‭narrative to these experiences through qualitative interviews. Both the quantitative and‬

‭qualitative strands examined the experiences of students in both high school and undergraduate‬

‭science courses. The study also considered the roles of external interactions such as digital‬

‭spaces on social media, cultural identities, and peer-to-peer interactions on youth gender‬

‭identity construction in the context of secondary science education.‬

‭This study collected data that recognized the experiences of gender-diverse students,‬

‭who have largely remained overlooked in science education research. These students have‬

‭distinct and dynamic identities that are not being supported in many educational contexts and,‬

‭as the literature review discusses, are underrepresented in science in undergraduate and in‬

‭science careers (Bowman & Madsen, 2018; Kroll & Plath, 2022; Maloy et al., 2022). By‬

‭making these experiences visible, this study can inform inclusive teaching practices, support‬

‭curricular adaptations, guide institutional policy development, and create and enhance support‬

‭systems for these students.‬

‭Definitions of Terms‬

‭In this dissertation I use the following terms to refer to specific subjects, characteristics,‬

‭and frameworks that serve as the focus of this work.‬
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‭Cis woman/Cis man:‬‭A person who identifies with their assigned sex at birth, generally based‬

‭on genital expression, among other biological factors.‬

‭Curriculum:‬‭The content of subjects that students‬‭learn in school.‬

‭Digital Spaces‬‭: Digital spaces refer to online platforms‬‭and communities including social‬

‭media (Instagram, TikTok, Facebook, Tumblr, Snapchat, X), forums (Reddit), and‬

‭communication platforms (Discord, Twitch) where individuals engage in discourse, explore‬

‭identities, build communities, and share experiences. These spaces have become increasingly‬

‭significant for young people exploring and expressing gender identity, accessing resources, and‬

‭finding community support.‬

‭Fourth Wave Feminism‬‭: Fourth Wave Feminism is a novel‬‭and contemporary feminist‬

‭framework that serves as one of the theoretical frameworks for this study. It builds on previous‬

‭feminist waves advocating for freedom from gender oppression, while emphasizing gender as a‬

‭performed construct, digital space gender activism and identity construction, and the‬

‭intersectional nature of gender (Munro, 2013).‬

‭Gender expression‬‭: External manifestation of gender‬‭identity.‬

‭Gender-diverse‬‭: Students identifying outside traditionally‬‭perceived cisgender categories. A‬

‭sample list of identities includes "cis girls, trans boys, trans girls, trans-masculine,‬

‭trans-feminine, genderqueer, non-binary, genderfluid, androgynous, agender, demigirl,‬

‭demiboy, genderflux, and bigender" (Carlisle, 2021). However, this list is not exhaustive, and‬

‭these gender identifications are not static.‬

‭Intersectionality:‬‭Intersectionality is a key tenet‬‭of Fourth Wave Feminism and describes the‬

‭way that different identities interact within an individual to comprise a person’s sense of‬

‭identity (Crenshaw, 1989). A person’s identity cannot be understood through discrete elements,‬
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‭as the structures of power in society compound across axes of identity for many individuals to‬

‭inform their experiences (Collins, 1990).‬

‭LGBTQ+‬‭: An acronym that stands for Lesbian, Gay, Bisexual,‬‭Transgender,‬

‭Queer/Questioning, with the plus sign representing additional gender identities and sexual‬

‭orientations outside of cisgender heteronormativity that are not explicitly named in the‬

‭acronym, such as non-binary, pansexual, asexual, and intersex.‬

‭Non-binary‬‭: A gender identification in which a person‬‭does not identify either as man or‬

‭woman, but fluidly along a spectrum of gender identity, or outside of the spectrum entirely.‬

‭Pedagogy:‬‭The methods of teaching curricular content‬‭within a subject, including perspectives‬

‭represented within the structures of a course and the teaching practices of the instructor.‬

‭Queer Theory:‬‭Queer Theory is the second theoretical‬‭framework used in the study. Though‬

‭feminism (in particular Fourth Wave Feminism) is informed by Queer Theory, it offers‬

‭particular insight into the way that power structures in institutions, such as education, manifest‬

‭to perpetuate normative categories of identity (Warner, 1993). Queer Theory also questions the‬

‭stability of these categories and calls for the continual challenging and critique of power‬

‭structures that limit the identification of individual expression and behavior (Butler, 1999).‬

‭Science Identity:‬‭Science identity refers to a person’s‬‭notion of themselves as someone who‬

‭can engage in scientific learning communities and perform scientific practices (Carlone &‬

‭Johnson, 2007).‬

‭Sense of Belonging‬‭: Sense of belonging refers to the‬‭sense that students belong and that their‬

‭identities are welcomed in educational spaces (Garvey et al., 2015).‬

‭STEM:‬‭Science, Technology, Engineering, Mathematics.‬
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‭Transgender/Trans:‬‭Transgender refers to a gender identification in which someone identifies‬

‭with a different gender identity than what they were assigned at birth.‬

‭Research Questions‬

‭To explore the experiences of gender-diverse students in science education, three‬

‭research questions were developed to investigate different elements of their experiences,‬

‭including sense of belonging, engagement in science class, and perceptions of science. These‬

‭primary questions were designed to be answered both quantitatively and qualitatively. They‬

‭were assessed first through survey instruments and then explored more deeply by adding‬

‭contextual narrative to quantitative findings through qualitative data collection.‬

‭1.‬ ‭In what ways do the messages that students receive about gender influence how they‬

‭feel in a science classroom?‬

‭a.‬ ‭How do these messages about gender vary within different communities‬

‭(including students’ family, friends, school, classrooms, and digital‬

‭communities)?‬

‭2.‬ ‭How does a student’s gender identity relate to their engagement and learning in a‬

‭secondary science classroom?‬

‭a.‬ ‭How do science curricula engage students of various gender identities?‬

‭b.‬ ‭How do different pedagogical practices engage students of various gender‬

‭identities?‬

‭3.‬ ‭How do students of various gender identities perceive science education and scientific‬

‭institutions?‬
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‭Methodology Overview‬

‭This study used an explanatory sequential mixed method‬‭design that included an initial‬

‭quantitative strand to find trends of gender experience, followed by a qualitative strand that‬

‭looked to explain the quantitative findings and add further context and narrative. Once both‬

‭strands were analyzed, they were triangulated for convergent, complementary, and divergent‬

‭findings. The methodology of this study was considered carefully, given the sensitive nature of‬

‭the population the study focused on. The study used theoretical frameworks of Fourth Wave‬

‭Feminism and Queer Theory, both of which express the importance of resistance to static‬

‭categories of identity as tools of oppression. Many steps were taken to accommodate this‬

‭understanding and to minimize the harmful nature of these categories, including using‬

‭self-identifiers and open responses for participants to identify themselves if the bounds of the‬

‭survey were insufficient. Participant voices were also centered in the qualitative strand through‬

‭member checking and by engaging in consideration of my positionality as a researcher during‬

‭qualitative interviews through transparency and comfortable settings.‬

‭The quantitative strand consisted of a survey with demographic questions about gender‬

‭identification, racial and ethnic identification, and educational experiences and interests.‬

‭Demographic data was followed by survey questions about engagement in digital space‬

‭discourse generally and in terms of gender, racial, and ethnic/cultural discourse. This was then‬

‭followed by three survey scales to assess sense of belonging, engagement in science, and‬

‭perceptions of science. Convenience and snowball sampling methods were used to collect 232‬

‭responses, with 128 participants identifying as gender-diverse, 58 identifying as cis women and‬

‭56 identifying as cis men. The responses across the digital space questions and the items on‬
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‭each of the three survey scales were analyzed using ANOVA tests to look for significant‬

‭differences across the responses for each group.‬

‭The qualitative strand was conducted after the initial analysis of the quantitative data,‬

‭as per the explanatory sequential methodological design. Participants were invited based on a‬

‭critical case sampling method to take part in a 45 to 60 minute interview in which they‬

‭discussed the findings from the study and shared their own experiences from their education.‬

‭Five participants of diverse gender identities, racial and ethnic identities, and educational‬

‭backgrounds took part in qualitative data collection. The interview transcripts were analyzed‬

‭for significant themes and coded according to the research questions/survey constructs. The‬

‭subcodes were analyzed and five themes were identified across the three constructs: (1)‬

‭representation and visibility gaps, (2) finding and building community, (3) evolution of‬

‭scientific understanding, (4) navigating social spaces in science, and (5) intersectional‬

‭identities. The quantitative results and qualitative themes were triangulated for each research‬

‭question, as well as the social media engagement. The analysis of the two strands together‬

‭provided valuable insights and implications for practice, as well as key areas to investigate in‬

‭further research.‬

‭Summary‬

‭As many young people’s conception of gender shifts,‬‭it is imperative that research‬

‭reflects the novel ways they understand and express their identities. Gender-diverse young‬

‭people are at higher risk of bullying, mental health disparities, and loss of opportunities due to‬

‭their lack of support in school and within the field of science education, we must recognize the‬

‭specific ways in which gender is enacted in classrooms.‬

‭9‬



‭This study aims to begin to fill the gap in gender equity research in science education‬

‭by enacting a modern theoretical framework from which to understand gender identity and the‬

‭way that students’ gender identities interact with educational institutions. It engages in‬

‭conversations of digital space identity discourse, dynamic identities, and the role of‬

‭intersectionality in the construction of gender identity, and why science educators and‬

‭researchers should question normative gender constructs perpetuated by their fields. The mixed‬

‭methodology, which employs both quantitative data and qualitative data to address the research‬

‭questions, is aligned with the notion espoused by the theoretical frameworks that understanding‬

‭and knowledge exists contextually and that by looking at phenomena from multiple‬

‭perspectives, we may gain more powerful insights into them.‬

‭The findings from this study yielded important implications for future research and‬

‭future impact, as discussed in Chapter 5. Implications for practice span the research questions‬

‭and include potential for policy development, curricular and pedagogical adaptations,‬

‭institutional reform, and the creation and enhancement of specific support systems for these‬

‭students who have been underrepresented in prior research. There also are a number of areas‬

‭from which this research might be built upon, including more longitudinal approaches to the‬

‭formation of gender and science identity; intervention studies for some of the potential areas‬

‭for practical applications; expanded population studies to understand more deeply how other‬

‭axes of identity and contexts might be interacting with gender in science classrooms; further‬

‭research into digital space identity discourse; and methodological expansions that engage‬

‭participants more deeply in this research.‬
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‭Chapter 2: Literature Review‬

‭The issue of inequity in science education and science institutions has been attributed to‬

‭many causes. There are issues of representation of diverse identities in academia, unwelcoming‬

‭atmospheres that perpetuate sexist, racist, and xenophobic stereotypes, and the inherently‬

‭exclusionary nature of institutional science as a white, cis-masculine endeavor (B. Francis et‬

‭al., 2017; Lemke, 2011; McGee, 2016; Sands, 2009; Seymour & Hewitt, 1997). Many science‬

‭educators and science education researchers have developed strategies to address these issues‬

‭in order to reach and engage a broader student body in STEM. The issue of representation‬

‭impacts students across race, ethnicity, gender, religion, sexual orientation, gender identity,‬

‭gender expression, disability, and economic status, and many of the strategies developed can be‬

‭applied to engage students across these different markers of identity. This review of the‬

‭literature will focus on the engagement of girls and gender-diverse students through the lens of‬

‭Fourth Wave Feminism and Queer Theory, as explained in more detail in the Theoretical‬

‭Framework. The identifiers of students who are either girls or gender-diverse are intended to‬

‭include all students who maintain a gender identity that is outside of the normative, cis-male‬

‭one that is traditionally perceived in the field of science, including but not limited to cis girls,‬

‭trans boys, trans girls, trans-masculine, trans-feminine, genderqueer, non-binary, genderfluid,‬

‭androgynous, agender, demigirl, demiboy, genderflux, and bigender (Carlisle, 2021).‬

‭This review will discuss the existing body of broad research of the approaches that have‬

‭been taken to diversify the identities represented in science, the specific masculine construction‬

‭of the physical sciences, and reinforcement of oversimplified, biologically deterministic‬

‭notions of gender in life sciences. It will also examine the specific experiences of lesbian, gay,‬

‭bisexual, transgender, queer/questioning, and other gender and sexual minorities (LGBTQ+)‬
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‭students in schools and in science. Finally, it will discuss curricular and pedagogical‬

‭approaches that researchers have found effective in addressing some of these issues.‬

‭New Visions of Science Education‬

‭Strategies in the literature to engage a broader student body generally fall under two‬

‭categories: (1) reforming student experiences and (2) reforming institutional practices. In‬

‭countering discriminatory practices in science, students from diverse backgrounds have had to‬

‭learn to navigate educational spheres independently and have developed several effective‬

‭strategies. However, many researchers are calling to shift the focus of reform toward‬

‭institutional practices due to the undue and unjust burden that independent navigation puts on‬

‭individual students.‬

‭Research has shown that successful STEM students, especially those who identify as‬

‭both women and as part of a racial or an ethnic group that is outside of the traditional‬

‭perceptions of identity in science, have to employ high levels of resiliency and self-efficacy to‬

‭persist in STEM fields (McGee, 2016; McGee & Bentley, 2017; Ong et al., 2011, 2020). This‬

‭resiliency is fostered through familial support, preparedness for STEM studies, and‬

‭engagement in continued learning in their field (Ong et al., 2020). Teachers at secondary and‬

‭undergraduate levels can work to enhance this intrinsic motivation to improve self-efficacy, or‬

‭belief in one’s ability to succeed, through preparation in the rigors of STEM learning, as well‬

‭as by supporting students in socio-constructed learning experiences that engage discourse to‬

‭develop science identities. Furthermore, teachers can encourage students to employ their own‬

‭agency to engage in “cultural production” within science (Carlone & Johnson, 2007). In other‬

‭words, teachers must empower students to define their own culture of science and widen the‬

‭scope of science in practice to create space for themselves and others.‬
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‭Community and relationships have been shown to play a key role in supporting diverse‬

‭students in STEM. Be they family, peer, or student-teacher relationships, support systems have‬

‭been shown to help students to persevere when faced with challenges in STEM (Ong et al.,‬

‭2020). Explicit instruction and discussion around this key factor offer a strategy to encourage‬

‭students to build and engage with their support structures. Carlone and Johnson (2007) call for‬

‭the need to teach lessons about seeking out professors to navigate science education systems‬

‭and build a coalition of support for individual students. McGee and Bentley (2017) describe the‬

‭strategy of building individual resilience by teaching students about the sociohistorical context‬

‭of science, thereby empowering students to engage in critical conversations and resist the‬

‭exclusionary forces they experience in their education. McGee (2016) describes the‬

‭management of stereotypes that Black and Latinx students experience when institutions fail to‬

‭engage in reform efforts to support the needs of a diverse student body. McGee’s study showed‬

‭that many Black and Latinx students were able to “manage” stereotypes by acknowledging and‬

‭articulating stereotypes to their peers and to instructors. This process was stress-inducing given‬

‭tense racial climates on college campuses. McGee also described the assimilation that other‬

‭students employed to navigate unwelcoming environments that had “deficit ideologies” about‬

‭students of color. Such strategies have led these students to experience alienation from their‬

‭identities and new stressors in denying their own cultural experiences.‬

‭In response to the over-emphasis on individual navigation in managing issues of equity‬

‭in science education, many researchers have called for institutional reforms to support students‬

‭of all identities in science. Training faculty to address the issue of gender inequality and how to‬

‭counter it in their classroom is a crucial step in creating accountability in institutions (Blair et‬

‭al., 2017). This training must be informed by the experiences of women and gender-diverse‬
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‭students and faculty to meet the contextualized need of specific learning communities (McGee,‬

‭2016). In a shift from the self-motivation model of self-efficacy, it has also been shown that‬

‭self-efficacy can be cultivated by learning institutions through the intentional creation of‬

‭support entities for students (Hazari & Potvin, 2005; McGee & Bentley, 2017; Ong et al.,‬

‭2011). By creating faculty mentorship programs, fostering peer-learning communities, and‬

‭training faculty in diversity and inclusion, educational institutions can create supportive‬

‭environments that improve the self-efficacy of students, without letting the onus of finding‬

‭support fall on students. These support entities can also act as spaces to produce an‬

‭understanding of the experiences of a diverse student body and to provide tools not only for‬

‭students to understand themselves, but also for learning institutions to learn from the‬

‭experiences of their students. As students develop enhanced relationships with faculty and with‬

‭their learning communities, they have more freedom to be their authentic selves and to engage‬

‭more deeply with their science learning. In facilitating enhanced participation of students who‬

‭are historically excluded from science, we can allow for a widening of the understanding of‬

‭experiences in science education and act to counter the perpetuation of traditionally white,‬

‭masculine perspectives in science (Delgado, 1989).‬

‭Gender in Physical and Computational Sciences‬

‭While the representation of female students has risen in social and life sciences--with‬

‭women representing 66% of Bachelors’ degrees in social sciences and 64% in life sciences in‬

‭2020--physical and computational sciences--comprised of physics, chemistry, computer‬

‭science, mathematics and engineering--continue to experience stark issues of representation‬

‭within the United States, with women earning 24% of physics Bachelor’s degrees, 53% in‬

‭chemistry, 21% in computer science, 26% in mathematics and 24% of engineering degrees‬
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‭(National Center for Science and Engineering Statistics, 2023). This particular issue in the‬

‭physical and computational sciences within the United States is largely attributed to their‬

‭especially masculine constructions in the individualized, abstract way they are taught‬

‭specifically in North American schools, as well as their historical underrepresentation of‬

‭women (Hazari & Potvin, 2005).‬

‭Data such as the ones presented above from the National Science Foundation have been‬

‭conducted largely using a binary idea of gender, like most literature and research on gender in‬

‭the physical sciences. This section will discuss these areas of research, as they are informative‬

‭on the way that gender operates in science and science education spaces and offer key insights‬

‭from which to build more expansive research of gender in physical science education. Areas of‬

‭research that are inclusive of more modern notions of gender and queerness in physical science‬

‭will also be discussed.‬

‭Normative Gender Research in Physical and Computational Sciences‬

‭Hazari and Potvin (2005) discuss the commonly held justifications for the low retention‬

‭of women and girls in physics within education in the United States, citing inherent differences‬

‭in ability, socialized differences, and the masculine construction of physics. The biological‬

‭essentialism argument posits that women are naturally less inclined to study physics than men,‬

‭and is notably widespread in academia, and insidious in its implications of women as inferior.‬

‭Hazari and Potvin also note the lack of evidence to support this justification. It is the most‬

‭dangerous of the three cited justifications for low retention rates, as it dismisses the dearth of‬

‭women in physics entirely and offers no framework from which to address the issue. It is also‬

‭readily adopted as a means to relegate both men and women to particular identities that deny‬

‭individual freedom not only in academic pursuits, but in all areas of society and human life.‬
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‭The second justification of inequity in physical and computational science from Hazari‬

‭and Potvin is socialized difference, which they claim is supported by extensive evidence. Such‬

‭evidence includes less technical prior experiences in childhood, lack of encouragement for girls‬

‭in physics, lack of relevant examples and engagement for girls, and gender stereotypes. While‬

‭this justification still paints a picture in which girls are entering physics classrooms at a‬

‭disadvantage due to their lack of interest in physics, it is less damaging to the future success of‬

‭women and girls in physics and offers pathways to amelioration that will be discussed in the‬

‭Curriculum and Pedagogy Section. Because it still traces the issue of women in physics majors‬

‭and careers to systemic treatments before they arrive in college, it does not leave many‬

‭pathways to address the issue at the secondary, undergraduate, or career level. This means that‬

‭implications for addressing the issue according to this justification would emphasize shifting‬

‭parenting practices, early childhood education and cultural norms.‬

‭The final justification for the problems of representation of women and girls is referred‬

‭to as “culture bias” which suggests that “physics is not a gender-neutral subject but rather is‬

‭tightly bound by masculine tendencies and preferences.” This justification relates to the‬

‭abstract nature of physics, the masculine social culture of physics programs, and the‬

‭competitive, individualized way that physics is taught and is tightly intertwined with the‬

‭socialized differences argument. However, this justification is distinct in that it places the onus‬

‭of the issue at hand more on the way that physics is specifically constructed and taught rather‬

‭than on addressing the state in which girls are entering their physics classes.‬

‭Francis and their collaborators (2017) conducted a large-scale study that collected‬

‭qualitative interview data from adolescents and their parents about gender narratives in‬

‭physics. The themes they found were similar to those discussed by Hazari and Potvin (2005)‬
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‭regarding women’s participation in physics: equality of opportunity, gender discrimination in‬

‭physics, and the nature of physics as essentially masculine. However, Francis et al.’s research‬

‭is more grounded in data than theoretical, and they offer a few potential ways to address these‬

‭issues of exclusionary structures around gender in physics. The authors recommend discussion‬

‭of current inequalities in the field of physics to deconstruct and confront the issues of‬

‭discrimination, which Hazari and their collaborators (2010) also recommend. The study from‬

‭Francis and their collaborators notes that such discussion was positively linked with a positive‬

‭physics identity for female students. This finding is consistent with other findings around‬

‭identity engagement in schools, which show that by making problems of engagement or‬

‭inclusivity known, students experiencing these problems feel more seen and validated in their‬

‭experiences.‬

‭It should be noted that it is important that such discussions are conducted tactfully and‬

‭that they do not reinforce stereotype threat, which is the phenomenon of people exhibiting‬

‭behaviors consistent with stereotypes at high rates after being reminded or informed of a‬

‭negative stereotype. This has measurable negative outcomes for women on math exams‬

‭(Dar-Nimrod & Heine, 2006). Without proper consideration of language and framing in‬

‭discussion, it is possible that students may be left feeling powerless in relation to systemic‬

‭exclusionary practices.‬

‭Francis and their collaborators’ study also recommends a focus on the recruitment and‬

‭retention of women and other diverse groups in science to address the issue of representation‬

‭and retention in physics. A measure such as this would act as an endorsement of women’s‬

‭ability to participate in science, as “lack of representation of women in Physics triggers and‬

‭legitimates a range of narratives, including cyclical assumptions that women’s inability and/or‬
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‭lack of suitability explains their absence” (p. 171). The lack of diversity in representations of‬

‭physics perpetuates itself as notions of meritocracy falsely legitimize gender gaps in physics.‬

‭This must be actively countered at an institutional level through the “conscious attention” (p.‬

‭172) to messages that are sent about who partakes in physics through research institutions,‬

‭educational institutions, and media. Additionally, enhanced representation of diverse identities‬

‭in physics would help to facilitate feelings of belonging for students who are often excluded‬

‭from scientific narratives (Sands, 2009). The study from Francis and their collaborators also‬

‭notes that efforts toward representation must be bolstered through efforts to retain‬

‭representation through supportive structures that are responsive to the specific needs and‬

‭experiences of diverse identities.‬

‭Finally, Francis and their collaborators found that the framing of physics as an‬

‭accessible, abstract discipline begets further engagement of women and girls. Many‬

‭participants in their study expressed fear of physics as a hard subject that emphasizes white,‬

‭heteronormative, masculine modes of thinking and that is unwelcoming to many students.‬

‭Some studies have shown that girls are more socialized to be motivated by success and social‬

‭acceptance than boys, and in framing physics as a difficult subject that is not welcoming and‬

‭that not everyone can participate in, it is positioned as a masculine endeavor (Carlone, 2004).‬

‭Beyond questions of the perceived difficulty of physics, the notion of physics as a masculine‬

‭endeavor must be reconstructed, which offers opportunities for growth in the curriculum and‬

‭pedagogy. The introduction of more applications of physics and efforts to engage students who‬

‭are not traditionally represented in physics might bridge the gap of abstraction that relies on the‬

‭perceived masculine, elitist value of physics. Researchers might look more closely at what‬

‭18‬



‭science does and who it is for by engaging with feminist and queer perspectives in curriculum‬

‭and pedagogy.‬

‭One study that sought to reimagine the traditional pedagogical practices in physics was‬

‭conducted by Brewe and their collaborators in 2010. They created a classroom structure within‬

‭an introduction-level undergraduate physics class which they referred to as Modeling‬

‭Instruction (MI).  Within this model students took part in a more interactive, model-based‬

‭curriculum that was responsive to their needs and questions. Students also had learning‬

‭communities and more familiar relationships with instructors. The study specifically looked at‬

‭mastery differences for Hispanic students and for women in the MI course versus a traditional‬

‭lecture-based course, and found that while the MI instruction yielded significantly improved‬

‭mastery scores for Hispanic students compared to the traditional lecture-based model, the gap‬

‭of understanding between men and women still widened in the Modeling Instruction model.‬

‭The results of this study demonstrate the ongoing need for intersectional research into the‬

‭construction of identity in physics classrooms and the many ways that physical sciences may‬

‭be taught and learned. If this particular approach was successful for Hispanic men, who are‬

‭also an underrepresented group in physics, the study begs the questions of what other‬

‭approaches to teaching may engage other identities.‬

‭A similar study was conducted to evaluate the impact of an interactive introductory‬

‭undergraduate physics curriculum on gender gaps (Kost et al., 2009). This study showed that‬

‭the interactive curriculum did not narrow the gender gap, but the findings did suggest that prior‬

‭knowledge of mathematics and physics accounted for 70% of the observed gender gap in‬

‭learning through the course. As Hazari and Potvin (2005) discussed, there are many hypotheses‬

‭for the gender gap in physics, most notably socialized differences and the exclusionary‬
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‭construction of the courses. These justifications are expansive and permeate deeply into‬

‭scientific education, scientific institutions, and social structures. They will not be addressed or‬

‭solved easily and require a multilateral approach in order to begin to do so.‬

‭Though the framework for gender used in the majority of gender research in the‬

‭physical sciences is less fluid and socially constructed than the one I employed in my research,‬

‭the findings nevertheless have important implications for the future of gender research in‬

‭physical and computational sciences. They demonstrate the exclusionary nature of traditional‬

‭masculinity in these fields, which affects people of all gender identities, not just women and‬

‭girls. The emphasis on competition, individualism, and abstract thinking as inherently‬

‭masculine traits creates barriers for anyone who does not conform to these narrowly defined‬

‭characteristics, especially students who identify outside of traditional gender binaries. The‬

‭experiences of cis women and girls in these spaces provide a basis from which to conduct‬

‭further research and to capture a more in-depth picture of how gender operates in these spaces.‬

‭Lastly, it is important to note that the deconstruction of gender stereotypes in physical and‬

‭computational sciences holds the potential to open pathways for all students, including‬

‭gender-diverse students, cis women, and cis men (Kessels et al., 2014). By actively working to‬

‭engage all students at an individual level, researchers and science instructors can provide‬

‭learning activities that are better suited to students’ interests and identities.‬

‭Gender Expansive Research in Physical and Computational Science‬

‭Though gender in physical sciences research has historically focused on the experiences‬

‭of women and girls in physical science fields, emergent research from the past few years‬

‭highlights the experiences of gender identities that fall outside of binary notions of gender.‬

‭Kroll and Plath (2022) discuss the issue of gender diversity in chemistry, noting that students in‬
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‭introductory chemistry courses are identifying as non-binary or trans at increasing rates and are‬

‭not underrepresented in these courses, despite being underrepresented in chemistry majors and‬

‭in chemistry careers. And though an increasing contingency of young people identifies as‬

‭LGBTQ+, many of these students do not feel they can be open about their queer identities in‬

‭their chemistry courses. This trend continues through careers in physical science; one study‬

‭showed that queer people in materials science and engineering careers were unsure of how‬

‭their identities might be perceived and that many chose to remain closeted in their careers‬

‭(Bowman & Madsen, 2018). The fact that gender identity is not always externally apparent‬

‭may be a key element in the issue of representation in the physical sciences and demands‬

‭further consideration of the learning environment these students experience and how it impacts‬

‭their learning and success in the physical sciences.‬

‭Chan and Stewart (2022) addressed some of these issues in a case study that showed‬

‭that non-binary and trans students felt they had to hide their identity within their chemistry‬

‭classes, that they were not respected or welcomed by their peers--especially male peers--and‬

‭that, at best, chemistry instructors were neutral and, at worst, sexist and discriminatory. Some‬

‭of these struggles are aligned with the struggles that girls and women experience in physical‬

‭science classes. However, some trans and non-binary students experience the unique struggle‬

‭of feeling that they must hide part of their identity. These studies highlight the particular need‬

‭of an actively and explicitly welcoming environment for students of all gender identities. Such‬

‭an environment must be upheld by peers, instructors, and school policies that are supportive‬

‭and dynamic in their enactment.‬

‭These findings and implication are consistent with a quantitative, survey-based study‬

‭conducted by Suarez and their collaborators (2024), which examined the role of math identity‬
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‭among trans students’ experiences in STEM and found that there were significant differences‬

‭between cis and trans 9th graders across sense of belonging in school, math self-efficacy,‬

‭enjoyment of math, and positive perceptions of math class. They highlight the implications of‬

‭these differences in terms of success across STEM subjects and overall academic achievement.‬

‭The authors call for an explicitly supportive environment for these students in classrooms, and‬

‭a supportive climate in the school, community, and government.‬

‭While the importance of a welcoming environment for gender-diverse students is‬

‭well-documented in the literature, and solutions such as explicit commitments to welcomeness‬

‭and discussion of identity in the classroom from peers and instructors are offered therein, there‬

‭is little discussion of curricular or pedagogical approaches for gender-diverse students.‬

‭However, one study conducted by Leyva (2024) showed significantly lower sense of belonging‬

‭and STEM identities among queer and trans 9th graders compared to their cis-hetero peers. In‬

‭response to the findings, the study proposed a framework of rights for queer and trans students‬

‭of color based on the finding that queer and trans students benefitted especially from‬

‭real-world applications and engagement in physical science majors. The rights they outlined‬

‭are the right to feel confused and receive support, the right to take risks through participation‬

‭and identity expression, and the right to have identity-affirming representation in knowledge‬

‭production. These rights create a framework from which to create an environment in which‬

‭students can participate in learning with their peers and instructors, without fear of rejection,‬

‭discrimination, or violence. Such a framework also allows students to be positively affirmed by‬

‭their identity in the instructional practices and curricular materials, and to access multiple,‬

‭grounded STEM epistemologies to support their learning. This framework was also‬

‭constructed with intersectionality in mind, such that all students who are not traditionally‬
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‭represented by STEM disciplines may be supported by its tenets and recognized for their‬

‭unique experiences and needs in STEM classrooms. This vision for queer and trans students of‬

‭color in STEM is based on similar research previously discussed, including the construction of‬

‭STEM classes as white, cis-heteronormative spaces, and issues of representation and identity‬

‭expression in these classes.‬

‭Gender and Life Sciences‬

‭While many researchers argue that physical sciences represent a masculine construction‬

‭of science, life sciences are not as overtly gendered in their pedagogical approach but are often‬

‭used as a tool to perpetuate gender binaries through their curricular content. Bing (1999)‬

‭describes the historical context of the study of the human body as a means of creating‬

‭“arguments for essential differences between the sexes (and, by implication, the inferiority of‬

‭females)” (p. 1) both historically and in the modern era through comparisons of brain size and‬

‭number of brain cells between men and women and also between white men and Black and‬

‭North American Indigenous men. Medical research on women’s brains was also used to inhibit‬

‭their educational opportunities, under the guise that over-extended brain capacity could limit‬

‭their reproductive abilities.‬

‭Institutional science’s attempts to pathologize gender extends not only to men and‬

‭women but to gender and sex identities that do not conform to binary constructs of sex and‬

‭gender. The concept of gender entered the medical field in 1955 when John Money published‬

‭articles describing intersex individuals and suggesting a more profound biological and social‬

‭experience of gender, while also situating the discussion in the context of a pathologized‬

‭abnormality (Malatino, 2019). Through the second half of the 20th century, the medical field in‬

‭the United States developed a framework for what constitutes a biological man and a biological‬
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‭woman, and also began researching individuals whose biological sex and gender identity did‬

‭not fit into the neat constructs devised by the medical field. Along with a distinct idea of‬

‭gender separate from sex, came the addition of Gender Dysphoria to the Diagnostic and‬

‭Statistical Manual of Mental Disorders (DSM), the manual used by healthcare professionals for‬

‭classification and diagnosis of mental health conditions. This new construct of gender was‬

‭narrow and immutable, and had the power of institutional science behind it to marginalize‬

‭those who did not fit within its neat definitions.‬

‭Some misconceptions of biological essentialism, such as women’s ability to perform‬

‭cognitive functioning, or simplistic notions of sex and sexuality and how they inform a‬

‭person’s identity, have been questioned and lessened in modern medicine (Driessen et al.,‬

‭2024). However, impacts persist in science and in medicine and are woven deep into the‬

‭constructs of institutional research (Ball et al., 2024). These underlying structures, seen in‬

‭language and lack of representation of women’s perspectives and bodies, and written into‬

‭educational materials, perpetuate gender ideologies and reinforce the justification of biased‬

‭structures by emphasizing an assumption of validity, reaffirming gender essentialist ideas‬

‭(Saguy et al., 2021). The lack of engagement of diverse identities, including women and queer‬

‭people, is used as evidence to argue for “inherent differences” that suggest that those who are‬

‭not represented as prominently in science are not as apt to do so. Due to the persistent nature of‬

‭biological essentialism in scientific communities, dismantling it requires a continually active‬

‭effort to discuss, acknowledge, and address.‬

‭Though there has been a push against some of the limiting constructs of identity across‬

‭not only gender, but also race, ethnicity, sexuality, and ability in society and in certain spheres‬

‭of education, its impact has been limited. This may be attributed to persistent ideas of science‬
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‭as a “value-free” space and a cultural and political backlash against reform of antiquated‬

‭constructs. Most science courses at the secondary and undergraduate level take a value-free‬

‭approach to science, emphasizing the objectivity of scientific research and exhibiting hesitance‬

‭when prompted to adapt curricula to more dynamic notions of perspectives, bias, and research‬

‭(Ball et al., 2024). By continuing with the status quo of science as a "value-free" endeavor,‬

‭science education perpetuates binary notions of gender that are not only scientifically outdated,‬

‭but alienate many students in these classes. When science is positioned as an objective‬

‭authority devoid of bias, as opposed to a dynamic body of knowledge subject to critique and‬

‭revision, the biases it espouses are readily leveraged as universal truth.‬

‭Many of these life science courses continue to teach simplistic ideas of sex and gender,‬

‭failing to delve into multiple facets of biological sex that includes intersex individuals and the‬

‭multitude of experiences of sex and gender seen not only in humans, but also in the animal‬

‭kingdom (Casper et al., 2022; Driessen et al., 2024). By continuing with the status quo of‬

‭science as a “value-free” endeavor, science education perpetuates binary notions of gender that‬

‭are not only scientifically outdated, but alienate many students in these classes, impacting their‬

‭sense of belonging and interest in science. When science is positioned as an objective authority‬

‭devoid of bias, as opposed to a dynamic body of knowledge subject to critique and revision,‬

‭the biases it espouses are readily leveraged as universal truth.‬

‭As queer and trans identities have become more visible and mainstream through the‬

‭2010s and 2020s, the policy space around gender has been increasingly polarized, with‬

‭conservatives presenting backlash against the questioning of identity constructs across‬

‭institutions. Resistance to changing constructs has been enshrined into law that ban drag shows‬

‭for children, trans students’ participation in sports, use of bathrooms according to gender‬
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‭identity, and gender affirming care for minors (Yurcaba, 2023). These laws are often justified‬

‭with binary ideas of gender grounded in false or overly simplistic ideas of human biology.‬

‭Conservatism on social media has also been on the rise, yielding the trad wife movement,‬

‭which narrowly defines a woman’s role in society as being biologically bound to being a wife‬

‭and mother in a nuclear family structure. The movement similarly uses the same false idea of‬

‭biology to vilify trans and queer people as abominations to humanity and to themselves‬

‭(Ballos, 2024). This resurgence of conservatism, buttressed by antiquated biological concepts,‬

‭is extraordinarily dangerous to queer and trans people, in addition to people of all gender‬

‭identities, who stand to lose their freedom of experience and identity with the resurgence of‬

‭biologically deterministic ideologies.‬

‭The historical use of science to justify gender binaries in science education, as well as‬

‭the current use of science to enact institutional violence and oppression has left queer and trans‬

‭students feeling alienated in many science classrooms. Casper (2022) describes the negative‬

‭impacts that binary sex-based biology curricula and value-free approaches to teaching have on‬

‭queer and trans students, “including feelings of exclusion, cognitive dissonance, lack of‬

‭identity safety, and reduced ability to form relationships with instructors and peers” (p. 8).‬

‭Casper also describes the resulting lack of interest in the science subjects among queer and‬

‭trans students who had a difficult time seeing themselves in the content and were unimpressed‬

‭by simplistic, limited views of gender and the human experience. Queer and trans students‬

‭were shown to have lower retention in STEM majors, attributed to diminished sense of‬

‭belonging and ability to relate to the curricula compared to their cis-hetero peers (Maloy et al.,‬

‭2022). The issues with life science curricula are not only theoretical but have measurable‬

‭impacts on queer and trans students in science education. Science education not only fails to‬
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‭effectively teach and engage with these students but also fails to engage the diverse‬

‭perspectives that these students might offer to the scientific community if they were to pursue‬

‭STEM majors and careers.‬

‭Curricular and Pedagogical Approaches‬

‭Researchers have developed many curricular and pedagogical strategies that employ‬

‭feminist values in science. These both engage students outside the traditional representations in‬

‭science and aim to produce better scientific knowledge that is more democratic and effective in‬

‭its application. By employing feminist values--simplified here to refer to the notion that sexist‬

‭oppression exists and is unjust--the value-laden nature of science can be unveiled and‬

‭restructured (Intemann, 2008). This contrasts with traditional notions of science as an‬

‭objective, value-free endeavor. This new way of knowing in a contextualized format that‬

‭recognizes gender oppression in navigating scientific claims represents a shift toward Feminist‬

‭Epistemology and is promising in its ability to deliver increased cognitive diversity in scientific‬

‭claims (Oreskes, 2021; Rolin, 2002). While feminist epistemologies and methodologies vary‬

‭from researcher to research, Sandra Harding describes four key characteristics: (1) questions‬

‭that relate to women’s concerns and interests, (2) the purpose of inquiry reflects the need for‬

‭knowledge that benefits women, (3) the abandonment of the notion of apolitical or unbiased‬

‭science, and (4) a reflective relationship between researcher and research participants (Harding,‬

‭1986; Wyer, 2009).‬

‭The question of the kind of knowledge science produces is dictated by the types of‬

‭questions that the scientific community is asking. Canonical science curricula are constructed‬

‭through a lens of masculinity and are embedded with masculine values of objectivity and‬

‭domination of nature (Keller, 2009). Topics like survival of the fittest in Darwinism, weapons‬
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‭development, and the objectivity of the scientific method are reflective of masculine‬

‭perspectives in science (Cooke, 2022). Teaching students to engage in inquiry that is authentic‬

‭to them, outside the bounds of the kinds of questions science traditionally asks, helps them to‬

‭remove the authoritarian veil of science (Lemke, 2011). In broadening students’ understanding‬

‭of science as a socially constructed, cognitive process to produce knowledge, opportunities for‬

‭engagement are opened for students and science becomes a potential tool of resistance against‬

‭gender oppression. To create science learning that is reflective of the interests of girls and‬

‭gender-diverse students, it is important to engage them in activities that allow them to discuss‬

‭what is meaningful to them (Hazari et al., 2010). For example, Carlone and Johnson (2007)‬

‭describe the desire of many girls in science to engage in science for altruistic reasons. This is a‬

‭conversation that is seldom had in the science classroom, but it is one that engages more‬

‭students in participation in science. Research on the interests and connections girls and‬

‭gender-diverse students make with science should be further explored to provide instructors‬

‭with tools to engage students. It is important to note that feminist identities are dynamic and‬

‭there is no static framework of content-based access points for students. Sustained inclusion of‬

‭student voices is key in maintaining contextual relevance for student interest.‬

‭Looking past the adaptation of previous frameworks to engage cis girls and women in‬

‭science, more contemporary research has proposed frameworks with gender-diverse inclusivity‬

‭at the center of curriculum and pedagogy. Long and their collaborators (2021) developed a‬

‭framework for gender-inclusive biology with five attributes to guide lesson adaptation:‬

‭Authenticity‬‭: the use of scientifically precise and‬‭accurate content,‬‭Continuity‬‭: continuous‬

‭integration of inclusive practices and language,‬‭Affirmation‬‭:‬‭celebration of the diversity of sex‬

‭and gender differences,‬‭Anti-Oppression‬‭: recognition‬‭of the historical use of science to‬
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‭marginalize certain groups, and‬‭Student Agency:‬‭incorporation of student choice and voice in‬

‭curricular construction. This framework echoes previous research on feminist instructional‬

‭practices in its constructivist approach to life sciences but provides a slightly more open-ended‬

‭lens from which to discuss sex and gender.‬

‭Research has shown that there is a generational gap in lexicon around gender, as well as‬

‭ideologies around the focus and goals of feminism. Though the generational gap in internet use‬

‭has been narrowing, the algorithmic nature of social media creates echo-chambers, often‬

‭divided by age, as well as other individual characteristics (Peña-Fernández et al., 2023). A gap‬

‭in the conceptual understanding of gender between students and teachers may lead to tension in‬

‭the classroom, and a sense of isolation from students who feel they cannot be fully seen by‬

‭their instructors.‬

‭Traxler and Blue (2020) and Chan and Stewart (2022) both discuss the potential for an‬

‭explicitly supportive role that instructors might offer to students. They both claim that‬

‭acknowledgment of identity in the classroom and an active effort to bridge gaps in‬

‭understanding, can help to create a supportive environment that can make non-binary and trans‬

‭students feel safer and more able to engage in the science classes. This support from an‬

‭instructor is a departure from the stereotypically removed, “value-free” science teacher, in‬

‭favor of one who welcomes and appreciates students’ expression of their identity.‬

‭Specific examples of instructional practices that actively push against binary‬

‭essentialism and masculine constructions in physical sciences have also been discussed in the‬

‭literature as a means to engage students more effectively. Adams and their collaborators (2024)‬

‭echoed many of the framework integration principles from Long, Stellar, and Suh (2021),‬

‭emphasizing what they refer to as “Ideological Awareness” in curricula while giving specific‬
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‭areas of content to focus on, including environmental injustice, integration of evolution and‬

‭religion, tissue ownership and biological ethics, gender identity, representation in STEM,‬

‭healthcare disparities, and designer babies. They also propose concept mapping as a specific‬

‭instructional tool to connect topics to societal implications. In their study, they found that the‬

‭use of concept mapping increased meaningful connections between science and society and‬

‭that biology content coverage was not reduced with the Ideological Awareness integration,‬

‭showing that these sorts of practices maintain scientific rigor while connecting scientific‬

‭content to societal impact and social justice.‬

‭Both research pairs also highlight the importance of breaking from traditional‬

‭masculine constructions in physical sciences in favor of novel applications and examples.‬

‭Instructors who are familiar with their students’ interests can leverage them to foster‬

‭engagement in the classroom among students who may not normally relate to their science‬

‭curricula. Lastly, the social structures of learning in science classes have also been mentioned‬

‭as an area of potential transformation, shifting from individualized, lecture-based pedagogies in‬

‭favor of a more collaborative, active, learning community. As previously discussed, Brewe and‬

‭their collaborators (2010) developed a Modeling Instruction (MI) framework to teach physics‬

‭that departed from traditional lecture-based formats, which led to promising gains in‬

‭comprehension and course success for students. This sort of approach would help alleviate the‬

‭feelings of isolation that often deter women and gender-diverse students from sciences, while‬

‭also allowing for more academically supportive peer to peer relationships, student-faculty‬

‭relationships, and an overall sense of belonging.‬

‭While these potential new approaches to gender-inclusive science education are‬

‭promising, it is important to highlight that reforming the current paradigm will require ongoing‬
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‭work. In a multiple case study approach looking at how undergraduate instructors went through‬

‭the process of reforming their biology curricula, Driessen and their collaborators (2024) found‬

‭that instructors had to overcome a number of obstacles, and that reform was a “process”, rather‬

‭than a one-time change (Driessen et al., 2024). Instructors made inclusive language adaptations‬

‭to materials, highlighted scientists with queer genders, and incorporated queer perspectives in‬

‭medicine through a research project. In these changes, instructors struggled with finding‬

‭resources, fear of isolating queer or intersex students in the class, and time constraints within‬

‭the curriculum. However, despite these obstacles, students in the courses taught by the case‬

‭study participants reported positive experiences and improved perceptions of biology and‬

‭science, and instructors were ultimately impressed with the authenticity and rigor of the‬

‭reformed curriculum. This study highlights the need for further research around practices and‬

‭effective materials to support gender inclusive research, as well as the importance of‬

‭highlighting the discomfort associated with a shifting paradigm within science education.‬

‭Despite the growing pains seen in this study, this field of research is steadily expanding and has‬

‭shown promising results in creating spaces that are not only inclusive for gender-diverse‬

‭students, but effective in teaching all students a more accurate and reflective vision of science.‬

‭Identity‬

‭The development of science identity is the most prominent theme across the literature‬

‭in engaging students from diverse identities in science. Researchers offer many instructional‬

‭tools to engage students in the development of their science identities including situated‬

‭learning through discourse and group work (Nyhof‐Young, 2000; Rolin, 2006; Sadler, 2009),‬

‭recognition (Carlone & Johnson, 2007), journaling, portfolios (Nyhof‐Young, 2000), and the‬

‭use of science as an activist tool (Blair et al., 2017).‬
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‭Situated learning offers a curricular tool in support of feminist science, emphasizing the‬

‭contextual nature of learning and the role of discourse in scientific communities to co-produce‬

‭knowledge (Sadler, 2009). Situated learning supports all students to engage in a scientific‬

‭community and build their science identities, which is important for students who are‬

‭traditionally excluded from representations of science. It also provides a framework from‬

‭which learning communities can engage in social-scientific issues discussion, allowing them to‬

‭engage in science such that they can easily connect to it and leverage it as a tool for change.‬

‭The use of situated learning and socio-scientific issues discourse also serves to provide‬

‭a learning community for students who may not otherwise feel engaged in one. Recognition of‬

‭science identity, whether from family, peers, or instructors, is a key factor in the development‬

‭of science identity (Carlone & Johnson, 2007). An explicit need for affirmations of science‬

‭identity must be expressed and implemented in educational institutions such that it can be‬

‭included in science curricula and pedagogical practices. Instructors can also include tools to‬

‭promote the self-recognition of science identities for students through reflective and‬

‭affirmative practices such as journaling and portfolios (Nyhof‐Young, 2000). Both practices‬

‭can serve as mirrors for students to see their work and to understand it as rooted in a scientific‬

‭identity.‬

‭As McGee (2016) described, when a diversity of perspectives is not represented in the‬

‭curriculum and setting of science education, students feel they must assimilate into the‬

‭dominant science culture, thereby negating their own identity and experiencing stress and‬

‭alienation from their education. To combat this injustice, schools must affirm students’‬

‭identities and create a welcoming environment. This requires an examination of the power‬

‭structures that drive scientific inquiry and practices at institutional levels and the subsequent‬
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‭shift towards a more democratic, representative vision of science. Diversity of thought needs to‬

‭be described as an asset in scientific thinking, rather than a barrier to success in science.‬

‭The creation of a science identity can be a challenging task for girls and gender-diverse‬

‭students, as their identities are often conceived of as being at odds with scientific identities,‬

‭especially for students with multiple identities that lie outside of traditional representations in‬

‭science. Thus, girls and gender-diverse students must experience sustained discourse in science‬

‭learning communities, with broad definitions of scientific practice (Brickhouse, 2001). Carlone‬

‭(2004) produced findings through an ethnographic study of the use of a situated-learning‬

‭science curriculum that showed that girls struggled to engage authentically in scientific‬

‭learning due to gendered expectations of grade-motivated success in school. This demonstrates‬

‭that the issue of identity in science education is deeply rooted and will require a multilateral‬

‭effort to deconstruct.‬

‭Finally, the literature on the engagement of students who do not identify as cis-males in‬

‭the science classroom includes little research on the engagement of gender-diverse students.‬

‭The empowerment of gender-diverse students in classrooms is of dire importance, as many‬

‭face threats to their physical and mental well-being due to their gender identification (Fuxman‬

‭et al., 2021; Lee et al., 2024; Pampati et al., 2020; Perez-Brumer et al., 2017). Using the broad‬

‭understanding of feminism as a tool to recognize and counter sexist oppression, gender-diverse‬

‭students can be included under the umbrella of many of the tools discussed. However, due to‬

‭the ways canonical science reinforces binary notions of gender and biological determinism‬

‭(Lemke, 2011), much more research must be conducted to understand these students’ specific‬

‭experiences. Despite the dearth of literature, a few research findings are worth highlighting.‬
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‭Modern notions of gender, though ever evolving, are still largely based on essentialist,‬

‭binary concepts. The role of “male and female sex hormones”-- specifically, testosterone and‬

‭estrogen--are overemphasized in our ideas of identity and reinforce limiting ideas of gender‬

‭identification (Jordan-Young & Karkazis, 2019). This misguided understanding is reflective of‬

‭the greater fixation with patriarchal ideas across Western society, which is reinforced by‬

‭prevailing ideas of science. This mode of thinking leaves gender-diverse students in a‬

‭particularly vulnerable position in schools, which are generally children’s first exposure to‬

‭societal ideals outside of their families. Research on risks to gender-diverse students in school‬

‭is still limited, however, it has been well established through the research that has been‬

‭conducted that these students are at higher risk of suicide, bullying, and chronic absenteeism in‬

‭schools (Fuxman et al., 2021; Pampati et al., 2020; Perez-Brumer et al., 2017; Willis, 2021).‬

‭All of these issues are derived from the school context and the interactions young queer people‬

‭are having with their peers, instructors, and institutional structures within schools. Breaking‬

‭down this particular context is imperative in addressing the particular issues and challenges‬

‭queer youth face in working toward a safer and more equitable model of schools.‬

‭Most schools are not well-equipped to support queer identities and queerness among‬

‭the student body often remains undisclosed, as many students do not feel comfortable or safe‬

‭enough to come out. If students do not “come out” or declare their gender identity, schools‬

‭assume heteronormativity and end up neglecting them (Mayo, 2007). Instead of addressing the‬

‭inclusion of gender-diverse students on an individual, case-by-case basis, contingent on‬

‭visibility through a student “coming out”, Martino and their collaborators (Martino et al.,‬

‭2022)call for a more humanistic approach that integrates inclusive practices in school policies,‬

‭curriculum, and pedagogy. Additionally, many youth have adopted fluid notions of identity, in‬
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‭which they try on various gender identities and are less fixed in the way they understand their‬

‭own gender (Kroll & Plath, 2022). Research has shown that curricula must reflect inclusive‬

‭principles, terminology, and representation to affirm gender-diverse students’ identities‬

‭whether their gender identity is fixed or fluid, visible or concealed (Shatila et al., 2021).‬

‭While a larger culture of inclusion is necessary to support gender-diverse students, and‬

‭while many teachers can recognize the issue of gender discrimination, most do not feel‬

‭empowered to engage in conversations about gender in their classroom (Blair et al., 2017).‬

‭Educational institutions must begin by working with instructors to see themselves as arbiters of‬

‭gender justice. This work with instructors should be informed by students, and as such, it is‬

‭important to engage them in conversations about curriculum and to espouse gender‬

‭democratization in schools (Cumming-Potvin & Martino, 2018; Martino et al., 2019). This‬

‭means that the tools of situated learning and socio-scientific issues should be engaged in the‬

‭context of the safety and empowerment of gender-diverse students. By using science as a tool‬

‭of activism for gender-diverse students, these students’ perspectives and interests will be better‬

‭represented to create a more democratic vision of science and also to help engage more‬

‭students in the process of learning science. Conversations about power and inequality in‬

‭science, as well as other contexts, will lend themselves to visibility and resistance in the‬

‭classroom in hopes of dismantling cisnormativity and co-constructing new understandings of‬

‭gender in science (Francis & Monakali, 2021). Francis and Monakali also recommend‬

‭partnerships between schools and queer activist organizations to ground learning in larger‬

‭communities to create a more authentic engagement for activism in the school. An approach‬

‭like this would bring in new perspectives for students to learn from and apply their knowledge.‬
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‭LGBTQ+ Youth in Digital Spaces‬

‭One of the key areas of LGBTQ+ youth community is the role of digital spaces in‬

‭shaping identity and facilitating expression within a community. A common theme that arises‬

‭in the research on how teens express and construct their identities on social media is the notion‬

‭of storytelling among LGBTQ+ youth on social media. While social media provides youth‬

‭with opportunities to assert their own identities to varying degrees from one platform to‬

‭another, this is especially true of LGBTQ+ youth, who participate in "negotiating identity,‬

‭finding peers and friends, and locating communities that may be unavailable elsewhere"‬

‭(Byron et al., 2019, p. 2240). LGBTQ+ teens were found to be more likely to engage with‬

‭social media frequently and to form meaningful connections on social media (Charmaraman et‬

‭al., 2024). Charmaraman and their collaborators’ quantitative study showed that LGBTQ+‬

‭youth built meaningful communities and learned about their identities through LGBTQ+‬

‭organizations on social media which yielded lower levels of feelings of isolation and improved‬

‭self-esteem. Another study found that there were many benefits of social media use for‬

‭LGBTQ+ youth, including "emotional support and development; general education;‬

‭entertainment; identity-specific information" (Craig et al., 2021, p. 7). Though platforms vary,‬

‭social media plays an important opportunity for LGBTQ+ youth to express themselves and to‬

‭connect with others with similar experiences, especially for teens who may experience‬

‭isolation due to their emergent identities in their offline lives.‬

‭Social media plays an important role for many young people in the formation of‬

‭community through storytelling, connection, and the dissemination of pertinent information‬

‭that LGBTQ+ teens may not have available in their offline lives. A grounded-theory study‬

‭researched the constructed meanings in LGBTQ+ storytelling and narratives including stories‬
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‭of relationships, coming out, and feelings of pride and shame in their journeys of sexual‬

‭identity (Charmaraman et al., 2024). The study found that these narratives play a vital role for‬

‭many queer youths, as they are engaging in "self-representation" which allows them to assert‬

‭agency in the expression of their identities and to transform their feelings of shame into pride‬

‭as part of a community. However, the opportunity to engage in community or to tell one’s story‬

‭does not guarantee safety from bullying or hate speech online. This tension between expression‬

‭and backlash manifests in different ways across different social media platforms.‬

‭The literature indicates Tumblr as one especially prominent platform for establishing‬

‭Queer online communities in the early 2010s. Because Tumblr was designed with anonymity‬

‭and flexibility in mind, it was an ideal space for LGBTQ+ youth to express themselves and‬

‭connect with a larger LGBTQ+ community, with 64% of LGBTQ+ youth participants in one‬

‭ethnographic study saying they used Tumblr compared to 14% of general youth (Cho, 2018).‬

‭Cho attributes high engagement from queer youth to Tumblr’s structure, which has a steep‬

‭learning curve and limited functionality in terms of direct messaging, replying, and‬

‭commenting that prevents outsiders from quickly joining conversations and creates a sense of‬

‭"in-crowd" community.‬

‭In contrast to Tumblr, Facebook is not described in the literature as a place that‬

‭facilitates digital queerness. It has "default publicness", or the expectation that users are‬

‭honestly and authentically representing their offline selves in online spaces by interacting with‬

‭their offline friends and using "real" names and photos (Cho, 2018; De Ridder & Van Bauwel,‬

‭2015). Default publicness privileges normative identities and leaves LGBTQ+ people,‬

‭especially young ones, vulnerable to the hegemonic forces of homophobia and transphobia.‬

‭These findings around specific platforms are consistent with research showing that Queer‬
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‭Youth prefer “small, close-knit web-based communities (apart from their families) to express‬

‭themselves, particularly when reaching out to web-based communities to reduce loneliness”‬

‭(Charmaraman et al., 2021, p. 1). Many young people with non-normative sexual and gender‬

‭identities look for spaces separate from their offline lives that provide opportunities to express‬

‭themselves and connect with others with whom they identify, without fear or risk of being‬

‭outed or ostracized.‬

‭The successor to Tumblr as a facilitator of queer social media is TikTok (Duguay,‬

‭2023). Though TikTok does not provide the same anonymity that Tumblr did, its use of playful,‬

‭creative structures including sounds, "stitching"--or consecutive playback--with other users’‬

‭videos, and its development of niche subcultures allows for activism, co-constructed‬

‭community, and an atmosphere of experimentation (Skinner, 2022). As early COVID‬

‭lockdowns from 2020-2021 required teens to socialize exclusively on social media, many‬

‭young people became entrenched in the subcultures of TikTok, which, due to its massive user‬

‭base, allows space for all gender and sexual identities of all ages, and has allowed for fluidity‬

‭as the discourse around gender and sexuality has shifted in recent years (Duguay, 2023).‬

‭An alternative space to more algorithmic, content-based social media that has risen in‬

‭popularity in recent years is Discord. Originally created as a tool for online gamers to connect‬

‭with each other, it has taken on a new purpose as a space for young people to engage in‬

‭invite-only small discussion spaces where they are able to “relax.” Even if these spaces include‬

‭people from their offline lives, young people describe it as a more comfortable space than their‬

‭offline lives (Titcomb, 2021). A study by Arifianto and Izzudin (2021) showed an acceptance‬

‭among youth of using Discord as a learning platform in an educational landscape that relied‬

‭increasingly on digital and remote learning. They also discussed increased engagement of‬
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‭students in the gamified structure of Discord and that many students’ grades and learning‬

‭improved when they used the platform. However, it has been shown that the platform policies‬

‭of Discord favor normative gender and sexual identities (Hernández-Ruiz et al., 2024). Despite‬

‭platform bias, many young queer people feel drawn to the niche interest groups offered by the‬

‭platform in an effort to feel less lonely (Charmaraman et al., 2021).‬

‭Digital spaces are a key landscape for the construction of social communities and‬

‭structures for young people. This is especially true for young LGBTQ+ youth, including those‬

‭who identify as gender-diverse. For many of these young people, digital spaces and social‬

‭media offer an opportunity for freedom of identity, connection with others, and resources that‬

‭they cannot access in their offline lives. This is an essential element in the modern construction‬

‭of gender identities and is explored in further detail in the context of the theoretical framework‬

‭of Fourth Wave Feminism.‬

‭Theoretical Framework‬

‭The issue of gender equity in science education can be understood through the‬

‭theoretical frameworks of Fourth Wave Feminism and Queer Theory. Both theories deal with‬

‭identity and there is conceptual overlap and continuity between them. Additionally, both are‬

‭dynamic theories that are always evolving to bring new depth to their models of society and, in‬

‭the context of this study, our understanding of students’ identities in science classrooms. The‬

‭assumptions, values, tenets and goals of both Fourth Wave Feminism and Queer Theory played‬

‭distinct roles in the design, implementation, and interpretation of my proposed study.‬

‭It is important to note that this study was initially designed to only include Fourth Wave‬

‭Feminism as a framework from which to make meaning from findings. In choosing to focus on‬

‭gender-diverse students in my research, I began my literature review and search for a‬
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‭framework with traditional feminist frameworks including First, Second, and Third Wave‬

‭Feminism, as well as Black Feminism, Intersectional Feminism, Marxist Feminism, and‬

‭Feminist Empiricism. In my search, I came across a small area of research around the‬

‭emergence of Fourth Wave Feminism through the 2010s. The focus on digital community and‬

‭activism, intersectionality, and fluid notions of gender captured the elements I was naturally‬

‭gravitating toward when considering the design of my study. Fourth Wave Feminism feels like‬

‭a departure from the Third Wave Feminism I grew up with, which I perceived as emphasizing‬

‭my own individual power as a woman to achieve traditional marks of success such as money or‬

‭status. Fourth Wave Feminism emphasizes community and storytelling of women whose lives‬

‭were often excluded from previous feminist movements. It continues to challenge my notions‬

‭of womanhood and gender as I delve deeper into it, posing new questions and offering new‬

‭perspectives. The perspectives it offers also seemed to be a natural fit to frame my study‬

‭looking at the way that young people are experiencing gender in science classrooms.‬

‭After having chosen Fourth Wave Feminism as my theoretical framework and designed‬

‭a draft of my mixed-methodology, it became clear that the use of categorization in terms of‬

‭gender, especially in the quantitative strand of the study design, was at odds with my own‬

‭notion of gender fluidity I was seeking to capture through my choice of Fourth Wave Feminism‬

‭as a framework. Given the tension between my methodological design and the respect for‬

‭participant identity I wanted to maintain in my study, I felt it was necessary to include checks‬

‭to my own power and bias as a researcher. I was familiar with Queer Theory, especially its‬

‭influence on feminist frameworks, and given its focus on power structures and resistance to‬

‭categorization of identity, it seemed an apt, if paradoxical, second framework to include. The‬

‭tension between the use of categories for analysis in the quantitative methodology, and the‬
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‭inclusion of Queer Theory is one that I recognize and embrace as a reflection of the reality of‬

‭imperfect research. The critiques applied to societal structures and categorical constructs using‬

‭this lens apply to my own research process and I recognize the limitations produced by the‬

‭innate power structures in conducting research with the use of identity categories.‬

‭Fourth Wave Feminism‬

‭The broadest lens from which to understand the way that students experience gender in‬

‭science education is feminism, which comprises a field of thought that is often at odds with‬

‭itself, but can be loosely said to constitute the idea that “(1) there is sexist oppression, and that‬

‭(2) such oppression is unjust and ought to be eliminated” (Intemann, 2008, p. 1066). Sexist‬

‭oppression is visible in science and science education in prioritizing male values and‬

‭perspectives. This includes the emphasis on rational objectivity, the focus on male interests, the‬

‭exclusion of non-cis males in scientific communities, and the active use of science to promote‬

‭the superiority of the male sex. Understanding and resisting this oppression in science is‬

‭facilitated through feminist theory and practices.‬

‭To understand the diversity of perspectives within feminism and how feminist values‬

‭pertain to science education, it is important to understand its historical context. Feminism in‬

‭the United States was born in the First Wave Feminism in the mid-19th century, which focused‬

‭on the legal rights of white women to vote and to hold property. The feminist movement grew‬

‭into a Second Wave during the mid-20th century and focused its attention on the pervasive‬

‭impact of sexism and patriarchal forces in all areas of women’s lives. Later, as many began to‬

‭critique feminism’s neglect of issues that impacted non-white women, as well as its binary‬

‭treatment of gender, inclusive models of feminism arose in the late-20th century in Third Wave‬

‭Feminism. These three waves of feminism comprise a broad spectrum of women’s issues in‬
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‭science. Policies around gender equity, representation, and retention in science require the tools‬

‭of First Wave Feminism. The focus of Second Wave Feminism on connecting personal‬

‭experiences to political forces can be seen in the role of discourse in resisting sexist oppression‬

‭in science and scientific professions. Finally, personal emancipation in one’s identity and the‬

‭redefining of scientific spaces are aided by Third Wave Feminist theories (Evans &‬

‭Chamberlain, 2015). Most research on the engagement of students of different genders in‬

‭science classrooms has been conducted through the lenses provided by Second and Third Wave‬

‭Feminism. Both Waves emphasize economic emancipation through participation in the STEM‬

‭workforce and the pervasiveness of patriarchal forces in social structures, including schools‬

‭and science classrooms.‬

‭There has been a growing concept of a Fourth Wave of American feminism. There is no‬

‭substantive research, but there are a few key texts that lend themselves to a framework from‬

‭which to understand Fourth Wave Feminism, which, I posit, is the feminism that modern youth‬

‭are largely engaging in. Many of the elements of Fourth Wave Feminism are a continuation of‬

‭the personal emancipatory goals of the Third Wave, with new use of digital spaces to promote‬

‭activism, emphasis on gender performance and non-binary ideas of gender, as well as an‬

‭enhanced focus on intersectionality and global feminism.‬

‭Digital Discourse and Activism.‬‭Many researchers mark‬‭the rise of Fourth Wave‬

‭Feminism in 2008, with the rise of digital spaces for feminism discourse such as blogs, Twitter,‬

‭and Tumblr (Hannell, 2020; Munro, 2013; Phillips & Cree, 2014). While these digital‬

‭platforms represent diverse and sometimes conflicting visions of gender emancipation, these‬

‭online spaces collectively play a key role in shaping the consciousness of youth as they‬

‭develop their understanding of gender. The emphasis on digital spaces has a few key‬
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‭implications for participation in feminism. First, people from around the world, especially‬

‭those who may be isolated from discussions of gender oppression, can access feminist‬

‭discourse and share their narratives in these new spaces (Wrye, 2009). This marks a shift‬

‭toward a more globalist, international understanding of the goals of feminism, and creates a‬

‭more nuanced understanding of the current state of gender oppression and its manifestations‬

‭across the world (Lange & Pérez-Moreno, 2020; Martin & Valenti, 2012).‬

‭The digital nature of modern feminism cannot be fully understood without the rise of‬

‭internet misogyny. The digital era, while marking the beginning of Fourth Wave Feminism,‬

‭also marked the precipice of radical Men’s Rights Activism (MRA), in digital spaces‬

‭(O’Donnell, 2020). For example, Gamergate, an online campaign to harass and target women‬

‭in the video game industry, epitomized the mobilization of internet misogyny to launch acerbic‬

‭attacks on feminism, based on a false understanding of biological determinism and ideology‬

‭that justifies the subjugation of women in society. Fourth Wave Feminism has developed in‬

‭tandem with MRA and much of its activism is in direct response to it. The #MeToo movement‬

‭and notion of social justice warrior identification in Fourth Wave Feminism are indicative of a‬

‭“call-out culture” response to a threat from radicalized misogynistic online communities‬

‭(Barker & Jurasz, 2019; Munro, 2013). In these spaces, people feel safer recognizing and‬

‭calling out misogynistic sentiments and threats, especially on behalf of those who live in places‬

‭that are not safe for people to speak out against patriarchal forces.‬

‭Digital activism was a key factor in choosing Fourth Wave Feminism as a framework to‬

‭conduct this research. It maintains a distinct goal of global liberation from gender oppression‬

‭and widens the scope of North American feminist goals. The democratization of information‬

‭and sophisticated language and understandings of gender constructs has facilitated globalized‬
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‭gender discourse that has mobilized many movements around gender issues such as‬

‭educational access or body autonomy for women in areas of the world who have been‬

‭economically oppressed through colonization (Phillips & Cree, 2014). This lean towards‬

‭unveiling and addressing gender oppression at multiple levels allows the research in this study‬

‭to be understood more readily in terms of application and addressing the problems for‬

‭gender-diverse students within the context of school.‬

‭Non-binary Notions of Gender.‬‭Fourth Wave Feminism’s‬‭idea of gender is largely‬

‭congruent with the ideas about gender emergent in Third Wave Feminist writing. Judith Butler‬

‭(1988) described the shifting tide from Second Wave to Third Wave ideas of gender in‬

‭Feminism in their essay “Performative Acts and Gender Constitution: An Essay in‬

‭Phenomenology and Feminist Theory”:‬

‭Feminist theory has sought with success to bring female specificity into visibility and‬

‭to rewrite the history of culture in terms which acknowledge the presence, the‬

‭influence, and the oppression of women. Yet, in this effort to combat the invisibility of‬

‭women as a category feminists run the risk of rendering visible a category which may‬

‭or may not be representative of the concrete lives of women.‬‭(p. 523)‬

‭In working to increase the visibility of the experiences and oppression of women, prior‬

‭feminist movements created a generalized narrative of women. This effectively added a foil to‬

‭the “universal man” by calling for recognition and value in the experiences of this generalized‬

‭womanhood but was still limiting in terms of the scope of freedom from sexist and gender‬

‭oppression. By describing our ideas of gender as being socially constructed and the‬

‭performance‬‭of gender as distinct from biological‬‭dispositions, Butler was a vanguard in Third‬
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‭Wave Feminism, providing the framework for personal freedom in gender performance and‬

‭identification.‬

‭Evelyn Fox-Keller (2009), connects this vision of Third Wave Feminism to ideas about‬

‭science, describing the issue in feminism and in science of “counting past two”, or the‬

‭delineation of strict binaries about the way we understand both gender and science. Not only‬

‭are both feminism and science described in binaries--man and woman, objective and‬

‭subjective--but these binaries are tied to each other and reinforce each other. Fox-Keller‬

‭describes the world as either sentimental, cooperative, and feminine, or harsh, competitive,‬

‭masculine, and based on reality. She explains the eventual questioning of the way that science‬

‭perpetuates gender stereotypes: “feminist scientists began to think about the political and social‬

‭contributions to sexual segregation made by their own profession” (p. 45). In both science and‬

‭in our ideas of people, we limit ourselves by creating this false dichotomy. Instead, she calls for‬

‭the developed capacity to count beyond two--or to count the numbers between one and two.‬

‭Third Wave Feminism and Feminist Epistemology for that matter, do not demand the adoption‬

‭of a stereotypically feminine approach to science, but instead the ability to look at the‬

‭complexity of perspectives and narratives that may be occurring simultaneously in any natural‬

‭phenomenon--whether it be an ecosystem or a human being’s sense of self.‬

‭Fourth Wave Feminism is inclusive of the Third Wave’s emphasis on non-binary ideas‬

‭of gender but has also deepened the conversation around gender identities from a place of‬

‭personal emancipation, to one of social activism, inclusion, and policies that promote the safety‬

‭of transgender individuals (Munro, 2013). While the emphasis on trans rights in feminist‬

‭conversation is a controversial topic among feminists (Pearce et al., 2020), this paper will use‬

‭the definition of feminism previously cited from Intemann (2008)--as the recognition that‬
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‭sexist oppression exists and ought to be eliminated--thereby adopting the most inclusive notion‬

‭of feminism as a force to emancipate people of any gender identity from the constraints of sex‬

‭and gender oppression.‬

‭Intersectionality‬‭. The universal notion of womanhood‬‭fabricated by First and Second‬

‭Wave Feminism was distinctly representative of the experiences of white women. While‬

‭non-binary ideas allow for deeper understandings of gender, tools to make visible and oppose‬

‭gender and sex oppression of people from diverse racial and ethnic backgrounds were added‬

‭with the integration of Intersectional and Black Feminist ideals into contemporary feminism‬

‭(Martin & Valenti, 2012). The focus on digital, global feminism allows for connected voices‬

‭across geographic, economic, national, racial, and ethnic barriers on the internet. It has‬

‭facilitated a new emphasis on sharing varied narratives about identity and what gender‬

‭oppression might look like across cultures.‬

‭Intersectionality describes the interaction between different identities, such as race and‬

‭gender, and how they compound to define the experiences of individuals (Crenshaw, 1989).‬

‭Structures of domination like white supremacy or patriarchy cannot be understood as‬

‭individual forces, as they interact in a matrix of domination (Collins, 1990). Black feminism is‬

‭closely aligned with intersectional feminism but looks more particularly at the issues that‬

‭pertain to Black women as understood through intersectionality, including issues of‬

‭stereotyping of Black women by feminist movements and misogyny and gender oppression in‬

‭Black Liberation theories (hooks, 2001). Institutional science is not only a tool of the‬

‭patriarchy but also a tool of white supremacy, as it has been used to actively subjugate‬

‭non-white communities. The issues hooks described as specific to Black women are‬

‭perpetuated by institutional science through neglect of the health and safety of Black women‬
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‭(McGee & Bentley, 2017) and barriers to their engagement in institutional science as a means‬

‭to reform it (Evans-Winters, 2019; Sands, 2009).‬

‭Intersectional commentators describe intersectional theory as both committed to the‬

‭group survival of individuals subject to the matrix of domination, as well as the institutional‬

‭transformation of power structures. It can be used to understand unique contexts of oppression‬

‭perpetuated by power structures, as well as the road map to resist them. As Collins (1990)‬

‭describes the specific experience of Black women in science, “they simultaneously needed to‬

‭challenge the same structure that granted them legitimacy. Their responses to this dilemma‬

‭reflect the strategic use of the tools of positivism when needed, coupled with overt challenges‬

‭to positivism when that seemed feasible” (p. 256). Navigating systems of power is a daunting‬

‭task, and Black Feminism offers specific tactics for Black girls and women to resist the powers‬

‭of oppression. Understanding these experiences with intersectional theories provides a‬

‭contextual understanding of how the experience of gender might differ between individuals‬

‭from different backgrounds. There is no single defined experience of being a girl or a woman‬

‭in science. When examining the issues of the engagement of girls and women in science, it is‬

‭important to have the vocabulary and framework to understand how other pieces of a student’s‬

‭identity may be informing their experience of their gender. Intersectional Feminism includes‬

‭the focus on emancipation from gender oppression, while explicitly maintaining a broad‬

‭understanding of how gender might be experienced across other axes of identity. It is an‬

‭especially useful tool when looking at the issue of gender-diverse students in schools, which‬

‭requires a nuanced lens to understand how the specific experiences of how students of varied‬

‭identities experienced gender in education (Sears, 2013).‬
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‭Queer Theory‬

‭While contemporary feminism has been largely influenced by Queer Theory, the goals‬

‭of Queer Theory cannot completely be encompassed by the Fourth Wave Feminist Framework‬

‭alone. As has been discussed, the masculine construction of science does not only exclude‬

‭women, but all students who do not identify with the generalization of a masculine perspective.‬

‭And while Fourth Wave Feminism works to make visible and to oppose gender and sex‬

‭oppression through digital community and discourse, expanded notions of gender, and‬

‭intersectional ideologies to understand gender, Queer Theory provides the framework for‬

‭ongoing, critical examination of the pervasive constructs of identity necessary to understand‬

‭students’ experiences in a science classroom.‬

‭Michael Warner (1993) describes queerness in theoretical terms, typical of the abstract‬

‭and post-structural nature of Queer Theory: “[queer] theory may be described as a‬

‭post-Marxian left discourse that leans in a postmodern direction yet retains much of the‬

‭modernist legacy, in particular, its millennialism and vanguardism” (p.116). In other words,‬

‭queer theory focuses on the experience of otherness within structuralist binaries of identity,‬

‭especially as they relate to gender, sexuality, and transgression of normativity. As Gamson‬

‭(2000) describes the changes Queer Theory brought to sociological research in the late 1990s:‬

‭“It was not so much the lives or identities of gay and lesbians [...] that required attention, but‬

‭the ways the very homo/hetero distinction underpinned all aspects of contemporary life” (p.‬

‭354). While this notion of queerness represents earlier Queer Theory which focuses more on‬

‭sexuality, the principle of examining power structures holds true for all lenses within Queer‬

‭Theory and stands out as the primary tenet of contemporary Queer Theory.‬
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‭So, while Fourth Wave Feminism enables visibility and resistance against any gender or‬

‭sexist oppression, Queer Theory provides  the ongoing examination of the way power‬

‭structures are perpetuated in gender constructs. For the purposes of this study, this examination‬

‭is applied to the science classroom and asks the question of who is being included and‬

‭excluded in the current use of identifying categories.‬

‭Additionally, it offers an important perspective in engaging students who identify as‬

‭queer. While queerness is understood as a shift away from categorical representations of‬

‭identity, especially as it pertains to gender and sexuality, queerness for the purposes of this‬

‭study will be understood primarily through the lens of how students experience gender in a‬

‭science classroom. However, it is important to note that this lens is limited, as understood‬

‭through queer and intersectional theory, which tell us that gender cannot be understood by‬

‭itself, as it is one element that constitutes a whole identity, existing simultaneously with other‬

‭axes, including sexuality, race, ethnicity, ability, socio-economic status, nationality, age and‬

‭many others lenses of identity. As tools to understand the post structural nature of gender‬

‭develop, increasingly more youth identify outside the bounds of binary gender constructs.‬

‭These identities are directly at odds with traditional notions of gender espoused by school‬

‭science and the resulting dissonance and exclusion of queer students from the activities of‬

‭science require critique (Pinar, 1998). The shift in youth identifying as queer is indicative of a‬

‭deconstruction of normative gender ideologies and a restructuring of the modes of‬

‭identification available to youth.‬

‭Queer Theory is a key framework for understanding the experience of gender in the‬

‭science classroom as “queer theory questions the assumption that lived experience can be‬

‭captured and directly represented by researchers” (Gamson, 2000, p. 355). Research that seeks‬
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‭to make visible the experience of students’ experience of gender in the classroom will‬

‭inherently provide an incomplete picture of the phenomenon. Queer Theory calls for the‬

‭necessary, ongoing examination of power structures as identity and language change form and‬

‭is recategorized. Though this research project will capture a particular snapshot of the students,‬

‭their humanity and the entirety of their identity and experience are constrained by the use of‬

‭categories, power, and meaning in the language we use to describe the human experience. This‬

‭denotes an important potential limitation in my research and one that must be recognized to‬

‭respect the humanity of all future participants.‬
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‭Chapter 3: Methodology‬

‭This study employed a mixed-methods research approach, using both qualitative and‬

‭quantitative data and drawing on the strengths of each (Creswell & Plano Clark, 2018). While‬

‭quantitative data drew a more generalized picture of how students experienced gender in‬

‭science classrooms, these experiences were inherently nuanced and personal to the participants.‬

‭To provide a clearer picture of the general trends in the context of young people’s lives, it was‬

‭important to also collect qualitative data to provide narrative detail.‬

‭Creswell and Plano Clark outline four key steps in developing a mixed-methods study:‬

‭(1) determining a paradigm worldview, (2) establishing a theoretical lens, (3) choosing a‬

‭methodological approach, and (4) determining methods of data collection. They describe what‬

‭they call pragmatism as an ideal worldview to begin research, which embraces multiple‬

‭realities and practicality as they seek to answer research questions. In the present study,‬

‭pragmatism was adopted as the world view, which was then given more focus and structure‬

‭through the theoretical frameworks of Fourth Wave Feminism and Queer Theory. The reform‬

‭applications emphasized by both theoretical frameworks, as well as their constructivist notions‬

‭of identity support a pragmatic approach to research and created a strong foundation for‬

‭mixed-methods research.‬

‭Ruiz Ben (2018) describes the alignment between intersectionality and mixed-methods‬

‭research, stating "The basic ideas of intersectionality coincide with some assumptions of‬

‭mixed-methods research about considering multiple perspectives in research methodologies.‬

‭They also include the notion of change and transformation of social relations." She also posits‬

‭that the process of triangulation between qualitative and quantitative data sources is‬

‭well-aligned with intersectional frameworks, as both assume that varied ways of understanding‬
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‭the natural world are necessary to create a coherent picture of it. While Fourth Wave Feminism‬

‭and Queer Theory are historically associated with qualitative research to avoid the‬

‭objectification of research subjects (Evans-Winters, 2019; Gamson, 2000), this mixed-methods‬

‭methodology included a quantitative data collection that was informed by maximum inclusion‬

‭as outlined by Fourth Wave Feminism and Queer Theory, as well as a qualitative portion that‬

‭sought to provide context and voice to generalized trends observed in the quantitative data.‬

‭With the worldview and theoretical frameworks established, an explanatory sequential‬

‭design was found to be best aligned with the goals of this study. While the data collection is‬

‭described in more detail in the following section, the overall design outline was as follows: The‬

‭first step was to collect quantitative data, then analyze the quantitative data to determine‬

‭significant results and findings. These findings then informed the qualitative data collection,‬

‭which took place in the form of interviews with select participants from the quantitative phase.‬

‭The qualitative phase followed a phenomenological framework, as it gathered in-depth‬

‭interview data to act alongside the quantitative data to explain how students understood the‬

‭relationship between gender and the science classroom (Creswell & Poth, 2018).‬

‭Research Questions‬

‭Expansive work already exists to make visible the experiences of girls in the science‬

‭classroom and to use gender and science research to enhance the engagement and participation‬

‭of girls and women in science. This research on gender in science classrooms has‬

‭predominantly been conducted through the lens of binary gender identities. Little research has‬

‭been done on gender-diverse students in science classrooms. This study aimed to illuminate the‬

‭experiences of these students in the science classrooms, hoping to include students of all‬

‭gender identifications in the narratives espoused by science. I developed three research‬
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‭questions that take a broader approach to gender in the science classroom to unveil and‬

‭represent more nuanced relationships between them:‬

‭1.‬ ‭In what ways do the messages that students receive about gender influence how they‬

‭feel in a science classroom?‬

‭a.‬ ‭How do these messages about gender vary from different communities‬

‭(including students’ family, friends, school, classrooms, and digital‬

‭communities)?‬

‭2.‬ ‭How does a student’s gender identity relate to their engagement and learning in a‬

‭secondary science classroom?‬

‭a.‬ ‭How do science curricula engage students of various gender identities?‬

‭b.‬ ‭How do different pedagogical practices engage students of various gender‬

‭identities?‬

‭3.‬ ‭How do students of various gender identities perceive science education and scientific‬

‭institutions?‬

‭The three primary research questions were answered by both qualitative and‬

‭quantitative data. However, the sub questions for RQ1 and RQ2 are both constructed to be‬

‭more open-ended such that they relate more to the qualitative data. The specific messaging‬

‭students receive about their gender (RQ1a) are going to be diverse and difficult to capture on a‬

‭Likert Scale survey in addition to the other constructs being measured. Similarly, the specific‬

‭curricula (RQ2a) and pedagogical practices (RQ2b) that students see in their science education‬

‭may vary and are best understood qualitatively.‬
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‭Overall Design‬

‭The explanatory sequential mixed-methods approach and research questions shaped the‬

‭data collection process in this study. The two-phase research collection process included a‬

‭survey to collect quantitative data and in-depth critical case interviews to collect qualitative‬

‭data. The survey included demographic information, as well as 5-point Likert-Scale items with‬

‭questions adapted from three different survey instruments to measure sense of belonging in‬

‭science classrooms, engagement in science class, and perceptions of science. Demographic‬

‭data as well as the three instruments were compiled into a survey on Qualtrics that was then‬

‭distributed via social media and alumni networks of recently graduated students. Once this‬

‭quantitative data was collected, it was analyzed for patterns and trends and then the qualitative‬

‭data collection process for Phase II began. Five interviews were conducted using a‬

‭semi-structured interview with participants who had completed the survey being invited to‬

‭participate in a 45 to 60 minute Zoom interview to discuss their thoughts about the research‬

‭questions, the preliminary quantitative findings, and their experiences in more depth.‬

‭Once both data collection phases were completed, transcripts from the interviews were‬

‭coded and analyzed as qualitative data. With both the qualitative and quantitative phases‬

‭complete, the data was then triangulated to yield overall findings across the study to understand‬

‭how students who identify outside binary gender constructs are experiencing their science‬

‭education.‬

‭Participants‬

‭Selection of Quantitative Survey Participants‬

‭The quantitative data was collected using a survey that was distributed to young adults‬

‭who attended high school no more than five years prior, aged 23 or younger. These students‬
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‭were chosen due to their sufficient temporal proximity to remember their high school science‬

‭classes while having the distance (1-5 years) to reflect on their experiences and articulate them.‬

‭The survey was distributed using social media and my network of graduated seniors currently‬

‭in undergraduate programs. After completion of the survey, participants were provided with a‬

‭link to share the survey with others who may be interested in participating. This iterative‬

‭process of convenience sampling followed by snowball sampling was used to create a‬

‭sufficiently large sample size to analyze the quantitative data (Esposito & Evans-Winters,‬

‭2022).‬

‭Participation in the survey was incentivized with gift cards that students could receive‬

‭via a raffle. The research questions aimed to understand how students of different gender‬

‭identities experienced gender in the science classroom, so recruitment materials especially‬

‭encouraged participation from individuals who identified outside of traditionally represented‬

‭genders in science, including cis women, trans men, trans women, trans-masculine,‬

‭trans-feminine, genderqueer, non-binary, genderfluid, androgynous, agender, demiwoman,‬

‭demiman, genderflux and bigender (Carlisle, 2021). The traditional gender identity represented‬

‭in science of cis man was also included to provide a reference point for how power structures‬

‭of inclusion might play out in the science classroom for those who were traditionally perceived‬

‭as belonging in science. At the end of the survey, there was a voluntary field to be contacted‬

‭for the qualitative portion by providing an email address.‬

‭The survey was available for four months and gathered 258 responses. From those‬

‭responses, Qualtrics flagged seven as Ballot Box stuffing, i.e., that multiple responses were‬

‭recorded from the same IP addresses, so these responses were removed. An additional 19‬

‭responses submitted all within an hour of each other had random character strings for every‬
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‭short response and responding durations of less than three minutes, whereas all other responses‬

‭had an average duration of 15 minutes. These 19 responses were removed, leaving 232‬

‭responses.‬

‭Selection of Qualitative Interview Participants‬

‭Of the 232 responses used in the quantitative analysis, 175 indicated consent to be‬

‭contacted by the researcher for an interview in the future. A target sample was invited to take‬

‭part in a 45 to 60 minute interview to collect qualitative data around the research questions‬

‭based on participants’ specific experiences and contexts, using a critical case sampling‬

‭approach which selected participants based on their specific importance to understanding the‬

‭phenomenon of the study (Esposito & Evans-Winters, 2022). The selection of participants for‬

‭Phase II was done with the intent to capture perspectives of students with varying gender‬

‭identities across diverse backgrounds, focusing on participants who identify outside of‬

‭traditional gender binaries. Participants were offered an incentive of a $25 Amazon gift card‬

‭for completion of the interview. Five individuals were selected for the interviews. These‬

‭included a Chinese trans-masculine person, a white trans woman, a white non-binary person, a‬

‭Black cis woman, and an African American cis man.‬

‭Instruments‬

‭The survey for the quantitative strand consisted of 9 demographic questions, 3‬

‭questions about social media use, and 36 5-point Likert Scale survey items addressing three‬

‭different areas: sense of belonging in science, engagement in science learning, and perceptions‬

‭of science. The complete survey is included in Appendix A. To ensure that participants were a‬

‭part of the target demographic and to understand the demography of the participant pool, as‬

‭well as the backgrounds that may have informed their perspectives, the survey started with‬
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‭demographic questions, as well as four questions related to social media usage. The‬

‭demographic questions that were asked are shown in Table 1 below:‬

‭Table 1: Demographic questions and question formats included in survey‬

‭Question‬ ‭Question format‬

‭What is your age?‬

‭What is your gender identity?‬

‭If you selected additional for the previous question,‬
‭please list any additional gender identities you have‬
‭below:‬

‭Are you currently attending or have previously‬
‭graduated from an undergraduate degree program?‬

‭If you have previously attended an undergraduate‬
‭program, what was your intended or declared‬
‭major?‬

‭Choose one or more races that you identify with:‬

‭Single choice response (18, 19, 20, 22,‬
‭23)‬

‭Multiple checkboxes (Trans woman,‬
‭Trans man, Cis woman, Cis man,‬
‭Trans-masculine, Trans-feminine,‬
‭Genderqueer, non-binary, genderfluid,‬
‭androgynous, agender, demigirl,‬
‭demiboy, genderflux, bigender,‬
‭Additional)‬

‭Open short response‬

‭Single choice response (Currently in‬
‭undergraduate program, Yes, previously‬
‭graduated from undergraduate program,‬
‭Have never attended undergraduate‬
‭program, Previously attended‬
‭undergraduate program but‬
‭did not graduate)‬

‭Open response‬

‭Multiple checkboxes (Black or African‬
‭American, Native American or Alaska‬
‭Native, White or Caucasian, Asian,‬
‭Native Hawaiian or Additional Pacific‬
‭Islander Identities,‬
‭Hispanic/Latino/Latina/Latinx or‬
‭Spanish Origin, Prefer not to say,‬
‭Additional)‬

‭57‬



‭Question‬ ‭Question format‬

‭If you selected additional for the previous question,‬
‭please list any additional racial identities you have‬
‭below:‬

‭Ethnicity refers to a person’s identification with‬
‭cultural or social groups. How would you describe‬
‭your ethnic identification?‬

‭Open short response‬

‭Open short response‬

‭For questions with a multiple checkbox format, participants were encouraged to select‬

‭all that apply and also had the ability to add additional options if their identities were not‬

‭included in the checkboxes. This was intended to be inclusive of all possible identities‬

‭participants may have had, in alignment with the intersectional framework of Fourth Wave‬

‭Feminism. Additionally, the “Additional” was used instead of “Other” to use language that‬

‭frames identities that may have not been initially included not as an “Other” but as a new‬

‭addition to the framework of that construct. The racial identification question was adapted‬

‭from the Census Racial identification survey question provided on Qualtrics. However,‬

‭language was adapted replacing “Other Pacific Islander” with “Additional Pacific Islander,”‬

‭“American Indian/Native American” with “Native American,” and adding Hispanic or‬

‭Latino/Latina/Latinx.‬

‭Social media questions were also included in the survey to look at how digital spaces‬

‭may inform participants’ gender constructs. The social media questions included in the survey‬

‭are shown in Table 2 below:‬
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‭Table 2: Social media use questions and question formats included in survey‬

‭Question‬ ‭Question format‬

‭How many hours a day do you spend on social media‬
‭on average?‬

‭How often do you engage (read, post or reply to) in‬
‭conversations related to gender on social media?‬

‭How often do you engage (read, post or reply to) in‬
‭conversations related to race on social media?‬

‭How often do you engage (read, post or reply to) in‬
‭conversations related to culture or ethnicity on social‬
‭media?‬

‭Single choice response (0-1, 1-3, 3-5,‬
‭5-7 , 7+)‬

‭Single choice response (Never, A few‬
‭times a year, Once a month , Once a‬
‭week , Once a day, Multiple times a‬
‭day )‬

‭Single choice response (Never, A few‬
‭times a year, Once a month , Once a‬
‭week , Once a day, Multiple times a‬
‭day )‬

‭Single choice response (Never, A few‬
‭times a year, Once a month , Once a‬
‭week , Once a day, Multiple times a‬
‭day )‬

‭The survey included a general estimate of time spent on social media every day, as well‬

‭as frequency questions about how often the participant engages in conversations related to‬

‭gender, race, and ethnicity/culture on social media. These were included in an attempt to look‬

‭more closely at the conversations young people are having about gender online, as well as‬

‭about race and ethnicity/culture, which are inherently tied to gender and gender constructs‬

‭within intersectionality.‬

‭Sense of Belonging‬‭. The Sense of Belonging Scale was‬‭adapted from the Campus‬

‭Inclusion Survey (Garvey et al., 2015) which is adapted from the 2010 State of Higher‬

‭Education Survey (Rankin et al., 2010) in alignment with RQ1: In what ways do the messages‬

‭that students receive about gender influence how they feel in a science classroom?‬‭The‬
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‭perception of welcomeness, as well as the use of overly simplified notions of gender in life‬

‭science classrooms were key findings in the literature as to the way that gender-diverse‬

‭students understand themselves within the classroom. These ideas about gender that influence‬

‭how gender-diverse students perceive themselves in class are influenced by messages from‬

‭numerous sources. To understand how these students construct their gender identities in STEM‬

‭classes, we must know what messages they are receiving about the spaces they do or do not‬

‭belong to that may influence the construction of their identity in class.‬

‭The Campus Inclusion instrument that this project adapted its Sense of Belonging‬

‭Instrument from is a 36-item survey intended to measure how welcoming the climate on a‬

‭college campus is to LGBTQ+ people. Within this there are five sub-constructs: Perceived‬

‭Safety and Comfort, LGBTQ+ Inclusive Curriculum, Institutional Support, Resource Usage,‬

‭and Campus Climate. Each of these constructs was found to have a high Cronbach alpha within‬

‭the original study, .89, .94, .91, .96, and .92., respectively, while the scale as a whole had a‬

‭Cronbach alpha of .92. The first three constructs on Garvey’s survey were the most aligned to‬

‭the sense of belonging this survey intended to measure, so survey items were adapted from‬

‭those three. The original survey also covered an array of LGBTQ+ issues, and this survey was‬

‭intended to focus on gender expression specifically. This created a criteria from which to‬

‭select, adapt the language of, and consolidate questions from the original survey, resulting in 11‬

‭items aligned with the research interests of this research project:‬

‭1.‬ ‭I felt safe expressing my authentic self around the teachers during class‬

‭2.‬ ‭I felt safe expressing my authentic self around other students during class‬

‭3.‬ ‭I felt my gender identity was welcomed in class‬

‭4.‬ ‭I felt my gender identity was included in the topics and ideas covered in class‬
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‭5.‬ ‭The issues taught in science class were as important to cis girls as cis boys‬

‭6.‬ ‭The issues taught in science class were important to people who identify outside‬

‭of a biological gender binary‬

‭7.‬ ‭Science class was equally engaging for cis girls and cis boys‬

‭8.‬ ‭Science class was equally engaging for people of all gender identities‬

‭9.‬ ‭My science classes used language that was inclusive of all gender identities‬

‭10.‬‭Teachers supported gender identity/expression concerns‬

‭11.‬‭The administration (Principals, assistant principals, the school district)‬

‭supported gender identity/expression concerns‬

‭These questions capture a snapshot of feeling of safety and inclusion, belonging in the‬

‭curriculum, and institutional support from the original scale, while meeting the constraints and‬

‭needs of this research project.‬

‭Science Engagement Scale.‬‭This scale was adapted from‬‭the Math and Science‬

‭Academic Engagement Survey (Wang et al., 2016) in alignment with RQ2: How does a‬

‭student’s gender identity relate to their engagement and learning in a secondary science‬

‭classroom? This research question looked at the curricular and instructional practices and the‬

‭way that learning environments engaged with gender-diverse students in the classroom. It‬

‭reflects the literature findings that science classes are often constructed as cis-masculine spaces‬

‭and seeks to understand how curricular and instructional practices may impact gender-diverse‬

‭students’ learning and engagement in the science classroom. This research question and‬

‭adaptation of the scale is supported by the theoretical frameworks. Fourth Wave Feminism‬

‭provides the constructivist lens of gender and performance in social spaces and the notion that‬

‭engagement and participation in science thinking may have different elements depending on‬
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‭the context. Queer Theory provides the lens through which to consider how power structures in‬

‭classrooms may impact participation and also necessitates the critical consideration of any‬

‭over-generalization that may be interpreted from this survey scale. This is mediated through the‬

‭inclusion of the qualitative strand of the mixed methodology.‬

‭The original Math and Science Engagement Scale had four sub constructs: cognitive‬

‭engagement, behavioral engagement, emotional engagement, and social engagement, each with‬

‭Cronbach alphas for science of .76, .81, .89 and .73, respectively, with the general engagement‬

‭across all scales having a Cronbach alpha of .92. There were 33 items on the scale, which were‬

‭pared down to 10-15 for the purposes of this research project. Two to three items were chosen‬

‭from each sub construct, with adaptations of language for the purposes of this project and for‬

‭clarity:‬

‭1.‬ ‭I tried to understand my mistakes when I got something wrong in my high‬

‭school science classes‬

‭2.‬ ‭I would rather be told the answer than have to do the work‬

‭3.‬ ‭I put effort into learning in my science classes‬

‭4.‬ ‭I would keep trying if something was hard‬

‭5.‬ ‭I talked about science outside of class‬

‭6.‬ ‭I enjoyed learning new things about science‬

‭7.‬ ‭I felt good when I was in science class‬

‭8.‬ ‭I wanted to understand what was being taught in science‬

‭9.‬ ‭I often felt frustrated in science class‬

‭10.‬‭I didn’t want to be in science class‬

‭11.‬‭I tried to work with others who could help me in science class‬
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‭12.‬‭When working with others, I don’t share ideas‬

‭Perceptions of Science Scale.‬‭The final survey instrument‬‭that was adapted was the‬

‭Thinking about Science Survey Instrument. This instrument was adapted to focus on the‬

‭experience and perceptions of gender in the science classroom while also capturing students’‬

‭perceptions of the overall function of science in society (Cobern, 2001). This scale was adapted‬

‭in alignment with RQ3: How do students of various gender identities perceive science‬

‭education and scientific institutions? While research questions 1 and 2 look at the context of‬

‭gender-diverse students’ learning, as well as their learning experiences, research question 3‬

‭looks at the larger context and potential implications for these students in terms of their‬

‭perceptions of science. This includes trust in science and perceptions of the functionality of‬

‭science in society from an intersectional lens, as demonstrated by the Fourth Wave Feminism‬

‭theoretical framework. The Fourth Wave Feminism framework also allows for interpretation of‬

‭perceptions of science in the context of increasingly prominent digitals spaces and their role in‬

‭shaping trust in science, as well as the way gender is constructed in institutional spaces. Queer‬

‭Theory provides additional perspective on the role of science in society as a powerful‬

‭institution that shapes and enforces gender norms and the importance of skepticism in working‬

‭or engaging in such an institution to unveil power dynamics in knowledge production.‬

‭The Thinking about Science Survey Instrument contains 56 items to measure a‬

‭respondent’s positive perceptions of science, including its representation of diverse identities,‬

‭its usefulness in society, its necessity in education, the foundational epistemologies of science,‬

‭and the usefulness of science to individuals. The original survey had a Cronbach alpha of .78‬

‭across all 56 items for the measurement of positive perceptions of science. The language of the‬

‭survey was not as inclusive as this research project intended to be in terms of diverse gender‬
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‭identities, so 13 items were chosen across the different themes within the survey and their‬

‭language was adapted to reflect the gender-inclusive and intersectional lens of this research‬

‭project:‬

‭1.‬ ‭Cis women are welcome in science just as much as cis men are.‬

‭2.‬ ‭People who identify outside of the cis-gender binary are welcome in science just‬

‭as much as cis people.‬

‭3.‬ ‭The scientific community is mostly dominated by men and is often unfriendly to‬

‭cis women and gender-diverse people‬

‭4.‬ ‭Racial and ethnic groups who are traditionally underrepresented in science such‬

‭as African Americans, Latin Americans, Caribbeans, South Americans, and‬

‭Indigenous North Americans are just as welcome in the scientific community as‬

‭are white people.‬

‭5.‬ ‭Scientific research is often potentially dangerous to the public.‬

‭6.‬ ‭Science should not be made an important subject for elementary school grades.‬

‭7.‬ ‭All students should study science during the secondary school (high school)‬

‭grade levels.‬

‭8.‬ ‭Understanding science is a good thing for everyone.‬

‭9.‬ ‭We can be certain that scientific knowledge is reliable.‬

‭10.‬‭Science is the best source of reliable knowledge.‬

‭11.‬‭Scientific research is morally neutral.‬

‭12.‬‭Scientific knowledge is useful.‬

‭13.‬‭Scientific knowledge contributes to good health.‬
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‭Interview Protocol.‬‭To collect qualitative data through the interviews, a‬

‭semi-structured interview protocol (Appendix B) was developed prior to applying to the‬

‭Institutional Review Board (IRB.) This protocol was reflective of the research questions and‬

‭scales from the quantitative survey, ensuring that qualitative data provided deeper insights into‬

‭sense of belonging, engagement, and perceptions of science following the quantitative data‬

‭collection using the survey. Interview prompts were structured to explore how gender identity‬

‭impacts students’ classroom experiences and how external influences, such as digital spaces‬

‭and peer interactions, shape their engagement with science. The interview prompt was also‬

‭informed by the theoretical frameworks. Fourth Wave Feminism required the inclusion of fluid‬

‭notions of gender identity, the discussion of digital discourse, and the intersectional‬

‭interactions that inform gender identity. Queer Theory informed the critique and discussion of‬

‭normativity and power dynamics in institutional structure in science education.‬

‭The interview protocol was adapted after quantitative analysis was complete to target‬

‭emergent patterns in the quantitative data, in alignment with the explanatory sequential‬

‭methodology design. The final interview protocol version is found in Appendix B.‬

‭Some sample interview prompts are organized in the table below, including alignment‬

‭with prevailing correlations observed in the quantitative portion.‬

‭Table 3: Sample prompts for interview protocol with research question alignment‬

‭Research Questions‬ ‭Prompts‬

‭In what ways do the messages‬
‭that students receive about‬
‭gender influence how they feel‬
‭in a science classroom?‬

‭●‬ ‭What messages did you receive about gender in your‬
‭science classes (did this look different in physical versus‬
‭life science classes)?‬

‭●‬ ‭How does social media discuss gender? Is this different‬
‭from how it is discussed or presented in schools?‬

‭How does a student’s gender‬
‭identity relate to their‬

‭●‬ ‭How do you think your gender may have affected your‬
‭experiences in your science classes?‬
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‭Research Questions‬ ‭Prompts‬

‭engagement and learning in a‬
‭secondary science classroom?‬

‭●‬ ‭Tell me about a topic you learned in science class that‬
‭stood out as important to learn to you‬

‭How do students of various‬
‭gender identities perceive‬
‭science education and scientific‬
‭institutions?‬

‭●‬ ‭Do you believe science is equally helpful for people of‬
‭all gender identifications?‬

‭●‬ ‭How do you think most adults interact with science on a‬
‭day-to-day basis? Is this influenced by their gender‬
‭identity?‬

‭Member checking quantitative‬
‭data‬

‭●‬ ‭Are there any specific items from the survey that you‬
‭would like to discuss in further detail?‬

‭●‬ ‭Do you have any specific examples that might help‬
‭others to understand the role of gender in a science‬
‭classroom?‬

‭The second round of member checking took place after the interview data was analyzed‬

‭for themes and presented to participants for feedback. The process and findings of the‬

‭quantitative portion of the study also used thick descriptions to contextualize the experiences of‬

‭the participants.‬

‭Quantitative Methodology‬

‭Quantitative Data Collection‬

‭Once the survey was constructed using the three adapted scales, it was compiled on‬

‭Qualtrics. I posted it to social media sites and asked people I know close to the age‬

‭demographic of the survey (18-23) to distribute it to their social media followers. I also posted‬

‭the survey to Facebook and Reddit groups. Participation was incentivized with an entry into a‬

‭raffle to win one of three $100 gift cards to Amazon. However, the main incentive highlighted‬

‭on the recruitment flyer was participation in important research and the opportunity to provide‬

‭valuable insights. It took 4 months of continually posting and recruiting responses before I‬
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‭reached my goal of 200 responses, with at least 40 responses from cis men, 40 from cis‬

‭women, and at least 60 identifying outside traditional gender binaries.‬

‭Data Preparation‬

‭Once survey data collection was complete, it needed to be prepared before analysis. To‬

‭ensure valid responses, I looked at the seven responses that Qualtrics had flagged as having‬

‭been submitted from the same IP address and confirmed that they were likely submitted‬

‭without thoughtful responses, as evidenced by their nonsensical short answer responses. I‬

‭noticed an additional 19 responses that had been submitted within a one-hour period and had‬

‭been completed in under 3 minutes, well under the 15-minute average across other responses.‬

‭These responses also had random character strings in open responses. These responses were‬

‭also removed, leaving 232 responses.‬

‭A few survey items needed to be reverse scaled, as for each scale, a higher number was‬

‭constructed to indicate a more “positive” measure. There were not any items that were reverse‬

‭scaled on the Sense of Belonging Scale, four were reverse-scaled on the Engagement in‬

‭Science Class Scale, and three were reverse-scaled from the Perceptions of Science Scale.‬

‭Table 4: Reverse-scaled Likert-scale questions from survey‬
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‭Engagement in Science Class‬

‭●‬ ‭I would rather be told the answer than have to do the work‬
‭●‬ ‭I often felt frustrated in science class‬
‭●‬ ‭I didn’t want to be in science class‬
‭●‬ ‭When working with others, I don’t share ideas‬

‭Perceptions of Science‬

‭●‬ ‭The scientific community is mostly dominated by men and is often unfriendly to cis‬
‭women and gender-diverse people‬

‭●‬ ‭Scientific research is often potentially dangerous to the public.‬
‭●‬ ‭Science should not be made an important subject for elementary school grades.‬



‭In addition to removing invalid survey responses and reverse-scaling the questions that‬

‭initially had 5 corresponding to a negative relationship with the scales, the responses to the‬

‭social media questions were converted to allow for quantitative analysis as shown in Table 5‬

‭below. Hour ranges or total hours on social media daily in the form of interval data were‬

‭converted to discrete numerical data by taking the midpoint for each range, while 7+ was‬

‭mapped to 8. Qualitative description options of frequency of conversation engagement were‬

‭converted from ordinal data to discrete numerical data from 0 to 5.‬

‭Table 5: Conversion of interval and ordinal data to numerical data for social media‬
‭questions‬

‭Data collected from Questions‬ ‭Participant Options‬ ‭Numerical‬
‭Conversion‬

‭Total hours on social media‬

‭0-1‬
‭1-3‬
‭3-5‬
‭5-7‬
‭7+‬

‭.5‬
‭2‬
‭4‬
‭6‬
‭8‬

‭Frequency of engagement with‬
‭conversations of gender, race, and‬
‭culture/ethnicity on social media‬

‭Never‬
‭A few times a year‬

‭Once a month‬
‭Once a week‬
‭Once a day‬

‭Multiple times a day‬

‭0‬
‭.5‬
‭2‬
‭4‬
‭6‬
‭8‬

‭To be able to look at overall patterns of experiences and perceptions across the three‬

‭scales, participants’ responses were organized into three gender identity categories:‬

‭gender-diverse, cis women, and cis men. Though this is counter-intuitive to the idea that labels‬

‭inherently constrict experience and identity espoused by the Queer Theory theoretical‬
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‭framework used in this study, it was done with consideration and yielded results from which to‬

‭delve into more expansive narratives and understandings about these individuals’ experiences.‬

‭If participants identified as a cis woman or cis man exclusively, in alignment with the majority‬

‭of the assumptions of gender identity used in almost all science education research, they were‬

‭put into the cis women and cis men categories. If the participant had an identification in their‬

‭response that existed outside of these binary bounds, they were put into the gender-diverse‬

‭category. Once this part of the organization of the survey data was complete, there were 109‬

‭from participants identifying outside the traditional gender binary, 63 in the cis women group,‬

‭and 60 in the cis men group.‬

‭Quantitative Data Analysis‬

‭Once the data were adapted for the needs of quantitative analysis, participants’‬

‭responses were grouped into cis man, cis woman, and gender-diverse participants. The social‬

‭media frequency questions and Likert Scale questions for all items on the three scales were‬

‭analyzed using an ANOVA test to look for significant differences across the means of each‬

‭group. An ANOVA test was also used to look for significant differences between the three‬

‭groups when looking at each scale in its entirety. Finally, correlations were conducted between‬

‭total social media use per day and each of the Likert Scale questions from the three scales.‬

‭Each of the social media frequency of engagement with gender, race, and culture/ethnicity‬

‭questions were tested for correlation with each of the three scales.‬

‭Qualitative Methodology‬

‭Qualitative Data Collection‬

‭Each participant who opted into the qualitative portion was given full disclosure of the‬

‭goals of the study to collect complex narratives of gender in the classroom, the benefits and‬
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‭risks of participation in the study, and the structure of the interviews in the informed consent‬

‭form (Evans-Winters, 2019; see Appendix C). Each participant in this portion took part in a 45‬

‭to 60 minute semi-structured interview. The interview protocol was developed in alignment‬

‭with the research questions, literature review and theoretical framework, but the conversation‬

‭was allowed to flow naturally as participants shared their experiences and understanding of the‬

‭quantitative findings (Creswell & Plano Clark, 2018; Esposito & Evans-Winters, 2022).‬

‭Of the 232 responses used in the quantitative analysis, 175 indicated consent to be‬

‭contacted for an interview. From these volunteers, a target sample of five participants was‬

‭selected using critical case sampling, which selects participants based on their specific‬

‭importance to understanding the phenomenon of the study (Esposito & Evans-Winters, 2022).‬

‭The selection criteria aimed to capture perspectives of students with varying gender identities,‬

‭focusing particularly on participants who identify outside traditional gender binaries.‬

‭Participants were offered a $25 Amazon gift card as compensation for their time. The final‬

‭sample included a Chinese trans-masculine person, a white trans woman, a white non-binary‬

‭person, a Black cis woman, and an African American cis man.‬

‭Interviews were conducted on Zoom over a 6-week period. They were recorded through‬

‭Zoom’s recording function with participants’ consent. One participant, Avery, asked that only‬

‭his audio be recorded, so his audio was recorded separately using a computer recording app.‬

‭Prior to beginning the interviews, participants were reminded of the study’s goals and informed‬

‭that they could decline to answer any question. After each interview, the audio file was‬

‭downloaded from Zoom and stored securely until all interviews were completed.‬

‭70‬



‭Qualitative Data Analysis‬

‭After all interviews were completed, audio recordings were uploaded to NVivo for‬

‭transcription. The initial automated transcriptions were manually edited for accuracy, with‬

‭filler words removed and speaker identifications added. Due to technical issues with NVivo,‬

‭the coding process was transferred to MAXQDA.‬

‭All five interviews underwent one round of coding according to the three main‬

‭constructs aligned with the research questions: sense of belonging, engagement in science, and‬

‭perceptions of science education. Within each of these parent codes, subcodes were developed‬

‭inductively as they emerged from the data. The complete coding scheme can be found in‬

‭Appendix D.‬

‭After the initial coding was complete, the coded segments were analyzed to identify‬

‭emergent themes that spanned across the three main constructs. This analysis revealed five‬

‭primary themes that are discussed in relation to the quantitative findings in Chapter 4:‬

‭Representation and Visibility Gaps, Finding and Building Community, Evolution of Scientific‬

‭Understanding, Navigating Social Spaces in Science, and Intersectional Identities.‬

‭To ensure validity, and in alignment with the theoretical frameworks to center‬

‭participant voices, member checking was conducted by sending participants their quoted‬

‭statements, the emergent themes, and the preliminary analysis. Participants were asked to‬

‭verify the accuracy of their statements, provide additional context if necessary, and indicate‬

‭whether the findings resonated with their experiences. All five participants responded‬

‭affirmatively, confirming the accuracy of the quotations and the relevance of the identified‬

‭themes. One participant, Skylar, provided additional context about their experiences that‬
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‭further supported the emergent themes. This verification process strengthened the validity of‬

‭the findings by confirming the accuracy of the researcher’s interpretations.‬

‭In the final stage of analysis, the qualitative findings were triangulated with the‬

‭quantitative results to identify areas of convergence, complementarity, and divergence across‬

‭both data sources, in accordance with the explanatory sequential mixed-methods design.‬

‭Validity, Reliability, Ethical Concerns, and Positionality‬

‭Content Validity‬

‭Validity describes the extent to which data are “meaningful indicators of the construct‬

‭being measured” (Creswell & Plano Clark, 2018). To ensure validity, each of the scales was‬

‭carefully chosen and researched in alignment with the research questions and theoretical‬

‭frameworks. Each item within each scale was considered carefully in light of the literature‬

‭review and theoretical frameworks of Fourth Wave Feminism and Queer Theory, measuring‬

‭sense of belonging in science classrooms, engagement in science classrooms due to curricular‬

‭and pedagogical practices, as well as overall perceptions of scientific institutions. The survey‬

‭items were also adapted for inclusive language along gender inclusivity and intersectionality‬

‭frameworks. The Interview Protocol was also aligned with and constructed in alignment with‬

‭the research questions and theoretical frameworks, following the explanatory sequential‬

‭mixed-methods methodology design, in which interviews are intended to provide context and‬

‭subjective narratives to overall trends observed in quantitative data. Data were also triangulated‬

‭across survey data and interview data for coherence.‬

‭Reliability‬

‭Reliability refers to the extent to which “scores received from participants are‬

‭consistent and stable over time” (Creswell & Plano Clark, 2018). Because there were three‬
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‭scales each measuring different constructs, it was important to ensure that the items in each‬

‭scale are consistently measuring the same underlying construct. For this study, reliability of‬

‭each scale for Sense of Belonging (11 items), Engagement in Science Class (12 items), and‬

‭Perceptions of Science (13 items) were analyzed with Cronbach alpha tests. Cronbach alpha‬

‭tests provide a quantification of internal consistency, yielding a value between 0 and 1, with‬

‭higher values indicating higher internal consistency, and a value of .7 or higher generally‬

‭indicating optimal reliability (Creswell & Creswell, 2018). Though each of these surveys were‬

‭used in prior studies and were found to have sufficiently high Cronbach alphas, because the‬

‭survey instruments were adapted, the Cronbach alphas were recalculated to ensure validity of‬

‭the instrument within this specific context. A few survey items needed to be reverse scaled, as‬

‭for each scale, a higher number was constructed to indicate a more “positive” measure on the‬

‭scale. After reverse scaling appropriate items, all three Scale were found to have appropriate‬

‭Cronbach Alphas, all .80 or higher, with the Sense of Belonging Scale, the Engagement in‬

‭Science Class Scale and the Perceptions of Science Scale having Cronbach alphas of .921, .856‬

‭and .801, respectively.‬

‭Table 6: Cronbach alpha reliabilities of survey scales‬

‭Survey Scale‬ ‭# of Items‬ ‭Cronbach Alpha Reliability‬

‭Sense of Belonging Scale‬ ‭11‬ ‭.921‬

‭Engagement in Science Class Scale‬ ‭12‬ ‭.856‬

‭Perceptions of Science Scale‬ ‭13‬ ‭.801‬

‭Reliability of qualitative data is not easily quantifiable, but the use of an interview‬

‭protocol with guiding questions that are aligned to the scales and to research questions.‬

‭73‬



‭Member checking of qualitative analysis was also done to check for reliability of qualitative‬

‭data.‬

‭Ethical Concerns‬

‭The nature of conducting an educational research study on a marginalized group brings‬

‭with it both ethical concerns for the well-being of the participants and potential limitations to‬

‭the findings of the study, especially given the use of quantitative methods in this study. In using‬

‭Fourth Wave Feminism and Queer Theory as conceptual frameworks, I acknowledge the limits‬

‭of using scientific methodologies to study marginalized groups, especially in regard to the use‬

‭of categorization to highlight patterns in difference of experience across groups. Historically,‬

‭the use of research methodologies to study marginalized groups has been used to dehumanize‬

‭these groups (Evans-Winters, 2019; Gamson, 2000). While the use of a mixed-methods‬

‭approach to the study provides a more holistic and nuanced picture of gender in the science‬

‭classroom, data provides only an impartial snapshot of the deep complexity that comprises the‬

‭lives of participants. In using the frameworks that I have chosen for this study, I intend to place‬

‭barriers on my own methodological practices, creating tension in my study between the use of‬

‭categories and the critique of the power structures that are embedded and social‬

‭categorizations.‬

‭There are a few additional ethical concerns that were heeded when undertaking this‬

‭study. The first and most important is respect for the participants. Gender can be a difficult‬

‭topic for some people to navigate, and one that can make many feel unsafe or uncomfortable,‬

‭or bring back traumatic memories or current experiences that could pose a threat to their‬

‭well-being. This has been a key consideration in conducting this study. I have obtained the‬

‭informed consent (Appendix C) of all participants and have ensured the anonymity of all‬
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‭research findings by using encrypted data storage and pseudonyms in the reports of qualitative‬

‭data. Participants were also given the option to opt-out at any point if they feel they want to or‬

‭should do so during the interview. This has also served to limit any sense of power or pressure‬

‭for participants to take part in the study if they do not want to or feel coerced by me as the‬

‭researcher. Additionally, I paid careful attention to the analysis of qualitative data and the‬

‭construction of findings, to ensure that participants’ stories are being authentically represented‬

‭(Walker, 2007).‬

‭While I identify as a woman and as a part of the queer community and have a‬

‭connection to the marginalized groups that I have worked to empower and make visible‬

‭through this study, my scope of interpretation as a researcher is extremely limited, as gender is‬

‭wildly dynamic and particular to the individual. Each participant has a unique experience to‬

‭share, and to ensure the most respectful and humanizing process of interpretation, I have kept‬

‭in mind throughout the study that the process of research is a limiting one, and that it‬

‭inherently removes details and context that create the wholeness of an individual’s lived‬

‭experience. I have actively worked to create the most detailed and vibrant portrayal of each‬

‭participant that I am able to with the available tools but have kept in mind the limits of my‬

‭interpretation as a researcher.‬

‭Positionality‬

‭A few aspects of my identity played important roles in the construction of this research‬

‭study including my work as a woman studying physics and mathematics throughout my‬

‭undergraduate career, my experiences teaching high school physics, and my involvement in the‬

‭Queer Community.‬
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‭I grew up in a family in which both my mother and father’s sides were especially‬

‭focused on STEM subjects. Both my parents work in math-based analytical fields, and I have‬

‭many extended family members who work in STEM fields, including my grandmother and‬

‭mother’s sister, who work in statistical analysis, and my mother’s other sister who is a‬

‭neuroscientist. I grew up with many STEM role models and resources and quickly developed a‬

‭passion for science from an early age.‬

‭I entered college hoping to become a doctor, but during the required physics courses,‬

‭became enthralled with the theoretical nature of physics almost as a philosophical endeavor. I‬

‭was especially fascinated by the use of fundamental physics principles to study the universe‬

‭and the stars in astronomy and decided to concentrate within the Astronomy department. In my‬

‭physics courses in college, I struggled to find community within my learning department. All‬

‭of my friends were majoring in humanities, and it was difficult to keep up with the challenging‬

‭physics coursework without a learning community. I had two postdoc mentors who I was‬

‭paired with in an undergraduate research program who were supportive, but in my courses I‬

‭was often the only woman and felt out of place. Though I was still enjoying the subject matter,‬

‭I was envious of the learning communities my friends were forming within their majors.‬

‭Ultimately, the lack of a peer learning community was the reason I decided not to pursue‬

‭physics research after undergraduate and instead decided to become a physics teacher.‬

‭For nearly 10 years, I have been working as a physics teacher in a Title I public high‬

‭school in Brooklyn, where the student body mostly identifies as Black or Hispanic and over‬

‭80% qualify for free or reduced lunch. I was afforded immense privilege as a white woman‬

‭with many STEM supports throughout my life, but even with that I struggled to feel‬

‭comfortable in my STEM education. As a physics teacher, I have worked to create a learning‬
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‭environment that is accessible for all students and encouraged my students to see themselves in‬

‭their learning. I have also seen the intersectional nature of gender constructs through my work‬

‭in my school community. However, despite my best efforts to create points of access for all my‬

‭students to engage with physics, there are always unrecognized barriers and students who still‬

‭feel a barrier of entry in physical sciences.‬

‭The shifting nature of gender identity especially has changed in my 10 years of‬

‭teaching high schoolers. Discussion of gender fluidity was non-existent in my school when I‬

‭started teaching and there were not any openly trans or non-binary students. Today, many‬

‭students have adopted gender-neutral pronouns, are transitioning or exploring their gender‬

‭identities through their presentation or expression. I also saw the shifting landscape in my life‬

‭outside of teaching. I identify as a cis woman who plays with gender expression and‬

‭presentation at times. I also identify as bisexual and as a part of the Queer Community. In my‬

‭engagement with the Queer Community, I have many non-binary and trans friends, who, when‬

‭I tell them about my work as a science teacher, often share their distaste for their experiences in‬

‭their science education and difficulty engaging with the rigidity of science constructs.‬

‭As I began my doctoral program, I quickly realized that as gender constructions were‬

‭shifting in the world, there was very little representation of gender-diverse people in science‬

‭education literature. I became curious about the specific gaps in the way that we talk about‬

‭gender in science class and which students’ experiences have gone unacknowledged under‬

‭antiquated constructs.‬

‭I constructed the design of this study in hopes of making these experiences visible‬

‭within the field. My analytical tendencies kept me attached to using quantitative methods to‬

‭uncover patterns, while my discovery of qualitative methods was inspiring new ideas of what‬
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‭rigorous research could look like, especially when it comes to historically underrepresented‬

‭communities. Ultimately, the explanatory design mixed method framework offered a perfect‬

‭marriage of both that felt aligned and congruent with the constructivist views on science‬

‭education that I was seeking.‬

‭Within the scope of a mixed-method design, my background and identity also informed‬

‭the specific research questions and structure of the survey instruments. My experiences with‬

‭isolation in my own education helped me construct RQ1, which focuses on sense of belonging.‬

‭The difficulties relating to science content expressed by my students and queer peers informed‬

‭my inclusion of RQ2, which looks at engagement in science classrooms. I also included the‬

‭social media questions, as I have witnessed first-hand the intensification of social media and its‬

‭role in identity construction for young people.‬

‭Another important tenet of the design of this study was my commitment to mitigating‬

‭any othering or limitations of categorizations as much as I could. I carried out this commitment‬

‭by using the terms “Additional” instead of the more oft-used “Other” when constructing‬

‭identity demographic questions, the open short answer for Ethnic identification, explicit‬

‭statements of safety and participant empowerment in the Interview Protocol, and‬

‭semi-structured interview formats to allow for organic discussion of gender experiences in‬

‭science education, according to what participants recognized as significant. During interviews,‬

‭I also leveraged my work as a teacher and my experiences in STEM as a cis woman to connect‬

‭with participants and create an environment where they felt comfortable sharing and that they‬

‭were research participants, not subjects.‬

‭Throughout this research process, I tried to remain aware of the way that my‬

‭positionality might strengthen or hinder my perspective as a researcher. My experiences as a‬
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‭cis woman in STEM, as a high school physics teacher and as a member of the Queer‬

‭Community provide certain insights in terms of my research questions but also allow me‬

‭privilege in my background that many of my participants may not have access to. Furthermore,‬

‭my role as a teacher and as a researcher inherently put me in a position of power in relation to‬

‭my participants, which I tried to approach humbly and respectfully. I will never fully‬

‭understand the experiences of the gender-diverse students whose experiences I was working to‬

‭make visible, and my awareness of this fact is evident through my methodological design, as I‬

‭tried to center my participants’ voices and perspectives throughout the study while maintaining‬

‭rigor in my methodology. My hope is that this framework provides a basis from which future‬

‭research might be conducted that continues to validate and make visible the experiences of‬

‭these young people.‬
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‭Chapter 4: Findings‬

‭This research study used an explanatory sequential mixed methodology to investigate‬

‭the research questions looking at the sense of belonging, engagement in science class, and‬

‭overall perceptions of science. The findings are discussed in terms of the quantitative findings‬

‭from the survey (n = 232), which included analysis of differences between gender-diverse‬

‭participants (n = 128), cis women (n = 58), and cis men (n = 56) across the questions about‬

‭engagement on social media, the Sense of Belonging Scale, the Engagement in Science scale,‬

‭and the Perceptions of Science scale. The participants in the survey were all between the ages‬

‭of 18-23 and had representation across diverse racial and ethnic identification. The survey‬

‭scales were analyzed with ANOVAs for each item, as well as the scale as a whole and reported‬

‭below in relation to each of the research questions. These findings were compiled before the‬

‭qualitative strand was completed, as outlined by the explanatory sequential design‬

‭methodology.‬

‭The qualitative data included interviews from five participants who were selected with‬

‭critical case sampling, with three gender-diverse individuals being represented, one cis woman‬

‭who identifies as an ally and is involved in the Queer Community, and a cis man. The‬

‭interview participants were also selected for diverse racial and ethnic backgrounds in‬

‭alignment with the intersectional piece of the theoretical framework of Fourth Wave Feminism.‬

‭The qualitative findings are reported in two phases: first, the summaries of each‬

‭interview are discussed, followed by the analysis of the emergent themes in relation to‬

‭participants’ interviews. The transcripts were initially coded according to the three constructs,‬

‭in alignment with the research questions and the survey scales. After all the subcodes were‬
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‭developed, there were cross-construct emergent themes that spanned multiple research‬

‭questions and were related back to quantitative findings.‬

‭Once each strand was compiled and analyzed, the quantitative and qualitative results‬

‭were triangulated by cross-referencing the survey scale results with the interview themes‬

‭across all three research questions. Within this framework, the results were analyzed for‬

‭convergent findings in which the qualitative data confirmed the quantitative were found, as‬

‭well as complementary findings, in which the qualitative data provided additional context for‬

‭the quantitative patterns, and divergent findings, in which the qualitative findings were either‬

‭more nuanced or differed from the quantitative patterns.‬

‭Participant Demographic Analysis‬

‭Gender Identity‬

‭The gender identity item on the survey allowed participants to select multiple gender‬

‭identifications and to identify beyond the scope of traditional, single category label-based‬

‭identification, in line with the Queer Theory theoretical framework. Participants could select‬

‭from the following gender identity checkboxes: trans woman, trans man, cis woman, cis man,‬

‭trans-masculine, trans-feminine, genderqueer, non-binary, genderfluid, androgynous, agender,‬

‭demigirl, demiboy, genderflux, bigender, and Additional (Carlisle, 2021). The selection counts‬

‭for each potential gender identity selection are shown in Table 7 below:‬
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‭Table 7: Participant selection of gender identification options‬

‭Gender Identity‬ ‭Number of Participants identifying‬

‭Cis woman‬
‭Cis man‬
‭Non-binary‬
‭Trans man‬
‭Trans-masculine‬
‭Genderqueer‬
‭Trans woman‬
‭Genderfluid‬
‭Additional/not listed‬
‭Agender‬
‭Trans-feminine‬
‭Androgynous‬
‭Bigender‬
‭Genderflux‬
‭Demiboy‬
‭Demigirl‬

‭64‬
‭60‬
‭48‬
‭35‬
‭24‬
‭20‬
‭14‬
‭11‬
‭9‬
‭8‬
‭7‬
‭7‬
‭4‬
‭3‬
‭2‬
‭2‬

‭The gender identity item on the survey allowed participants to select multiple gender‬

‭identifications and to identify beyond the scope of traditional, single category label-based‬

‭identification, in line with the Queer Theory theoretical framework.‬

‭There was also an open-ended question following the multiple checkbox selection‬

‭question that allowed participants to add their own identity if the previous question had not‬

‭captured their personal identification. The open responses are shown in Table 8 below:‬
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‭Table 8: Entries for additional entries to open response gender identification question‬

‭Sex Designations‬
‭Terms:‬

‭Gender Identity‬
‭Terms:‬

‭Sexual Orientation:‬ ‭Questioning‬
‭/Uncertain:‬

‭●‬ ‭"Female"‬
‭(appears 3 times)‬

‭●‬ ‭"Male" (appears 2‬
‭times)‬

‭●‬ ‭"male. That’s it.‬
‭Not a cis nor a‬
‭trans male. Just a‬
‭male."‬

‭●‬ ‭"Women"‬
‭●‬ ‭"Man" (appears 3‬

‭times)‬
‭●‬ ‭"She/her/women"‬
‭●‬ ‭"Transsexual"‬
‭●‬ ‭"Gender‬

‭non-conforming"‬
‭●‬ ‭"xenogender"‬
‭●‬ ‭"Apagender”‬
‭●‬ ‭"Butch"‬

‭●‬ ‭"lesbian"‬
‭●‬ ‭"Bisexual"‬

‭●‬ ‭"Not entirely‬
‭certain, but I don’t‬
‭identify with‬
‭Cisgender‬
‭identities"‬

‭●‬ ‭"Still questioning"‬

‭A network diagram of the gender identities selected by participants is shown in Figure‬

‭1 below to demonstrate the dynamic array of gender identities across the quantitative‬

‭participants. It represents the number of times each gender identity was selected, as well as‬

‭network lines to represent participants who selected multiple identities. The diverse array of‬

‭identities and network lines across identifying terms shows the dynamic nature of gender‬

‭identity for this participant group. 57 of the total participants selected more than one gender‬

‭identity from the terms available, suggesting that a substantial portion of the participants’‬

‭gender identities could not be encompassed by a single term, but rather that their identity was‬

‭more fluid than a single categorization would allow.‬
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‭Figure 1: Network diagram of participant gender identifiers. Lines between identifiers‬
‭represent participants who selected multiple gender identities, with thicker lines‬

‭indicating more frequent co-occurrence.‬

‭It was difficult to work with this data, given the commitment to my theoretical‬

‭framework of Queer Theory, which highlights the historical marginalization of queer people in‬

‭research and the erasure of rich identities that cannot be captured entirely by any research.‬

‭However, I made many adjustments to the demographic questions in an attempt to be mindful‬

‭of this limitation and to work to capture the rich scope of my participants’ gender identities‬

‭through their own choice and language to the best of my abilities within the inherent‬
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‭constraints of research. The quantitative strand did ultimately use categories to analyze patterns‬

‭across the scales and to compare the experiences of participants with identities that are not‬

‭traditionally represented in science education research. However, the qualitative strand‬

‭approached the gender identities of participants more expansively, and looked to engage with‬

‭the distinct nature of each individual’s gender identity and the way it intersected with their‬

‭experiences in science education.‬

‭In order to be able to analyze gender-diverse participants’ experiences as a distinct‬

‭grouping from those of cis women and cis men within the quantitative strand, all identifications‬

‭that included anything other than cis woman or cis man were put into the gender-diverse group.‬

‭Of the 57 participants who selected more than one gender identity from the checkboxes, six‬

‭were participants who selected cis woman, as well as at least one additional gender identity,‬

‭and four were participants who selected cis man, as well as at least one additional gender‬

‭identity. These cases were put into the gender-diverse group because though they identify as‬

‭cisgendered partially, their gender identity is more expansive than traditional frameworks‬

‭allowed, which are the identities this study is hoping to capture experiences from. After‬

‭creating the gender-diverse, cis women, and cis men groups, there were 128 gender-diverse‬

‭participants, 58 cis women, and 56 cis men.‬

‭Age, Educational Enrollment, Undergraduate Major, Racial Identity, and Ethnic Identity‬

‭Of the 232 participants, 142 said they were currently enrolled in an undergraduate‬

‭program, 56 said they had previously graduated, 22 said they had never attended an‬

‭undergraduate program, and 12 said they previously had attended, but did not graduate. Of the‬

‭participants who were either enrolled or had previously graduated, 84 were declared science‬
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‭majors, with 40 majoring in physical or computational sciences, 44 majoring in life sciences,‬

‭49 declared majors in non-science fields, and 65 were undeclared or did not mark a response.‬

‭Of the 232 participants, all were between 18 and 23 and were fairly distributed between‬

‭those five ages, with 23 representing the largest percentage at 21% and 22 representing the‬

‭lowest proportion at 10%. Racially, 18 identified as Asian, 62 as Black or African American,‬

‭48 as Hispanic, 14 as Native American or Alaska Native, 124 as white or Caucasian, 6 as‬

‭Pacific Islander, and 4 opted out of responding. Participants were given the option to select‬

‭multiple responses for demographic questions, in alignment with intersectional frameworks‬

‭that recognize the multiple identities all people hold. Though the participants are‬

‭predominantly white respondents, making up 53.4% of the responses that were included, there‬

‭is representation of other racial and ethnic identities in the sample size. Additionally, deeper‬

‭context of intersectional perspectives will be included through critical case sampling in the‬

‭qualitative strand.‬
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‭Table 9: Demographic results of survey participants‬

‭Criteria‬ ‭N‬ ‭%‬

‭Gender identity‬
‭Gender-diverse‬
‭Cis woman‬
‭Cis man‬

‭Age‬
‭18‬
‭19‬
‭20‬
‭21‬
‭22‬
‭23‬

‭Race‬‭a‬

‭Black or African American‬
‭Asian‬
‭Hispanic, Latino/latina/latinx or Spanish Origin‬
‭White or Caucasian‬
‭Native American or Alaska Native‬
‭Pacific Islander‬
‭Prefer not to say‬

‭Undergraduate enrollment‬
‭Currently in undergraduate program‬
‭Yes, previously graduated from undergraduate‬
‭program‬
‭Have never attended undergraduate program‬
‭Previously attended undergraduate program but‬
‭did not graduate‬

‭Undergraduate majors‬
‭Declared science majors‬

‭Physical and computational sciences‬
‭Life Science‬

‭Declared non-science majors‬
‭Undeclared/Prefer not to say‬

‭128‬
‭58‬
‭56‬

‭47‬
‭42‬
‭36‬
‭34‬
‭24‬
‭49‬

‭62‬
‭18‬
‭48‬
‭124‬
‭14‬
‭6‬
‭4‬

‭142‬
‭56‬

‭22‬
‭12‬

‭84‬
‭40‬
‭44‬
‭49‬
‭65‬

‭55%‬
‭25%‬
‭24%‬

‭20%‬
‭18%‬
‭16%‬
‭15%‬
‭10%‬
‭21%‬

‭27%‬
‭8%‬
‭21%‬
‭53%‬
‭6%‬
‭3%‬

‭1.7%‬

‭61%‬
‭24%‬

‭9%‬
‭5%‬

‭42%‬
‭20%‬
‭22%‬
‭25%‬
‭33%‬

‭a‬‭- Percentages for the race demographic question‬‭do not add up to 100% because respondents were given the‬
‭option to select multiple race identifications‬

‭The ethnicity response question on the survey was left intentionally open-ended in‬

‭alignment with the complex identities that comprise individuals within an intersectional‬
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‭framework. Ethnicity is personal and to avoid restricting how people were prompted to‬

‭personally identify in the survey, it was left as an open-response question. Of the 232 responses‬

‭that were used, 189 provided responses to the question and of the 189, there were 132 unique‬

‭responses.‬

‭One of the central elements of the theoretical framework of Fourth Wave Feminism for‬

‭this project was intersectionality. An individual’s ethnic identity is a key element of their‬

‭holistic identity, and I felt it was important to capture the participants’ own language to express‬

‭their identity in a way that was respectful and representative. However, the wide array of‬

‭diverse ethnic identifications is difficult to capture with such a large number of participants.‬

‭The complete list of unique responses can be found in Appendix D and demonstrates the‬

‭unique perspective that each participant brought to their survey responses. A snapshot of their‬

‭responses is shown in the network shown in Figure 2 below. You can see the wide array of‬

‭identities, organized by 20 groupings, which are organized by normative groupings of ethnicity‬

‭identifications. The diagram also includes network lines to represent participants who marked‬

‭multiple ethnic identities in their response.‬
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‭Figure 2: Network diagram of participant ethnicity identifications. This representation‬
‭shows the diverse range of ethnic identities reported by participants. Network lines‬

‭indicate participants who identified with multiple ethnic backgrounds.‬

‭These ethnic identities, along with the network lines show a snapshot of the diversity of‬

‭identities present within the participants in the quantitative strand. Participants use different‬

‭terminology and language to identify themselves and understand themselves and many identify‬

‭with multiple ethnicities that all interact to inform their identity as a whole person. While only‬

‭five participants from the quantitative strand took part in the qualitative strand, which was able‬

‭to represent identity more expansively, the intersectional nature of identity and cultural context‬
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‭that informed all participants responses is evident in the data from this item in the demographic‬

‭section of the survey.‬

‭Quantitative Data Analysis‬

‭Overall Survey Scale Analysis‬

‭Quantitative data was measured through three adapted scales: Sense of Belonging (11‬

‭items), Engagement in Science (12 items), and Perceptions of Science (13 items). The items‬

‭within each scale were analyzed across the three gender categorizations of gender-diverse, cis‬

‭women, and cis men. Additionally, participant responses for the items within each scale were‬

‭averaged to capture an overall picture of the participants’ responses within the scale. Each of‬

‭these composite measures were also tested for statistical differences across the three gender‬

‭identity categories using an ANOVA test. The results of this test are shown in Table 10 below:‬

‭Table 10: Means, standard deviations, and ANOVA tests across participant groups for‬
‭survey scales‬

‭Survey Scale‬ ‭Gender-Dive‬
‭rse Mean and‬

‭SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭Sense of Belonging Scale:‬
‭3.18 ± 0.89‬ ‭3.83 ± 0.65‬

‭3.96 ±‬
‭0.56‬

‭25.84‬ ‭2,229‬ ‭<0.001*‬

‭Engagement in Science‬
‭Class‬

‭3.92 ± 0.53‬ ‭3.94 ± 0.48‬
‭3.92 ±‬
‭0.48‬

‭0.022‬ ‭2,229‬ ‭.978‬

‭Perceptions of Science‬
‭3.72 ± 0.45‬ ‭3.81 ± 0.41‬

‭3.88 ±‬
‭0.48‬

‭2.49‬ ‭2,229‬ ‭.085‬

‭Of the three scales assessed, the Sense of Belonging Scale was the only one to yield‬

‭statistically significant results when analyzed with an ANOVA test to compare means across‬

‭groups. The gender-diverse group has a mean score of 3.18 with a standard deviation of .89,‬

‭compared to the cis women and cis men who had means of 3.83 and 3.96, respectively. These‬
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‭means were statistically significant with a‬‭p‬‭< .001. These scales will be analyzed in further‬

‭detail for each item within the scale, but the Sense of Belonging Scale had by far the greatest‬

‭number of statistically significant items within the scale.‬

‭Digital Spaces‬

‭Social media data was collected to assess the digital discourse tenet of the Theoretical‬

‭Framework of Fourth Wave Feminism. Total engagement with social media, along with‬

‭frequency of conversations around gender, race, and ethnicity/culture were all separate‬

‭questions on the survey. These data were all mapped to be used for quantitative analysis and to‬

‭be correlated with the different scale constructs measured using the survey.‬

‭Table 11: Means, standard deviations, and ANOVA tests across participant groups for‬
‭social media engagement questions‬

‭Survey Item‬ ‭Gender-Divers‬
‭e Mean and‬

‭SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭Hours spent on social media‬
‭per day‬ ‭3.73 ± 1.92‬ ‭4.04 ± 1.97‬ ‭4.28 ± 1.95‬ ‭1.59‬ ‭2,229‬ ‭.207‬

‭Engage in gender-related‬
‭conversations‬ ‭3.50 ± 1.37‬ ‭2.54 ± 1.54‬ ‭2.97 ± 1.53‬ ‭8.87‬ ‭2,229‬ ‭< 0.001‬

‭Engage in race-related‬
‭conversations‬ ‭3.06 ± 1.49‬ ‭2.84 ± 1.41‬ ‭2.92 ± 1.67‬ ‭0.43‬ ‭2,229‬ ‭.650‬

‭Engage in‬
‭culture/ethnicity-related‬
‭conversations‬ ‭3.06 ± 1.49‬ ‭2.63 ± 1.62‬ ‭2.97 ± 1.64‬ ‭1.48‬ ‭2,229‬ ‭.230‬

‭The total number of hours spent on social media was collected using range options of‬

‭hours, so is considered ordinal data. The mapping of each range to a discrete value is described‬

‭in Chapter 3. Gender-diverse participants have the lowest total average of hours spent on social‬

‭media with 3.73, with cis women having a mean of 4.04 and cis men averaging 4.28. The‬
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‭ANOVA test did not pass the threshold of‬‭p‬‭= .05, with a‬‭p‬‭= .207 indicating that there is no‬

‭significant difference in hours spent on social media between these groups.‬

‭The other three social media questions were also ordinal data that was mapped to‬

‭discrete values, based on qualitative frequency of engagement (e.g., once a day, once a month,‬

‭etc.). For engagement in gender-related conversations, gender-diverse participants had the‬

‭highest frequency of engagement, with a mean of 3.50, compared to 2.54 for cis women and‬

‭2.97 for cis men. This difference was statistically significant, with the ANOVA test yielding a‬‭p‬

‭< .001.‬

‭For engagement in race-related conversations, gender-diverse participants again had the‬

‭highest frequency of engagement, with a mean of 3.06, compared to 2.84 for cis women and‬

‭2.92 for cis men. However, the ANOVA test did not indicate a significant difference, with a‬‭p‬‭=‬

‭.650. For engagement in culture/ethnicity-related conversations, gender-diverse participants‬

‭also had the highest frequency of engagement, with a mean of 3.06, compared to 2.63 for cis‬

‭women and 2.97 for cis men. The ANOVA test similarly did not indicate a significant‬

‭difference, with‬‭p‬‭=‬‭.230.‬

‭I did note that the frequency of engagement for ethnicity/culture related questions had‬

‭the exact same mean and standard deviation as the race conversation engagement questions for‬

‭the gender-diverse group. After double checking the analysis and data, I confirmed these‬

‭numbers and found that 65 out of the 128 gender-diverse participants marked the exact same‬

‭responses for these questions, indicating that many participants treated these questions‬

‭similarly.‬
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‭Table 12: Correlation and‬‭p‬‭-value between social media‬‭use and survey scales‬

‭Social Media Use Question‬
‭Sense of‬

‭Belonging‬
‭Scale‬

‭Engagement‬
‭Scale‬

‭Perceptions of‬
‭Science Scale‬

‭Hours spent on social media per day‬
‭r‬‭=‬‭0.053‬
‭p‬‭= .423‬

‭r‬‭=‬‭-0.100‬
‭p‬‭= .128‬

‭r‬‭=‬‭-0.022‬
‭p‬‭= .744‬

‭Engage in gender-related conversations‬
‭r‬‭=‬‭-0.190‬
‭p‬‭= .004*‬

‭r‬‭=‬‭0.123‬
‭p‬‭= .061‬

‭r‬‭=‬‭-0.044‬
‭p‬‭= .500‬

‭Engage in race-related conversations‬
‭r‬‭=‬‭-0.010‬
‭p‬‭= .884‬

‭r‬‭=‬‭0.010‬
‭p‬‭= .880‬

‭r‬‭=‬‭0.024‬
‭p‬‭= .716‬

‭Engage in culture/ethnicity-related‬
‭conversations‬

‭r‬‭=‬‭-0.198‬
‭p‬‭= .002*‬

‭r‬‭=‬‭-0.048‬
‭p‬‭= .468‬

‭r‬‭=‬‭-0.267‬
‭p‬‭< 0.001*‬

‭Correlations between social media engagement measures and the three scales showed‬

‭varying relationships, with some reaching statistical significance. The general measure of hours‬

‭spent on social media per day did not yield significant correlations with any scale (Sense of‬

‭Belonging:‬‭r‬‭=‬‭0.053,‬‭p‬‭= .423; Engagement Scale:‬‭r‬‭=‬‭-0.100,‬‭p‬‭= .128; Perceptions of‬

‭Science:‬‭r‬‭=‬‭-0.022,‬‭p‬‭= .744).‬

‭Engagement in gender-related conversations showed a significant negative correlation‬

‭with the Sense of Belonging Scale (‬‭r‬‭=‬‭-0.190,‬‭p‬‭=‬‭.004), while showing a marginally‬

‭significant positive correlation with the Engagement Scale (‬‭r‬‭=‬‭0.123,‬‭p‬‭= .061) and no‬

‭significant correlation with Perceptions of Science (‬‭r‬‭=‬‭-0.044,‬‭p‬‭= .500).‬

‭For race-related conversations, there were no significant correlations with any of the‬

‭scales (Sense of Belonging:‬‭r‬‭=‬‭-0.010,‬‭p‬‭= .884;‬‭Engagement Scale:‬‭r‬‭=‬‭0.010,‬‭p‬‭= .880;‬

‭Perceptions of Science:‬‭r‬‭=‬‭0.024,‬‭p‬‭= .716). Engagement‬‭in culture/ethnicity-related‬
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‭conversations showed significant negative correlations with both the Sense of Belonging Scale‬

‭(‬‭r‬‭=‬‭-0.198,‬‭p‬‭= .002) and Perceptions of Science‬‭Scale (‬‭r‬‭=‬‭-0.267,‬‭p <‬‭0.001), while showing‬

‭no significant correlation with the Engagement Scale (‬‭r‬‭=‬‭-0.048,‬‭p‬‭= .468).‬

‭While these correlations are relatively weak in magnitude, the significant results‬

‭suggest that higher engagement in gender-related and culture/ethnicity-related conversations on‬

‭social media is associated with a lower sense of belonging, and in the case of‬

‭culture/ethnicity-related conversations, more negative perceptions of scientific institutions.‬

‭Notably, race-related conversations showed no significant relationships with any of the‬

‭measured scales.‬

‭RQ1: In What Ways Do the Messages that Students Receive about Gender Influence How‬

‭They Feel in a Science Classroom?‬

‭Sense of belonging showed to have the highest number of items with statistically‬

‭significant differences between groups of all three scales from the survey. There was a‬

‭consistent pattern across all items, with cis men and cis women often scoring similarly, but‬

‭both groups scoring notably higher than gender-diverse students. These differences were‬

‭particularly pronounced in items related to safety, identity expression, and feelings of‬

‭welcomeness in the classroom environment. The results from the quantitative data collected for‬

‭this construct are found in Table 13 below.‬

‭Table 13: ANOVA tests from Sense of Belonging Scale survey responses‬

‭Survey Item‬ ‭Gender-Dive‬
‭rse Mean and‬

‭SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭5.‬ ‭I felt safe expressing my‬
‭authentic self around the‬
‭teachers during class‬

‭3.18 ± 1.17‬ ‭4.08 ± 0.85‬ ‭3.98 ± 1.02‬ ‭18.913‬ ‭2,229‬ ‭<0.001*‬

‭6.‬ ‭I felt safe expressing my‬ ‭3.03 ± 1.17‬ ‭3.89 ± 1.05‬ ‭3.93 ± 1.01‬ ‭18.796‬ ‭2,229‬ ‭<.001*‬
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‭Survey Item‬ ‭Gender-Dive‬
‭rse Mean and‬

‭SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭authentic self around‬
‭other students during‬
‭class‬

‭7.‬ ‭I felt my gender identity‬
‭was welcomed in class‬

‭2.98 ± 1.25‬ ‭4.17 ± 0.89‬ ‭4.18 ± 0.81‬ ‭36.757‬ ‭2,229‬ ‭<.001*‬

‭8.‬ ‭I felt my gender identity‬
‭was included in the‬
‭topics and ideas covered‬
‭in class‬

‭2.45 ± 1.43‬ ‭3.87 ± 1.04‬ ‭3.80 ± 0.90‬ ‭38.037‬ ‭2,229‬ ‭<.001*‬

‭9.‬ ‭The issues taught in‬
‭science class were as‬
‭important to cis girls as‬
‭cis boys‬

‭3.66 ± 1.00‬ ‭3.92 ± 0.89‬ ‭4.10 ± 0.75‬ ‭4.792‬ ‭2,229‬ ‭.009*‬

‭10.‬‭The issues taught in‬
‭science class were‬
‭important to people who‬
‭identify outside of a‬
‭biological gender binary‬

‭3.32 ± 1.23‬ ‭3.37 ± 1.05‬ ‭3.78 ± 0.85‬ ‭3.724‬ ‭2,229‬ ‭.026*‬

‭11.‬‭Science class was‬
‭equally engaging for cis‬
‭girls and cis boys‬

‭3.56 ± 1.00‬ ‭3.94 ± 0.95‬ ‭4.07 ± 0.66‬ ‭7.055‬ ‭2,229‬ ‭.001*‬

‭12.‬‭Science class was‬
‭equally engaging for‬
‭people of all gender‬
‭identities‬

‭3.59 ± 1.20‬ ‭3.78 ± 1.14‬ ‭4.05 ± 0.87‬ ‭3.401‬ ‭2,229‬ ‭.035*‬

‭13.‬‭My science classes used‬
‭language that was‬
‭inclusive of all gender‬
‭identities‬

‭2.85 ± 1.46‬ ‭3.33 ± 1.23‬ ‭3.77 ± 0.95‬ ‭10.162‬ ‭2,229‬ ‭<.001*‬

‭14.‬‭Teachers supported‬
‭gender‬
‭identity/expression‬
‭concerns‬

‭3.28 ± 1.30‬ ‭3.98 ± 0.94‬ ‭3.97 ± 0.80‬ ‭11.736‬ ‭2,229‬ ‭<.001*‬

‭15.‬‭The administration‬
‭(Principals, assistant‬
‭principals, the school‬
‭district) supported‬
‭gender‬
‭identity/expression‬

‭3.13 ± 1.30‬ ‭3.76 ± 1.21‬ ‭3.90 ± 0.88‬ ‭10.397‬ ‭2,229‬ ‭<.001*‬
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‭Survey Item‬ ‭Gender-Dive‬
‭rse Mean and‬

‭SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭concerns‬

‭Analysis of individual items revealed stark differences in feelings of safety and‬

‭welcomeness depending on gender identity. When asked about feeling safe expressing their‬

‭authentic self with teachers, responses varied significantly between groups (‬‭F‬‭(2,229) = 18.913,‬

‭p <‬‭0.001). Cis men and cis women reported similar‬‭levels of comfort with teachers (‬‭M‬‭=‬‭3.98,‬

‭SD‬‭=‬‭1.02 and‬‭M‬‭=‬‭4.08,‬‭SD‬‭=‬‭0.85 respectively), while‬‭gender-diverse students reported‬

‭significantly lower levels (‬‭M‬‭=‬‭3.18,‬‭SD‬‭=‬‭1.17).‬‭This pattern persisted when asked about‬

‭feeling safe with other students (‬‭F‬‭(2,229) = 18.796,‬‭p <‬‭0.001), where gender-diverse students‬

‭reported even lower scores (‬‭M‬‭=‬‭3.03,‬‭SD‬‭=‬‭1.17) compared‬‭to both cis men (‬‭M‬‭=‬‭3.93,‬‭SD‬‭=‬

‭1.01) and cis women (‬‭M‬‭=‬‭3.89,‬‭SD‬‭=‬‭1.05). It is also‬‭notable that all had higher means for‬

‭feelings of safety expressing themselves with teachers compared to fellow students.‬

‭Feelings of gender identity acceptance showed even more pronounced differences‬

‭(‬‭F‬‭(2,229) = 36.757,‬‭p <‬‭0.001). When asked specifically‬‭about how welcome their gender‬

‭identity was in class, gender-diverse students reported significantly lower scores (‬‭M‬‭=‬‭2.98,‬‭SD‬

‭=‬‭1.25) compared to both cis men (‬‭M‬‭=‬‭4.18,‬‭SD‬‭=‬‭0.81)‬‭and cis women (‬‭M‬‭=‬‭4.17,‬‭SD‬‭=‬‭0.89).‬

‭This pattern was most extreme in perceptions of gender identity inclusion in class topics and‬

‭ideas (‬‭F‬‭(2,229) = 38.037,‬‭p <‬‭0.001), where gender-diverse‬‭students reported notably lower‬

‭scores (‬‭M‬‭=‬‭2.45,‬‭SD‬‭=‬‭1.43) compared to cis women‬‭(‬‭M‬‭=‬‭3.87,‬‭SD‬‭=‬‭1.04) and cis men (‬‭M‬‭=‬

‭3.80,‬‭SD‬‭=‬‭0.90).‬

‭Perceptions of the relevance of the issues taught in class to different gender identities‬

‭showed statistical differences. For both Item 10: The issues taught in science class were as‬
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‭important to cis girls as cis boys (‬‭F‬‭(2,229) = 4.792,‬‭p‬‭= .009) and Item 11: The issues taught in‬

‭science class were important to people who identify outside of a biological gender binary‬

‭(‬‭F‬‭(2,229) = 3.724,‬‭p‬‭= .026), gender-diverse students‬‭indicated the lowest means (‬‭M‬‭=‬‭3.66,‬

‭and‬‭M‬‭=‬‭3.32, respectively) compared to their cis‬‭women (‬‭M‬‭=‬‭3.92,‬‭M‬‭=‬‭3.37) and cis men (‬‭M‬

‭=‬‭4.10,‬‭M‬‭=‬‭3.78) peers. All scores were lower for‬‭Item 11 than 10, indicating that all groups,‬

‭on average, agreed at higher rates that the issues in science class were more important to cis‬

‭girls than they were to gender-diverse students.‬

‭Items 12 and 13, which state “Science class was equally engaging for cis girls and cis‬

‭boys” and “Science class was equally engaging for people of all gender identities” can be‬

‭compared in a similar way. The means for each question across each group were fairly similar‬

‭with gender-diverse participants average 3.56 for Item 12 and 3.59 for Item 13, cis women‬

‭average 3.94 for Item 12 and 3.78 for Item 13, and cis men averaging 4.07 for Item 12 and 4.05‬

‭for Item 13. ANOVA tests also yielded significant results for both questions, with Item 12‬

‭resulting in‬‭p‬‭= .001 (‬‭F‬‭(2, 229) = 7.055) and Item‬‭13 resulting in‬‭p‬‭= .035 (‬‭F‬‭(2,229) = 3.401).‬

‭The disparities seen in the data for this scale extended to perceptions of inclusive‬

‭language and institutional support. Gender-diverse students reported significantly lower scores‬

‭for inclusive language use (‬‭M‬‭=‬‭2.85,‬‭SD‬‭=‬‭1.46) compared‬‭to cis women (‬‭M‬‭=‬‭3.33,‬‭SD‬‭=‬

‭1.23) and cis men (‬‭M‬‭=‬‭3.77,‬‭SD‬‭=‬‭0.95). Similarly,‬‭perceptions of teacher support (‬‭F‬‭(2,229) =‬

‭11.736,‬‭p <‬‭0.001) and administrative support (‬‭F‬‭(2,229)‬‭= 10.397,‬‭p <‬‭0.001) showed‬

‭significant differences, with gender-diverse students consistently reporting lower scores and‬

‭higher variability in their responses.‬
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‭RQ2: How does a student’s gender identity relate to their engagement and learning in a‬

‭secondary science classroom?‬

‭Research Question 2, as measured by the Science Engagement Scale for the‬

‭quantitative strand, was measured by taking the means across the three gender identity‬

‭groupings (gender-diverse, cis woman, and cis man) for each item in the scale. ANOVA tests‬

‭were run to look for statistical differences in the means of each group for each item. The results‬

‭yielded fewer significant results than Research Question 1, with only one item yielding‬

‭statistically significant results at the‬‭p <‬‭.05 level.‬‭The results are shown in Table 14 below.‬

‭Table 14: ANOVA tests from Science Engagement Scale survey responses‬

‭Survey Item‬ ‭Gender-Diver‬
‭se Mean and‬

‭SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭16.‬‭I tried to understand my‬
‭mistakes when I got‬
‭something wrong in my‬
‭high school science‬
‭classes‬

‭4.17 ± 0.84‬ ‭4.33 ± 0.57‬ ‭4.12 ± 0.78‬ ‭1.434‬ ‭2,229‬ ‭.240‬

‭17.‬‭I would rather be told‬
‭the answer than have to‬
‭do the work*‬

‭3.61 ± 1.10‬ ‭3.41 ± 1.03‬ ‭3.22 ± 1.22‬ ‭2.528‬ ‭2,229‬ ‭.082‬

‭18.‬‭I put effort into learning‬
‭in my science classes‬

‭4.32 ± 0.80‬ ‭4.24 ± 0.76‬ ‭4.18 ± 0.89‬ ‭0.593‬ ‭2,229‬ ‭.553‬

‭19.‬‭I would keep trying if‬
‭something was hard‬

‭4.10 ± 0.77‬ ‭4.10 ± 0.71‬ ‭4.15 ± 0.68‬ ‭0.110‬ ‭2,229‬ ‭.896‬

‭20.‬‭I talked about science‬
‭outside of class‬

‭4.01 ± 1.08‬ ‭4.10 ± 0.86‬ ‭3.97 ± 0.80‬ ‭0.296‬ ‭2,229‬ ‭.744‬

‭21.‬‭I enjoyed learning new‬
‭things about science‬

‭4.33 ± 0.69‬ ‭4.32 ± 0.69‬ ‭4.35 ± 0.58‬ ‭0.037‬ ‭2,229‬ ‭.964‬

‭22.‬‭I felt good when I was‬
‭in science class‬

‭3.77 ± 0.95‬ ‭3.92 ± 0.87‬ ‭4.05 ± 0.72‬ ‭2.057‬ ‭2,229‬ ‭.130‬

‭23.‬‭I wanted to understand‬
‭what was being taught‬
‭in science‬

‭4.40 ± 0.71‬ ‭4.32 ± 0.69‬ ‭4.12 ± 0.64‬ ‭3.389‬ ‭2,229‬ ‭.036*‬
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‭24.‬‭I often felt frustrated in‬
‭science class*‬

‭2.96 ± 1.19‬ ‭2.89 ± 1.09‬ ‭3.30 ± 1.08‬ ‭2.375‬ ‭2,229‬ ‭.096‬

‭25.‬‭I didn’t want to be in‬
‭science class*‬

‭3.63 ± 1.27‬ ‭3.59 ± 1.10‬ ‭3.82 ± 1.08‬ ‭0.679‬ ‭2,229‬ ‭.522‬

‭26.‬‭I tried to work with‬
‭others who could help‬
‭me in science class‬

‭3.54 ± 1.13‬ ‭3.76 ± 0.82‬ ‭3.78 ± 0.92‬ ‭1.552‬ ‭2,229‬ ‭.214‬

‭27.‬‭When working with‬
‭others, I don’t share‬
‭ideas*‬

‭3.72±1.14‬ ‭3.78 ± 1.13‬ ‭3.68 ± 1.00‬ ‭0.119‬ ‭2,229‬ ‭.888‬

‭Item 23: “I wanted to understand what was being taught in science” was the only item‬

‭to yield a statistically significant result (‬‭F‬‭(2,‬‭229) = 3.389,‬‭p‬‭= .036). For this item,‬

‭gender-diverse students had the highest mean (‬‭M‬‭=‬‭4.40, SD 0.71), followed by cis women (‬‭M‬

‭=‬‭4.23,‬‭SD‬‭=‬‭0.69). Cis men had the lowest score for‬‭the item (‬‭M‬‭=‬‭4.12,‬‭SD‬‭=‬‭0.64). This‬

‭indicates that though not a stark disparity in means, gender-diverse participants had a slightly‬

‭higher desire to understand what they were being taught in their science classes.‬

‭Other items that approached statistical significance were Item 17: I would rather be told‬

‭the answer than have to do the work and Item 24: I often felt frustrated in science class. Both‬

‭of these items were reverse coded within the larger Engagement scale, as a higher score‬

‭indicated a lower level of engagement in science class. For these items, the closer the score is‬

‭to 5 indicates disagreement and the closer to 1 indicates agreement. Item 17 yielded‬‭p‬‭= .082‬

‭(‬‭F‬‭(2,229) = 2.528), with the gender-diverse students‬‭having the highest mean of 3.61 and a‬

‭standard deviation of 1.10, indicating the highest engagement and willingness to do work,‬

‭compared to their cis men (‬‭M‬‭=‬‭3.22,‬‭SD‬‭=‬‭1.22) and‬‭cis women (‬‭M‬‭=‬‭3.41,‬‭SD‬‭=‬‭1.03) peers.‬

‭Item 24 yielded‬‭p‬‭= .096 (‬‭F‬‭(2,229) = 2.375), with‬‭cis women having the lowest mean (‬‭M‬‭=‬

‭2.89,‬‭SD‬‭=‬‭1.09), indicating the highest amount of‬‭agreement with the item statement,‬

‭compared to their cis men peers, who had the lowest levels of agreement (‬‭M‬‭=‬‭3.30,‬‭SD‬‭=‬‭1.08)‬

‭and gender-diverse (‬‭M‬‭=‬‭2.96,‬‭SD‬‭=‬‭1.19) peers, who‬‭were between the other two groups.‬
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‭Many items had very high‬‭p-‬‭values and means that were close together, including Item‬

‭19: I would keep trying if something was hard (‬‭p‬‭=‬‭.896), Item 21: I enjoyed learning new‬

‭things about science (‬‭p‬‭= .964), and Item 27: When‬‭working with others, I don’t share ideas (‬‭p‬

‭= .888). These items represent core elements of engagement in science class, including‬

‭perseverance, joy in the classroom, and collaboration. While this result will be triangulated‬

‭with other data, it is a slight indication that engagement in sciences or interest in them is acting‬

‭independently of gender identity.‬

‭The Science Engagement Scale did not produce many significant results, apart from‬

‭Item 23: I wanted to understand what was being taught in science. The other potentially‬

‭significant pattern in these results is the larger standard deviation of gender-diverse students’‬

‭responses, indicating a wider variation in their experiences compared to the cis women and cis‬

‭men groups.‬

‭RQ3: How do students of various gender identities perceive science education and scientific‬

‭institutions?‬

‭Research Question 3 was investigated in the quantitative strand of this study through‬

‭the use of the Perceptions of Science survey scale instrument. The questions ask about‬

‭participants’ views of scientific fields and knowledge, including who is welcome in scientific‬

‭institutions and the value of science. Similar to the other scales, ANOVA tests were run on the‬

‭mean responses for each item across gender-diverse participants, cis women and cis men. Out‬

‭of the 13 items, 7 yielded statistically significant‬‭p-‬‭values.‬
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‭Table 15: ANOVA tests from Perceptions of Science Scale survey responses‬
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‭Survey Item‬ ‭Gender-Div‬
‭erse Mean‬

‭and SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭28.‬‭Cis women are welcome in‬
‭science just as much as cis men‬
‭are.‬

‭3.17 ± 1.41‬ ‭3.54 ± 1.18‬ ‭3.98 ± 1.02‬ ‭8.14‬ ‭2,229‬ ‭<.001*‬

‭29.‬‭People who identify outside of‬
‭the cis-gender binary are‬
‭welcome in science just as much‬
‭as cis people.‬

‭2.80 ± 1.39‬ ‭3.41 ± 1.29‬ ‭3.82 ± 0.89‬ ‭13.79‬ ‭2,229‬ ‭<.001*‬

‭30.‬‭The scientific community is‬
‭mostly dominated by men and is‬
‭often unfriendly to cis women‬
‭and gender-diverse people.*‬

‭1.93 ± 0.95‬ ‭2.38 ± 1.01‬ ‭3.02 ± 1.27‬ ‭20.72‬ ‭2,229‬ ‭<.001*‬

‭31.‬‭Racial and ethnic groups who‬
‭are traditionally‬
‭underrepresented in science such‬
‭as African Americans, Latin‬
‭Americans, Caribbeans, South‬
‭Americans, and Indigenous‬
‭North Americans are just as‬
‭welcome in the scientific‬
‭community as are white people.‬

‭2.99 ± 1.32‬ ‭3.11 ± 1.33‬ ‭3.73 ± 1.06‬ ‭6.99‬ ‭2,229‬ ‭.001*‬

‭32.‬‭Scientific research is often‬
‭potentially dangerous to the‬
‭public.*‬

‭3.68 ± 1.21‬ ‭3.43 ± 1.16‬ ‭3.25 ± 1.19‬ ‭2.67‬ ‭2,229‬ ‭.072‬

‭33.‬‭Science should not be made an‬
‭important subject for elementary‬
‭school grades.*‬

‭4.13 ± 1.33‬ ‭4.03 ± 1.23‬ ‭3.60 ± 1.38‬ ‭3.23‬ ‭2,229‬ ‭.041*‬

‭34.‬‭All students should study‬
‭science during the secondary‬
‭school (high school) grade‬
‭levels.‬

‭4.50 ± 0.73‬ ‭4.44 ± 0.80‬ ‭4.15 ± 1.05‬ ‭3.42‬ ‭2,229‬ ‭.034*‬

‭35.‬‭Understanding science is a good‬
‭thing for everyone.‬

‭4.66 ± 0.60‬ ‭4.63 ± 0.55‬ ‭4.50 ± 0.68‬ ‭1.42‬ ‭2,229‬ ‭.244‬

‭36.‬‭We can be certain that scientific‬
‭knowledge is reliable.‬

‭4.01 ± 0.92‬ ‭4.05 ± 0.83‬ ‭4.05 ± 0.91‬ ‭0.06‬ ‭2,229‬ ‭.945‬

‭37.‬‭Science is the best source of‬
‭reliable knowledge.‬

‭4.06 ± 0.91‬ ‭4.00 ± 0.82‬ ‭4.13 ± 0.91‬ ‭0.35‬ ‭2,229‬ ‭.706‬



‭The first three items on the scale-- Item 28: Cis women are welcome in science just as‬

‭much as cis men are, Item 29: People who identify outside of the cis-gender binary are‬

‭welcome in science just as much as cis people, and Item 30: The scientific community is‬

‭mostly dominated by men and is often unfriendly to cis women and gender-diverse people--had‬

‭p-‬‭values less than .001 (‬‭F(‬‭2,229) = 8.14, 13.79, 20.72,‬‭respectively.). Item 28 showed the‬

‭lowest mean for gender-diverse participants of 3.17, with a standard deviation of 1.41‬

‭compared to cis women (‬‭M‬‭=‬‭3.54,‬‭SD‬‭=‬‭1.18) and cis‬‭men (‬‭M‬‭=‬‭3.98,‬‭SD‬‭=‬‭1.02).‬

‭Gender-diverse participants also had the lowest scores for Item 29 (‬‭M‬‭=‬‭2.80,‬‭SD‬‭=‬‭1.39)‬

‭compared to cis women (‬‭M‬‭=‬‭3.41,‬‭SD‬‭=‬‭1.29) and cis‬‭men (‬‭M‬‭=‬‭3.82,‬‭SD‬‭=‬‭0.89). Item 30‬

‭showed some of the lowest scores across all items, with the gender-diverse group having the‬

‭lowest mean (‬‭M‬‭=‬‭1.93,‬‭SD‬‭=‬‭0.95), cis women scoring‬‭somewhat higher (‬‭M‬‭=‬‭2.38,‬‭SD‬‭=‬

‭1.01), and cis men having the highest mean (‬‭M‬‭=‬‭3.02,‬‭SD‬‭=‬‭1.27).‬

‭A few other items showed statistical significance in their ANOVA tests at the‬‭p <‬‭.05‬

‭threshold. Item 31: Racial and ethnic groups who are traditionally underrepresented in science‬

‭such as African Americans, Latin Americans, Caribbeans, South Americans, and Indigenous‬

‭North Americans are just as welcome in the scientific community as are white people had a‬

‭p-‬‭value of .001 (‬‭F‬‭(2, 229) = 6.99), with the gender-diverse‬‭group having the lowest mean and‬
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‭Survey Item‬ ‭Gender-Div‬
‭erse Mean‬

‭and SD‬

‭Cis Women‬
‭Mean and‬

‭SD‬

‭Cis Men‬
‭Mean and‬

‭SD‬

‭F‬‭-stat‬ ‭df‬ ‭p-‬‭value‬

‭38.‬‭Scientific research is morally‬
‭neutral.‬

‭3.34 ± 1.19‬ ‭3.59 ± 1.04‬ ‭3.45 ± 1.23‬ ‭0.92‬ ‭2,229‬ ‭.401‬

‭39.‬‭Scientific knowledge is useful.‬ ‭4.64 ± 0.65‬ ‭4.52 ± 0.56‬ ‭4.55 ± 0.59‬ ‭0.89‬ ‭2,229‬ ‭.412‬

‭40.‬‭Scientific knowledge contributes‬
‭to good health.‬

‭4.49 ± 0.68‬ ‭4.38 ± 0.68‬ ‭4.20 ± 0.73‬ ‭3.31‬ ‭2,229‬ ‭.038*‬



‭indications of agreement with the statement (‬‭M‬‭=‬‭2.99,‬‭SD‬‭=‬‭1.32), cis women having the next‬

‭lowest (‬‭M‬‭=‬‭3.11,‬‭SD‬‭=‬‭1.33) and cis men indicating‬‭the strongest agreement (‬‭M‬‭=‬‭3.73,‬‭SD‬‭=‬

‭1.06). With the gender-diverse group having a mean just below neutral, cis women just above‬

‭neutral, and cis men with a mean nearly at “4-Agree”, all means for this questions were higher‬

‭than the corresponding means to the previous question about cis women and gender-diverse‬

‭people being welcome in science.‬

‭Item 33: Science should not be made an important subject for elementary school grades‬

‭was reverse scaled compared to the rest of the Perceptions of science scale, meaning that‬

‭because a higher score indicates agreement with a statement that reflects a negative perception‬

‭of scientific institutions, the participants’ responses were reversed so that a higher response‬

‭indicates disagreement with the statement, and a lower response indicates agreement. The item‬

‭yielded a statistically significant result (‬‭p‬‭= 3.23,‬‭F‬‭(2, 229) = 3.23) with the gender-diverse‬

‭group answering with the highest mean (‬‭M‬‭=‬‭4.13,‬‭SD‬‭=‬‭1.33), following by cis women (‬‭M‬‭=‬

‭403,‬‭SD‬‭=‬‭1.23), and cis men responding with the lowest‬‭mean as a group (‬‭M‬‭=‬‭3.60,‬‭SD‬‭=‬

‭1.38). This means that gender-diverse participants disagreed most strongly with the statement‬

‭“Science should not be made an important subject for elementary school grades” and that cis‬

‭men agreed the most.‬

‭Item 34: All students should study science during the secondary school (high school)‬

‭grade levels measures a similar idea of the perception of value of science education but is not‬

‭reverse scaled. Mean response scores were higher for all groups than the means for Item 33.‬

‭The gender-diverse group and the cis women group both had high means (‬‭M‬‭=‬‭4.50,‬‭SD‬‭=‬‭0.73;‬

‭M‬‭=‬‭4.44,‬‭SD‬‭=‬‭0.80, respectively) and the cis men‬‭group was slightly lower (‬‭M‬‭=‬‭4.15,‬‭SD‬‭=‬

‭1.05) but still in the agree to strongly agree range on average. Item 40: Scientific knowledge‬
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‭contributes to good health was the last item to show a statistically significant‬‭p-‬‭value (‬‭p‬‭= .038,‬

‭F‬‭(2, 229) = 3.31) with the gender-diverse group responding‬‭with the highest mean (‬‭M‬‭=‬‭4.49,‬

‭SD‬‭=‬‭0.68), cis women responding with slightly lower,‬‭but similarly high levels of agreements‬

‭with the statement (‬‭M‬‭=‬‭4.38,‬‭SD‬‭=‬‭0.68), and cis‬‭men with a lower mean than both groups, but‬

‭still in the “agree” to “strongly agree” range (‬‭M‬‭=‬‭4.20,‬‭SD‬‭=‬‭0.73).‬

‭The other five items did not show statistically significant ANOVA results. Item 35:‬

‭Understanding science is a good thing for everyone, Item 36: We can be certain that scientific‬

‭knowledge is reliable, Item 37: Science is the best source of reliable knowledge, and Item 39:‬

‭Scientific knowledge is useful showed means for all groups that were between 4 and 5,‬

‭indicating agreement to strong agreement and they had‬‭p-‬‭values of .244, .945, .706, and .412,‬

‭respectively. Item 38: Scientific research is morally neutral results in means for all groups‬

‭between 3 and 4, indicating “neutral” to “agree” for all groups. The‬‭p-‬‭value for this item was‬

‭.401.‬

‭The results will be triangulated and discussed in further detail in the discussion section,‬

‭but these preliminary results show that attitudes toward the value and reliability of science are‬

‭relatively consistent across gender identities. The questions about the value of science‬

‭education at the elementary levels and the high school level are somewhat reflective of‬

‭perceptions of the value of science and did yield statistical difference, but these items are more‬

‭focused on an implementation of science education, whereas items 35, 36, 37, 38, and 39 are‬

‭framed more generally. The statistically significant items did indicate significant differences‬

‭between gender identity groups regarding the perceptions of inclusivity and representation in‬

‭science, with gender-diverse participants and cis women generally reporting more negative‬

‭perceptions of science in this area than cis men.‬
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‭Summary of Analysis of Quantitative Data‬

‭The analysis of the quantitative data collected using the survey instruments yielded‬

‭important insights into the research questions that also informed the construction of the‬

‭interview protocol used.‬

‭The Sense of Belonging Scale had by far the highest number of items with statistically‬

‭significant differences across means for the cis men, cis woman, and gender-diverse groups.‬

‭On average, for the entire scale, the gender-diverse group had the lowest average score for‬

‭Sense of Belonging with a mean of 3.18, compared to 3.83 for cis women and 3.95 for cis men‬

‭(‬‭p <‬‭.001). Though all items showed statistical significance,‬‭the two with the highest‬‭F‬‭-stats‬

‭from the ANOVA test were “I felt my gender identity was welcomed in class” (gender-diverse‬

‭mean = 2.98, cis woman mean = 4.17, cis man mean = 4.18,‬‭p‬‭< .001) and “I felt my gender‬

‭identity was included in the topics and ideas covered in class” (gender-diverse mean = 2.45, cis‬

‭woman mean = 3.87, cis man mean = 3.80,‬‭p‬‭< .001).‬‭The significance of the differences across‬

‭the three groups on the sense of belonging scale suggests that multiple aspects of belonging in‬

‭the classroom are contributing to this overall sentiment, including students, teachers, curricular‬

‭and pedagogical practices, and overall support structures for gender-diverse students.‬

‭The Engagement in Science Scale had limited significant differences, with only one‬

‭item having a statistically significant ANOVA result. The one item was “I wanted to‬

‭understand what was being taught in science” and the gender-diverse group had the highest‬

‭mean with 4.40, compared to cis women averaging 4.32 and cis men with an average of 4.12 (‬‭p‬

‭= .036). Though it is difficult to comment on the overall engagement differences between‬

‭groups based on the engagement scores, it is notable that the gender-diverse groups‬

‭demonstrated the highest average desire to learn the content in science.‬
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‭The third survey scale, the Perceptions of Science Scale, showed that items having to‬

‭do with inclusion in science and representation had the most statistically significant results,‬

‭such as “People who identify outside of the cis-gender binary are welcome in science just as‬

‭much as cis people” and “Racial and ethnic groups who are traditionally underrepresented in‬

‭science are just as welcome in the scientific community as are white people”, which both had‬

‭the gender-diverse group showing the lowest means, followed by cis woman and then with cis‬

‭mean having the highest means, all with‬‭p‬‭< .001.‬‭Items related to the importance of science in‬

‭school such as “Science should not be made an important subject for elementary school‬

‭grades.” (reverse-scaled) and “All students should study science during the secondary school‬

‭(high school) grade levels” showed the gender-diverse group with the highest (most positive)‬

‭scores (4.13 and 4.50, respectively) with‬‭p‬‭= .04‬‭and‬‭p‬‭=.034, respectively.‬

‭The strength of the significance of the Sense of Belonging Scale, as well as the‬

‭inclusion and representation items on the Perceptions of Science Scale, suggests that this sense‬

‭of community and belonging was a key area of intersection between gender identity and‬

‭science class experiences for the participants. However, the somewhat higher desire to learn‬

‭and appreciation for science education in the gender-diverse group compared to their cis peers‬

‭suggests an interesting tension between interest and comfort in science classrooms.‬

‭Qualitative Data Analysis‬

‭The qualitative portion of this explanatory sequential mixed method design was‬

‭constructed to add context and narrative to the overall patterns shown in the quantitative‬

‭portion. The quantitative findings were used to inform the Interview Protocol, which was‬

‭constructed to delve deeper into participants’ specific experiences, with a special focus on‬

‭sense of belonging, as well as their engagement and interest with science content.‬
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‭Following the quantitative analysis and the critical case sampling to select participants‬

‭for the qualitative portion of the study, the participants who responded and were able to‬

‭successfully schedule an interview are listed in Table 16 below:‬

‭Table 16: Qualitative participant demographics and identities‬

‭Participant‬ ‭Age‬ ‭Gender‬
‭Identity‬

‭Pronouns‬ ‭Other Important‬
‭Identity Markers‬

‭Educational‬
‭Background‬

‭Skylar‬ ‭23‬
‭Gender‬
‭queer‬

‭woman‬
‭she/they‬ ‭Queer, white‬

‭Master’s student in‬
‭public health,‬

‭undergraduate major in‬
‭Microbiology and‬
‭minor in sexuality‬

‭studies‬

‭Emily‬ ‭23‬ ‭Trans‬
‭woman‬ ‭she/her‬ ‭White‬

‭Computer science‬
‭major and pre-med‬

‭track recent graduate‬

‭Noah‬ ‭20‬ ‭Cis man‬ ‭he/him‬ ‭African-‬
‭American‬ ‭Graphic design major‬

‭Avery‬ ‭19‬

‭non-binary/‬
‭demi-boy/‬

‭transmasculi‬
‭ne‬

‭he/they‬ ‭Chinese‬

‭Undeclared‬
‭undergraduate student,‬
‭thinking about business‬

‭major‬

‭Jordan‬ ‭19‬ ‭Cis woman‬ ‭she/her‬ ‭African-‬
‭American‬

‭Art and psychology‬
‭double major‬

‭These participants represent a small subpopulation from the quantitative participant‬

‭pool, but each maintains a distinct identity that provides unique insights about the way that‬

‭gender intersects with experiences in science education. After coding the interview transcripts,‬

‭codes were organized according to research questions and consolidated within each research‬

‭question for coherence. The codes, subcodes, total frequency across all transcripts, and number‬

‭of participant transcripts each subcode was found in is shown in Table 17 below.‬
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‭Table 17: Qualitative coding scheme‬

‭Code‬ ‭Appearance of Code in‬
‭all Transcripts‬

‭Number of‬
‭Transcripts Found in‬

‭Engagement in Science‬
‭Instructor support‬ ‭15‬ ‭4‬
‭Instructor identity‬ ‭8‬ ‭3‬
‭Instructor passion/engagement‬ ‭6‬ ‭3‬
‭Aversion to math‬ ‭5‬ ‭2‬
‭Hands on activities‬ ‭4‬ ‭2‬
‭Examples and relatability‬ ‭3‬ ‭3‬
‭Balancing perspectives outside of science‬
‭class‬

‭2‬ ‭2‬

‭Perceptions of science‬
‭Queer STEM is new and evolving‬ ‭12‬ ‭3‬

‭Medicine and identity‬
‭12‬ ‭5‬

‭Masculine construction of science‬ ‭11‬ ‭5‬
‭Discussion of gender in life science‬ ‭10‬ ‭4‬
‭Lack of engagement of different perspectives‬ ‭6‬ ‭4‬
‭Importance of science‬ ‭3‬ ‭2‬
‭Sense of Belonging‬
‭Intersectional gender identities‬ ‭14‬ ‭5‬
‭School community‬ ‭13‬ ‭5‬
‭Digital communities‬ ‭12‬ ‭5‬
‭Queer community‬ ‭11‬ ‭5‬
‭Limited gender construction‬ ‭11‬ ‭4‬
‭Perceptions of welcomeness‬ ‭9‬ ‭1‬
‭Representation in science‬ ‭9‬ ‭3‬
‭Privilege‬ ‭8‬ ‭4‬
‭Exploring identity as teenager‬ ‭7‬ ‭5‬
‭Polarization and sexism‬ ‭6‬ ‭4‬
‭Representation of experiences‬ ‭6‬ ‭4‬
‭Family support systems‬ ‭5‬ ‭3‬
‭Importance of open-mindedness‬ ‭4‬ ‭2‬
‭Biological determinism in science‬ ‭4‬ ‭3‬
‭Finding community‬ ‭4‬ ‭1‬
‭Women and trans perceptions‬ ‭4‬ ‭2‬
‭Bullying‬ ‭3‬ ‭2‬
‭Gender identity construction‬ ‭1‬ ‭1‬
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‭In terms of engagement, participants mentioned instructor identity and support the most‬

‭frequently in their interviews, with all five interviews discussing the role of either instructor‬

‭support, engagement, or identity. For perceptions of science, the most frequent subcode was the‬

‭evolution of queer STEM, followed by the role of gender identity in medicine. Sense of‬

‭belonging had the most subcodes, with intersectional gender identities, school community,‬

‭digital communities, and queer community showing up in all five interview transcripts. Based‬

‭on this coding analysis, the following sections present detailed findings from each participant‬

‭interview, followed by cross-cutting themes that emerged across participants.‬

‭Interviews‬

‭After initial coding, codes were consolidated across the three scales represented by the‬

‭research questions to find common themes across the interviews. Skylar, Emily, Avery, Noah,‬

‭and Jordan each mentioned experiences and perspectives in their interviews that were relevant‬

‭to all three research questions. Some of them focused on particular constructs in their‬

‭interview, while others had more even coding across the board. The frequency of each code‬

‭within each interview can be shown in the chart below. The frequency bubble for each‬

‭participant is a percentage of each coded scheme across all of that individual participant’s‬

‭coded schemes, not across all coded schemes.‬
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‭Figure 3: Frequency bubbles for coding scheme across participant transcripts. The size of‬
‭each bubble represents the percentage of each coding category within an individual‬

‭participant’s transcript.‬
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‭Emily focused heavily on perceptions of welcomeness, representation in science, and‬

‭did not mention much about engagement in science classes. This is distinct from Skylar, who‬

‭spoke a lot about their relationships with instructors and their resulting engagement in various‬

‭science classes. Avery was the most vocal about digital communities and the role they play in‬

‭his gender identity construction. Noah’s perspectives focused mostly on the role of community‬

‭and family values in constructing gender perspectives and creating an inclusive learning‬

‭environment. Lastly, Jordan’s coded segment spanned the coding scheme fairly evenly, and she‬

‭spoke about all three constructs a moderate amount. The summaries of each participant’s‬

‭interview are shown below, followed by the resulting emergent themes across all codes and‬

‭coded segments.‬

‭Skylar.‬‭Skylar is a 23-year-old master’s student in‬‭Public Health at an East Coast‬

‭University, where they also majored in Microbiology and minored in Sexuality Studies. They‬

‭use she/they pronouns and identify as a genderqueer woman. Skylar has been exploring their‬

‭gender identity since they were in middle school and has gone through a few iterations of‬

‭gender identification and appreciates the fluidity encompassed by the term genderqueer. Skylar‬

‭discussed the role of resources in their high school including the LGBTQ+ club and the‬

‭counselor, who wanted to be supportive, but ultimately did not have the resources to support‬

‭them in their exploration of their gender, remarking that Skylar should not try chest bindings‬

‭because it is too dangerous. Their counselor ultimately ended up referring Skylar to the‬

‭LGBTQ+ club in their high school. Skylar also noted their parents’ views on their gender‬

‭identity, similarly describing how though they were trying to be supportive, they did not have‬

‭the information or resources to adequately understand or support them.‬
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‭Skylar also described the role of instructors and the physical classroom environment‬

‭played in their interest in microbiology specifically, comparing the male instructors in physics‬

‭and chemistry to the women who taught their life science courses: “When I got something‬

‭wrong in biology or anatomy, those instructors would take the time to actually, guide you‬

‭through things and make you understand. But the male instructors were very distant.” Though‬

‭Skylar struggled to connect with the male instructor in their physics course, they described‬

‭their enjoyment of the hands-on demonstrations in that course. Skylar discussed their interest‬

‭in science through educational pedagogy, discussing the role of instructor, as well as the way‬

‭that certain subjects were taught. When describing how they become interested in studying‬

‭microbiology, they said:‬

‭It was very interesting just to learn more about like, mechanisms and just underlying‬

‭things of the human body or specifically like microorganisms. That was definitely more‬

‭my interest. I remember we were talking about epidemiology, during my AP bio lecture,‬

‭and I was really interested in going into that direction, which is why I went with‬

‭microbiome first for bachelors and then public health, just to build on that experience‬

‭and go more into an epidemiological focus.‬

‭They were a chapter leader of an LGBTQ+ in STEM organization and led a lot of‬

‭advocacy work in the Microbiology department, as well as other scientific departments on‬

‭campus. They were critical of the overall false dichotomy of facts and feelings in the scientific‬

‭field that they felt was pervasive in their microbiology department, noting that “people in the‬

‭scientific community think like these fields [science and social constructs] are separate. Like‬

‭it’s facts over feelings. But we’re here to tell them that there are people and feelings behind‬

‭these facts. You’re not going to have the facts without a person behind it.” Skylar had a keen‬
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‭sense of justice around this issue and also possessed the language to critique with evidence‬

‭from the field and from personal experience. It was a motivating notion in their advocacy work‬

‭in their LGBTQ+ in STEM student organization.‬

‭In particular, they pushed for more resources for underrepresented identities on the‬

‭department websites and for more inclusive language on department materials, efforts which‬

‭they noted were impactful: “I think they became a lot more cognizant of their efforts in‬

‭promoting inclusivity. I noticed that on their web page, they finally added resources for‬

‭specifically underrepresented identities-for Black students, Latino students, Asian students, and‬

‭LGBTQ+ students.” Skylar was proud of their work and saw their involvement in this‬

‭organization around the topics they were passionate about as meaningful not only for the‬

‭department and the students in it, but also for their growth as a student and as a scientist.‬

‭They also noted the pride they felt in their work with the organization, saying that they‬

‭had noticed that in their time in school, there was a gradual shift toward inclusion of social‬

‭context and identity in the curricula of the microbiology department, including conversations‬

‭about the construction of identity in life sciences and critiques of the lack of multiple‬

‭perspectives included in microbiology research. They also discussed that due to their‬

‭involvement in the LGBTQ+ club on campus, they felt empowered to push the research in their‬

‭department to be more inclusive, citing research on estrogen and metabolic deficiencies, which‬

‭they expanded from just looking at postmenopausal women, to looking at libido issues in‬

‭people of all gender identities and hormonal shifts in people undergoing hormonal replacement‬

‭therapy.‬

‭After being presented with the emergent findings for member checking, Skylar‬

‭confirmed the accuracy of the themes and also added additional context to some of the‬
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‭experiences they shared during the interview. They added further details about their‬

‭experiences with mentorship in college, saying how role models and the support of faculty and‬

‭older students were foundational to their development of their STEM identity, and that working‬

‭to mentor younger students was also a meaningful experience. They described leading a‬

‭workshop on navigating professionalism and queerness in classrooms, laboratories, and‬

‭workplaces and how it helped to facilitate and reinforce the role of community in terms of their‬

‭work in STEM.‬

‭They also confirmed the findings and quotations from their interview around instructor‬

‭identity, while adding that having female instructors generally meant they were more‬

‭successful in terms of engagement in the class, as well as getting higher grades in classes with‬

‭female instructors. They discussed that in high school they never had a teacher who was not‬

‭white, and that having instructors that were not white in college was a crucial step in‬

‭reconstructing their vision of participation in science.‬

‭They discussed the inclusion of feminist and inclusive topics in STEM in further detail‬

‭during member checking. They said that one instructor during high school included‬

‭supplementary materials to teach students about Rosalind Franklin and Henrietta Lacks. They‬

‭said that the active work to include these topics helped them to understand the social context of‬

‭science and that though it aims to be objective, it often fails to do so. These additional details‬

‭are aligned with the overall emergent findings, adding deeper context to the understandings and‬

‭implications that might be drawn from the qualitative findings.‬

‭Emily.‬‭Emily is a 23-year-old trans woman who recently‬‭graduated as a computer‬

‭science major and also completed the pre-med track. She uses she/her pronouns and grew up in‬

‭an Orthodox Jewish family and community. She came out during her senior year of college, so‬
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‭has been openly trans for less than a year. Her exploration of her gender identity began earlier‬

‭in college when she began to question her religion, which led to her questioning other areas of‬

‭her life that she had previously accepted as fundamental to her identity. When she came out as‬

‭trans, she distanced herself even more significantly from her family and her religious‬

‭community. As part of her pre-med track, she took all the introductory level science courses‬

‭including physics, chemistry, and biology, in addition to her extensive coursework in computer‬

‭science as part of her major. Her career plan is to work in software engineering for a few years‬

‭before applying to medical school to become a doctor.‬

‭Emily spoke in detail about the development of her identity as a trans woman. She‬

‭attended a private, Orthodox Jewish middle and high school, where there was almost no‬

‭acknowledgement or vocabulary around gender identity. She was taught that those who‬

‭identify with genders outside what they were assigned at birth had a mental illness: “I thought‬

‭it was like someone saying, I’m a trans woman is like someone saying that someone is in‬

‭denial or delusional about their sex. That was like my understanding of what I was taught.” She‬

‭also said that her genetics teacher in high school was the faculty advisor of the conservative‬

‭club, implying that his politics were reflected in his curriculum and pedagogy as a genetics‬

‭teacher. Despite not having had the framework to understand transness as a child, Emily‬

‭described feeling more comfortable with girls throughout her schooling.‬

‭Emily also described the variety of gender dynamics across different disciplines in‬

‭college, saying that life sciences tended to have more gender diversity than physical and‬

‭computational sciences. She also notes the difference in gender dynamics between STEM and‬

‭humanities classes, with STEM tending to have more individual, lecture-based, lessons with‬

‭isolating seating arrangements, whereas humanities classes tended to emphasize community,‬
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‭student perspectives and collaborative discussion. She also said that the students in physical‬

‭and computational science tended to be more conservative compared to humanities, and that, at‬

‭times, she was surprised to learn about conservative political leanings from her peers in STEM‬

‭classes, which would come after months of studying together: “in STEM classes, it’s harder to‬

‭read like what are your classmates like personal beliefs, you know, political beliefs which are‬

‭relevant to me. You know, if you study poli-sci, I’m sure you know exactly who your friends‬

‭are going to be after, like a few weeks. But when I’m in physics, I’ll just be making friends and‬

‭then find out later they’re homophobic and I need to find my people who are going to be‬

‭supportive, not antagonistic. And it’s harder to do that in STEM classes.” She said it was much‬

‭easier to be open about her identity in humanities classes for this reason, as people’s identities‬

‭were solicited and welcomed immediately, so she felt comfortable much more quickly.‬

‭When we spoke, living as an openly trans woman was still fairly new to Emily. She‬

‭described finding it difficult to find trans friends in school, especially in her classes. After‬

‭having come out as trans, Emily lost a lot of friends, particularly those who she had made in‬

‭religious contexts, and so she seemed to be actively searching for a community that she felt‬

‭connected to. She was a part of a few LGBTQ+ group chats, but found the groups to be too‬

‭generalized, especially given that almost all the other students in the groups were in humanities‬

‭majors. She also mentioned her disappointment that some students in the midst of creating an‬

‭LGBTQ+ in STEM student group--similar to the group Skylar described being a part of--but‬

‭that she would not be able to participate in because she was graduating soon. She has a‬

‭boyfriend, who is a trans man and is one of the only other trans people she knows in college.‬

‭She says that she tried to get involved in trans discord channels, but that she did’ not really feel‬

‭welcomed or like her identity was fully seen in those spaces. Her boyfriend is more attuned to‬
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‭trans TikTok than she is, but she does get some information about the online community‬

‭indirectly from him.‬

‭She noted the lack of representation of trans identities in science, particularly in‬

‭medicine, a field she sees as desperately needing more gender diversity. Though she loves‬

‭computer science, she feels that the environment is a bit hostile and worries about it as a‬

‭long-term career:‬

‭I think only 20% of people in computer science are women. And then among the women‬

‭that enter, like a majority of them leave the field within ten years … I don’t see it being‬

‭a realistic pathway staying in computer science for very long.‬

‭She is also nervous about the environment in medicine and having sufficient support to‬

‭navigate the world of medicine as a trans woman.‬

‭Noah.‬‭Noah is a 20-year-old graphic design major in‬‭a Midwest city. He identifies as a‬

‭cis man, uses he/him pronouns, and his parents are immigrants from a West African country. In‬

‭his interview he discussed his family’s values and his own construction of an open-minded‬

‭mindset in regard to gender. He said his parents instilled in him the importance of acceptance‬

‭and open-mindedness when meeting new people. He emphasized the importance of inclusion‬

‭in science, saying that everyone needs to have an opportunity to learn about their health and to‬

‭understand their bodies. He also noted his views that education, including science education,‬

‭should be reflective of different perspectives and identities, so that students are familiar with‬

‭identities outside of their own and prepared to interact with people who are different from them‬

‭as adults.‬

‭Noah described that in high school he had been interested in physics and chemistry, “I‬

‭loved it because you learn more about how people live.” He said he loved hands-on activities‬
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‭in both subjects and thought that both were very fun. He also described how he used to draw‬

‭problems out in math and physics with his friends to make sense of them and that he enjoyed‬

‭study groups with his friends for these subjects. He had considered majoring in physics in‬

‭college but ultimately decided to pursue graphic design, as there were more opportunities for‬

‭the creative expression that he had found the most enjoyable element of his classes. He said of‬

‭his instructors: “They made the classes very fun. I wouldn’t say there was a time that the‬

‭classes were boring. They came up with creative ways and made sure that everybody was‬

‭engaged in the classroom. So, it was fun.” He also noted the difference between boys and girls‬

‭in physics class and that boys were generally more engaged in the activities and that girls had‬

‭other interests or seemed to only engage with the class in order to get a high grade in the class.‬

‭He said that the instructors treated everyone the same and tried to engage the girls, but they‬

‭were not interested.‬

‭Regarding the climate of the high school that Noah attended, he said that there were‬

‭some students who identified as trans and that these students were bullied by a group of cis‬

‭boys in the school. The boys were expelled as the school was strict about bullying and the‬

‭consequences, and the student body was largely in support of the expulsion. He also described‬

‭how many of his peers in high school were not open-minded, had conservative views on‬

‭gender, and expressed disapproval of or disgust at non-binary and trans students. He attributed‬

‭a lot of these attitudes to cultural factors, as many of his peers were also children of immigrants‬

‭from nationalities that tend to be more conservative. He also said that there was an LGBTQ+‬

‭interest group in his high school, but that he was not familiar with their work.‬

‭In his college setting, Noah says that the climate is more open, and there are explicit‬

‭expectations of acceptance and respect in the syllabi for his college classes. He also says there‬
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‭are more discussions about gender diversity in and out of class, but that many of his peers and‬

‭friends still refuse to acknowledge transness or gender queerness as valid. He said this is more‬

‭often than not the result of their cultural background and that it is much more difficult for‬

‭people from conservative families to adopt a more contemporary mindset when it comes to‬

‭gender. He also notes that online, the discussion around gender identity is very polarizing and‬

‭that he has seen more radical content more frequently in the past year, which he described‬

‭generally as a negative shift.‬

‭Avery.‬‭Avery identifies as non-binary, demiboy, and‬‭transmasculine and uses he/they‬

‭pronouns. He is an undeclared undergraduate student, considering a major in business or media‬

‭studies. He started questioning his gender identity during quarantine, as he was exposed to‬

‭novel ideas and language on TikTok that resonated with him and inspired him to begin‬

‭exploring his identity. He described the process:‬

‭Unfortunately, I had to, you know, find out a lot of my identity through Tik Tok because‬

‭I was not very exposed to just LGBTQ+ media in general. And when quarantine hit and‬

‭I was like, alone and I had to live with myself, I was starting to question who I was as a‬

‭person . . . it was the idea that gender didn’t have to be binary. Like, I didn’t have to‬

‭choose to be a boy or a girl.‬

‭He only recently started coming out to his friends and is still not open with his family about his‬

‭gender identity. He identifies as Chinese, but lives in close proximity to Hispanic and Black‬

‭communities, which he interacts with often. He is very nervous to come out to his parents:‬

‭Everyone that I knew were pretty conservative, like when it comes to LGBTQ+ stuff. So,‬

‭you are the gender you were assigned at birth. And when I was little, I used to tell my‬

‭parents I really wish I was a boy. And they’re like, well, unfortunately, you were born a‬
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‭girl. And that’s great because you have two brothers and you’re the only girl in the‬

‭family.‬

‭He is scared of his parents’ reaction. And though he is out to some of his friends, his identity is‬

‭mostly a personal identification that he feels comfortable expressing with a few friends and in‬

‭digital spaces for the time being.‬

‭Avery described his experiences with science classes in high school, saying their worst‬

‭experience was in chemistry, which relied too heavily on math skills and had little teacher‬

‭support. He also expressed frustration with the fact that the chemistry teacher was also an‬

‭assistant principal in the school and often missed class to tend to other responsibilities. He said‬

‭that girls in his math and physical science classes did not feel they could be successful in those‬

‭fields and many quickly gave up because they felt they could not do it. He also expressed more‬

‭engagement in life sciences classes, which felt more relevant to him and had more hands-on‬

‭activities that felt grounded and more accessible. He also described a wide array of dispositions‬

‭from instructors in high school, many of whom were very welcoming and got to know and‬

‭accept students of all identities, while others were explicitly exclusionary in the way they‬

‭spoke about gender, dismissing gender exploration as a confused phase some youth go through.‬

‭He noted the prevailing traditional notions of masculinity in his community, saying:‬

‭[my neighborhood] is a very Hispanic and Black dominant area. So, a lot of the guys‬

‭have a lot of machismo, which is like toxic masculinity. Like even if they touch each‬

‭other, it’s gay, which is really funny. So they have, like, they constantly try to be more‬

‭masculine by like, fighting and punching each other, which is really silly.‬
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‭He was critical of the way that gender is presented in life science classes, and attributed‬

‭pervasive negative attitudes towards transness or gender exploration to these outdated‬

‭constructs:‬

‭I feel like a lot of people don’t look beyond the basic fifth grade science argument,‬

‭which I feel like you learn that in fifth grade because you’re ten years old and you need‬

‭a simple idea, but we need to delve more in-depth into sex and gender then. If you don’t‬

‭have a class specifically dedicated to it, you should still learn something about it.‬

‭Avery spoke a lot about the climate on campus around gender and noted one particular‬

‭instance in which a trans person was harassed for going into their preferred bathroom, which‬

‭the institution responded to by putting a sign on the bathroom door reinforcing that students‬

‭could choose whichever bathroom corresponded to their gender identity. He was skeptical‬

‭about the enforcement of this policy in the future or ongoing protection of trans students at his‬

‭college. He did note that his undergraduate level biology class had more content about intersex‬

‭and trans identities than his high school level biology class. Though still insubstantial, he found‬

‭the new perspectives interesting.‬

‭Avery mentioned many times the intersectional construction of gender identities. In‬

‭addition to his comments about machismo in his community, he also mentioned the lack of‬

‭representation of Black, Indigenous, and People of Color individuals in the trans and‬

‭non-binary communities. He also pointed out the importance of intersectional medical research‬

‭and visibility, especially for trans individuals, who have limited resources when it comes to‬

‭medical support.‬

‭Jordan.‬‭Jordan is a psychology student in college‬‭and identifies as a cis woman but‬

‭participates actively in LGBTQ+ campus organizations as an ally. She uses she/her pronouns‬
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‭and also identifies as Black or African American. She attended a public high school on the East‬

‭Coast that was predominantly Black and Hispanic students. During her interview, Jordan‬

‭mostly discussed her current educational context in college and the role that gender plays in her‬

‭psychology classes, as well as the overall climate of gender on campus.‬

‭Jordan discussed her experiences with gender identity topics in psychology classes,‬

‭noting a lack of representation and a lack of inclusive language and content in the curriculum.‬

‭Many psychology classes focus primarily on seminal theories that, while relevant to modern‬

‭theories, are not as applicable to non-binary and trans students. She said that gender diversity‬

‭came up sometimes in classes, but "the teacher only wanted to bring it up when a person who‬

‭was like non-binary or cis or something raised their hand." This sense of dismissal also‬

‭extended to Jordan’s discussion of student services, which Jordan said that she and her friends‬

‭perceived as having bias and not providing the resources and support that many trans and‬

‭non-binary students need. She noticed that the political climate after the 2024 presidential‬

‭election put students especially on edge, unsure which adults in the institution they could trust‬

‭or be open with.‬

‭She discusses the role of community as an ally, describing the significance of the‬

‭LGBTQ+ Center on campus. She said it offers support, but that it is not a prominent presence‬

‭on campus: “It’s a really small room to themselves, and I feel like it should be bigger, and they‬

‭should be represented more.” She also described students’ fear of association with the‬

‭LGBTQ+ Center, given the political climate around the election. She also discussed the role of‬

‭digital communities for identity expression. She said that spaces like Reddit offer anonymity‬

‭that allows young people to ask questions or express themselves in ways they do not feel‬

‭comfortable with in their offline lives. She also described communities and group chats on‬
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‭Discord, where people share their personal experiences and information. Lastly, she was‬

‭dismissive of Instagram as a place for young trans and non-binary people to express‬

‭themselves, as it is too difficult to explore your identity anonymously.‬

‭Jordan also discussed cultural expectations around gender, noting that STEM field are‬

‭often made more appealing to boys from a young age through messaging that careers in STEM‬

‭are congruent with their identities, and that girls or those who identify outside of binary‬

‭spectrums may not belong in those fields and would be excluded from the masculine‬

‭constructions within STEM. She also described how while her parents are largely supportive of‬

‭her choices, she has friends who struggle with strict gender expectations, often informed by‬

‭their cultural backgrounds. She described one friend who, though she is a STEM major, faces a‬

‭lot of tension with her parents in regard to gender and sexual expression, and that “she feels‬

‭like there’s a lot of unrealistic expectations that were set for her. And also, I know her‬

‭family--her mother and father are immigrants, but she is not. So she has a more Americanized‬

‭standard of the world.” Jordan also mentioned in her interview how the same friend feels more‬

‭comfortable discussing her gender identity with her sociology professor than with family or‬

‭counselors.‬

‭Jordan advocated for a widening of the representation and engagement with non-binary‬

‭and trans students in order for these students to feel welcome in all disciplines in college,‬

‭especially STEM fields. She said, “Science never stops—new things get discovered each and‬

‭every day.” She discussed how all students have a right to understand and engage with the‬

‭understanding and knowledge of the World and of yourself that science has to offer. She also‬

‭highlighted the importance of including unique perspectives in order to push scientific progress‬

‭forward. She advocated for more familiar relationships between science instructors and‬

‭123‬



‭students, where there is an open-ended sense of exploration in which students can feel safe to‬

‭express their identities and to ask questions and engage meaningfully with the content in their‬

‭science classes.‬

‭Research Question Findings‬

‭The explanatory sequential design methodology includes a quantitative strand and a‬

‭qualitative strand that were triangulated for convergent, divergent, and complementary‬

‭findings. The quantitative strand was a survey with demographic questions, 4 questions about‬

‭participants’ social media use, and 36 5-point Likert scale items across three different‬

‭instruments. The qualitative strand is structured to explain and give context and narrative to the‬

‭quantitative findings with the use of a semi-structured interview protocol that was informed by‬

‭the initial quantitative findings. First, the role of digital spaces is triangulated across the social‬

‭media quantitative questions and the discussion of digital space gender discourse in the‬

‭qualitative interviews. Then, each research question is triangulated between each‬

‭corresponding survey scale and the coding analysis from the quantitative data.‬

‭Digital Spaces.‬‭Construction of gender in digital‬‭space is a key element of the‬

‭theoretical framework of Fourth Wave Feminism for this research. It was assessed both‬

‭quantitatively through the social media usage questions on the survey and also in the‬

‭participant interviews, as it was structured into the Interview Protocol (Appendix B). It is also‬

‭connected to the sub question for RQ1a: How do these messages about gender vary within‬

‭different communities (including students’ family, friends, school, classrooms, and digital‬

‭communities)?‬

‭The quantitative data around social media had a few significant results, which were‬

‭supported and given context through the qualitative interviews. The item asking participants‬
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‭the frequency with which they “Engage in gender-related conversations” showed that the‬

‭gender-diverse group had the highest frequency with a‬‭M‬‭=‬‭3.50 using the scaled data (Table 5)‬

‭compared to cis women, who had a mean of 2.54 and cis men who had a mean of 2.97 (‬‭p‬‭<‬

‭.001). This high engagement in gender conversations was seen in some participants’‬

‭experiences. Avery spoke a lot of his engagement with trans identities on TikTok especially‬

‭and how it was a big part of his identification as trans. Jordan also discussed the importance of‬

‭online spaces for young queer people, espousing the benefits of anonymous spaces on Reddit‬

‭and the conversations and sharing experiences she saw on Discord channels with her peers.‬

‭The engagement in gender-related conversations item also yielded a statistically‬

‭significant correlation with the Sense of Belonging Scale (‬‭r‬‭=‬‭-0.190,‬‭p‬‭= .004). This negative‬

‭correlation, though not high, is statistically significant and suggests that engagement in‬

‭gender-related conversations on social media may explain some diminished sense of belonging‬

‭in science class.‬

‭While the qualitative findings around social media discourse were mixed and did not‬

‭necessarily converge with this correlation between Sense of Belonging and engagement with‬

‭gender-related conversations, Skylar and Emily both talked about their disappointing‬

‭experiences with engagement in these conversations online in terms of their sense of belonging‬

‭generally. Skylar discussed feeling frustration on social media when talking about gender‬

‭inclusivity and said that they opted to engage in advocacy in physical spaces, in which they felt‬

‭more comfortable. Emily similarly discussed the search for community online and how it did‬

‭not quite satisfy her desire to engage in conversations or feel included in a meaningful way.‬
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‭These contrasting experiences highlight the variance of experiences within this group‬

‭and that although there may be trends in the data, it is necessary to collect narratives around‬

‭these patterns to understand what they mean for the participants they are meant to represent.‬

‭RQ1: In What Ways Do the Messages That Students Receive About Gender‬

‭Influence How They Feel in a Science Classroom?‬‭Of‬‭the three survey instruments, the‬

‭Sense of Belonging scale, designed to address RQ1, showed the strongest statistical patterns.‬

‭All 11 items in this scale yielded significant differences between gender groups (‬‭p‬‭< .05), and‬

‭the scale’s composite score showed the strongest statistical significance overall (‬‭p‬‭< .001).‬

‭The quantitative data effectively measured how welcome students felt in science‬

‭classrooms. However, understanding the specific messages that shaped these feelings—from‬

‭family, friends, school, classrooms, and digital communities—required the rich context‬

‭provided by the qualitative interviews. The combination of both data sources provided a‬

‭complete picture: the quantitative data revealed the impact of these messages on students’‬

‭sense of belonging, while the qualitative data illuminated the nature and sources of these‬

‭messages.‬

‭The quantitative results suggested strongly that the gender-diverse group felt less‬

‭welcome in their science classrooms than their cis peers, especially when it came to safety and‬

‭belonging within the classroom community. Two of the items with the lowest‬‭p-‬‭values were "I‬

‭felt safe expressing my authentic self around teachers" and "I felt safe expressing my authentic‬

‭self around other students", each with‬‭p‬‭< .001 and‬‭the gender-diverse participants having the‬

‭lowest mean, followed by cis women and then cis men. This result was corroborated by the‬

‭qualitative data. Emily expressed difficulties in feeling comfortable around her peers in physics‬

‭class, as she would sometimes find out that they were homophobic or unwelcoming of her‬
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‭identity later on. Avery also experiences a sense of discomfort, not around his peers, but from‬

‭teachers, who he said were at times dismissive of trans identities, leaving him feeling he could‬

‭not disclose his identity openly to adults in his school.‬

‭Another finding that converged across data in relation to RQ1 was the relationship‬

‭between school staff and gender-diverse participants’ experiences. Both "Teachers supported‬

‭gender identity/expression concerns" and "The administration supported gender‬

‭identity/expression concerns" again had gender-diverse participants expressing the lowest‬

‭scores, each with‬‭p‬‭< .001, implying that these participants‬‭felt less supported by adults in their‬

‭schools in regard to their gender identity than their cis peers.‬

‭This finding was supported in Skylar, Jordan, and Avery’s interviews. Skylar expressed‬

‭a particular masculinity in the way that physical science was taught at their school, and that as‬

‭a young person exploring their gender identity, it was difficult to relate to a rigid,‬

‭individualized pedagogy. Jordan discussed the lack of support for the LGBTQ+ group on‬

‭campus, and that especially in light of the 2024 presidential election, that students did not feel‬

‭protected by the Trump administration. Avery also expressed skepticism about the protection of‬

‭trans students in regard to bathroom usage at his undergraduate school. Lack of faith in‬

‭teachers and administrators took many forms in the qualitative data but readily supports the‬

‭quantitative findings around Sense of Belonging and RQ1.‬
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‭RQ2: How Does a Student’s Gender Identity Relate to Their Engagement and‬

‭Learning in a Secondary Science Classroom?‬‭The Engagement‬‭Instrument only yielded one‬

‭statistically significant ANOVA test with the item “I wanted to understand what was being‬

‭taught in science”, with the gender-diverse groups expressing the highest mean in their‬

‭responses (‬‭M‬‭=‬‭4.40, SD = 0.71), followed by cis women‬‭(‬‭M‬‭=‬‭4.32, SD = 0.69), and then by‬

‭cis men (4.12,‬‭SD‬‭=‬‭0.64) with a‬‭p‬‭= .036. This finding suggests that the gender-diverse group‬

‭had the greatest desire on average to understand the science they were being taught in school.‬

‭One other item that approaches statistical significance that relates to the statistically significant‬

‭finding was “I would rather be told the answer than have to do the work,” which was reverse‬

‭scaled so that a higher mean denotes higher levels of disagreement with the statement rather‬

‭than agreement. The gender-diverse group had the highest mean, followed by cis women and‬

‭then by cis men. This suggests that not only did the gender-diverse group express the greatest‬

‭desire to understand the material in science class, but that they may also have the greatest‬

‭willingness to do the work to understand, not just to have the right answer. The participants’‬

‭stated desire to learn science is significant and poses a key area of further investigation about‬

‭how to harness the curiosity that these students have--at higher rates than their cis peers,‬

‭according to qualitative data--and ensure that it is supported and nurtured through other‬

‭elements of their science education.‬

‭The qualitative findings were somewhat divergent from the quantitative findings, which‬

‭did not yield many significant patterns. Engagement in the qualitative findings conveyed a lot‬

‭of nuances that were not captured in the survey scale items. For example, Avery mentioned‬

‭becoming more interested in the biology content when his identity was represented in more‬

‭complex discussion of gender and sex expression. Skylar also described an innate curiosity for‬
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‭science, especially when they could connect it to their own experiences and life. Though the‬

‭items in the Engagement in Science scale around participation and peer collaboration did not‬

‭yield statistically significant results, the experiences shared by participants suggest that‬

‭engagement in science varies greatly by the curriculum and pedagogical practices and is more‬

‭complex than what the survey was able to capture.‬

‭Some of the lack of statistically significant findings in the quantitative portion can also‬

‭be understood in a complementary manner with the qualitative findings. For example, the items‬

‭around engaged collaboration within the scales "I tried to work with others who could help me"‬

‭and "When working with others, I don’t share ideas" both had means for all groups that were‬

‭comparable to each other, and‬‭p-‬‭values that were insignificant.‬‭Many of the participants, across‬

‭various gender identities, spoke about the importance and desire for community within their‬

‭educational contexts. Skylar’s work in their LGBTQ+ in STEM interest group, as well as‬

‭Emily’s expressed desire to find queer community within STEM in school and Noah’s‬

‭discussion of having fun in study groups and working with his friends on being creative in‬

‭relation to his physics work, show the desire to connect with classmates spans all genders.‬

‭While there are various levels of comfort with being open with classmates across interview‬

‭participants, all recognize the importance of community within an educational context.‬

‭RQ3: How Do Students of Various Gender Identities Perceive Science Education‬

‭and Scientific Institutions?‬‭The ANOVA results with‬‭the highest statistical significance were‬

‭the first three items of the Perceptions of Science instrument: "Cis women are welcome in‬

‭science" (Gender-diverse:‬‭M‬‭=‬‭3.17,‬‭SD‬‭=‬‭1.41, Cis‬‭women:‬‭M‬‭=‬‭3.54,‬‭SD‬‭=‬‭1.18, Cis men:‬‭M‬

‭=‬‭3.98,‬‭SD‬‭=‬‭1.02), "People outside cis-gender binary‬‭are welcome" (Gender-diverse:‬‭M‬‭=‬

‭2.80,‬‭SD‬‭=‬‭1.39, Cis women:‬‭M‬‭=‬‭3.41,‬‭SD‬‭=‬‭1.29, Cis‬‭men:‬‭M‬‭=‬‭3.82,‬‭SD‬‭=‬‭0.89), and‬
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‭"Scientific community dominated by men/unfriendly" (Gender-diverse:‬‭M‬‭=‬‭1.93,‬‭SD‬‭=‬‭0.95,‬

‭Cis women:‬‭M‬‭=‬‭2.38,‬‭SD‬‭=‬‭1.01, Cis men:‬‭M‬‭=‬‭3.02,‬‭SD‬‭=‬‭1.27.). The third item, “The‬

‭scientific community is mostly dominated by men and is often unfriendly to cis women and‬

‭gender-diverse people,” is reverse scaled, with a lower mean denoting agreement with the‬

‭statement, as opposed to disagreement as it does for most items. All three of these items had‬‭p‬

‭< .001. The statistical significance for these three items, which all connect to perceptions of‬

‭how welcome cis women and gender-diverse people are within science, suggests that the‬

‭gender-diverse group has less favorable perceptions of how welcoming science is to cis women‬

‭and gender-diverse individuals.‬

‭This finding was supported by the qualitative findings. Emily discussed male‬

‭domination in both computer science and medicine (although she was optimistic about shifting‬

‭representation within medicine). Jordan also discussed concerns over the impacts of a lack of‬

‭representation of women and trans people within medicine specifically. Noah, on the other‬

‭hand, expressed that he believed everyone has equal opportunities to learn science if they are‬

‭interested in it, which is aligned with the findings that cis men have more favorable perceptions‬

‭of welcomeness based on identity within science.‬

‭Quantitative items within the Perceptions of Science instrument that had comparable‬

‭means across groups included "Understanding science is good for everyone", "Scientific‬

‭knowledge is reliable", and "Scientific knowledge is useful". While not statistically significant‬

‭in ANOVA tests, the finding that all groups had comparable and high means (4.0-4.6) suggests‬

‭that all groups see inherent value in science and in learning science. Jordan expressed her idea‬

‭that all people have a right to understand science and that the dynamic nature of scientific‬

‭research means that students need access to continue to engage in it through their lives. Noah‬
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‭also expressed an appreciation for the perspective science offers and said that science helps one‬

‭learn how people live and that all people should be included in engaging in that perspective.‬

‭Emergent Themes‬

‭The initial coding scheme was developed prior to qualitative analysis, in alignment with‬

‭the research questions and constructs from the quantitative portion: Sense of Belonging,‬

‭Engagement in Science, and Perceptions of Science. As interview transcripts, subcodes and‬

‭significant content from the transcripts were organized according to these initial themes.‬

‭Additionally, once subcodes and coding were complete, the coding scheme was analyzed and‬

‭reorganized to find five emergent themes that spanned across the three initial research question‬

‭constructs: Representation and Visibility Gaps, Finding and Building Community, Evolution of‬

‭Scientific Understanding, Navigating Social Spaces in Science, and Intersectional Identities.‬

‭These themes will be discussed below in relation to the three research questions, as well as‬

‭their sub questions:‬

‭1.‬ ‭What is the relationship between a student’s gender identity and their sense of‬

‭belonging in a science classroom?‬

‭a.‬ ‭What messages are they receiving about gender from different communities‬

‭including their family, their friends, their school, their classrooms, and digital‬

‭communities?‬

‭2.‬ ‭How does gender identity relate to engagement and learning in science classrooms?‬

‭a.‬ ‭How do science curricula engage students of various gender identities?‬

‭b.‬ ‭How do different pedagogical practices engage students of various gender‬

‭identities?‬

‭131‬



‭3.‬ ‭How do students of various gender identities perceive science education and‬

‭institutions?‬

‭Below is a summary of which research questions are addressed by which emergent themes:‬

‭Table 18: Alignment between cross-cutting themes across research questions‬

‭Research Question‬ ‭Representation‬
‭and Visibility‬

‭Gaps.‬

‭Finding and‬
‭Building‬

‭Community.‬

‭Evolution of‬
‭Scientific‬

‭Understanding.‬

‭Navigating‬
‭Social Spaces in‬

‭Science.‬

‭Intersectional‬
‭Identities.‬

‭1.‬ ‭In what ways do the‬
‭messages that‬
‭students receive‬
‭about gender‬
‭influence how they‬
‭feel‬
‭in a science‬
‭classroom?‬

‭X‬ ‭X‬ ‭X‬ ‭X‬

‭2.‬ ‭How does a student’s‬
‭gender identity relate‬
‭to their engagement‬
‭and learning in a‬
‭secondary science‬
‭classroom?‬

‭X‬ ‭X‬ ‭X‬

‭3.‬ ‭How do students of‬
‭various gender‬
‭identities perceive‬
‭science education‬
‭and scientific‬
‭institutions?‬

‭X‬ ‭X‬ ‭X‬ ‭X‬

‭Representation and Visibility Gaps‬

‭The issue of representation and visibility arose in both the quantitative findings and the‬

‭qualitative findings, spanning all research questions. In regard to RQ1, findings showed how‬

‭science curricula and content often fail to include diverse gender perspectives. This was‬

‭evident in both the Sense of Belonging scale and the Perceptions of Science scale in the‬

‭quantitative strand. The item on the Sense of Belonging Scale that connected a student’s‬

‭personal identity with representation in the class, “I felt my gender identity was included in the‬

‭topics and ideas covered in class” yielded a statistically significant lower mean of the‬
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‭gender-diverse group compared to their cis women and cis men peers (‬‭p‬‭< .001). This was‬

‭given more context in the qualitative findings but suggested that the identities of people who‬

‭identify outside of traditional gender binaries were not recognized in class content.‬

‭One item on the Perceptions of Science scale, “The scientific community is mostly‬

‭dominated by men and is often unfriendly to cis women and gender-diverse people”‬

‭(reverse-scaled) showed that the gender-diverse group agreed with this statement the most‬

‭strongly, followed by cis women and then cis men (‬‭p‬‭< .001). The perception of who is‬

‭“dominant” in the scientific community and who is welcomed in it reflects the identities that‬

‭are represented therein and a certain idea of who belongs in science. This overall pattern is‬

‭reflected in qualitative findings and was contextualized through the specific perspectives of the‬

‭participants.‬

‭Emily described this sentiment directly: “Science classes say this is named after this‬

‭person, Avogadro’s number, blah blah blah are all named after men. And so, it’s not lost on you‬

‭that there’s like, no women in the history, too.” She continued later in her interview, “One of‬

‭the first things that I did after I realized I was trans is I just started asking, where are trans‬

‭people in STEM? Are there any famous trans people? And it was like searching for a role‬

‭model, but I wasn’t thinking of it that way.” While the masculine leaning of science curricula is‬

‭well-documented in the literature, this documentation has been made mostly in relation to cis‬

‭women. However, as more students like Emily identify outside of binary, biologically‬

‭deterministic ideas of gender, there is a need for expanded inclusion of these students’‬

‭identities in science education. The message that students are receiving is that not only has‬

‭science education not been a space for women and girls historically, but also that non-binary‬

‭and trans students need to carve out their own space if they want to pursue scientific fields.‬
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‭In addition to the issue of role models and visibility within scientific institutions,‬

‭participants also talked about how the perspectives represented in scientific research and‬

‭curricula were lacking in diversity. Jordan said,‬

‭Growing up, we’re told ‘this is what a guy is, this is what a girl is’ but we don’t really‬

‭have things like trans being addressed. And the students that do grow up [trans] have‬

‭spoken in the classes. Like we didn’t really know what to do. They’re like, there’s no‬

‭science that provides [information on] what your life would be like growing up as a‬

‭trans person.‬

‭This perspective sheds light on RQ2 as it highlights the ways in which many science curricula‬

‭are failing to engage with the interests and perspectives of students who identify outside of‬

‭gender binaries.‬

‭Participants also talked about the lack of diverse perspectives in relation to the‬

‭biological essentialist constructs taught in life sciences. Emily described the only mention of‬

‭trans identities in her genetics class: “My understanding was that trans is a mental illness where‬

‭you literally think--you’re literally delusional in the sense that you think you have the opposite‬

‭sex.” Avery also said that in his biology class in high school, gender and sex were described‬

‭only in terms of chromosomes, with little acknowledgment of the larger context of the way that‬

‭gender is socially constructed.‬

‭The issue of representation and visibility in science was not limited to gender identity‬

‭and intersectional issues of representation emerged in both data strands. The item in the‬

‭Perceptions of Science scale “Racial and ethnic groups who are traditionally underrepresented‬

‭in science such as African Americans, Latin Americans, Caribbeans, South Americans, and‬

‭Indigenous North Americans are just as welcome in the scientific community as are white‬
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‭people” yielded a significant result, with the gender-diverse group disagreeing the most‬

‭strongly of the three groups, followed by cis women and cis men (‬‭p‬‭< .001). The lower means‬

‭of both gender-diverse people and cis women--the groups referenced in the‬

‭question--compared to their cis men peers, suggests a disconnect in the perceptions of which‬

‭identities are represented in science and what gender ideologies are most prominent in the‬

‭culture. This finding was strongly echoed in the qualitative findings as well.‬

‭Participants discussed how in science class, white perspectives and interests are‬

‭dominant in the curricula. Skylar’s work in their LGBTQ+ in STEM student group largely‬

‭focused on inclusion in the curricula and department materials across different science‬

‭departments and their university. Their work was in response to a lack of diverse perspectives,‬

‭especially around intersectional identities. They described their perceived lack of support for‬

‭underrepresented students in science:‬

‭[The organization] allows me to just bring the topic of LGBTQ+ inclusivity and‬

‭diversity into STEM classrooms. And it had people really thinking about how to‬

‭incorporate these underrepresented voices and how do we make sure that we’re not‬

‭turning students away because we’re being judgmental or because we’re not‬

‭accommodating their needs or their concerns?‬

‭The gaps in STEM that Skylar was working to fix were evident across all interviews. The‬

‭pervasiveness of the inequity in representation that participants perceived demonstrates‬

‭significant implications for RQ1 and RQ2. Namely, that in failing to recruit and include trans‬

‭and non-binary young people, scientific fields send an ambiguous message about whether those‬

‭students belong in the science classroom. They also show a lack of representation of the‬
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‭interests and perspectives in the content of these courses and a failure to engage intellectually‬

‭with many of these students’ identities.‬

‭Issues of visibility and representation in science span the history of science and persist‬

‭in contemporary curriculum content. These issues stretch across gender, race, and ethnicity and‬

‭were evident in both data strands in this study. In failing to provide diverse representation of‬

‭identity in science, science sends implicit messages about who belongs in science, and may‬

‭discourage even those students who have a natural inclination for science from pursuing it or‬

‭engaging further because they have no model of participation in science by someone with their‬

‭identity. Creating a more inclusive framework would benefit all students who feel they do not‬

‭belong in science and would also bring the diversity of thought and perspectives necessary for‬

‭impactful and innovative scientific progress.‬

‭Finding and Building Community‬

‭The second theme that emerged in the coding scheme and coding segments was the‬

‭search for community among participants. This emerged in a few different contexts including‬

‭school-based LGBTQ+ clubs, digital spaces, and the need for in-school support systems.‬

‭Participants who studied science at the undergraduate level described the construction of‬

‭gender in these spaces as being isolating due to the lack of representation in science‬

‭practitioners and scientific research. Participants described the significant role that community‬

‭plays in light of this isolation. This finding helps to address RQ1, as it highlights the potential‬

‭for welcoming communities to provide positive messaging about their identity and belonging‬

‭in spaces where they are not sure they are welcomed.‬

‭The issue of community first emerged in the quantitative data, primarily in the Sense of‬

‭Belonging scale items. The overall scale results showed a much lower sense of belonging for‬
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‭gender-diverse participants compared to cis women and cis men (‬‭p‬‭< .001). While most of‬

‭these items can be connected to feelings of belonging to a community, a few stand out in‬

‭relation to the qualitative data provided by participants. Both “I felt safe expressing my‬

‭authentic self around other students during class” and “I felt my gender identity was welcomed‬

‭in class” yielded results showing the gender-diverse group having the lowest mean, followed‬

‭by cis women and then cis men (‬‭p‬‭< .001 for both items).‬‭Though the cis women had lower‬

‭means for both, they were not much lower than the cis men’s mean scores. Both of these items‬

‭suggest that the often invisible or unassumed gender identity of these students makes it‬

‭uniquely difficult for these students to feel they can be themselves and express their full‬

‭identities in science class.‬

‭This quantitative finding is corroborated by the item in the Perceptions of Science‬

‭scale, “People who identify outside of the cis-gender binary are welcome in science just as‬

‭much as cis people” which showed that the gender-diverse group had the lowest mean‬

‭compared to cis women and cis men (‬‭p‬‭< .001). This‬‭question asks about the field of science in‬

‭general, rather than science class specifically, and shows that the perceptions of both are‬

‭consistent. These perceptions of not being welcomed within science communities are reflected‬

‭in the qualitative findings in the participants’ quests to build community and the vital role‬

‭community plays in their gender and science identities when they are able to find it.‬

‭Skylar, Emily, Avery, Noah, and Jordan all discussed the importance of LGBTQ+‬

‭interest groups on campus, either from personal experience or from observing other students’‬

‭involvement. Skylar talked about their empowerment as a result of their engagement with the‬

‭LGBTQ+ in STEM club at their college, finding their voice to critique hegemonic constructs in‬

‭their science department. Jordan discussed the significance of the LGBTQ+ Center among her‬
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‭queer peers, “They also talked about the LGBTQ+ center. They felt like it’s a very open space‬

‭to where the students could come to be there. And it’s run by other students. So, they feel like‬

‭it’s more comfortable to talk to people around their age.” Noah, who identifies as a cis straight‬

‭man, was not involved in his LGBTQ+ clubs in high school or college, but described how the‬

‭presence of these organizations was an important support structure for students who did‬

‭identify with those groups. He described an incident in which a student had been harassed and‬

‭bullied, and the clubs, along with the school administration, quickly addressed the incident. He‬

‭also noted the discomfort of some of his less open-minded friends with the presence of these‬

‭clubs on campus.‬

‭LGBTQ+ student clubs on campus spaces provide opportunities for young people to‬

‭connect with others who have similar identities or experiences and help them to feel less‬

‭isolated. However, Emily that the LGBTQ+ organizations she was involved with did not‬

‭provide the sense of community she had hoped for:‬

‭Most of the people in [the group] were not STEM, like most of them were studying‬

‭gender and gender studies and a lot of them were in gender studies and like the group‬

‭chat was dominant like, ‘Oh, what’s the homework for that class?’ [...] And yeah, my‬

‭experience meeting other trans people is like ‘wow, there’s like so few of us. But I guess‬

‭that makes sense because it’s a small school and most of them were not really STEM at‬

‭all.‬

‭She also mentioned, with mixed feelings, that there was a new LGBTQ+ in STEM‬

‭organization but that she had just graduated and could not participate. The role of community‬

‭and opportunities for students to connect with their peers was an important one in terms of‬
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‭supporting students and ensuring that they felt welcomed and safe in their learning‬

‭environment.‬

‭A specific subcategory of community that emerged in the data was the role of digital‬

‭communities in participants’ lives. The social media usage questions showed that the‬

‭gender-diverse group used social media to engage in gender-related conversations on social‬

‭media at statistically higher rates than their cis peers, there were not statistically significant‬

‭results in the other questions related to general usage or engagement in conversations related to‬

‭race or ethnicity. This suggests that for the gender-diverse group, the internet provides an‬

‭opportunity to discuss issues related to gender that they do not feel comfortable discussing in‬

‭their offline lives. Furthermore, there was a weak, but statistically significant negative‬

‭correlation between engagement in gender-related conversations and the scores on the Sense of‬

‭Belonging scale. This suggests that there is some relationship between these two variables that‬

‭may indicate that more engagement in online spaces leads to a diminished sense of belonging‬

‭in science classrooms. It is difficult to comment on this correlation without more specific‬

‭context or further research, but it is worth noting.‬

‭The qualitative data reflected a similarly elusive relationship between digital‬

‭communities and sense of belonging. Avery spoke a lot about his involvement and engagement‬

‭with online queer communities and the role it played in his gender identity. Avery is not out to‬

‭his family and is only out to some friends, so he did not feel comfortable getting involved in‬

‭offline communities for non-binary and trans students yet. However, he described learning‬

‭about diverse gender identities on TikTok during quarantine and described the empowerment‬

‭and sense of belonging this instilled in him; he said, “It was the idea that gender didn’t have to‬

‭be binary. Like, I didn’t have to choose to be a boy or a girl. Like, strictly, I could be in the‬
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‭middle or, you know, lean a little closer to one than the other.” Jordan also described the‬

‭importance of digital communities in terms of learning about diverse identities, noting Reddit‬

‭as a place where people can anonymously ask questions to learn more about resources and‬

‭experiences, as well as the role of Discord in creating micro-communities for students to share‬

‭their experiences. On the other hand, Skylar, who was very involved in their LGBTQ+ in‬

‭STEM community, described that engagement in digital communities did not provide the same‬

‭sense of empowerment she had found in their club:‬

‭I definitely engaged in debates when I was in high school mostly. But then when I‬

‭realized, like, I think things are really messy during the pandemic and I was like, I’m‬

‭not going to get a headache from debating all the time online. So I kind of dropped it‬

‭after that. But because I just want to focus on my own thing.‬

‭Emily also described feeling unsatisfied by online community engagement:‬

‭I did dip my toes in some discord channels where it’s like all trans girls. I remember my‬

‭first interaction was--I don’t particularly care about my voice, but I started to care‬

‭when other people pointed it out. Oh, it’s cool that you don’t try to raise the pitch of‬

‭your voice. And I was like, well, I wasn’t thinking about it. Maybe I’m just too picky.‬

‭But yeah, so my answer to that is like, I’m not really in a lot of like queer spaces.‬

‭Emily struggled the most with finding community and feeling welcomed in STEM spaces out‬

‭of all the participants. She attributed this largely to having only recently been out as a trans‬

‭woman, in combination with her previous religious ties. And though she had a strong science‬

‭identity, she was struggling to find the sense of community and belonging that she desired from‬

‭her academic pursuits.‬
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‭Both data strands suggest that community plays a key role in the comfort students feel‬

‭in their science classrooms. The types of community interactions varied across participants’‬

‭experiences, but each one highlighted the importance and desire for community that validated‬

‭their identity. The search for community in science poses specific challenges, given the‬

‭previously discussed lack of representation and visibility of non-normative gender identities.‬

‭However, this represents a key area of growth to provide outlets for community and connection‬

‭for students to express potentially unseen identities and to feel seen by their peers.‬

‭Navigating Social Spaces in Science‬

‭In addition to the search for community in the data, another important aspect of social‬

‭interactions that emerged in the data regarding social comfort was the role of institutional‬

‭support and social culture in navigating social spaces. In the quantitative data, this was evident‬

‭in the questions related to teacher and administrative support in the Sense of Belonging scale‬

‭“Teachers supported gender identity/expression concerns” and “The administration (Principals,‬

‭assistant principals, the school district) supported gender identity/expression concerns.” Both‬

‭of these items had the lowest means in the gender-diverse group, compared to the cis women‬

‭and cis men groups. This gap in perceptions indicates that institutional support systems may be‬

‭inadequate in addressing the needs of gender-diverse students, creating barriers to feeling they‬

‭belong in science education spaces.‬

‭This was also evident in the qualitative data, as all participants mentioned the role that‬

‭instructors played in establishing the learning environment, whether as a physical or a social‬

‭space. The role of teachers helps to answer all three research questions, as it relates to the sense‬

‭of belonging that participants experienced in the classroom, as well as their engagement in‬

‭class and their perceptions of science.‬
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‭Noah had had positive experiences in his physics and chemistry classes. He indicated‬

‭that the instructors were fair and that some girls were just not interested in the content. He‬

‭attributed his positive experience to his teacher. He said, “They made the classes very fun. I‬

‭wouldn’t say there was a time that the classes were boring or something like that. They came‬

‭up with creative ways and made sure that everybody was engaged in the classroom. So it was‬

‭fun.” Avery described unwelcoming teachers in his school: "There were definitely some‬

‭teachers that were a little less accepting. One of them told them that they told one of the‬

‭transmasculine people that they were just confused and they’ll grow out of it." But Avery also‬

‭expressed appreciation for his teachers who took the time to get to know him outside of the‬

‭classroom activities. Jordan described her vision for the role of teachers in science classes:‬

‭I believe that more questions should be asked, and more teachers should be more open‬

‭to hearing what they have to say and probably even researching themselves in order to‬

‭give these students the answers that they might be looking for. I believe more programs‬

‭should be opened so that they can discuss with people with similar experiences and‬

‭probably try and see how to help each other and find out where they can meet.‬

‭Jordan sees teachers as a valuable resource and one that students appreciate when they are‬

‭offered the chance to engage with their teachers in ways that are meaningful to them.‬

‭Skylar, like Avery, described a mix of support levels from teachers:‬

‭When I got something wrong in biology or anatomy, like those instructors would take‬

‭the time to guide you through things and make you understand. But the male instructors‬

‭were very distant. They were like, you got to find this out yourself. I’m not going to help‬

‭you. You should be able to. Oh, yeah. That’s the one thing I absolutely hate in science.‬

‭[...] So I guess it’s like the unwillingness to help that made it very unwelcoming.‬
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‭Though Skylar was unimpressed by their male physics and chemistry teachers, they were very‬

‭fond of their high school biology teacher, who kept class pets and had a well-decorated‬

‭classroom that made them feel engaged and excited to learn. Skylar also discussed the desire‬

‭for more diverse perspectives in their social life and academic studies and that they did not‬

‭want to remain siloed in microbiology. They described that they decided to take on a minor to‬

‭incorporate more perspectives: “And then in college, that’s when I got really involved with‬

‭topics about gender identity, queer topics I minored in, in critical sexuality studies just so I‬

‭could, like, really tailor, like my education.” Where Skylar did not feel there were enough‬

‭opportunities to express themself in their science classes, they created opportunities for‬

‭themselves.‬

‭Emily also spoke about the uninviting social space of her physics classes. She described‬

‭that in the humanities and even the life sciences, conversations around identity and personal‬

‭perspectives are much more welcomed. In contrast, she said that in physics, "I’ll just be, like,‬

‭making friends and then, like, find out later they’re, like, homophobic.” She also described‬

‭how few women there are in physics classes. Though she enjoyed the physics content, the lack‬

‭of peers she felt comfortable with caused her to not want to take any additional physics classes.‬

‭She also described her nervousness around pursuing computer science. In doing so, she‬

‭mocked “tech-bro” culture, saying, “let’s all go to the gym together and then talk about code‬

‭and then we’ll go to the actual computer and go back to code." She felt these pervasive‬

‭masculine sentiments did not lend themselves to a community she could fit into.‬

‭The qualitative data showed that the social environment of science classes was at best‬

‭naively unaware of the specific needs of gender-diverse students, and, at worst, hostile towards‬

‭them. The specific experiences of qualitative participants were evident in the overarching‬
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‭pattern seen in the quantitative data. This is consistent with prior research on underrepresented‬

‭identities in science classrooms (Maloy et al., 2022; McGee, 2016; Ong et al., 2011). Given the‬

‭potentially transformative power of instructor support, this is a key area for future research or‬

‭growth in terms of meeting the needs of these students that will be discussed further in the next‬

‭chapter.‬

‭Evolution of Scientific Understanding‬

‭Another prominent theme that arose in all interviews is the slow but steady shift from‬

‭cis-white-heteronormative constructions in science, to a more inclusive approach that is‬

‭engaging and welcoming to students of diverse identities.‬

‭In the quantitative strand, participants in the gender-diverse group showed regard for‬

‭science and the perspective it offers. Within the Perceptions of Science scale, two of the‬

‭statistically significant items, “Science should not be made an important subject for elementary‬

‭school grades” (reverse-scaled) and “All students should study science during the secondary‬

‭school (high school) grade levels” both had means indicating the highest value of science in‬

‭school among the three groups (‬‭p‬‭= .041 and‬‭p‬‭= .034,‬‭respectively). This sentiment was also‬

‭reflected in the Engagement in Science item “I wanted to understand what was being taught in‬

‭science” in which the gender-diverse group also had the highest mean of the three groups.‬

‭These findings demonstrate that the gender-diverse group values science education more‬

‭strongly than their cis peers and poses an opportunity for engagement in the future trajectory of‬

‭the scientific community and science research. Despite persistent issues of representation and‬

‭visibility in science, gender-diverse participants were still drawn to scientific pursuits.‬

‭Though participants were critical of the current state of science and science education,‬

‭they articulated clear visions and remarked on progress that had been achieved therein. Emily‬
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‭described her physics classes as “male dominated spaces” and that “there were no women in‬

‭physics. I stopped taking physics as soon as it wasn’t required.” Jordan also talked about biases‬

‭toward masculinity in medicine: “There are doctors that might know more about males. There‬

‭might be doctors that know more about females. There should be some that know more about‬

‭trans people and the things that they might go through." Both these perspectives indicate that‬

‭though the field of science is still currently male-dominated, it ought to reflect the changing‬

‭nature of gender.‬

‭Noah, conversely, said, “I believe there’s no problem for anyone to pursue science. I‬

‭don’t think it should be a problem. It doesn’t matter what type of gender you are.” He also‬

‭acknowledged and applauded the enhanced discussion around gender identity in academic‬

‭spaces and freedom for people to live as they please: “Sometimes we do talk about gender in‬

‭college. The world is evolving, and more people are brave to come out and to expose the‬

‭advantages.”‬

‭Avery said that while his high school biology curriculum was limited in its presentation‬

‭of sex and gender, his undergraduate biology course used more inclusive language and was‬

‭more responsive to student interests in more expansive scientific views on gender. He said, “It‬

‭was a lot harder in some aspects because we did delve deeper and we focused more on humans.‬

‭And we did talk a little bit about gender identity and gender. And like the sex you’re assigned‬

‭at birth or the sex of your chromosomes don’t necessarily match your gender expression. We‬

‭talked a lot more about chromosomal variations than we did in [high school biology].” This‬

‭shift indicates that while some curricula are still adhering to more traditional language and‬

‭teachings around sex and gender, some biology curricula are responding and incorporating‬

‭more nuanced understandings of gender. Though Avery was nonchalant about this shift, he did‬
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‭indicate that it made the content more interesting. Emily was less optimistic about progress in‬

‭life science curricula, and said of her biology class, “Even in our conversation about hormones,‬

‭it was we weren’t really talking about trans people even.” So while there is progress in some‬

‭areas, the participants perceive that these fields are still very much in the midst of adapting.‬

‭Participants also indicated positive shifts in representation of science practitioners and‬

‭in scientific findings. Emily, who spoke a lot about representation in STEM said, "And you‬

‭know something? I think the majority of pre-med now are women, I think. Although medicine‬

‭is currently male dominated. But that’s like completely shifting." Emily also attributed her‬

‭intentions to apply to medical school--and to work in software beforehand-- to this positive‬

‭momentum: “Something that also motivates me to pursue software now is that I’m kind of‬

‭waiting for medicine to kind of, like update progressively. Like, I have not been able to, like,‬

‭find a single trans doctor that I can talk to about my experience applying to medical school.”‬

‭Skylar was critical of the lack of inclusion of multiple gender identities, as well as other‬

‭underrepresented groups, in science throughout their interview. However, as they described‬

‭their work in LGBTQ+ in STEM advocacy, they were hopeful about the future of scientific‬

‭research: "I think there is definitely more effort in making sure all identities are being‬

‭represented or being welcomed and are also being represented in findings." These sentiments‬

‭from Skylar and Emily indicate a shift in the perceptions of science and help to answer RQ3.‬

‭Many students recognize that science has a masculine construction to it, but they also‬

‭recognize the progress that is slowly being made to change that.‬

‭Participants indicated that life sciences have been more responsive to critiques of‬

‭masculine construction than physical sciences. Emily noted, “There’s progressively fewer‬

‭women in physics as you get older, you know, and progressively fewer trans people in STEM‬
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‭[as you get older].” While participants had acknowledged the slow progress but promising in‬

‭life sciences, participants did not indicate any perceptions of change in physical sciences in‬

‭their interviews, indicating that physical sciences remain unyielding in their traditional ways of‬

‭teaching and learning. This is a continued problem that students still perceive and is potentially‬

‭elucidated by participants’ thoughts around navigating the social spaces of science.‬

‭The expanded interests and perspectives in science and science education curricula‬

‭provide more entry points for engagement with diverse students, especially around gender.‬

‭Additionally, scientific endeavors are being conducted with a more informed perspective on‬

‭gender, as well as other axes of identity. This creates a more dynamic body of scientific‬

‭knowledge that is inclusive and has the potential to be relevant to a wider population.‬

‭Incorporating nontraditional identities into the fabric of science might address the issues of‬

‭representation and community that act as a barrier, allowing gender-diverse young people to‬

‭enact their vision of scientific progress.‬

‭Intersectional Identities‬

‭The foundational nature of gender identities was built into the Fourth Wave Feminist‬

‭framework of this study’s design. Recognition of the other elements of identity that intersect‬

‭with gender was built into the quantitative survey’s demographic questions as well as with the‬

‭inclusion of the item “Racial and ethnic groups who are traditionally underrepresented in‬

‭science such as African Americans, Latin Americans, Caribbeans, South Americans, and‬

‭Indigenous North Americans are just as welcome in the scientific community as are white‬

‭people” in the Perceptions of Science scale. The results of this question showed that the‬

‭gender-diverse group had the lowest mean across the three groups, suggesting that a less‬
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‭traditional gender identity was also associated with a more critical perspective on the racial and‬

‭cultural constructs that are historically represented in the scientific community.‬

‭The five participants who took part in the interview for the qualitative strand had‬

‭distinct cultural identities from one another and the notions of gender that they were taught‬

‭within their communities were reflective of this diversity. All participants discussed the role of‬

‭culture and family in the way that young people understand themselves in their education. This‬

‭theme is primarily connected to RQ1a, as it informs the messages that young people are‬

‭receiving about gender, which may impact their mindsets coming into science classrooms.‬

‭However, it was also connected to RQ3, as some participants also discussed the way that‬

‭cultural expectations inform perceptions of the validity of science and the value of science.‬

‭Emily had a very distinct intersectional identity that she spoke about in detail‬

‭throughout the interview:‬

‭I didn’t really meet anybody who wasn’t Orthodox Jewish until high school. I didn’t‬

‭really make friends with anybody who wasn’t Jewish at all until I came to [college]. So‬

‭I was also very insulated and I never learned what it meant to be trans. I had the wrong‬

‭definition of it, so I didn’t really understand. I didn’t have vocabulary for my‬

‭experiences, etc.‬

‭Emily discussed how her religious upbringing made it difficult to understand herself growing‬

‭up. Many of her friends were people she had met either in religious communities, or through‬

‭STEM courses in college. Once she came out as trans, her experiences in these communities‬

‭shifted dramatically. Many conservative friends cut her off, and though she had always felt out‬

‭of place in male-dominated spaces like science, she became especially attuned to the‬

‭transphobia she began to experience.‬
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‭Jordan also talked about her friend who is a STEM major who identifies as queer but‬

‭comes from a religious upbringing:‬

‭Religion plays a part for her because she’s also Muslim. So she felt as though she was‬

‭told - you must be like this one idea. You must be female, must marry a man, you must‬

‭do this. And she felt like she was able to be a little more open about that on campus‬

‭than what the people of the student center, rather than what her own family members or‬

‭friends.‬

‭Cultural and family expectations can be difficult for young people, who may be receiving other‬

‭messages from their friends, online, or at school. Oftentimes, as Jordan described, spaces‬

‭outside of the family allow young people to explore themselves in new ways and to construct‬

‭their own notions of their identity.‬

‭Skylar spoke a lot about the importance of intersectional representation in STEM,‬

‭especially along lines of ethnic and racial identities and LGBTQ+ identities. They also‬

‭reflected on the generational differences between them and their parents: "I mean, my parents,‬

‭they were supportive, but they didn’t push anything. Like they weren’t actively finding these‬

‭resources for me. I was just doing this by myself." Skylar felt that their parents were supportive‬

‭but ultimately did not understand gender in the same way that Skylar did.‬

‭Avery also described tension with his parents around gender expectations, and said that,‬

‭growing up,‬

‭Everyone that I knew was pretty conservative when it comes to LGBTQ+ stuff. So it was‬

‭that you are the gender you were assigned at birth. And when I was little, I used to tell‬

‭my parents I really wish I was a boy. And they’re like, well, unfortunately, you were‬

‭born a girl. And that’s great because you have two brothers and you’re the only girl in‬
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‭the family.‬

‭Avery also described the gender expectations of his neighborhood and community he grew up‬

‭in:‬

‭I live in [...] a very Hispanic and Black dominant area. So a lot of the guys have very,‬

‭you have a lot of machismo, which is like toxic masculinity. Even if you like, touch each‬

‭other, it’s gay, which is really funny. So they constantly try to be more masculine by‬

‭fighting and punching each other, which is really silly.‬

‭Avery was also critical of what he perceived to be a lack of representation of people with‬

‭intersectional identities in the trans and non-binary communities, and their construction as‬

‭especially white spaces that only reflect a narrow snapshot of trans and non-binary‬

‭experiences.‬

‭Noah spoke a lot in his interview about the role that a person’s culture plays in their‬

‭perceptions. Though he described himself and his own family as open-minded, he noted that‬

‭many of his friends were more conservative and less accepting. He attributed this to the fact‬

‭that many of his friends were children of immigrants and said that “some families might be‬

‭from Africa where there is a lot of stuff--a lot of negativity about gender. Those families tend‬

‭to grow up believing that there are only two genders. And if one wants to express himself as a‬

‭trans or something else, it’s quite hard for the family to accept that.” This perspective‬

‭represents a more traditional one, and given that Noah was the only cis man to take part in the‬

‭qualitative portion, it is notable that recognized the limitations of the conception of identity‬

‭within his culture’ for his peers who do not fit within traditional constructs.‬

‭All participants described the tension that can exist between culture and the way that a‬

‭person may choose to express themselves and live their lives. Cultural messages are important‬
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‭in understanding students’ identities and how they may be entering science classrooms, which‬

‭have specific gender constructions. The cultural contexts of schools and of students’‬

‭communities are important backdrops from which to understand students’ gender identities and‬

‭how they navigate these spaces. The interaction between cultural messages and individual‬

‭identity has important implications for creating inclusive environments that welcome the whole‬

‭student into the classroom and provides the language and framework to understand the‬

‭complex interactions between various elements of identity.‬

‭Summary of Findings‬

‭This study used an explanatory sequential mixed methods design to reveal significant‬

‭differences between how gender-diverse students experience science classrooms compared to‬

‭their cisgender peers along the constructs of sense of belonging, engagement in science, and‬

‭perceptions of science. In terms of their engagement in digital spaces, gender-diverse‬

‭participants showed a high engagement level with gender-related discourse online, which was‬

‭complemented by qualitative findings showing that participants had a wide array of attitudes‬

‭toward online gender discourse. The most significant findings were related to the Sense of‬

‭Belonging scale, which overall showed gender-diverse students feeling significantly less‬

‭welcome than their cis peers (‬‭p‬‭< .001), whereas the‬‭Engagement in Science and Perceptions of‬

‭Science scales did not show overall significance between group means. Despite having lower‬

‭belonging scores, gender-diverse students showed significantly higher levels of engagement‬

‭and positive perceptions for science across a few individual items across other two scales.‬

‭In addition to the triangulation across social media engagement and the research‬

‭questions, five themes also emerged across the quantitative and qualitative analysis: (1)‬

‭representation and visibility gaps, (2) finding and building community, (3) evolution of‬
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‭scientific understanding, (4) navigating social spaces in science, and (5) intersectional‬

‭identities. These represent common threads between all participant interviews as key elements‬

‭that shape the experiences of gender-diverse students in science classrooms. When understood‬

‭together, they reveal a tension between the sense of support gender-diverse students feel from‬

‭their instructors, peers, and educational institutions and their interest in science and their regard‬

‭for scientific understanding. This tension marks untapped potential and room for opportunities‬

‭to increase participation for these students with more inclusive practices. These results provide‬

‭a foundation to discuss the implications for practices and for future science education research.‬
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‭Chapter 5: Discussion‬

‭The purpose of this study was to identify the distinct‬‭ways young people with emergent‬

‭and diverse gender identities experience their science education in high school and‬

‭undergraduate level science courses. These students have historically not been represented in‬

‭science education equity research. This mixed-methods study sought to understand the‬

‭experience of gender as it pertains to sense of belonging in science courses, engagement in‬

‭science coursework, and overall perceptions of science.‬

‭Previous research about equity and gender in science education has focused primarily‬

‭on cis women and cis girls in science education. This research found issues of representation,‬

‭unwelcoming atmosphere, and masculine constructions of sciences, particularly in physical and‬

‭computational sciences (Carlone, 2004; B. Francis et al., 2017; Hazari & Potvin, 2005). There‬

‭is an emergent area of research that considers the needs of gender-diverse students in science‬

‭education and in larger educational spheres; investigations in this area have yielded insights‬

‭into the lack of representation of gender-diverse students in curricula and pedagogy and the‬

‭lack of institutional support and binary constructs in life sciences that reinforce binary‬

‭essentialist arguments which delegitimize gender-diverse identities (Casper et al., 2022; Chan‬

‭& Stewart, 2022; Leyva, 2024). Research into potential solutions to the issues of equity in‬

‭science education have shown that creating multilateral, intersectional supports for students‬

‭and continually committing to expansive inclusion are promising approaches to move toward‬

‭equity (McGee, 2016; Ong et al., 2011; Traxler & Blue, 2020). Ultimately, the existing‬

‭literature confirms the need for further research into the experiences of gender-diverse students‬

‭in the science classroom.‬
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‭In this study, the construction of methodology and interpretation of qualitative and‬

‭quantitative data was done through the lens of two theoretical frameworks: Fourth Wave‬

‭Feminism and Queer Theory. Fourth Wave Feminism is a fairly new construct in feminist‬

‭research and theory but is distinct and encompasses many phenomena in modern gender‬

‭ideologies. The three primary elements of Fourth Wave Feminism are intersectional notions of‬

‭gender, understanding gender as a construct, and advocacy and discussion of gender in digital‬

‭spaces. In my 10 years teaching at school with predominantly Black and Latinx students, I‬

‭have seen young people adopt vocabulary that recognizes the inherent ties between their‬

‭gender identity and their cultural identity. I have also seen an increase in students who explore‬

‭gender by trying out new pronouns and gender presentation, often inspired by content and‬

‭communities they interact with online. Given the congruence between Fourth Wave Feminism‬

‭and what I have seen with the young people I work with, it was clear that Fourth Wave‬

‭Feminism would provide a strong foundation from which to carry out my research.‬

‭Due to the intersectional nature of gender and the strong ties it has to queerness,‬

‭especially for young people, it was also important to apply the lens of Queer Theory in this‬

‭study. Queer Theory creates room to construct a study that is committed to the ongoing‬

‭examination of power structures within societal institutions and to interpret resulting data‬

‭related to gender in relation to the greater context of Queerness, including sexuality, freedom to‬

‭continually question identity, resistance to categorization, the role of physical and social spaces‬

‭in identity construction, and the use of language in constructing societal relationships. Queer‬

‭theory also demands that this work not stagnate, and that we continually question and‬

‭deconstruct power dynamics that limit the human experience. While this study yielded results‬

‭that illuminate the experiences of some students, the results are far from conclusive, and there‬
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‭are many implications for practice and ongoing future research to make gender-diverse‬

‭students’ identities visible and valued in science education research.‬

‭Relationship to Prior Research‬

‭This study builds on decades of gender equity research in science education by‬

‭providing new insights into the experiences of gender-diverse students in contemporary science‬

‭classrooms. Prior research has focused largely on binary gender constructs, which has yielded‬

‭important insights into the construction of gender in science classrooms through more‬

‭traditional feminist frameworks. Such insights include the masculine construction of‬

‭curriculum and pedagogical practice, especially in physical and computational sciences, as well‬

‭as the foundation of biological deterministic ideas in life sciences.‬

‭This study applied the novel framework of Fourth Wave Feminism, as well as Queer‬

‭Theory, to capture the experiences of students who have not been represented in the binary‬

‭construction of gender used in most science education research. It used a constructivist, fluid‬

‭notion of gender to allow for more inclusive discussion of gender, an intersectional approach to‬

‭gender discussion, and explored the construction of gender in digital spaces. Queer Theory‬

‭provided an important lens from which to understand the power constructs in educational and‬

‭research institutions and to question and work toward dismantling them.‬

‭A few key contributions to the field are outlined below, including findings regarding‬

‭how gender-diverse students navigate physical and computational science in distinct ways, the‬

‭distinction between engagement in science and a sense of belonging in science and the way‬

‭both constructs establish science identities and persistence in science. It also provided mixed‬

‭results in terms of the way that engagement in digital spaces intersects with students’ gender‬

‭and science identities. Overall, it demonstrates that as young people’s identities are shifting, it‬

‭155‬



‭is important for science educators and researchers to adapt frameworks to facilitate the positive‬

‭experiences of students who have been underrepresented in previous research.‬

‭Gender in Physical and Computational Sciences‬

‭Traditional research around gender in the physical‬‭sciences has yielded important‬

‭insights into the specifically masculine construction of physical and computational sciences (B.‬

‭Francis et al., 2017; Hazari & Potvin, 2005). This takes the form of competitive, individualized‬

‭course structures and content that is taught abstractly such that students who do not inherently‬

‭identify with the content may struggle to see the value in the discipline. However, these‬

‭findings are limited within the scope of modern gender conversations because they have been‬

‭almost entirely discussed in terms of binary gender constructs. As young people’s ideas about‬

‭gender transform, these conversations shift and experiences in the science classroom especially‬

‭become more nuanced.‬

‭In the qualitative findings, Emily and Skylar both discussed their experiences with the‬

‭masculine construction of physical science courses. Emily talked about how, despite finding‬

‭the content of physics courses interesting, she found that the setting of the course was‬

‭off-putting and made her feel unwelcome. She was nervous that if she got to know her‬

‭classmates, she would find out later that they were homophobic or unwelcoming of her‬

‭identity. This aligns with prior research that shows many gender-diverse students in STEM feel‬

‭they have to hide their identity in class or at work (Kroll & Plath, 2022b; Leyva et al., 2022).‬

‭Furthermore, Emily’s initial interest in and subsequent disengagement with physical‬

‭sciences are consistent with the quantitative findings in the Engagement in Science and‬

‭Perceptions of Science scales that showed that, for some items, the gender-diverse group was‬

‭the most engaged and had some of the highest ratings for their perceptions of the overall value‬
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‭of science. Prior research around gender-diverse identities in STEM has shown that for many‬

‭students who decide not to pursue science, interest and engagement in science is not the issue,‬

‭but rather the issue is their sense of belonging and comfort in the social space of their courses.‬

‭Skylar discussed the social elements of their physical science courses in reference to‬

‭unsupportive instructors in their physical and chemistry classes. These results were consistent‬

‭with prior research that indicates that these courses are highly individualized and can be‬

‭isolating for students who may not feel as inherently welcome or that they belong in the course.‬

‭These findings were also aligned with the strong significance of the findings in the Sense of‬

‭Belonging Scale in the quantitative strand. For students who may feel isolated in other areas of‬

‭their life or who push against societal norms, community and acceptance are important‬

‭elements that they may be left wanting for within physical and computational science classes.‬

‭Explanations for the gender gap in physical sciences in prior research tend to focus on‬

‭socialized and inherent differences between cis women and cis men and the exclusionary‬

‭constructs of these courses. As many young people work to break away from socialized gender‬

‭norms, the new identities they may be entering the classroom with must be considered. When‬

‭connecting the notion of multiple epistemologies in physical sciences or deconstructing the‬

‭masculine ideologies they employ, it is important to be responsive and dynamic in meeting‬

‭young people where they are by using inclusive language and adopting intersectional‬

‭frameworks to respond to students’ needs around community, identity, and acceptance. As‬

‭Queer Theory teaches, humans are prone to categorization and labeling that limits freedom and‬

‭expression, and even as old categories are broken down, new ones may emerge in their place.‬

‭This is why continual examination of hegemonic forces is so central to Queer Theory.‬
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‭Life Sciences and Gender Construction‬

‭Prior research around the construction of gender in life sciences courses, like the‬

‭physical sciences, showed that it reflects binary notions of gender and perpetuates them‬

‭through the false notion of scientific objectivity. However, compared to the physical sciences,‬

‭which employ a specifically masculine pedagogy, life sciences perpetuate gender binaries more‬

‭so through content.‬

‭Historically, biology and medicine have been used in many contexts as tools of gender‬

‭oppression. Research has been conducted to reaffirm cis women’s fates as reproductive vessels‬

‭and their inability to support advanced cognitive functioning (Bing, 1999). Research shows‬

‭that traditional biology courses through secondary school fail to represent the complexity of‬

‭biology that goes into sex, instead deferring to simplistic representation of chromosomes and‬

‭hormones. This is not only exclusionary of intersex people, but is also often conflated with‬

‭gender constructs, which modern feminist ideologies understand as performative, rather than‬

‭biologically deterministic.‬

‭While the participants in this study who identified outside traditional gender binaries all‬

‭indicated that they preferred life sciences over physical sciences, as they appreciated the ease‬

‭of application and more expansive representation and community within life sciences, many‬

‭were still critical of the way that life sciences courses discuss gender. Avery referred to the use‬

‭of elementary understandings of biology in his life science courses throughout his interview,‬

‭though he did acknowledge that his undergraduate life sciences course did briefly mention‬

‭intersex and trans identities. Emily described a strictly biological essentialist curriculum at her‬

‭Orthodox Jewish High School, and on-off references to gender diversity in her pre-med track‬
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‭courses. Skylar was especially critical of their undergraduate school’s curricula and organized‬

‭their LGBTQ+ in STEM group to be more reflective of gender diversity.‬

‭The issue of dismantling biologically essentialist constructs in prior research has largely‬

‭been discussed in terms of what these constructs mean for cis women. However, research has‬

‭shown that these exclusionary constructs negatively impact gender-diverse students as well‬

‭(Casper, 2022). The findings in the instant study add the potential for engagement with a more‬

‭expansive curriculum. Avery, Skylar, and Emily all described an interest in learning more‬

‭complex and nuanced concepts of sex and gender through the lens of life sciences. This begs‬

‭the question: what new ideas might be discovered or unveiled if science education and science‬

‭research embraced these more complex understandings and supported students in navigating‬

‭them as well?‬

‭Digital Spaces and Identity‬

‭The review of literature focusing on the role of‬‭digital spaces in the lives of‬

‭gender-diverse youth showed important findings around the centrality of online communities‬

‭for young people in constructing identities including gender identity. It offers a space for young‬

‭people to connect with each other, express themselves, and find resources to learn more about‬

‭the changing landscape of gender identity discourse. This was confirmed by the review of the‬

‭theoretical framework of Fourth Wave Feminism, which emphasizes the importance of digital‬

‭spaces in gender activism, organization, and discussion (Hannell, 2020).‬

‭Many of the findings in this study regarding the relationship between gender identity‬

‭and science education experiences confirmed the insights from prior research, but revealed‬

‭more nuanced patterns and experiences. The quantitative results showed that gender-diverse‬

‭youth had significantly higher frequencies of engagement in conversations around gender‬
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‭online. There was also a weak but significant negative correlation between engagement in‬

‭these conversations and sense of belonging in the classroom, suggesting that increased online‬

‭engagement in gender discourse may be associated with some level of decreased classroom‬

‭comfort.‬

‭The qualitative results showed that while some participants, such as Avery and Jordan,‬

‭found social media an important space to have conversations around gender and to access‬

‭resources and community, Skylar and Emily struggled to find the same comfort or community‬

‭in digital spaces; Emily lamented a lack of STEM-focused spaces for gender-diverse people‬

‭online, and Skylar found the spaces too adversarial, preferring in-person discourse and‬

‭advocacy. While digital spaces were shown to be important for many young people in the‬

‭literature, this study highlighted some gaps and potential areas for growth. STEM-focused‬

‭resources and discourse for gender-diverse students could be leveraged to engage these‬

‭students and potentially aid in positive formation of STEM identities. There is also a need to‬

‭bridge the online discourse and identity formation young people engage in with their offline‬

‭lives in their education.‬

‭Institutional Support and Community‬

‭The literature review emphasized the need for institutional reforms that create support‬

‭structures for students, such as faculty mentorship or peer learning communities, as opposed to‬

‭measures that put the onus of navigation on individual students (McGee, 2016; McGee &‬

‭Bentley, 2017; Ong et al., 2011). The review also discussed the importance of training faculty‬

‭in diversity and inclusion in order to create more supportive environments for students who‬

‭may have traditionally underrepresented identities in STEM (Blair et al., 2017). Such training‬

‭should be informed by the lived experiences of gender-diverse students and faculty to meet‬
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‭contextualized needs within specific learning communities (McGee, 2016). Potential‬

‭adaptations of these approaches were informed by the findings of this study through patterns‬

‭found in the quantitative strand and specific narratives from participants in the qualitative‬

‭strand.‬

‭Quantitative results in this study found that the gender-diverse group had significantly‬

‭lower ratings of teacher and administrative support or gender identity concerns, confirming the‬

‭gap in institutional support for many of these students in science classrooms. This was further‬

‭confirmed by the qualitative findings, in which many participants criticized their academic‬

‭institutions for their lack of support. Skylar led advocacy for departmental changes in inclusive‬

‭language and research perspectives through their work with their LGBTQ+ in STEM‬

‭organization. Jordan noted the inadequate space and resources allocated for the LGBTQ+‬

‭Center on campus, as well as the student fears in light of the political climate and their‬

‭university administration’s silence on the overarching political tensions around LGBTQ+‬

‭interests. Emily also discussed a lack of support on campus, describing difficulty finding‬

‭community and other trans students, especially in STEM.‬

‭These quantitative and qualitative findings provide evidence of perceived gaps in‬

‭support while also demonstrating the significant potential for impact through organizations that‬

‭represent specific student interests, such as Skylar’s LGBTQ+ in STEM group. They also‬

‭highlight the specific context of the perceived lack of institutional support, including‬

‭institutional policies and language, in light of tense political climates and minimal allocation of‬

‭resources for LGBTQ+ structural support.‬
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‭Science Identity Development‬

‭The literature review revealed many studies and insights in the existing literature about‬

‭how to engage traditionally underrepresented identities in science education. One paper that‬

‭stood out was Sandra Harding’s, which described feminist approaches to sciences and outlined‬

‭four key characteristics of a feminist epistemology: questions that relate to women’s concerns‬

‭and interests, the purpose of inquiry reflects the need for knowledge that benefits women, the‬

‭abandonment of the notion of apolitical or unbiased science, and a reflective relationship‬

‭between researcher and research participants (Harding, 1986; Wyer, 2009). Just as the first‬

‭three waves of feminism provide excellent foundations from which to discuss and explore‬

‭gender in the modern era, Harding’s framework for a feminist epistemology provides a strong‬

‭basis from which to build using the findings of the instant study.‬

‭The first two elements of Harding’s framework arose especially in Skylar’s interview.‬

‭Skylar was a strong advocate for expanding microbiology research to represent gender-diverse‬

‭and intersectional interests - encouraging the expansion of research on estrogen and metabolic‬

‭pathways to include investigation of their relationship in people undergoing hormone‬

‭replacement therapy in addition to postmenopausal cis women. This is an excellent example of‬

‭how science can be restructured to both ask questions related to the needs of gender-diverse‬

‭individuals and to actively pursue knowledge that will benefit them. Science should not be a‬

‭discipline that represents a myopic perspective on the world, but instead should be treated as a‬

‭tool that can be employed by anyone to explore their world and their life.‬

‭Harding’s second characteristic--the abandonment of the notion of apolitical or‬

‭unbiased science--was also supported by Skylar interview. Skylar described that:‬
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‭People in the scientific community think these fields [science and social constructs] are‬

‭separate. Like it’s facts over feelings. But we’re here to tell them that there are people‬

‭and feelings behind these facts. You’re not going to have the facts without a person‬

‭behind it.‬

‭Skylar’s work as an LGBTQ+ in STEM advocate was grounded in their belief that because‬

‭science affects people, it should‬‭consider‬‭those people‬‭and who they are. They also believed‬

‭that this work should be intersectional and that science that considers the human experience‬

‭will not be less valid, but will in fact enhance its perspectives.‬

‭Jordan described the need for ongoing examination of the values espoused by scientific‬

‭research when critiquing her psychology class and the antiquated theories she perceived as‬

‭being taught objectively:‬

‭A lot of other scientists don’t really speak upon changing identity. They’re just like, you‬

‭had this identity at birth. You’re going to stick like this your whole entire life. What I‬

‭feel is that it’s a society thing they projected on you rather than going, okay, what if this‬

‭[a change in identity] was to happen? They haven’t really conducted enough research‬

‭on it.‬

‭Jordan’s critique of science’s failure to recognize the dynamic nature of identity in its practices‬

‭highlights the limitations of a science that claims to be unbiased or apolitical. Science cannot‬

‭be understood in a vacuum or apart from humanity and should not be used to put limits on the‬

‭ways a human may be understood or understand themself.‬

‭The final tenet of Harding’s framework--a reflective relationship between researcher‬

‭and research participants--was not addressed by the participants in their study, but can be‬

‭understood implicitly through their discussion of their experiences with science instructors.‬
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‭Though a science instructor maintains a different position of power than that of a scientific‬

‭researcher, it is one of power nonetheless. Noah, Skylar, Emily, Jordan, and Avery all discussed‬

‭the importance of relationships to their instructors in their interviews. Having teachers who‬

‭were responsive to their identities and empowered them in the class to bring their full selves to‬

‭the classroom was an important element for their engagement in classes and feeling‬

‭comfortable in the classroom--an issue illustrated by the quantitative data. While the findings‬

‭from the participants’ interviews do not necessarily expand upon this element of the‬

‭framework, they do confirm a very practical and effective impact.‬

‭Other tools to engage diverse identities in the classroom include situated learning‬

‭(Sadler, 2009), explicit creation of a welcoming environment (McGee, 2016), and the‬

‭development of learning communities (Brickhouse, 2001). This study demonstrates that all of‬

‭these tools are applicable to gender-diverse students. The most pressing issue for‬

‭gender-diverse students in this study across the three constructs of Sense of Belonging,‬

‭Engagement in Science, and Perceptions of Science was, by far, Sense of Belonging, as shown‬

‭by both the quantitative and qualitative data. The engagement tools suggested in prior research‬

‭all offer potential to address the issue of Sense of Belonging. However, employment of these‬

‭tools should be done thoughtfully.‬

‭To create a sense of community or a welcoming environment for gender-diverse‬

‭students through these approaches, the instructors and administrators must first have the‬

‭language and understanding to support these students. Training for staff about gender identity‬

‭should reflect the student body and should not be presumptive about the perspectives that the‬

‭student body brings to the classroom. Students should be engaged in cogenerative dialogues‬

‭around these issues, with intersectional perspectives included to inform the implementation of‬
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‭approaches outlined in prior research (Emdin, 2016). Lastly, student perspectives should be‬

‭centered in scientific inquiry processes and facilitate collaboration to not only welcome student‬

‭identities, but more accurately model the actual processes that scientific learning communities‬

‭go through to conduct research.‬

‭Implications for Practice‬

‭The research findings from both the quantitative and qualitative strands of this‬

‭mixed-methods study have important implications for science education curricula, pedagogy,‬

‭and policy, in addition to the field of scientific research. While the quantitative findings‬

‭showed general trends of the experiences of the gender-diverse group across sense of‬

‭belonging, engagement, and perceptions of science, the qualitative interviews provided more‬

‭specific narratives and experiences around these constructs. Five themes emerged in the‬

‭qualitative analysis: Representation and Visibility Gaps, Finding and Building Community,‬

‭Evolution of Scientific Understanding, Navigating Social Spaces in Science, and Intersectional‬

‭Identities.‬

‭The implications are discussed in relation to the three research questions, as well as the‬

‭sub questions for Research Questions 1 and 2. Implications are drawn based on the quantitative‬

‭and qualitative findings for each question, as the quantitative results pointed toward‬

‭overarching issues, and the qualitative findings provided rich data to illuminate specific ways‬

‭that science education and scientific research can be improved for gender-diverse individuals.‬

‭A summary of the implications for practice for each research question are shown in Table 19‬

‭below.‬
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‭Table 19: Summary of implications for practice across research questions‬

‭Research Question‬ ‭Implications for Practice‬

‭RQ1: How do messages‬
‭about gender impact‬
‭students’ sense of‬
‭belonging in science‬
‭classrooms?‬

‭●‬ ‭Develop formalized, proactive policies to support‬
‭gender-diverse students‬

‭●‬ ‭Provide teacher training on inclusive language and gender‬
‭identity‬

‭●‬ ‭Create classroom environments that encourage diverse‬
‭community building‬

‭●‬ ‭Include explicit discussion of gender constructs in science‬
‭●‬ ‭Educational institutions should establish safe spaces for‬

‭identity expression‬
‭●‬ ‭Bridge digital-physical divides in gender discourse‬

‭RQ2: How does gender‬
‭identity relate to‬
‭engagement and learning‬
‭in science classrooms?‬

‭●‬ ‭Incorporate applications of science content relevant to diverse‬
‭identities‬

‭●‬ ‭Include hands-on collaborative activities rather than‬
‭individualized competition‬

‭●‬ ‭Train instructors in building supportive relationships with‬
‭students‬

‭●‬ ‭Design flexible seating arrangements that encourage‬
‭collaboration‬

‭●‬ ‭Make explicit statements of classroom as safe space for‬
‭identity expression‬

‭●‬ ‭Provide peer learning opportunities that model collaborative‬
‭scientific inquiry‬

‭RQ3: How do students‬
‭of various gender‬
‭identities perceive‬
‭science education and‬
‭scientific institutions?‬

‭●‬ ‭Actively recruit and create visibility for gender-diverse‬
‭individuals in science‬

‭●‬ ‭Expand research to include gender-diverse perspectives and‬
‭applications‬

‭●‬ ‭Consider gender construction in scientific methodologies‬
‭●‬ ‭Develop knowledge about gender and sex diversity, especially‬

‭in medicine‬
‭●‬ ‭Question traditional science education approaches through‬

‭multiple epistemologies‬
‭●‬ ‭Reform curricula to include diverse representations of‬

‭scientists‬

‭These implications are aligned with the theoretical frameworks of Fourth Wave‬

‭Feminism and Queer Theory in their calls for intersectional approaches to these issues, to‬
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‭understand gender as a performed construct, to consider gender constructs in digital spaces,‬

‭and to commit to ongoing examination of power structures within science education and‬

‭science. While these implications for practice are based on evidence and mark key areas of‬

‭growth, they are by no means the end of the conversation and must be continually revisited as‬

‭gender ideologies continue to grow and change in the modern age.‬

‭RQ1: In What Ways Do the Messages That Students Receive About Gender Influence How‬

‭They Feel in a Science Classroom?‬

‭The first research question focused on the sense of belonging that young people were‬

‭experiencing in their science classrooms. The main research question was evaluated both by‬

‭the Sense of Belonging Scale in the quantitative study, as well as the semi-structured interview‬

‭protocol. There was a sub question: RQ1a:‬‭How do these‬‭messages about gender vary within‬

‭different communities (including students’ family, friends, school, classrooms, and digital‬

‭communities)?‬‭This sub question was evaluated using‬‭the social media questions on the survey‬

‭and through a semi-structured interview, which asked participants to discuss the various‬

‭messages they received that shaped their personal gender identity construction in and out of the‬

‭classroom.‬

‭The quantitative results suggested that gender-diverse young people did not feel that‬

‭their teachers or administrators were supportive of their gender identities compared to their cis‬

‭peers (‬‭p‬‭< .001 for teacher support item and for administrator‬‭support item). This was‬

‭corroborated in the qualitative interviews within the emergent themes of Finding and Building‬

‭Community and Navigating Social Spaces in Science; participants shared experiences of‬

‭dismissive teachers and school staff and a lack of supportive institutional-level policies and‬

‭resources.‬
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‭This result suggests the need for formalized, proactive policies and protocols to support‬

‭gender-diverse students. These protocols and policies should be ongoing and integrated, not‬

‭just reactive to incidents of discrimination against gender-diverse students. In alignment with‬

‭the deconstruction of power and ongoing questioning of assumptions and norms demanded by‬

‭Queer Theory, educational institutions could explicitly state their commitment to protecting‬

‭and supporting gender-diverse students and to creating protocols to continually reflect on and‬

‭receive feedback on the relationship between institutional policies and student experiences..‬

‭Such commitments must be made through an intersectional lens and be responsive to the‬

‭particular needs of the student body. They also must be responsive to other identities that‬

‭interact with students’ gender identities and expression, in alignment with Fourth Wave‬

‭Feminism.‬

‭School staff should also be trained on and informed about how to support‬

‭gender-diverse students, to use inclusive language, and to understand the digital landscape that‬

‭students interact with online. Because so much of young people’s social lives take place online‬

‭in spaces that are distinct from those that their educators participate in, it can be difficult to‬

‭bridge generational gaps of understanding of gender. But it is imperative for those who work‬

‭with these students to be familiar with the dynamic nature of gender identity and language that‬

‭young people are adopting to understand themselves. In the instant study, the issue of language‬

‭was especially prevalent for participants when discussing the inclusion of diverse gender‬

‭identities in science classes like genetics or biology that discuss gender. Supporting life‬

‭sciences teachers in adopting accurate language that acknowledges the distinction between‬

‭biological sex and the construction of gender identity would mark an important shift away‬
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‭from biological essentialist understandings of gender that exclude students who do not identify‬

‭with their assigned sex at birth.‬

‭In addition to implications for staff and institutional policies regarding sense of‬

‭belonging, there is also room for transformation in the classroom environment to make‬

‭gender-diverse students feel more welcome. The survey in this study showed gender-diverse‬

‭students felt significantly less welcome in science classes (‬‭M‬‭=‬‭2.98) compared to cisgender‬

‭peers (‬‭M‬‭=‬‭4.17 for cis women,‬‭M‬‭=‬‭4.18 for cis men).‬‭This was supported by the qualitative‬

‭data that showed the participants’ desire for community and the role that community played in‬

‭participants feeling welcome in their science classes. Skylar, who perhaps had the strongest‬

‭sense of community due to their involvement in the LGBTQ+ in STEM student club, felt‬

‭empowered and welcomed in their science department as a result of their work in the‬

‭organization.‬

‭Participant narratives around finding community in science classrooms revealed an‬

‭interesting tension between sense of belonging and navigating social spaces. Quantitative and‬

‭qualitative data both showed that gender-diverse students felt they belonged less in science‬

‭classrooms, which was given more depth as some participants discussed the risk assessment‬

‭gender-diverse students must go through when evaluating whether to share their identities.‬

‭Emily shared that once she came out as trans, the acceptance she felt among her peers in‬

‭physical and computational science classes was lost and she was afraid of her classmates‬

‭expressing covert transphobic sentiments. Avery also discussed being closeted to his family‬

‭and to most of his peers in school, despite engaging regularly in queer discourse on social‬

‭media. These experiences contrast sharply with Skylar’s, who developed a powerful sense of‬

‭belonging through their work with an institutionally supported LGBTQ+ in STEM group.‬
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‭This variation illustrates how the burden of navigating social spaces while seeking‬

‭community creates additional emotional labor for gender-diverse students that their cisgender‬

‭peers do not face—labor that can be significantly eased through formal institutional support‬

‭structures. Educational institutions might offer opportunities for students to build community‬

‭and to share their identities, especially in science class--which many participants described as a‬

‭difficult place to openly identify themselves. Explicit ideological and resource support for‬

‭LGBTQ+ organizations in schools, such as the one Skylar was in, might ease some of the‬

‭isolation these students experience in their science classes.‬

‭Participants in the interviews also noted the lack of gender-diverse perspectives across‬

‭science research and knowledge, given the historical overrepresentation of cis-male‬

‭perspectives. Explicit discussion of the construction of gender in science and consideration of‬

‭social contexts for scientific research in classroom materials and discussions might make‬

‭student’s’ identities more visible and welcomed in the classroom. This should be done with a‬

‭focus on intersectionality and without making assumptions about students’ gender identities.‬

‭Findings for RQ1a also have implications for digital communities and inclusion of‬

‭digital community perspectives in educational settings. While the analysis of the total hours‬

‭spent on social media per day did not yield any significant differences across groups using an‬

‭ANOVA test, with groups averaging between 3.73 and 4.28 hours per day, the question of‬

‭frequency of engagement in gender-related conversations on social media did yield significant‬

‭differences between groups. The gender-diverse group had a‬‭M‬‭=‬‭3.50, while cis women‬

‭averaged 2.54 and cis men averaged 2.97 (‬‭p‬‭< .001).‬‭This question also yielded a negative‬

‭correlation with the Sense of Belonging Scale (‬‭r‬‭=‬‭-0.190,‬‭p‬‭= .004). Finally, though they did‬

‭not yield statistically significant results, the gender-diverse group did have the highest means‬
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‭of any group for the race conversation and ethnicity/culture conversation engagement‬

‭questions.‬

‭The qualitative interviews were also informative about the importance of including‬

‭digital community perspectives in educational settings. Participants in the qualitative‬

‭interviews discussed their experiences constructing gender in online spaces. Avery had the‬

‭most profound experiences with using social media to construct their gender identity; he‬

‭attributes his discovery that he is trans to TikTok communities he engaged with early in the‬

‭COVID-19 pandemic. Jordan talked about the importance of anonymous digitals spaces like‬

‭Reddit to ask questions about gender identity and be open in ways that many young people‬

‭cannot afford to be in their offline lives. Other participants found online conversations‬

‭frustrating and did not feel they offered the sense of community and recognition they sought in‬

‭a queer community.‬

‭The prominence of digital spaces in the lives of young people, especially for young‬

‭gender-diverse people who may have limited resources and community in their offline lives,‬

‭offers many opportunities for growth in education, especially in science education. First,‬

‭education researchers should investigate the climate and ideologies emerging in online spaces.‬

‭The expanse of information and connection that young people have access to online is a new‬

‭phenomenon and plays a key role in the way that they construct their social lives and sense of‬

‭self. Maintaining an ongoing understanding of what is happening in these spaces will inform‬

‭how we interact with students as educators and connect learning to their identities.‬

‭Identity politics, including gender identity–referring to political positions and policies‬

‭based on the interests and perspectives of social groups with which people identify–is an area‬

‭of increasing radicalization online and is yielding an increasingly divided generation of young‬
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‭people. Though in this study, the questions about the race conversations and ethnicity‬

‭conversations did not have statistical significance with an ANOVA test, that the gender-diverse‬

‭group had the highest mean for each question suggests an opportunity for intersectional‬

‭engagement and allyship among students. Many of these students have advanced language and‬

‭vocabulary when discussing gender and identity and understand them deeply due to their‬

‭engagement online. Notably, there exists a significant gap in knowledge between students and‬

‭the educators who teach them, with many teachers lacking familiarity with current terminology‬

‭and nuanced understandings of gender and identity that students have developed‬

‭(Peña-Fernández et al., 2023). This knowledge should be leveraged and engaged to not only‬

‭bridge the ideological gaps between students’ and teachers’ generations, but also to empower‬

‭students and validate their viewpoints.‬

‭It is also important for science educators to work to bridge digital-physical divides and‬

‭facilitate transitions between these spaces. Educators must support young people in using‬

‭critical mindsets when learning new information, both on and offline. Encouraging students to‬

‭share the viewpoints they see online, especially as they pertain to science, is key in supporting‬

‭students as they analyze and critically evaluate information that may or may not have a‬

‭scientific basis. It may also be worth exploring to what extent educators can facilitate‬

‭engagement in online learning communities. An educational technology for teens in which they‬

‭share ideas or can connect with others who have similar interests in a structured educational‬

‭environment may provide an opportunity to harness the sense of freedom some young people‬

‭feel in online spaces in the face of isolating offline environments..‬

‭Sense of belonging and the messages that inform it yielded the most significant findings‬

‭across both quantitative and qualitative measures in all of the three constructs measured in this‬
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‭study. However, all three constructs are not discrete, but rather are intrinsically connected.‬

‭Sense of belonging and engagement, for example, are co-constructed, informing each other to‬

‭create a holistic experience in the classroom. Many of the implications for practice discussed‬

‭here regarding sense of belonging would facilitate enhanced engagement for gender-diverse‬

‭students. However, the implications for engagement in the classroom relate more to areas of‬

‭growth for curricular and pedagogical practices. All areas for growth across research questions‬

‭are also informed by the theoretical frameworks, which support intersectional perspectives‬

‭through the lens of Fourth Wave Feminism and the commitment to questioning traditional‬

‭practices and structures of power through Queer Theory.‬

‭RQ2: How does a student’s gender identity relate to their engagement and learning in a‬

‭secondary science classroom?‬

‭This question was interested in whether gender-diverse students were engaging with the‬

‭science courses in a distinct way. It was evaluated using both the Engagement in Science Class‬

‭instrument and the semi-structured interview protocol. There were also two sub questions:‬

‭RQ2a: “How do science curricula engage students of various gender identities?” and RQ2b:‬

‭“How do different pedagogical practices engage students of various gender identities?” These‬

‭sub questions were evaluated using the semi-structured interview protocol.‬

‭The quantitative findings for RQ2 yielded only one statistically significant result: “I‬

‭wanted to understand what was being taught in science,” which showed that the gender-diverse‬

‭group had the highest desire to understand the coursework in their science classes. This finding‬

‭from the engagement scale was somewhat surprising, given that it seems paradoxical to the‬

‭lower sense of belonging scores for gender-diverse students. This tension should be explored in‬

‭further research, but one possible explanation is that because gender-diverse students do not‬
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‭feel they belong in science classes by nature of their identity, they feel they must prove their‬

‭belonging through their work. This is consistent with previous gender research in science‬

‭education that shows that cis girls are often more committed to earning high grades and‬

‭mastering material in science classes than cis boys, their engagement is motivated by social‬

‭acceptance (Carlone, 2004). However, this heightened desire to understand may not necessarily‬

‭translate to career aspirations in STEM fields, as the social barriers to belonging can eventually‬

‭outweigh academic interest and achievement, creating a disconnect between classroom‬

‭performance and long-term identification with science.‬

‭The qualitative findings yielded more results in alignment with the research questions,‬

‭especially the sub questions. All participants mentioned feeling engaged in the class when their‬

‭instructors got to know them as people and worked to build relationships with them. They also‬

‭discussed how the inclusion of applied examples that they could relate to in the curriculum had‬

‭a positive impact on their engagement, and that hands-on activities also helped them to‬

‭understand and feel excited by what they were learning. These findings have a few key‬

‭implications for curriculum design, pedagogy, and the construction of community in the‬

‭classroom environment.‬

‭Many participants in the qualitative interviews expressed enhanced interest in science‬

‭when they felt it was being taught in a way that they were able to relate to personally. As‬

‭discussed in the literature review above, physical and computational sciences are often taught‬

‭in especially abstract ways when compared with life sciences, which are often taught more‬

‭directly in terms of lived experiences. Students who are underrepresented in sciences,‬

‭including gender-diverse students, have been shown to struggle to accept the inherent abstract‬

‭value of many scientific fields. Incorporation of more applications and intentional inclusion of‬
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‭diverse perspectives in the curricula might help these students to feel more engaged in their‬

‭science classes. Inclusion of current gender terminology and understandings in the classroom‬

‭was discussed in regard to sense of belonging for RQ1, and this implication also applies to‬

‭engagement. By aligning language and content in curricula with the way that youth currently‬

‭understand these constructs, educators might develop content that is more relevant to students‬

‭and therefore better facilitate engagement.‬

‭Another key theme in the qualitative findings was the role of instructors in facilitating‬

‭engagement. Participants in the qualitative interviews described physical and computational‬

‭science courses that were highly individualized, competitive, and isolating for students enrolled‬

‭in them. In addition to the curricular shifts previously mentioned, science instructors should‬

‭include hands-on collaborative activities that center student discovery and engagement in‬

‭learning. Instructors should also be trained in inclusive teacher practices and in building‬

‭supportive relationships with students to welcome and include their specific identities. A few‬

‭other suggestions for instructor approaches to facilitate engagement for gender-diverse students‬

‭include flexible seating arrangements that encourage collaboration, explicit statements of the‬

‭classroom as a safe space for identity expression, and peer learning opportunities that model‬

‭the collaborative efforts that are actually used in scientific research.‬

‭These approaches not only address the needs outlined by the findings of this study, but‬

‭also align with the theoretical frameworks used here. The open inclusion of identity, as‬

‭described and understood through students, facilitates intersectional inclusion within classroom‬

‭communities and within the curriculum. In building relationships with students, instructors can‬

‭better bridge the digital divide of identity discourse between generations. While this gap will‬

‭always play a role in interactions between young people and adults, equipping educators with‬
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‭the tools to see across it will help them better support their students in their learning.‬

‭Additionally, the inclusion of space for identity questioning and exploration and the‬

‭questioning of traditional science education curriculum and pedagogy aligns with tenets of‬

‭Queer Theory, as it moves away from rigid practices and toward learning that is continually‬

‭responsive to classroom communities.‬

‭RQ3: How do students of various gender identities perceive science education and scientific‬

‭institutions?‬

‭The purpose of the third research question was to investigate whether the experiences‬

‭of gender-diverse students impact their perceptions of scientific research and institutions. It‬

‭was evaluated both through the Perceptions of Science Instrument and the qualitative‬

‭semi-structured interviews. Of the 13 items in the Perceptions of Science Instrument, 7 showed‬

‭statistically significant differences between the gender-diverse, cis women, and cis men groups.‬

‭The gender-diverse group rated the lowest perceptions of underrepresented groups belonging in‬

‭science across a few items, including cis women being as welcome as men in science (‬‭p‬‭<‬

‭.001), gender-diverse people being as welcome as cis people in science (‬‭p‬‭< .001), the‬

‭scientific community being dominated by men (‬‭p‬‭< .001),‬‭and historically underrepresented‬

‭racial and ethnic groups being as welcome as white people (‬‭p‬‭= .001). Skylar and Emily, who‬

‭had both recently graduated from college with degrees in scientific fields, both provided‬

‭qualitative findings that supported these quantitative results by describing the difficulty both‬

‭cis woman and gender-diverse people have making space for themselves in science. Skylar also‬

‭emphasized the importance of recognizing the struggles of racially and ethnically diverse‬

‭people to feel welcome within scientific institutions in their interview.‬
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‭The issue of representation and welcomeness of diverse identities within scientific‬

‭research was discussed at length in the existing science education equity research. The‬

‭practices currently in place to recruit and retain underrepresented students and scientists should‬

‭be expanded to include gender diversity beyond cis women. Actively recruiting, creating‬

‭visibility, and retaining these individuals will create support structures to make them feel‬

‭welcome and that their perspectives, ideas, and identities are important to the field of science.‬

‭This issue is of especially urgent importance as reactionary conservative movements seek to‬

‭limit gender diversity through laws and policies. This threatens the fabric of future scientific‬

‭research, which relies on the inclusion of diverse perspectives. If inclusive language that‬

‭represents the full spectrum of gender identities is limited or prohibited, it will not be possible‬

‭to accurately conduct or communicate scientific research.‬

‭These implications extend also to scientific research, which should include‬

‭gender-diverse perspectives and ongoing consideration of hegemonic constructions in science.‬

‭The goals of science research should be developed with an eye toward equity in the impact of‬

‭that research on people from diverse backgrounds and identities, from an intersectional‬

‭perspective. Such consideration is exemplified by Skylar’s call in their work as a microbiology‬

‭student to consider applications of research about decreases in estrogen and resulting metabolic‬

‭deficiencies to include not only post-menopausal women, but also lowered libido in people of‬

‭all gender identities, in addition to people undergoing hormone replacement therapy. Expansive‬

‭scientific research and applications thereof that consider the needs of gender-diverse people‬

‭would democratize science and strengthen its potential for positive impact across all levels of‬

‭society.‬

‭177‬



‭Inclusion in scientific research might also be enhanced through the consideration of‬

‭gender construction in scientific methodologies. Methodological approaches that actively‬

‭consider their own validity and objectivity are not only aligned with Queer Theory critiques of‬

‭power, but also are in support of scientific spirit. This is not to say that current methodologies‬

‭should be done away with, but instead that multiple epistemologies should be considered for‬

‭their validity in support of valuing diverse perspectives.‬

‭In addition to the statistically significant items already discussed, the Perceptions of‬

‭Science Scale also showed that the gender-diverse group had the most positive perceptions of‬

‭science in the items related to science education being emphasized for elementary grades (‬‭p‬‭=‬

‭.041), science education being mandatory in high school (‬‭p‬‭= .034), and scientific knowledge‬

‭contributing to good health (‬‭p‬‭= .038). These results‬‭were corroborated by the qualitative‬

‭findings, in which participants emphasized the importance of science in the lives of‬

‭gender-diverse individuals, especially in the field of medicine.‬

‭The focus on medicine for several participants in the interviews is indicative of the‬

‭unique space medicine occupies within science, as the area with which lay people interact most‬

‭frequently and closely with scientific understandings. As gender-diverse people pursue bodily‬

‭autonomy and gender-affirming care, they are shifting traditional medical paradigms, and the‬

‭medical field must shift its research, treatment, and language accordingly. Production of‬

‭knowledge about gender and sex diversity is a key area for growth, as science’s failure to‬

‭capture the full capacity for gender and sex experiences has led to gaps in knowledge that are‬

‭exclusionary.‬

‭These findings and implications are consistent with prior research on the importance of‬

‭institutional support for marginalized students in science education (McGee & Bentley, 2017;‬
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‭Ong et al., 2020), but extend this research by specifically addressing the needs of‬

‭gender-diverse students. The role of institutional power in constructing and facilitating the‬

‭education context in which gender diverse young people are facing specific and dangerous‬

‭threats to their physical and mental well-being cannot be understated. The results of this study‬

‭suggest that creating welcoming science classrooms for students of all gender identities‬

‭requires a multi-faceted approach that addresses institutional policies, classroom practices, and‬

‭the integration of digital spaces where many students are already engaging in gender identity‬

‭exploration. The implications for practice are largely aligned with prior equity research in‬

‭science education, but add more specific context to the experiences of gender-diverse students.‬

‭Limitations of the Study‬

‭Some limitations of the study were inherent to the explanatory sequential design,‬

‭which, though well-suited to this study and its goals, has some drawbacks. One drawback is‬

‭that the study was only able to capture a small glimpse in time and was not able to capture‬

‭dynamic or evolving experiences. This could be addressed in future research as discussed in‬

‭the next section. Furthermore, because there is a time gap between the quantitative and‬

‭qualitative strands, there is a divide between the data collection, which could be relevant given‬

‭the rapidly shifting climate around gender discourse in the United States. Lastly, though each‬

‭strand was collected data in alignment with the research questions, there is some inherent‬

‭difficulty in integrating numerical and narrative data, as they have entirely different structures.‬

‭The quantitative data, collected through the demographic questions, social media‬

‭questions, and three survey scales, also had a few limitations. The reflective nature of the‬

‭questions on participants’ past experiences relies on their memories and accurate‬

‭self-reporting. Memories can easily be altered or influenced by external factors. Additionally,‬
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‭the Likert-scale question format is inherently limiting as it reduces an experience to a 5-point‬

‭scale, restricting the expression of participants. Lastly, the survey was fairly long--it included‬

‭demographic questions, four questions about social media, and 36 Likert Scale‬

‭questions--which may have caused fatigue or disengagement, leading participants to not‬

‭answer questions thoughtfully.‬

‭There are also limitations in the sample taken for the survey, which was collected via‬

‭social media through convenience and snowball sampling. The age range (18-23) was chosen‬

‭to capture the experiences of recent high school graduates who were part of the generation‬

‭being studied and who had fairly recent memories of high school- and college-level science‬

‭courses. Due to the nature of the sample collection, there may have been a geographic bias,‬

‭with responses representing recent graduates who are local to the Northeast cities. Lastly, there‬

‭may be a self-selection bias in the participants who completed the survey, as they were more‬

‭likely to complete it if they were interested in, or felt strongly about, the subject matter. This‬

‭may have created bias in the responses.‬

‭In terms of the qualitative strand, there are limitations around the potential bias of‬

‭participants. Though critical cases were selected based on gender, race, ethnicity, and academic‬

‭interest, the identities represented only represent a tiny sliver of gender-diverse young people,‬

‭and the experiences shown in the qualitative strand make no claim of being comprehensive.‬

‭Moreover, the participants’ experiences are limited to their particular contexts of education.‬

‭The high schools and colleges they attended or were attending at the time of the study, as well‬

‭as the different supports, coursework, and institutional policies to which they had access were‬

‭specific to their schools and cannot represent the entire spread of educational experiences‬

‭young people may have.‬
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‭Finally, the theoretical frameworks have a few limitations as well. Though evolving‬

‭language and identity categories are central to both Fourth Wave Feminism and Queer Theory,‬

‭as these constructs continue to develop, the language used to describe these frameworks may‬

‭need to be adapted. The dynamic nature of digital spaces is also a limitation, as platforms and‬

‭their use are constantly in flux. Lastly, the complexity of intersectionality included in both‬

‭Fourth Wave Feminism and Queer Theory is impossible to capture through any research‬

‭instrument, including survey scales and interview protocols.‬

‭Furthermore, the resistance to categorization espoused by both theoretical frameworks,‬

‭but especially within Queer Theory, is fundamentally in opposition to the structure of the‬

‭quantitative portion of this study, which reduces the rich experiences of an individual into‬

‭digestible categories. The nature of conducting an educational research study on a marginalized‬

‭group brings with it both ethical concerns for the well-being of the participants and potential‬

‭limitations in the potential findings of the study. I acknowledge the limits of using scientific‬

‭methodologies to study marginalized groups. Historically, the use of research methodologies to‬

‭study marginalized groups has been used to dehumanize these groups (Evans-Winters, 2019;‬

‭Gamson, 2000). While the use of a mixed-methods approach was intended to provide a more‬

‭holistic and nuanced picture of gender in the science classroom, data still provide only an‬

‭impartial snapshot of the deep complexity that comprises the lives of participants.‬

‭Recommendations for Future Research‬

‭Given the exploratory nature of this study, there are a number of recommendations for‬

‭future research outlined below, organized by longitudinal research opportunities, intervention‬

‭studies, expanded population studies, digital space research, and methodological expansions.‬
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‭Longitudinal Research Needs‬

‭To delve deeper into the STEM journeys that young gender-diverse people are‬

‭experiencing, I recommend a longitudinal study that follows gender-diverse students who‬

‭intend to study or pursue STEM fields from their high school STEM courses through their‬

‭major selection and graduation from undergraduate. Such a longitudinal case study would help‬

‭illustrate the key factors and decision points for students in persisting in or leaving STEM. This‬

‭would also allow for a deeper understanding of the co-construction of gender identity and‬

‭science identity as a student moves through their education.‬

‭A longitudinal study could also be done on educational institutions that implement‬

‭inclusive policies such as professional development or curricular changes to. Quantitative and‬

‭qualitative data could be collected to measure long term changes in retention, engagement,‬

‭learning, and school culture.‬

‭Intervention Studies‬

‭Another approach could be to conduct intervention studies to look more closely at the‬

‭impact of the practices recommended based on this research. One example of such an‬

‭intervention might be LGBTQ+ in STEM organizations, which could be compared to see‬

‭which supports provided by these organizations are most effective in supporting the sense of‬

‭belonging and subsequent retention of gender-diverse students in their STEM courses. Future‬

‭studies might also explore the impact of mentorship programs for gender-diverse students by‬

‭pairing them with a peer or faculty mentor and measuring how such relationships support a‬

‭sense of belonging and long-term pursuit of STEM. A more faculty-based intervention could‬

‭research how professional development and comprehensive toolkits are able to assist STEM‬

‭instructors in supporting gender-diverse STEM students.‬
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‭The question of identity representation in STEM curricula and pedagogy arose‬

‭throughout the study, mostly in terms of curricular content in life sciences and‬

‭identity-centered pedagogy in physical and computational sciences. Comparing traditional‬

‭models to interventions could allow researchers to investigate the impact of creating courses‬

‭that are more inclusive of gender-diverse students. A few examples include updating sex and‬

‭gender concepts in life sciences, using more collaborative approaches in physical sciences, and‬

‭incorporating gender-diverse identities and interests in examples within content in life sciences‬

‭and physical and computational sciences.‬

‭Expanded Population Studies‬

‭Due to the limited scope of the perspectives that were represented in the qualitative‬

‭strand, future research could capture more narratives and experiences of gender diverse young‬

‭people. Additional narratives along various lines of different axes of identity could potentially‬

‭provide a deeper representation of the diversity of experiences that gender diverse young‬

‭people are having in their science education.‬

‭While this study attempted to include intersectional perspectives in the quantitative and‬

‭qualitative data, the role of intersectional perspectives in gender identity construction could be‬

‭explored much more thoroughly in future research. The role of intersectionality in gender‬

‭construction was one of the key qualitative findings in the instant study. Conducting qualitative‬

‭research that focuses more on the relationship between gender and other identities might help‬

‭to provide a deeper understanding of how all these elements exist simultaneously to inform a‬

‭student’s experiences within their science education. Such research should include more racial‬

‭and ethnic backgrounds, as well as students from different types of institutions such as‬

‭commuter colleges, Historically Black Colleges and Universities, and religious colleges. Such‬
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‭a study, though still inherently limited, would provide more detail and narrative to these‬

‭students’ experiences and how their entire identity, including their gender identity, is being‬

‭engaged in science classes.‬

‭Given the current political climate around gender identity, a study that includes‬

‭geographic diversity would also be important to evaluate educational impact on gender-diverse‬

‭students. Such a study should evaluate the political constructs of institutions and what‬

‭engagement with identity looks like across different axes including rural versus urban‬

‭experiences, regional differences across the United States, various policies across college‬

‭science departments, and the overall local impact of government and politics on gender‬

‭experiences in science classrooms.‬

‭Lastly, given the cursory nature of the perspectives offered by the cis male qualitative‬

‭participant, future research could delve more deeply into the perspectives of cis students on‬

‭progress gender politics. Noah, though open-minded and empathetic in his discussion of‬

‭gender, was the least reflective about gender ideologies and gender oppression. The divide‬

‭between young people who actively participate and reflect on gender activism, and those who‬

‭are neutral or skeptical of progressive gender ideals could be explored in more depth in future‬

‭research.‬

‭Digital Space Research‬

‭The qualitative portion of this study found that for some gender-diverse students, digital‬

‭spaces provided both f important communities and essential resources for informing their‬

‭identities. The relationship between online communities and gender identity development‬

‭might be explored more deeply to examine how these communities might facilitate STEM‬

‭identity formation by providing resources and communal support for students who do not feel‬
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‭they belong in offline spaces. This would provide helpful insight for educators and researchers,‬

‭many of whom have little to no concept of the online discourse that helps shape their students’‬

‭identities.‬

‭Another potentially interesting area of research around digital spaces is investigating‬

‭how digital spaces and their roles in students’ lives might be leveraged for learning outcomes.‬

‭For example, using digital discourse communities as support networks for gender-diverse‬

‭students in STEM, especially for those who do not have access to support networks offline,‬

‭may provide the learning communities that many young people who feel isolated in STEM‬

‭classes are searching for. The impact of such virtual support communities could be measured‬

‭quantitatively and qualitatively to inform future practices and use for such a platform.‬

‭Integrating the spaces young people engage with as a part of their development offers‬

‭educators an opportunity to support them in bridging the divide between physical and digital‬

‭spaces, instead of assuming their digital identities are discrete entities from the students who‬

‭walk into the classroom.‬

‭Methodological Expansions‬

‭The last area of suggested future research is methodological expansion in investigating‬

‭the topics addressed in this study. Methodologies like participatory research, including‬

‭engaging gender-diverse students as co-researchers, facilitating student-led initiatives, and‬

‭developing community-based projects, would empower student voices--in alignment with‬

‭Queer Theory ideas of power constructs--to share their ideas and shape a vision of gender‬

‭identity in education that is aligned with their values and perspectives. Other alternative‬

‭approaches to gender diversity research in science education might include arts-based research‬

‭that allows students to express their perspectives and learning in non-traditional ways, deeper‬
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‭narrative studies into students’ science identity development, and critical ethnographies of‬

‭science departments to understand the mechanisms of power in the classroom and in school‬

‭policies, and the role that informal support networks might play in these more formal‬

‭structures.‬

‭Conclusion‬

‭As younger generations adopt contemporary, fluid notions of gender, gender constructs‬

‭in education lag behind and create a gap between how young people understand themselves‬

‭and how researchers seek to understand them. This is particularly problematic in science‬

‭education and science, which maintain specific gender constructions that often are‬

‭exclusionary, or, in severe cases, are used to reinforce dangerous and oppressive notions of‬

‭biological essentialism. The purpose of this study was to explore and make visible the‬

‭experiences of modern gender-diverse students in science classrooms in an attempt to expand‬

‭the way that gender is discussed in science education research. The study looked at three‬

‭research questions to understand sense of belonging, engagement, and the impact of gender‬

‭constructions in science classrooms on students’ overall perceptions of science.‬

‭In its explanatory sequential mixed method design, the study collected (1) overall‬

‭patterns across these research questions for gender-diverse students, cis women, and cis men‬

‭through quantitative data and (2) specific narratives from five participants who took part in‬

‭qualitative interviews. Most of the main findings in the quantitative data pertained to the sense‬

‭of belonging scale and indicated that the gender-diverse group felt that they belonged and were‬

‭welcomed in science classrooms at significantly lower levels than their cis peers. This pattern‬

‭was highlighted in the qualitative data through participants’ discussions of representation in‬

‭science education and the process of finding and building community. There was not a stark‬
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‭difference in the scores between the three groups in engagement or perceptions of science. In‬

‭fact, the gender-diverse group demonstrated the highest levels of engagement and the highest‬

‭regard for scientific learning on some items in the survey. However, these constructs were‬

‭explored more deeply in the qualitative data, where participants discussed the way they‬

‭navigate the social space of science classrooms including their interactions with students,‬

‭instructors, and institutional administrators. Participants also described hopeful attitudes about‬

‭the evolution of science and articulated clear visions of a more equitable future for science.‬

‭Lastly, participants discussed their experiences in the larger context of their community‬

‭interactions, which informed the way their gender identities emerged in science education‬

‭contexts. These themes paint a picture of gender in science education that is complex and‬

‭undergoing a foundational shift, opening new doors for research and opportunity for growth in‬

‭the field.‬

‭In addition to the findings, this study also made important contributions through the use‬

‭of the theoretical frameworks of Fourth Wave Feminism and Queer Theory in science‬

‭education. Fourth Wave Feminism highlights the importance of the constructivist nature of‬

‭gender, the intersectional contexts of gender identity, and the role of digital spaces in modern‬

‭gender discourse. Queer Theory reinforces the need for ongoing examination of the power‬

‭structures embedded in science and resists static constructs that cannot respond to the‬

‭ever-shifting landscape of social construction. Together, they provide a transformative lens‬

‭through which to understand the experiences of young people.‬

‭These findings have a number of meaningful applications for science instructors and‬

‭educational institutions. First, teacher training should reflect the specific needs of‬

‭gender-diverse students and include approaches for continual engagement with students to‬
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‭make them feel comfortable and that their identities are explicitly welcomed and valued.‬

‭Additionally, examination of gender constructs in life science and physical and computational‬

‭science should be ongoing and critical of oversimplified or exclusionary gender constructs.‬

‭Science curricula should be revised to include inclusive language and collaborative‬

‭environments that value student voices and identities in the learning process.‬

‭While this study provided important insights into the application of more modern‬

‭gender constructs to science education research, it had a few key limitations. Given the nature‬

‭of the recruitment practices for the quantitative strand, participants who were already interested‬

‭in this topic may have been more likely to participate in the study and bias the data.‬

‭Additionally, all data was self-reported in both the quantitative and qualitative strands, which‬

‭may have introduced response biases. Finally, the nature of the mixed methodology means‬

‭there is a time gap in data collection and some difficulty in integrating the quantitative and‬

‭qualitative data due to their different structures.‬

‭Given the limitations of this study and the emergent nature of this field of research,‬

‭there are a number of promising pathways for future research. Science education researchers‬

‭might conduct longitudinal studies to look more deeply at the identity development of‬

‭gender-diverse students in science class over time. Researchers may also want to explore‬

‭interventionist studies to understand the potential impact of some of the approaches suggested‬

‭in Chapter 5. Lastly, this topic could be explored within different populations to deepen the‬

‭intersectional understanding of gender in science classrooms.‬

‭Ultimately, this study highlights the need for a radical shift in how science education‬

‭discusses gender and gender diversity. Given the tenuous nature of the political climate around‬

‭gender and the challenges facing this generation, this need is more urgent than ever. As young‬
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‭people are shifting the paradigm of how they understand gender, their vision marks a curiosity‬

‭and reflectiveness that echoes key traits of scientific practice. Engaging these students in the‬

‭reimagining of science and science education offers opportunities to incorporate new‬

‭perspectives that strengthen scientific communities and research. Challenging antiquated‬

‭constructs and actively working toward a more inclusive vision that is responsive to the needs‬

‭and ideas of these students, may allow all students to feel they belong and be seen for their‬

‭whole selves in their science classrooms.‬
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‭Appendix A: Quantitative Survey‬

‭Gender in the Secondary Science Classroom‬

‭Q1‬
‭**Consent for Survey Portion of the Study**‬
‭Thanks so much for opening my survey!! Your voice will be an important contribution to this‬
‭work towards a more equitable future for people of all genders in the science classroom.‬
‭Sometimes gender and identity can be a personal subject but rest assured, your survey results‬
‭are safe, protected and no information linking your specific responses will be seen by anyone‬
‭except me (principle researcher, Caroline Darin) Information about the study, its use, your‬
‭privacy and digital safety can be found at the link below:‬
‭Survey consent agreement‬

‭Q2 The primary researcher may wish to contact you in the future. Do you give consent to be‬
‭contacted by the primary researcher in the future? Please note that you do not need to provide‬
‭consent for future contact to take part in the survey portion of this study.‬
‭- Yes‬
‭- No‬

‭Q3 The researcher may contact me in the future for other research opportunities in the form of‬
‭an interview that will take place later on in this study. Please note that you do not need to‬
‭provide consent for future contact to take part in the survey portion of this study.‬
‭- Yes‬
‭- No‬

‭Q4 If you consent to future contact to take part in the interview portion of the study, please‬
‭type your name in the space below.‬

‭Q5 If you consent to future contact to take part in the interview portion of the study, please‬
‭type your email in the space below.‬

‭Q7 I consent to take part in the survey portion of this study and understand my rights as a‬
‭participant.‬
‭- Yes‬
‭- No‬

‭Q8 Do you commit to providing thoughtful answers to the questions in this survey?‬
‭- I can’t promise either way‬
‭- Yes, I will‬
‭- No, I will not‬

‭Q9 My signature below means that I agree to participate in this study:‬

‭Q10 Date mm/dd/yyyy‬
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‭End of Block: Survey Consent‬

‭Demographics‬

‭Q11 What is your age?‬
‭- 18 years old‬
‭- 19‬
‭- 20‬
‭- 21‬
‭- 22‬
‭- 23‬

‭Q12 What is your gender identity?‬
‭- Trans woman‬
‭- Trans man‬
‭- Cis woman‬
‭- Cis man‬
‭- Trans-masculine‬
‭- Trans-feminine‬
‭- Genderqueer‬
‭- Non-binary‬
‭- Genderfluid‬
‭- Androgynous‬
‭- Agender‬
‭- Demigirl‬
‭- Demiboy‬
‭- Genderflux‬
‭- Bigender‬
‭- Additional, not listed‬

‭Q13 If you selected additional for the previous question, please list any additional gender‬
‭identities you have below:‬

‭Q14 Are you currently attending or previously graduated from an undergraduate degree‬
‭program?‬
‭- Currently in undergraduate program‬
‭- Yes, previously graduated from undergraduate program‬
‭- Previously attended undergraduate program but did not graduate‬
‭- Have never attended undergraduate program‬

‭Q15 If you have previously attended an undergraduate program, what was your intended or‬
‭declared major?‬

‭Q18 Choose one or more races that you identify with‬
‭- Black or African American‬
‭- Native American or Alaska Native‬
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‭- White or Caucasian‬
‭- Asian‬
‭- Native Hawaiian or Additional Pacific Islander Identities‬
‭- Hispanic, Latino/latina/latinx or Spanish Origin‬
‭- Prefer not to say‬
‭- Additional‬

‭Q19 If you selected additional for the previous question, please list any additional racial‬
‭identities you have below:‬

‭Q20 Ethnicity refers to a person’s identification with cultural or social groups. How would you‬
‭describe your ethnic identification?‬

‭Q21 How many hours a day do you spend on social media on average?‬
‭- 0-1‬
‭- 1-3‬
‭- 3-5‬
‭- 5-7‬
‭- 7+‬

‭Q22 The following background information items are intended to get a sense of your‬
‭engagement in digital spaces. Please answer each question with according the following scale:‬
‭Never, A few times a year, Once a Month, Once a Week, Once a Day, Multiple Times a Day‬

‭Q23 How often do you engage (read, post, or reply to) in conversations related to gender on‬
‭social media?‬
‭- Never‬
‭- A few times a year‬
‭- Once a month‬
‭- Once a week‬
‭- Once a day‬
‭- Multiple times a day‬

‭Q24 How often do you engage (read, post, or reply to) in conversations related to race on‬
‭social media?‬
‭- Never‬
‭- A few times a year‬
‭- Once a month‬
‭- Once a week‬
‭- Once a day‬
‭- Multiple times a day‬

‭Q25 How often do you engage (read, post, or reply to) in conversations related to culture or‬
‭ethnicity on social media?‬
‭- Never‬
‭- A few times a year‬
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‭- Once a month‬
‭- Once a week‬
‭- Once a day‬
‭- Multiple times a day‬

‭2010 State of Higher Education for LGBT People Survey‬

‭Q26‬
‭**Questions Adapted from the 2010 State of Higher Education for LGBT People Survey**‬
‭The following questions pertain to your experiences in your science classes in high school.‬
‭Each of the following items will be scored 1 to 5, with 1 denoting Strongly Disagree, 2 -‬
‭Disagree, 3- Uncertain, 4 - Agree, and 5 - Strongly Agree‬

‭Q27 I felt safe expressing my authentic self around the teachers during class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q28 I felt safe expressing my authentic self around other students during class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q29 I felt my gender identity was welcomed in class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q30 I felt my gender identity was included in the topics and ideas covered in class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q31 The issues taught in science class were as important to cis girls as cis boys‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
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‭- 5 - Strongly agree‬

‭Q32 The issues taught in science class were important to people who identify outside of a‬
‭biological gender binary‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q33 Science class was equally engaging for cis girls and cis boys‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q34 Science class was equally engaging for people of all gender identities‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q35 My science classes used language that was inclusive of all gender identities‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q36 Teachers supported gender identity/expression concerns‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬

‭Q37 The administration (Principals, assistant principals, the school district) supported gender‬
‭identity/expression concerns‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly agree‬
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‭Science Academic Engagement Survey‬

‭Q38‬
‭**Questions Adapted from the Science Academic Engagement Survey**‬
‭The following questions pertain to your experiences in your science classes in high school.‬
‭Each of the following items will be scored 1 to 5, with 1 denoting Strongly Disagree, 2 -‬
‭Disagree, 3- Uncertain, 4 - Agree, and 5 - Strongly Agree‬

‭Q39 I tried to understand my mistakes when I got something wrong in my high school science‬
‭classes‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q40 I would rather be told the answer than have to do the work‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q41 I put effort into learning in my science classes‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q42 I would keep trying if something was hard‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q43 I talked about science outside of class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q44 I enjoyed learning new things about science‬
‭- 1 - Strongly Disagree‬
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‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q45 I felt good when I was in science class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q46 I wanted to understand what was being taught in science‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q47 I often felt frustrated in science class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q48 I didn’t want to be in science class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q49 I tried to work with others who could help me in science class‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q50 When working with others, I don’t share ideas‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬
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‭Thinking about Science Survey‬

‭Q51‬
‭**Questions Adapted from the Thinking about Science Survey**‬
‭Each of the following items will be scored 1 to 5, with 1 denoting Strongly Disagree, 2 -‬
‭Disagree, 3- Uncertain, 4 - Agree, and 5 - Strongly Agree‬

‭Q52 Cis women are welcome in science just as much as cis men are.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q53 People who identify outside of the cis-gender binary are welcome in science just as much‬
‭as cis people.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q54 The scientific community is mostly dominated by men and is often unfriendly to cis‬
‭women and gender-diverse people‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q55 Racial and ethnic groups who are traditionally underrepresented in science such as‬
‭African Americans, Latin Americans, Caribbeans, South Americans, and Indigenous North‬
‭Americans are just as welcome in the scientific community as are white people.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q56 Scientific research is often potentially dangerous to the public.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬
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‭Q57 Science should not be made an important subject for elementary school grades.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q58 All students should study science during the secondary school (high school) grade levels.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q59 Understanding science is a good thing for everyone.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q60 We can be certain that scientific knowledge is reliable.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q61 Science is the best source of reliable knowledge.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q62 Scientific research is morally neutral.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q63 Scientific knowledge is useful.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
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‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Q64 Scientific knowledge contributes to good health.‬
‭- 1 - Strongly Disagree‬
‭- 2 - Disagree‬
‭- 3 - Uncertain/Neither agree nor disagree‬
‭- 4 - Agree‬
‭- 5 - Strongly Agree‬

‭Survey Completion and Gift Card Raffle‬

‭Q65 Thank you for finishing the survey! Your contributions and participation in this study are‬
‭greatly appreciated. The raffle for the winners of the three $100 Amazon gift cards will take‬
‭place once the survey data collection is complete. To take part in the raffle, please enter your‬
‭email address below so that we can reach your if you win:‬
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‭Appendix B: Interview Protocol‬

‭Introduction:‬‭My name is Caroline Darin and I am a‬‭doctoral candidate at Teachers College at‬
‭Columbia University. Thank you for agreeing to take part in this research to understand how‬
‭students experience gender in the science classroom. I understand that you already completed‬
‭the quantitative survey, thank you for that as well, I look forward to your further insight on this‬
‭topic. I have some questions written to guide our conversation, but we can be flexible in what‬
‭we discuss, and flow according to how you feel and whatever topics may come up. I will be‬
‭recording our interview, so I have an accurate record of what we discuss today. The goal of this‬
‭interview is for you to be a part of understanding the relationship between gender and high‬
‭school science classrooms, how students experience gender in the science classroom and how‬
‭it relates to their perception of science. If at any time you feel uncomfortable or unsafe, you are‬
‭encouraged to ask me to skip a question or to end the interview. Do you have any questions for‬
‭me?‬

‭Do you consent to being audio and/or video recorded?‬

‭I will begin recording now and will let you know when I finish the recording at the end of the‬
‭interview. You may ask me to stop recording at any time.‬

‭Can you confirm once more on the audio recording that you consent to being audio recorded?‬

‭Interview Prompts‬

‭All participants will be asked:‬

‭Tell me your name and a little bit about yourself.‬

‭What are the most important aspects of your identity?‬

‭Research Questions‬ ‭Prompts‬

‭In what ways do the messages‬
‭that students receive about‬
‭gender influence how they feel‬
‭in a science classroom?‬

‭●‬ ‭What messages have you received about gender‬
‭throughout your life? Where do these messages come‬
‭from?‬

‭●‬ ‭What messages do schools send about gender?‬
‭●‬ ‭What messages did instructors implicitly or explicitly‬

‭send about gender?‬
‭●‬ ‭What messages did you receive about gender in your‬
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‭science classes (did this look different in physical‬
‭versus life science classes)?‬

‭●‬ ‭How does social media discuss gender? Is this different‬
‭from how it is discussed or presented in schools?‬

‭●‬ ‭Tell me about how you think a person’s background‬
‭might relate to their understanding of gender.‬

‭●‬ ‭How have the perceptions or understandings of gender‬
‭among young people changed in the past 10 years or‬
‭so?‬

‭●‬ ‭How has this impacted school? Is it reflected in the‬
‭curriculum?‬

‭●‬ ‭Do you think that your teachers in high school had‬
‭similar ideas about gender to their students?‬

‭How does a student’s gender‬
‭identity relate to their‬
‭engagement and learning in a‬
‭secondary science classroom?‬

‭●‬ ‭Tell me a little bit about your identity and how your‬
‭identity came to be.‬

‭●‬ ‭Did you feel comfortable in your science classes?‬
‭●‬ ‭How do you think your gender may have affected your‬

‭experiences in your science classes?‬
‭●‬ ‭Can you think of a specific time that your gender‬

‭influenced how you were perceived by your peers or‬
‭by the instructor in any of your science classes?‬

‭●‬ ‭Tell me about an enjoyable experience you had in your‬
‭science classes‬

‭●‬ ‭Tell me about a topic you learned in science class that‬
‭stood out as important to learn to you‬

‭●‬ ‭Tell me about a topic you learned in science that did‬
‭not seem as important to learn‬

‭●‬ ‭How did your experiences in science compare to your‬
‭experience in other subjects?‬

‭●‬ ‭What is taught about sex and gender in your life‬
‭science classes?‬

‭How do students of various‬
‭gender identities perceive‬
‭science education and‬
‭scientific institutions?‬

‭●‬ ‭What role does gender play in society?‬
‭●‬ ‭What role does gender play in science classes?‬
‭●‬ ‭How do you understand the role gender plays in an‬

‭individual’s experiences?‬
‭●‬ ‭Do you believe science is a force of good in society?‬
‭●‬ ‭Do you believe science is equally helpful for people of‬

‭all gender identifications?‬
‭●‬ ‭Do you trust that scientists are doing work that will‬

‭help people instead of harming them?‬
‭●‬ ‭Do you believe people of all genders have an equal‬

‭opportunity to participate in science?‬
‭●‬ ‭How do you think most adults interact with science on‬
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‭a day-to-day basis? Is this influenced by their gender‬
‭identity?‬

‭●‬ ‭Do you think queer students have specific struggles‬
‭relating to science in ways that are distinct from the‬
‭way cis girls have been shown to experience science‬
‭classes in past research?‬

‭Member checking quantitative‬
‭data‬

‭●‬ ‭Tell me about what you think about these findings from‬
‭the survey you took part in‬

‭●‬ ‭How do they make you feel?‬
‭●‬ ‭Tell me about whether these findings resonate with‬

‭your personal experience in your high school science‬
‭classrooms‬

‭●‬ ‭Are there any specific items from the survey that you‬
‭would like to discuss in further detail?‬

‭●‬ ‭Do you have any specific examples that might help‬
‭others to understand the role of gender in a science‬
‭classroom?‬

‭Closing:‬‭Thank you for taking the time to assist in‬‭my research today. If you have any further‬
‭ideas or thoughts you’d like to share, please email me and we can schedule a shorter follow-up‬
‭interview. Otherwise, after all 10 interviews have been conducted, transcribed from the‬
‭recording, and analyzed, I will send you a summary of the findings so you can verify that I am‬
‭representing your ideas correctly. Do you have any questions?‬

‭Thank you so much again. I will be in touch with the findings from the interviews.‬

‭Follow-up interview:‬‭Thank you for reaching out to‬‭add more thoughts to our previous‬
‭conversation. I will be recording again so I have an accurate record of what we discuss. What‬
‭thoughts did you want to add to our previous discussion?‬
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‭Appendix C: Informed Consent for Interview‬

‭INFORMED CONSENT‬
‭Protocol Title: Gender and Fourth Wave Feminism in the Secondary Science Classroom:‬

‭Interview Consent‬
‭Principal Researcher: Caroline Darin PhD Candidate, Teachers College‬

‭207-344-9414, cd3184@tc.columbia.edu‬
‭INTRODUCTION You are invited to participate in this research study called “Gender and‬
‭Fourth Wave Feminism in the Secondary Science Classroom” You may qualify to take part in‬
‭this research study because you are between the ages of 18 and 23 years old. 5 people will‬
‭participate in this interview portion of the study and it will take 45-60 minutes of your time to‬
‭complete.‬
‭Teachers College has provided funding for this study.‬
‭WHY IS THIS STUDY BEING DONE? This study is being done to determine the experiences‬
‭of students who identify outside of gender binaries in the science classroom. Significant‬
‭research has been conducted on gender in the science classroom under the assumption of a‬
‭binary view of gender. The goal is to understand how students who have been excluded from‬
‭these narratives are experiencing their science education so that it might become more‬
‭equitable.‬
‭WHAT WILL I BE ASKED TO DO IF I AGREE TO TAKE PART IN THIS STUDY?‬
‭If you decide to participate, the primary researcher will ask you to schedule a 45-60 minute‬
‭semi-structured interview. You will have the option for either an in-person interview or a Zoom‬
‭interview. In-person interviews will take place at a mutually convenient location. During the‬
‭interview, the findings from the survey portion of the study, which you previously took part in,‬
‭will be presented to you. The researcher will have some questions to guide conversion, but the‬
‭interview will ultimately flow naturally depending on what you want to share and discuss.‬
‭Questions will ask you to go into further detail about your experiences in high school science‬
‭classes as they relate to your gender identification. In-person interviews will be audio-recorded‬
‭and transcribed. Zoom interviews will be video and audio recorded due to Zoom not having an‬
‭option for only audio recording, though only the audio will be used as data. The interviewer‬
‭will obtain verbal consent again prior to the interview and will notify you when the audio and/‬
‭or video recording begins and ends. Once the interview has been transcribed, the audio and/or‬
‭video recording will be deleted.‬
‭You will also have the option to take part in a 15 to 30 minute follow-up interview if any ideas‬
‭or thoughts come up that you want to share after the interview is over. This follow-up interview‬
‭will similarly be audio and/or video recorded depending on whether in-person or on Zoom, and‬
‭transcribed, with the original audio being deleted after transcription. You will be given a‬
‭pseudonym in all reports of the interview.‬
‭Finally, after the interview is over, findings in the form of recurring themes will be sent to‬
‭interview participants to confirm that meaning has been accurately taken from the interview‬
‭transcriptions in a process known as member-checking. This final step is to ensure that the‬
‭researcher is not misconstruing or misinterpreting your interview responses.‬
‭WHAT POSSIBLE RISKS OR DISCOMFORTS CAN I EXPECT FROM TAKING PART IN‬
‭THIS STUDY? This is a minimal-risk study, which means the harms or discomforts that you‬
‭may experience are not greater than you would ordinarily encounter in daily life while taking‬
‭routine physical or psychological examinations or tests. However, there are some risks to‬
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‭consider. You may feel some discomfort in reflecting on some of the issues brought up in the‬
‭interview, as they relate to issues of identity that may be uncomfortable. If at any time you feel‬
‭anything beyond minimal discomfort, you may stop participating in the interview or ask to‬
‭move to the next question. If you do complete the interview, your data will be completely‬
‭secure and private, protected by an encrypted computer, a firewall and stored on a secure‬
‭password-protected network.‬
‭If you opt for an in-person interview, the interviewer will minimize the physical risks of illness‬
‭with frequent handwashing and disinfection of the interview space.‬
‭WHAT POSSIBLE BENEFITS CAN I EXPECT FROM TAKING PART IN THIS STUDY?‬
‭There is no direct benefit to you for participating in this study. Participation may benefit the‬
‭field of science education in helping researchers to better understand the experiences of gender‬
‭nonconforming students.‬
‭WILL I BE PAID FOR BEING IN THIS STUDY? You will receive a $25 Amazon gift card as‬
‭compensation for your time, sent as a digital gift card to the email address you provided.‬
‭WHEN IS THE STUDY OVER? CAN I LEAVE THE STUDY BEFORE IT ENDS? This‬
‭portion of the study is over when you have completed the 45-60 minute interview. You may‬
‭end the interview at any point and rescind your consent to have your interview used in the‬
‭study. You will be compensated with your gift card once at least a 60-minute interview has‬
‭been completed.‬
‭PROTECTION OF YOUR CONFIDENTIALITY Any electronic or digital information‬
‭(including audio (and video) recordings) will be stored on the Teachers College Google Drive‬
‭that is password protected and accessed securely using an encrypted computer with a firewall‬
‭and a VPN connection. In all reports of the interview data, you will be given a pseudonym to‬
‭keep your responses and interview confidential.‬
‭For quality assurance, the study team, the study sponsor (grant agency), and/or members of the‬
‭Teachers College Institutional Review Board (IRB) may review the data collected from you as‬
‭part of this study. Otherwise, all information obtained from your participation in this study will‬
‭be held strictly confidential and will be disclosed only with your permission or as required by‬
‭U.S. or State law.‬
‭HOW WILL THE RESULTS BE USED? The results of this interview will be used to add‬
‭depth to the generalized findings from the survey portion of the study through narrative and‬
‭specific experiences of interview participants. Once interviews have taken place, the survey‬
‭and interview data will be triangulated to determine the overall results of the study and to later‬
‭develop tools and recommendations to create more equitable spaces for students of all gender‬
‭identifications in science classrooms. Your identity will be removed from any data you provide‬
‭before publication or use for educational purposes. Your name or any identifying information‬
‭about you will not be published. This study is being conducted as part of the dissertation of the‬
‭primary researcher. This study may be published in journals and presented at academic‬
‭conferences.‬
‭CONSENT FOR AUDIO AND OR VIDEO RECORDING Audio recording and/or video‬
‭recording) is part of this research study. You can choose whether to give permission to be‬
‭recorded. If you decide that you don’t wish to be recorded, you will not be able to participate in‬
‭this research study.‬
‭______I give my consent to be recorded‬

‭Signature _____________________________________________________________‬
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‭______I do not consent to be recorded‬

‭Signature______________________________________________________________‬
‭WHO MAY VIEW MY PARTICIPATION IN THIS STUDY‬
‭___I consent to allow video and audio-recorded materials viewed at an educational setting or at‬
‭a conference outside of Teachers College, Columbia University‬
‭Signature______________________________________________________________‬
‭___I do not consent to allow video and/or audio-recorded materials viewed outside of Teachers‬
‭College, Columbia University‬
‭Signature______________________________________________________________‬
‭OPTIONAL CONSENT FOR FUTURE CONTACT IN INTERVIEW PORTION OF THE‬
‭STUDY‬
‭The primary researcher may wish to contact you in the future. Please initial below to indicate‬
‭whether you give permission for future contact.‬

‭Yes ________________________ No_______________________‬
‭WHO CAN ANSWER MY QUESTIONS ABOUT THIS STUDY?‬
‭If you have any questions about taking part in this research study, you should contact the‬
‭primary researcher, Caroline Darin at cd3184@tc.edu or 207-344-9413. You can also contact‬
‭the faculty advisor, Dr. Ann Rivet at rivet@tc.columbia.edu or (212) 678-3384.‬
‭If you have questions or concerns about your rights as a research subject, you should contact‬
‭the Institutional Review Board (IRB) (the human research ethics committee) at 212-678-4105‬
‭or email IRB@tc.edu or you can write to the IRB at Teachers College, Columbia University,‬

‭525 W. 120‬‭th‬‭Street, New York, NY 10027, Box 151.‬‭The IRB is the committee that oversees‬
‭human research protection for Teachers College, Columbia University.‬

‭PARTICIPANT’S RIGHTS‬
‭●‬ ‭I have read the Informed Consent Form and have been offered the opportunity to‬

‭discuss the form with the researcher.‬
‭●‬ ‭I have had ample opportunity to ask questions about the purposes, procedures, risks,‬

‭and benefits regarding this research study.‬
‭●‬ ‭I understand that my participation is voluntary. I may refuse to participate or withdraw‬

‭participation at any time without penalty.‬
‭●‬ ‭The researcher may withdraw me from the research if I am not between the ages of‬

‭18-23.‬
‭●‬ ‭If, during the course of the study, significant new information that has been developed‬

‭becomes available which may relate to my willingness to continue my participation, the‬
‭researcher will provide this information to me.‬

‭●‬ ‭Any information derived from the research study that personally identifies me will not‬
‭be voluntarily released or disclosed without my separate consent, except as specifically‬
‭required by law.‬

‭●‬ ‭Identifiers may be removed from the data. De-identified data may be used for future‬
‭research studies or distributed to another researcher for future research without‬
‭additional informed consent from you (the research participant or the research‬
‭participant’s representative).‬

‭●‬ ‭I should receive a copy of the Informed Consent Form document.‬
‭My signature means that I agree to participate in this study:‬

‭219‬



‭Print name: ___________________________________Date: ______________________‬
‭Signature:____________________________________________________________________‬
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‭Appendix D: Responses to Ethnicity Identification Demographic Item‬

‭African (7 total):‬
‭Yoruba (2)‬
‭African‬
‭African-American/West Indian‬
‭Black/African‬
‭Kenyan (Kikuyu) & German-American‬
‭Luhya‬

‭Hispanic (12 total):‬
‭Hispanic (5)‬
‭White and Hispanic/latino‬
‭Latina/Hispanic‬
‭Hispanic‬
‭Hispanic/Puerto Rican‬
‭Hispanic/Mexican‬
‭My ethnic identification is Hispanic. Although I was here I have some Ecuadorian blood in me‬
‭because of my parents being from Ecuador.‬
‭Hispanic/Latina‬
‭I am Hispanic of Ecuadorian descent‬

‭Northern European (10 total):‬
‭Northern Irish‬
‭I would describe my ethnic identification as African American, Native (Cherokee) Indian and‬
‭Irish.‬
‭Scottish American‬
‭Scandinavian + Irish‬
‭White Irish‬
‭My ethnic identification is Irish-American which means I primarily identify with the cultural‬
‭traditions, ancestry, and heritage associated with that group, including aspects like language,‬
‭cuisine, customs, and family history‬
‭Norwegian/Scandinavian‬
‭Irish American‬
‭I have Scandinavian and general european ancestry‬
‭Irish‬

‭Ashkenazi Jewish (11 total):‬
‭Jewish (3)‬
‭Ashkenazi (2)‬
‭Ashkenazi Jew‬
‭Ashkenazi Jewish‬
‭white american Jew‬
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‭Ukrainian/Ashkenazi Jewish/Russian/Belarussian‬
‭Ashkenazi/Eastern European‬

‭Black (20 total):‬
‭Black/black (4)‬
‭Black American (5)‬
‭African American/black (2)‬
‭I would describe my ethnic identity as black.‬
‭Black/African‬
‭Black and Puerto Rican‬
‭Mainly black with Samoan and Native American‬
‭Black American living in us‬
‭Southern black, Trinidadian, and maybe Puerto Rican‬
‭Black and latine‬

‭Central/South American (12 total):‬
‭Ecuadorian (2)‬
‭I am Hispanic of Ecuadorian descent (2)‬
‭Dominican, Puerto rican, Ecuadorian‬
‭Colombian, Italian‬
‭Hispanic/Mexican‬
‭I am a Mexican/Guatemalan man.‬
‭I am a Mexican American woman meaning both my parents are from a Mexican descent while‬
‭I was born in America.‬
‭Mexican‬
‭Brazilian‬
‭mexican american‬

‭Central European (9 total):‬
‭Polish (3)‬
‭Turkish and Polish‬
‭Kenyan (Kikuyu) & German-American‬
‭German‬
‭Swiss‬
‭Mostly Australian, with heavy influence from England/Britain and lighter influence from‬
‭Germany, Denmark and Norway‬
‭Ukrainian-German‬

‭Asian American (1 total):‬
‭Asian American‬
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‭African American (12 total):‬
‭African American (6)‬
‭African American/black (2)‬
‭I would describe my ethnic identification as African American, Native (Cherokee) Indian and‬
‭Irish.‬
‭I would describe as African American‬
‭African American, Antiguan‬
‭I am an African American woman with a father that is Native American and a mother that is‬
‭fully African American‬

‭Spanish Caribbean (14 total):‬
‭Puerto Rican (3)‬
‭Dominican (3)‬
‭Southern black, Trinidadian, and maybe Puerto Rican‬
‭Dominican, Puerto rican, Ecuadorian‬
‭Black and Puerto Rican‬
‭Hispanic/Puerto Rican‬
‭Puerto Rican culture was the norm in my life, so Puerto Rican ethnicity‬
‭Puerto Rican/Latino‬
‭I identify as a Latina, specifically Puerto Rican.‬
‭Dominican, Puerto Rican.‬
‭Dominican (Dominican Republic)‬

‭Eastern European (7 total):‬
‭Slovak-American‬
‭Ukrainian/Ashkenazi Jewish/Russian/Belarussian‬
‭mixed kazakh and russian‬
‭Ukrainian‬
‭West Slavic‬
‭Ukrainian-German‬
‭Slav‬

‭East Asian (6 total):‬
‭Chinese (4)‬
‭Thai and Italian American‬
‭Taiwanese‬

‭Caribbean (13 total):‬
‭Guyanese‬
‭caribbean‬
‭African-American/West Indian‬
‭Southern black, Trinidadian, and maybe Puerto Rican‬
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‭Caribbean American‬
‭Haitian American/White American‬
‭Afro-Caribbean descent‬
‭West Indian/Caribbean‬
‭Haitian‬
‭Trinidadian and Bajan‬
‭I am Caribbean, more specific I am from Barbados.‬
‭I am Trinidadian‬
‭West Indians‬

‭Pacific Islander (1 total):‬
‭Mainly black with Samoan and Native American‬

‭Southern European (9 total):‬
‭Italian (2)‬
‭I’m ethnically Portuguese‬
‭Thai and Italian American‬
‭Pretty standard white guy with italian heritage‬
‭Italian and Greek‬
‭sicilian-american :)‬
‭Colombian, Italian‬
‭albanian‬

‭South Asian (4 total):‬
‭Indian‬
‭South Asian‬
‭East indian‬
‭More with the traditions and culture of Indians.‬

‭Latino/Latina/Latine/Latinx (10 total):‬
‭White and Hispanic/latino‬
‭Latina/Hispanic‬
‭I would describe myself a Latina. I have two parents and their ethnicity comes from a Spanish‬
‭speaking country‬
‭Puerto Rican/Latino‬
‭I identify as a Latina, specifically Puerto Rican.‬
‭Latino‬
‭latina‬
‭Latino/Latine‬
‭Black and latine‬
‭Hispanic/Latina‬
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‭Canadian (2 total):‬
‭Québécois‬
‭White Anglo-Canadian‬

‭White American (32 total):‬
‭White/white (17)‬
‭White Caucasian (2)‬
‭White/Caucasian variations (2)‬
‭White Southern American‬
‭White and Hispanic/latino‬
‭white american Jew‬
‭Pretty standard white guy with italian heritage‬
‭Haitian American/White American‬
‭Probably also just white‬
‭White/American‬
‭White Irish‬
‭I identify as white but am not really bothered by culture or social groups as I think it would be‬
‭weird to have an only whites friend group and limit myself from having other perspectives‬
‭White Mutt‬
‭white american‬

‭Native American (5 total):‬
‭I would describe my ethnic identification as African American, Native (Cherokee) Indian and‬
‭Irish.‬
‭Mainly black with Samoan and Native American‬
‭Native American Cherokee‬
‭native American‬
‭I am an African American woman with a father that is Native American and a mother that is‬
‭fully African American‬
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