
 

 

 

ABSTRACT 

WRIGHT III, GARY WILLIAM. Queering Science Teacher Education: Exploring Changes in 

Pre-Service Science Teachers’ Attitudes and Beliefs about Gender and Sexual Diversity-

Inclusive Science Teaching. (Under the direction of Dr. Cesar Delgado). 

 

 Students who identify as Lesbian, Gay, Bisexual, Transgender, and Queer (LGBTQ) 

continue to report feelings of being unsafe at school due to their sexual orientation, gender 

expression, and gender identity. Access to an inclusive curriculum and supportive teachers can 

have a significant positive impact on LGBTQ students’ feelings of safety, academic 

performance, educational aspirations, and sense of school belonging and well-being. 

Unfortunately, these supports are often not included in science classrooms. One response is for 

science teacher education programs to ensure that pre-service science teachers (PSSTs) are 

prepared to enact gender and sexual diversity (GSD)-inclusive science teaching (GSDST) in their 

future science classrooms. GSD topics, perspectives, and themes are often excluded in teacher 

education programs, and research has broadly investigated pre-service teachers’ attitudes and 

beliefs about GSD-inclusive teaching. However, little is known about PSSTs’ attitudes and 

beliefs about GSDST, how they change over time, as well as how interventions should be 

designed to foster GSD-inclusive attitudes and beliefs. Addressing these gaps in the literature 

will inform best practices for science teacher education programs to design and implement 

professional development for PSSTs.   

 Using a convergent mixed methods research design, this dissertation collected 

quantitative and qualitative data to explore how PSSTs’ attitudes and beliefs about GSDST 

changed after participating in a GSD-infused intervention designed around a conceptual 

framework of teaching advocacy for queer youth and to explore which design elements of the 

intervention contributed to changes in their attitudes and beliefs. Results showed that the PSSTs 



 

 

 

were mostly supportive of measures indicative of GSDST prior to the intervention, and there was 

an overall trend in favor of GSDST with small to medium effect sizes after the intervention. 

Qualitative findings indicated that although there was a general positive trend in PSSTs’ attitudes 

and beliefs about GSDST and that the participants reflected positively on the intervention, there 

were no deep changes in their attitudes and beliefs as evidenced through their focus on student 

safety and an “Add LGBT and Stir” approach prior to and after the intervention. Furthermore, 

the qualitative data revealed five design features of the intervention that contributed to the 

observed changes: group dialogue; coherence to Ambitious Science Teaching; GSD terminology; 

knowledge of intersex, hormones, and LGBTQ scientists; and relevant case studies. Results 

suggested that more research should be done on how to support deeper changes in PSSTs’ 

attitudes and beliefs about GSDST that equip them with skills necessary to disrupt the macro-

level structures of science education that continue to marginalize queer students. These findings 

will contribute to a more nuanced understanding of how to prepare science teachers to address 

GSDST and better meet the needs of all their students consistent with recent calls for GSD equity 

in science education.  
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CHAPTER ONE 

INTRODUCTION 

What does gender and sexual diversity have to do with teaching science and preparing 

science teachers? Science classrooms are places where students’ conceptions and identities 

regarding gender and sexual diversity are implicitly and explicitly influenced (Gunckel, 2009; 

Letts, 1999b, 2001; Meyer, 2010). This dissertation explored how pre-service science teachers’ 

(PSSTs) attitudes and beliefs about gender and sexual diversity (GSD)-inclusive science teaching 

(GSDST) changed after participating in a GSD-infused intervention designed around a 

conceptual framework for teaching advocacy for queer youth. A growing body of research has 

shown that teacher beliefs and attitudes strongly influence their classroom practices (Desimone, 

2009, 2011; Jones & Leagon, 2014; van Aalderen‐Smeets & van der Molen, 2015) and “what 

and how they learn” (Richardson, 1996, p. 102). The findings of this dissertation are valuable to 

science education because research tells us that GSD perspectives are often overlooked in 

teacher preparation programs and there is a dearth of literature exploring PSSTs’ attitudes and 

beliefs about GSDST. Moreover, the findings highlight a set of design principles that can be used 

to develop subsequent interventions for PSSTs enrolled in science teacher education programs to 

foster supportive attitudes and beliefs about GSDST. This chapter provides an overview of the 

problem this research examined, the purpose of the research and corresponding research 

questions, the significance of the study, an overview of the methods used, and definitions of 

important terms.  

Problem Statement 

A recent national school climate survey was administered to over 16,000 middle and high 

school students across the United States who identified as LGBTQ (Kosciw et al., 2020). Results 
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revealed that almost 60% of students reported not feeling safe at school due to their sexual 

orientation (physical, romantic, and emotional attraction), about 43% felt unsafe due to their 

gender expression (how one uses their body to present themselves), and 37% because of their 

gender identity (one’s internal sense of being male, female, both, neither, or another gender(s)) 

(Kosciw et al., 2020; Trans Student Educational Resources [TSER], 2015). These feelings of 

being unsafe at school are one of the many indicators of the hostile school climate experienced 

by LGBTQ students including hearing derogatory remarks and experiencing discrimination, 

bullying, and harassment (Kosciw et al., 2020). A growing body of research that has provided 

evidence that access to an inclusive curriculum and supportive teachers can positively improve 

the school climate, academic performance, and psychological well-being for LGBTQ students 

(Kosciw et al., 2020; Snapp et al., 2015a). Yet, they are often not available in science classrooms 

(Kosciw et al., 2020; Snapp et al., 2015b). Many LGBTQ students (66.8%) in Kosciw et al.’s 

survey reported that their classes did not include any representations of LGBTQ-related topics in 

the curriculum. Out of the LGBTQ students who reported seeing positive representations of 

LGBTQ-related topics included in at least one of their classes, only 10.6% reported inclusion of 

those topics in their science classes compared to 60% in history or social studies classes and 38% 

in English classes. Overall, only 2% of the students included in the entire national school climate 

survey reported having LGBTQ-related topics included in their science classes.  

It is imperative that science teachers are prepared to embrace GSD in their science 

classrooms through inclusive teaching for several reasons. First, access to LGBTQ-inclusive 

curricula and supportive teachers can positively improve the school climate, academic 

performance, and psychological well-being for LGBTQ students (Kosciw et al., 2020). Second, 

LGBTQ-inclusive curricula can increase non-LGBTQ students’ acceptance of LGBTQ people 
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(Snapp et al., 2015a). Lastly, science classrooms are reported to be least likely contain LGBTQ-

inclusive instruction (Kosciw et al., 2020; Snapp et al., 2015b). There are two possible 

explanations for the absence of inclusive curricula in science classrooms: 1) there have been few, 

if any, attempts to clearly define what GSD-inclusive teaching would look like in science 

classrooms, making it difficult for science teachers to integrate relevant practices (Airton & 

Koecher, 2019), and 2) GSD topics are not adequately addressed in science teacher preparation 

programs (Airton & Koecher, 2019; Gorski et al., 2013; Szalacha, 2004), as inferred from the 

broader literature on gender and sexual diversity in teacher education. This dissertation 

addressed these gaps in the literature by 1) using a conceptual framework developed through an 

inductive analysis of the science education literature in which GSDST was operationalized by six 

capacities, and 2) reporting on the impacts of a GSD-infused and teaching advocacy-aligned 

intervention embedded in a STEM teaching methods course.  

Current Science Education Reform Efforts on GSD 

There have been some calls for reform within the science education community to raise 

science teachers’ awareness and understanding of GSD (National Association of Biology 

Teachers [NABT], 2019). For instance, the National Science Teaching Association (NSTA, 

2019) released a position statement that explicitly called for gender equity reform in science 

education for it to be more inclusive of students’ diverse sexual orientations, gender expressions, 

gender identities, and sexes. It tasked all science education stakeholders to: 

Transcend binary male/female roles to include students’ gender identity (one’s internal 

sense of their own gender), gender expression (a person’s behaviors or mannerisms that 

are societally associated with masculinity or femininity), and sexual orientation (identity 
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with respect to sexual attraction), as well as sex (biological identity based on genitalia or 

genetics) as important factors for consideration (para. 3).  

Furthermore, NSTA (2019) developed a series of recommendations for the various stakeholders 

of science education (e.g., science teachers, administrators, and policy makers). They 

recommended that science teacher educators and professional developers: 

• Ensure professional development and teacher education programs include 

discussions about gender equity pedagogy that emphasize research findings and 

use accurate data about inequities in science. 

• Ensure professional development and teacher education programs include specific 

strategies, tips, and examples to combat inequity and challenge stereotypes. 

• Help teachers create an inclusive learning environment that respects and values 

students so that all students participate fully in class discussions and science 

activities and investigations. 

• Practice self-reflection to discover their own biases as they help teachers uncover 

and mediate their unconscious biases regarding gender to minimize negative 

impacts on student achievement (para. 6).  

These recommendations make clear that science teacher educators should organize substantial 

and meaningful opportunities for PSSTs to discuss the spectrum of GSD and the implications for 

classroom practice. Furthermore, the gender equity reform call (NSTA, 2019) outlined the 

specific aspects of GSD (e.g., gender identity, gender expression, biological identity) that are 

necessary for science teachers and researchers to engage with and build an understanding around 

to best support an increasingly diverse student population in K-12 science classrooms. However, 

the current status quo in K-12 science classrooms is far from the NSTA call as evidenced by the 
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discouraging 2% of LGBTQ students that reported having LGBTQ-related topics included in 

their science classes across the United States (Kosciw et al., 2020).  

In this dissertation, the term gender diversity is used to represent the spectrum of gender 

identities and gender expressions, and the term sexual diversity (also termed sexuality) includes 

the spectrum of sexual orientations and biological sex. Additionally, I used the term “queer” to 

refer to any person whose sexual orientation, gender identity, gender expression, or sex does not 

conform to dominant societal norms (Gay, Lesbian and Straight Education Network [GLSEN], 

2016). A complete definition of these and other important terms that will be used throughout this 

dissertation are provided at the end of this chapter. 

GSD in Teacher Education 

One way to address and improve the school and classroom climates that have been 

oppressive for many queer students is to ensure that teachers are prepared to enact GSD-

inclusive teaching in their future classrooms. Much of the research on GSD-inclusive education 

has been conducted in the broader contexts of teacher preparation programs from all fields 

(Airton & Koecher, 2019; Gorski et al., 2013). Therefore, this body of literature was considered 

in the present study because it likely can inform science teacher preparation. GSD-inclusive 

teaching has been broadly defined as a transformative pedagogy: 

that incorporates issues related to gender and sexuality into the school curriculum in ways 

that recognize the diversity of genders and sexual identities in our culture and across 

history, and works to challenge the oppression created by heteronormative and gender-

normative school cultures (Meyer, 2015, p. 221).  

According to Meyer (2015), GSD-inclusive teaching would be characterized by the explicit 

inclusion and discussion of the contributions of queer people in relation to the subject matter, as 
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well as promoting discussions of human rights, social justice, homophobia, and transphobia in 

ways that equips students with tools to critically examine gender and sexuality norms and the 

accompanying inequities produced by those norms. Based on Meyer’s broad definition, there are 

several important constructs that undergird GSD-inclusive teaching such as heteronormativity, 

identity, and oppression; however, each of these constructs differ in “scope, scale, notions of 

outcome, intended beneficiaries, and conceptual foundations” (Airton & Koecher, 2019, p. 190). 

As such, it has been difficult for researchers and teacher educators to concretely define GSD-

inclusive teaching. As will be further discussed in Chapter Two, I present findings from a 

systematic review of the science education literature that discusses supporting and affirming 

GSD to highlight six underlying capacities of GSDST.  

Previous research has focused on how queer topics have been integrated into teacher 

preparation programs (e.g., Airton & Koecher, 2019; Jennings & Sherwin, 2008; Sherwin & 

Jennings, 2006) and education textbooks (e.g., Jennings & MacGillivray, 2011; MacGillivray & 

Jennings, 2008). The findings from these studies have suggested that queer topics are often not 

included in teacher preparation programs (e.g., Sherwin & Jennings, 2006; Gorski et al., 2013) or 

education textbooks (e.g., Jennings & MacGillivray, 2011), and that the inclusion of such topics 

is further diminished as pre-service teachers approach their professional student teaching 

(Jennings & Sherwin, 2008). Although most of these studies concentrated specifically on how 

sexual orientation was discussed or presented within education textbooks and teacher preparation 

programs, the findings are relevant to other aspects of GSD. For example, MacGillivray and 

Jennings (2008) found that other GSD-related terms (i.e., gender identity, gender expression, and 

biological sex) and conceptual frameworks (e.g., heteronormativity) are also not adequately 

addressed nor defined in teacher foundational education textbooks.  
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Other research analyzed English Language Arts pre-service teachers’ attitudes towards 

sexuality, their “cultural competence” around diversity, and the practices and resources they felt 

prepared to use to work with LGBTQ students and concluded that pre-service teachers were 

“woefully ill prepared to teach LGBTQ and non-gender conforming youth and to work against 

heterosexism and homophobia in schools” (Clark, 2010, p. 711). Promisingly, Athanases and 

Larrabee (2003) found that when their introductory Cultural Diversity and Education course was 

organized around an equity mindset, human and material resources, and a safe discussion space, 

pre-service teachers representing math, science, and English subject areas developed their 

“knowledge, dispositions, and skills related to advocating for LG [lesbian and gay]-identified 

youth” (p. 256). However, the findings of this study were limited in part due to an overt focus on 

sexual orientation. This is an important limitation since GSD includes but is not limited to sexual 

orientation. As such, there is a need for additional research to explore whether and how 

Athanases and Larrabee’s (2003) design principles can be used to foster PSSTs’ supportive 

attitudes and beliefs about GSDST in a way that extends beyond attitudes and beliefs toward 

sexual orientation. Overall, there is a need to provide an intervention to PSSTs as part of their 

science teacher preparation program that align with the equity goals outlined by NSTA (2019), 

for the following reasons: there has been a lack of research attention given specifically to PSSTs 

as a population of interest (e.g., Airton & Koecher, 2019), many teacher preparation programs 

and education textbooks do not adequately address GSD topics, themes, and perspectives in the 

curriculum (e.g., Gorski et al., 2013), and finally, research has shown that pre-service teachers’ 

knowledge, skills, and dispositions can be positively influenced using a conceptual framework of 

teaching advocacy for queer youth (Athanases & Larrabee, 2003).  
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Conceptualizing GSD for Pre-Service Teachers 

In addition to the gap in research knowledge related to PSSTs’ attitudes and beliefs about 

GSD-inclusive teaching, GSD-inclusive teaching has not been clearly defined in prior research 

and there is wide variation reported in the operationalization of GSD-inclusive teaching (e.g., 

Airton & Koecher, 2019; Szalacha, 2004). For instance, Airton and Koecher (2019) 

systematically reviewed 158 publications to explore the different ways that teacher educators 

discussed GSD-inclusive teaching with pre-service teachers from a broad range of fields, as well 

as the different GSD-related capacities teacher educators intended to foster in pre-service 

teachers. The researchers analyzed the studies considering theoretical, pedagogical, and 

methodological approaches. They reported wide differences in how GSD-inclusive teaching was 

operationalized and discussed with pre-service teachers across an array of teacher preparation 

programs. The differences included how GSD was integrated into the curriculum (e.g., listening 

to LGBTQ guest speakers), evaluated (e.g., discourse analysis between pre-service teachers), and 

theoretically framed (e.g., queer theory). Among several other important findings, the authors 

concluded that the field of GSD in teacher education “lags behind the always-unfolding of 

gender and sexuality” (p. 200). They urged educators to “find ways to hold open space for 

however and whoever gender and sexual diversity might be” (p. 200). In conclusion, the 

researchers argued that the ever-changing nature of gender and sexual identities has made it 

difficult to fully capture what counts as ‘good’ or ‘successful’ gender and sexual diversity 

practices in teacher education.  

Similarly, Szalacha (2004) conducted a literature review to summarize the reported 

impacts of various teacher education interventions aimed at developing or enhancing in-service 

and pre-service teachers’ understanding of LGBTQ-inclusive teaching. Based on a review of 
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research across several fields of teacher preparation, Szalacha reported there was limited 

published research. The available research was readily characterized within three paradigms 

according to the intended outcomes: safety, equity, and critical theory. These findings 

demonstrated there were differences in intended outcomes of interventions and that most of the 

literature fell under the safety (e.g., protection from verbal or physical harassment) and equity 

(e.g., respect and representation) paradigms compared to critical theory (e.g., challenge 

heteronormativity). In conclusion, the researcher argued that the existence of different paradigms 

contributed to the difficulty of educators and researchers to evaluate the success or failure of pre-

service and in-service teacher education programs oriented around LGTBQ-inclusive teaching.  

In summary, it is reasonable to expect that this variation in conceptualization and 

implementation of GSD-inclusive teaching, and the paucity of explicit attempts to operationalize 

GSD-inclusive teaching for science teachers, could partially explain the dearth of research 

related to PSSTs’ attitudes and beliefs related to GSD-inclusive teaching. Moreover, consistent 

with the findings of previous research, it is reasonable to expect that PSSTs do not feel prepared 

to address GSD-related topics. While there are a variety of reasons pre-service teachers feel 

hesitant to discuss or integrate GSD topics into the classroom such as age appropriateness for 

students, discomfort due to insufficient knowledge, or religious reasons (e.g., Athanases & 

Larrabee, 2003; Meyer et al., 2019), it is also likely they have not been adequately exposed to 

GSD-inclusive teaching within their teacher preparation programs (e.g., Clark, 2010; Gorski et 

al., 2013). There is a need for research to adopt a clear definition of GSD-inclusive teaching that 

articulates the specific capacities of GSDST. Once GSDST is clearly operationalized for science 

teachers, more in-depth research can be conducted to investigate PSSTs’ attitudes and beliefs 

about GSDST. Interventions can then be designed to raise PSSTs’ self-awareness and 
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understanding of GSD-inclusive teaching in ways that align with the gender equity reform goals 

of science education (NSTA, 2019). This dissertation study addressed this gap in the literature by 

using a clearly articulated definition of GSDST that is grounded in the science education 

literature. Then, to empirically investigate PSSTs’ attitudes and beliefs about GSDST, I used a 

set of design principles to carefully develop a GSD-infused and teaching advocacy-aligned 

intervention to investigate whether and how PSSTs’ attitudes and beliefs about GSDST were 

impacted.   

Purpose Statement and Research Questions 

The purpose of this research was to first explore PSSTs’ attitudes and beliefs about 

GSDST and then to develop an intervention to impact their attitudes and beliefs in favor of 

GSDST. The intervention was designed using a conceptual framework of teaching advocacy for 

queer youth that combines an equity mindset, material and human resources, and a safe 

discussion space (Athanases & Larrabee, 2003). As will be further discussed in Chapter Two, 

GSDST was conceptualized as an integration of six capacities: disrupt heteronormativity 

(heteronormativity), promote social justice (social justice), develop epistemic knowledge of 

science and inquiry (EKSI), resist essentialist views of identity (identity), facilitate embodied 

pedagogies (embodiment), and use expansive GSD language (GSD terminology). Relatedly, four 

existing validated surveys were identified that corresponded to four of the six capacities 

identified. This study contributes to the literature and advances research knowledge by 

empirically exploring PSSTs’ attitudes and beliefs about GSDST, adapting existing validated 

surveys related to four of the most integrated capacities of GSDST, and by examining the impact 

of an intervention as it relates to those identified capacities. The specific research questions that 

guided this dissertation were:  
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1. What are PSSTs’ attitudes and beliefs about GSD-inclusive science teaching 

(GSDST)?  

2. How do PSSTs’ attitudes and beliefs about GSDST change after participating in a 

GSD-infused intervention designed around a conceptual framework for teaching 

advocacy for queer youth? 

3. Which design elements of the GSD-infused intervention contribute to the changes 

in PSSTs’ attitudes and beliefs about GSDST?  

Rationale and Significance 

The problem addressed in this study is significant due to the powerful, positive impact 

that GSD-inclusive teaching and supportive teachers can have on queer students’ feelings of 

safety, academic performance, and reported experiences with discrimination, bullying, and 

harassment (Kosciw et al., 2020; Snapp et al., 2015a). Unfortunately, these supports are largely 

reported to be missing in science classrooms (Kosciw et al., 2020; Snapp et al., 2015b). The 

rationale for this study is largely based on the lack of research conducted on PSSTs’ attitudes and 

beliefs about GSDST, so that interventions can be designed and implemented in science teacher 

preparation programs. By investigating PSSTs’ attitudes and beliefs about GSDST and exploring 

how their attitudes and beliefs change through a carefully designed STEM teaching methods 

course intervention, the findings contribute to a more nuanced understanding of how to prepare 

science teachers to address GSD and better meet the needs of all their students before they enter 

the classroom as a professional science teacher. The goal of this research was to work against the 

oppressive climate of schools and science classrooms experienced by many queer students 

through preparing more supportive and responsive science teachers, and subsequently impacting 

the implementation of GSD-inclusive science curricula across more science classrooms.  
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Exploring how PSSTs’ attitudes and beliefs about GSDST can be changed in favor of 

GSDST will make several important contributions to research, theory, and practice. First, in 

terms of addressing research gaps in the literature, this study focused specifically on PSSTs as 

the population of interest which has not been adequately addressed within the published 

literature (see Airton & Koecher, 2019). Additionally, this study responded directly to previous 

research studies which have called for more explicit integration of GSD topics into teacher 

preparation programs (e.g., Airton & Koecher, 2019; Sherwin & Jennings, 2006) and specifically 

within science education (NABT, 2019; NSTA, 2019).  

Second, this dissertation study made theoretical contributions by expanding on Athanases 

and Larrabee’s (2003) three design principles to explore how PSSTs’ attitudes and beliefs about 

GSDST changed after participating in a GSD-infused intervention designed around a teaching 

advocacy framework. This is an important extension of the extant research in that the study 

conducted by Athanases and Larrabee (2003), which solely focused on how pre-service teachers 

responded to instruction regarding sexual orientation issues in schools and what instructional 

features appeared to promote an advocacy stance toward lesbian and gay students in schools. 

While sexual orientation is certainly one important aspect of GSD that deserves attention, there 

are several other important aspects of GSD including gender identity, gender expression, and sex 

(NSTA, 2019). As conceptualized within the science education literature, which will be 

described in more detail in Chapter Two, GSDST does not solely focus on sexual orientation. To 

this end, this dissertation research extended the design principles identified by Athanases and 

Larrabee (2003) in a novel way to foster PSSTs’ supportive attitudes and beliefs about GSDST 

that move beyond the lens of sexual orientation. Moreover, this study used a clear, science 

education-specific definition of GSD-inclusive teaching that is grounded in science education 
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literature to provide a nuanced view of PSSTs’ attitudes and beliefs about GSDST that has yet to 

be explored in the science teacher education literature.  

Third, the findings will also help improve teaching practice for PSSTs and science 

teacher educators. Prior research has qualitatively indicated that designing an intervention around 

an equity framework, human and material resources, and a safe discussion space can positively 

affect pre-service teachers’ knowledge, skills, and dispositions related to their teaching advocacy 

for queer students (Athanases & Larrabee, 2003). Relatedly, increased advocacy or support from 

teachers are one factor that can result in queer students feeling safer at school and performing 

better academically (Kosciw et al., 2020). As such, if measured by feelings of safety and 

academic performance, participation in an intervention designed around the teaching advocacy 

framework can ultimately improve the teaching practice of science teachers and subsequently 

positively affect their students.  

 Finally, this study makes an important methodological contribution to the field of GSD in 

teacher education. Airton and Koecher (2019) noted in their systematic review that the field of 

gender and sexual diversity in teacher education over the past 35 years has had ongoing meta-

level discussions of what kind of research is necessary and appropriate to advance the field (e.g., 

qualitative or quantitative methodologies), and that there is evidence of a paradigm war between 

postpositivist and constructivist worldviews. According to Creswell and Plano Clark (2018), a 

postpositivist researcher believes in a single reality that is independent from themselves and 

focuses on rejecting or failing to reject hypotheses. A constructivist researcher believes in 

multiple realities and actively elicits multiple perspectives. For example, Szalacha (2004) 

insisted that conducting workshops and designing interventions regarding GSD topics for in-

service and pre-service teachers only partially fulfilled the responsibilities of teacher educators 
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and researchers, and that there is an important need to conduct research on the short-term and 

long-term effects of those workshops and interventions. In contrast to Szalacha’s post-positivist 

perspective, Hermann-Wilmarth and Bills (2010) viewed queer educational research as a process 

that did not follow a “prescribed agenda for asking questions” and embraced subjectivities as 

rich and valuable sources of information and experiences, which align more with a constructivist 

worldview. The tension between the two paradigms is illustrated in Airton and Koecher’s (2019) 

finding that only five of the 158 identified studies used a mixed methods methodology to 

evaluate the impact of different pedagogical approaches to integrating GSD-inclusive teaching 

with pre-service teachers. This dissertation study used a mixed methods research design to 

address the gap of mixed methods studies in the field of GSD in teacher education. 

Summary of Methodology 

This study used a convergent mixed-methods research design (Creswell & Plano Clark, 

2018). According to Creswell and Plano Clark (2018), the convergent mixed methods design is 

characterized by the researcher collecting qualitative and quantitative data in parallel, analyzing 

the data separately, and then merging the findings. The appropriateness of using a mixed 

methods research approach is underscored by previous research which has called for an 

integration of scale measures and in-depth qualitative analyses (Athanases & Larrabee, 2003). 

The qualitative phase of the research design allowed for a more in-depth explanation and 

interpretation of the findings from the quantitative data. Participants were sampled from a STEM 

teaching methods course that took place at a research university located in southeastern United 

States. Quantitative data was collected via an online Qualtrics survey prior to and after 

participation in the intervention. Existing validated instruments were identified that corresponded 

to four capacities of GSDST: heteronormativity, social justice, epistemic knowledge of science 
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and inquiry, and identity (Table 1). The Heteronormative Attitudes and Beliefs Scale (HABS) 

was used to measure PSSTs’ heteronormative attitudes and beliefs (Habarth, 2015). The 

Learning to Teach for Social Justice – Beliefs (LTSJ-B) was used to measure PSSTs’ beliefs 

about social justice teaching (Enterline et al., 2008). The Scientific Epistemic Beliefs 

Questionnaire (SEB) was used to measure PSSTs’ epistemic beliefs about scientific knowledge 

and inquiry (Conley et al., 2004). Finally, the Sexual Orientation Beliefs Scale (SOBS) was used 

to measure PSSTs’ essentialist and social constructionist views of sexual orientation as a social 

identity (Arseneau et al., 2013). Each of these instruments are discussed in more detail in 

Chapter Three. 
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Table 1 

 

Existing Validated Surveys Aligned with Four GSDST Capacities 

GSD Capacity Survey Example Questions 

Heteronormativity HABS  

(Habarth, 

2014) 

“Masculinity and femininity are determined by 

biological factors such as genes and hormones, 

before birth” (Strongly Disagree to Strongly Agree; 

7-pt Likert Scale) 

 

Social Justice LTSJ-B 

(Enterline et 

al., 2008) 

“An important part of learning to be a teacher is 

examining one’s own attitudes and beliefs about 

race, class, gender, disabilities, and sexual 

orientation” (Strongly Disagree to Strongly Agree; 

5-pt Likert scale)  

 

Epistemic Knowledge 

of Science and Inquiry 

 

SEB 

(Conley et al., 

2004) 

“Scientists pretty much know everything about 

science; there is not much more to know” (Strongly 

Disagree to Strongly Agree; 5-pt Likert scale)  

 

Identity SOBS 

(Arseneau et 

al., 2013) 

“Sexual orientation is a category with distinct 

boundaries: A person is either gay/lesbian or 

heterosexual” (Strongly Disagree to Strongly 

Agree; 5-pt Likert scale) 

Note. HABS = Heteronormative Attitudes and Beliefs Scale; higher scores indicate less support 

for GSDST. LTSJ-B = Learning to Teach for Social Justice-Beliefs; higher scores indicate more 

support for GSDST. SEB = Scientific Epistemic Beliefs; higher scores indicate more support for 

GSDST. SOBS = Sexual Orientation Beliefs Scale; higher scores indicate less support for 

GSDST.  

 

Qualitative data came from course assignments related to the intervention such as a 

written reflection and edTPA Thinking Organizer. The written reflection prompted PSSTs’ to 

reflect on how their initial thoughts and feelings towards queer people have changed throughout 

the intervention, what they learned from the activities, how they planned to implement them in 

their own classrooms, and anticipated challenges with addressing queer topics as a science 
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teacher.  The edTPA Thinking Organizer prompted students to reflect on how their unit plans 

developed as part of their edTPA process capitalized on LGBTQ students’ personal, cultural, and 

community assets. Qualitative data was also collected through semi-structured interviews 

completed before and after the intervention with five students who volunteered to be 

interviewed. A more thorough explanation on the data collection methods and data analysis are 

presented in Chapter Three. 

Frameworks 

In a pragmatic philosophical worldview, research inquiry is characterized by an explicit 

focus on “what works” (Creswell & Creswell, 2018, p. 10) and using pluralistic approaches to 

provide solutions to problems (Patton, 1990). According to Tashakkori and Teddlie (2003), 

pragmatism does not require that researchers prescribe to the dichotomy between postpositivism 

(singular reality independent of researcher) and constructivism (multiple realities). Instead, 

pragmatism embraces singular and multiple realities that can be gleaned through inductive and 

deductive analysis of quantitative and qualitative data (Creswell & Plano Clark, 2018). 

Importantly, the pragmatic worldview also understands that research occurs within social, 

historical, and political contexts and may use a theoretical lens grounded in social justice 

(Creswell & Creswell, 2018). In the present study, I collected quantitative and qualitative data, 

conducted inductive and deductive analyses, and drew on theoretical frameworks that were 

reflective of social justice. Considering the paradigm war between postpositivism and 

constructivism in evaluating GSD-inclusive education programs (Airton & Koecher, 2019) and 

the three paradigms of intended outcomes from GSD-inclusive education (Szalacha, 2003), 

pragmatism was an appropriate worldview for this study. A thorough discussion of the data 

collection and analyses is provided in Chapter Three. 
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In a transformative philosophical worldview, research inquiry is characterized by an 

explicit focus on the needs of marginalized groups (Creswell & Creswell, 2018). According to 

Mertens (2010), the transformative paradigm considers political and social dimensions of 

oppression to fuel social change and reform. There are several assumptions undergirding the 

transformative paradigm including that knowledge is influenced by human interest, knowledge 

reflects power and social dynamics, and knowledge construction can improve society (Creswell 

& Plano Clark, 2018). The intervention in this study was intended to support PSSTs in reflecting 

on how political and social factors interact within schools and science classrooms in ways that 

marginalize queer students, and it strived to make them more self-aware of their perspectives 

regarding GSD and empower them to learn more to be able to decide if they want to change their 

views and practices in ways that align with science education reform efforts to improve the 

quality of science instruction for all students (e.g., NSTA, 2019). A thorough discussion of how 

the intervention activities align with these goals is further discussed in Chapter Three.  

Still, a dialectical perspective (Greene & Hall, 2010) of mixed methods research relies on 

using multiple worldviews that reflect “different ways of knowing about and valuing the social 

world, which can contribute to new and different insights” (Creswell & Plano Clark, 2018, p. 

41). In accordance, the present study was situated within a pragmatic and transformative 

paradigm. A mixed methods research design is useful to consider “multiple ways of seeing and 

hearing, multiple ways of making sense of the social world, and multiple standpoints on what is 

important and to be valued and cherished” (Greene, 2007, p. 20). A mixed methods research 

design was most appropriate for this study because quantitative data provided a general 

understanding of how PSSTs’ attitudes and beliefs about GSDST were affected after 

participation in the intervention while qualitative data provided a more in-depth understanding of 
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how the participants experienced and made sense of the activities during the intervention. 

Furthermore, Airton and Koecher (2019) found that only five of the identified studies used a 

mixed methods methodology to evaluate the impact of different pedagogical approaches to 

integrating GSD-inclusive teaching with pre-service teachers. This need to combine qualitative 

and quantitative approaches to evaluate the impact of different teacher educator programs 

focused on GSD-inclusive teaching has also been expressed in other research (e.g., Athanases & 

Larrabee, 2003). Combining these two types of data will provide a more holistic understanding 

of the research problem (Creswell & Plano Clark, 2018).  

I leveraged three conceptual frameworks of GSD-inclusive teaching and teacher learning 

to design and implement the intervention and drew on those same frameworks to make sense of 

the data. First, I clearly operationalized GSDST by systematically reviewing and inductively 

analyzing the scholarly science education literature. The underlying capacities of GSDST framed 

the identification of existing relevant instruments, informed the design of the intervention, and 

were used as an analytical framework to interpret qualitative data sources. Second, I adopted a 

conceptual framework proposed by Athanases and Larrabee (2003) that has been used to support 

pre-service teachers’ plans to advocate for queer students in their future classrooms and new 

knowledge about sexual orientation. This conceptual framework includes three design principles: 

an equity mindset, human and material resources that model advocacy, and a safe discussion 

space. Third, I used Desimone’s (2009) theory of action model of effective teacher professional 

development (PD) and related literature (e.g., Jones & Leagon, 2014) on the relationship 

between teachers’ beliefs, attitudes, and practice. Desimone’s PD model is a robust framework 

for studying the effects of teacher professional development programs designed around five core 

features on teachers’ attitudes and beliefs, their practice, and subsequently student learning. 
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These frameworks are briefly discussed in the following sub-sections and are elaborated on in 

Chapter Two. 

GSD-Inclusive Science Teaching 

 

Based on the findings from a systematic literature review of supporting and affirming 

gender and sexual diversity in science education, and using network analysis to inductively 

analyze emerging themes, I developed a clear definition of GSD-inclusive science teaching that 

consists of these six underlying capacities: disrupt heteronormativity (heteronormativity), 

promote social justice (social justice), develop epistemic knowledge of science and inquiry 

(EKSI), resist essentialist views of identity (identity), facilitate embodied pedagogies 

(embodiment), and use expansive GSD language (GSD terminology). Specifically, the network 

analysis represents GSDST as a transformative pedagogy that requires teachers to be able to 

build an integrated and coherent awareness and understanding of these six capacities to support 

and affirm queer students. These six capacities are described further in Chapter Two. 

Pre-Service Teachers’ Teaching Advocacy for Queer Youth 

Athanases and Larrabee (2003) proposed a three-pronged framework for building pre-

service teachers’ teaching advocacy for queer youth. The researchers conducted a qualitative 

analysis of pre-service teachers’ reflections and interviews across three undergraduate diversity 

education classes. They reported that an equity mindset, human and material resources that 

model advocacy, and a safe discussion space were important features of the intervention that 

allowed many of the pre-service teachers to develop a strong appreciation for the challenges 

facing queer students in schools and new knowledge relating to sexual orientation. They also 

found that because of the intervention, many pre-service teachers indicated plans to advocate for 

their future queer students in their classrooms and within the broader school culture, and several 
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made broader connections between sexual orientation and other social justice issues such as race, 

ethnicity, and gender to develop their advocacy stance. One limitation of study, as reported by 

the authors, was that the researchers were not able to empirically “disentangle the instructional 

variables of an equity framework, cultural insider resources, and a safe discussion space” to 

determine which design elements were most essential in developing an advocacy stance (p. 256). 

Moreover, as previously described, this study was severely limited through the narrow focus on 

sexual orientation. In fact, the authors explicitly stated this point in a footnote: “we do not falsely 

claim, by using the more inclusive acronym LGBTQ or the politically empowering term “queer,” 

that equal time was spent on issues challenging bisexual-, transgender- and queer-identified 

youth” (p. 237). In response, this dissertation study built upon the three design principles and 

applied them in a novel way that addresses the complexity of GSD beyond sexual orientation and 

within a novel context. It also responded directly to Athanases and Larrabee’s (2003) call to 

“institutionalize within teacher education programs instruction in ways to advocate for LGBTQ 

youth” (p. 257).  

Effective Teacher Professional Development 

 Desimone (2009) developed a theory of action model that connects the effects of 

professional development on teachers to effects on students. In this model, teachers experience 

effective professional development which results in increased knowledge and skills and a change 

in attitudes and beliefs. Consequently, the new knowledge, skills, attitudes, and beliefs improves 

teachers’ pedagogy which then improves student learning. Desimone’s conceptual framework 

provides a useful analytical lens to tease apart effective design elements of teacher education-

interventions through five core features of professional development and illustrates how 

teachers’ attitudes and beliefs are related to pedagogy and subsequently student learning 
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outcomes. This conceptual model, as well as the five core features, that were used in the 

qualitative data analysis will be described further in Chapter Two.  

Theory of Teacher Attitude and Belief Change. Highlighted in Desimone’s model is 

the relationship between teachers’ attitudes, beliefs, and practice. A growing body of research 

has shown that teacher beliefs and attitudes are strongly intertwined (Smith & Siegel, 2004) and 

influence teachers’ classroom practices, interpretation of the curriculum, and implementation of 

reform-based pedagogies (Desimone, 2009; Jones & Leagon, 2014; Rokeach, 1968; van 

Aalderen‐Smeets & van der Molen, 2015). Research has also shown that providing teachers with 

new instructional models or curricula without addressing their underlying belief systems can lead 

to minimal meaningful change (Gregoire, 2003; Jones & Leagon, 2014; Lumpe et al., 2000). In 

this respect, it is reasonable to expect that PSSTs’ intentions to enact GSDST in their future 

science classrooms are reflected in their attitudes and beliefs on measures indicative of GSDST. 

Furthermore, for any changes in PSSTs’ GSDST practices to be successful, their attitudes and 

beliefs should be carefully considered in science teacher education programs and coursework. 

However, changing beliefs and practice can be particularly difficult for pre-service science 

teachers given their lack of practical classroom experience to connect their attitudes and beliefs 

to their practice (Luft, 2001). There are several theory of change models to explain the 

mechanisms of attitude and belief change. For example, Gregoire’s (2003) cognitive-affective 

model of conceptual change explains the mismatch between teachers’ positively valuing reform-

based instruction and their lack of implementation. In this model, if a teacher views a reform as a 

challenge, or as something within their control, and approaches the reform with intention, then 

deep belief change is expected. If a teacher views a reform as threat, or as something outside of 

their control, then superficial or no belief change is expected. Furthermore, self-efficacy is an 
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important mediator of a teachers’ appraisal of the reform as a challenge or threat. Essential to 

this model is the role of mastery experiences suggesting that “teachers need time to practice 

(master new skills) and get feedback on new instructional strategies if they are to implement new 

reforms” (Jones & Leagon, 2014, p. 838). The body of literature on the relationship between 

science teachers’ attitudes, beliefs, and practice, was used to explain how and why pre-service 

science teachers’ attitudes and beliefs changed after participating in the GSD-infused 

intervention.  

Definition of Terms 

Bisexual: A person who is emotionally, romantically, or sexually attracted to more than one sex, 

gender, or gender identity. Often used interchangeably with pansexual (HRC, n.d.). 

Gay: A person who is emotionally, romantically, or sexually attracted to members of the same 

gender. Men, women, and people who identify as non-conforming may identify with this term 

(HRC, n.d.). 

Gender: Refers to attitudes, feelings, and behaviors that a given culture associates with a 

person’s assigned sex (APA, 2012). 

Gender Diversity: Umbrella term used to represent the spectrum of gender identities and gender 

expressions. 

Gender Expression: External appearance of one’s gender identity (e.g., behavior, clothing, body 

characteristics or voice) which may or may not conform to socially defined behaviors and 

characteristics typically associated with being masculine and feminine (HRC, n.d.). 

Gender Identity: One’s internal sense of being male, female, neither of these, both, or another 

gender(s) (TSER, 2015). A person’s gender identity can be the same or different from their 

assigned sex (HRC, n.d.). 
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Gender Non-Conforming (or Non-Binary): Refers to people who do not behave in ways to 

conform to traditional expectations of their gender, or whose gender identity or expression does 

not fit discretely into a single category. People who are gender non-conforming may or may not 

also identify as transgender (HRC, n.d.).  

Lesbian: A woman who is emotionally, romantically, or sexually attracted to other women. 

Women and those who identify as non-conforming may identify with this term (HRC, n.d.). 

LGBTQ: An acronym for Lesbian, Gay, Bisexual, Transgender, and Queer. 

Queer: Umbrella term used to refer to any person whose sexual orientation, gender identity, 

gender expression, or assigned sex does not conform to dominant societal norms (GLSEN, 

2016). 

Sex assigned at birth: The assignment or classification of people as male, female, intersex, or 

another sex based on anatomy, hormones, and/or chromosomes (TSER, 2015). Also referred to 

as assigned sex (APA, 2020).  

Sexual Diversity: Umbrella term used to represent the spectrum of sexual orientations and 

assigned sexes.  

Sexual Orientation (or Sexuality): Refers to an emotional, romantic, or sexual attraction to other 

people (HRC, n.d.). Sexual orientation is independent of one’s gender identity (APA, 2020). 

Transgender: Refers to people whose gender identity, expression, or role does not conform to 

what is culturally associated with their assigned sex (APA, 2020). 

Organization of Dissertation 

 

This dissertation is organized into the typical five-chapter dissertation structure (Roberts, 

2010). Chapter One includes the problem statement, research purpose and research questions, an 

overview of the methodology and conceptual framework, and definition of terms. Next, Chapter 



 

 25 

 

Two provides an in-depth exploration of the relevant literature and further discusses this study’s 

conceptual frameworks. Chapter Three is the methodology and presents details such as the 

setting and sample, data collection methods, and data analysis. Chapter Four presents the 

findings of this research organized by research question. Finally, Chapter Five connects the 

findings to previous research and presents conclusions and implications with respect to the 

findings.  
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CHAPTER TWO 

LITERATURE REVIEW 

In this chapter, I present a review of the relevant literature that informed this study. First, 

I provide an overview of the research investigating the K-12 school climate for queer students 

including the impact of LGBTQ-inclusive curriculum. Second, I discuss how queer topics have 

been addressed and incorporated in teacher education programs and education textbooks. Third, I 

discuss research that has investigated pre-service teachers’ attitudes towards GSD. Fourth, I 

review several prior interventions on GSD in teacher education including the conceptual 

framework that informed the research design. Finally, I discuss the findings of a systematic 

review of the literature on GSDST to present six constructs that undergird the science education 

literature. This conceptualization of GSDST also served as a conceptual framework that 

informed the research design. This literature review provides an overview of gender and sexual 

diversity in science education and highlights the gaps that this dissertation addressed.  

K-12 School Climate for Queer Students 

 In addition to the research published from the National School Climate Survey by 

Kosciw et al. (2020), other scholars have examined the intersections of students’ racial, ethnic, 

and LGBTQ identities and the impact on students’ feelings of safety, academic performance, and 

psychological well-being. For instance, Truong et al. (2020a) examined the experiences of 1, 480 

Asian American and Pacific Islander (AAPI) LGBTQ students from 49 states across the United 

States from the 2017 National School Climate Survey (Kosciw et al., 2017). Truong et al. 

(2020a) found that 51.8% of AAPI LGBTQ students felt unsafe at school because of their sexual 

orientation, 40% because of their gender expression, and 26% because of their race or ethnicity. 

In terms of supportive educators, only about half of AAPI LGBTQ students (48.5%) could 
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identify 11 or more supportive teachers. Furthermore, only 27.4% of students reported having 

some positive LGBTQ inclusion in the curriculum in their classes. Compared to students without 

supportive educators and positive LGBTQ inclusion, AAPI LGBTQ students with these supports 

are less likely to feel unsafe because of their sexual orientation, gender expression, and 

race/ethnicity, as well as benefit in terms of their academic performance and psychological well-

being. These findings were very similar across different populations of students including Black 

LGBTQ youth (Truong et al., 2020b), Latinx LGBTQ youth (Zongrone et al., 2020a), and Native 

and Indigenous LGBTQ youth (Zongrone et al., 2020b). This work is extremely important as it 

emphasizes the intersection of LGBTQ students’ multiple identities that result in unique 

marginalizing and oppressive experiences within schools. In line with recent calls for education 

institutions to reflect on their practices, research, and programming in favor of anti-racist 

education (e.g., AERA, 2020), the work conducted by Truong et al. (2020a, 2020b) and 

Zongrone et al. (2020a, 2020b) demonstrates that this call must extend to GSD-inclusive 

education.  

Impact of Inclusive Curriculum 

A growing body of research has documented that LGBTQ-inclusive curriculum can 

improve LGBTQ students’ feelings of safety, experiences with discrimination and victimization, 

and is associated with greater peer support (e.g., Burdge et al., 2013; Kosciw et al., 2020; Snapp 

et al., 2015a, 2015b). Several of these studies and their findings are described.  

Burdge et al. (2013) conducted a multi-method research to project to understand the 

impact of LGBTQ-inclusive curriculum on students, implementation barriers, and strategies to 

overcome identified barriers. They first conducted focus group interviews with 26 LGBTQ 

students in California regarding their experience with LGBTQ-inclusive curriculum, its impact, 



 

 28 

 

and effectiveness. The researchers found that students reported LGBTQ inclusion as rare and that 

when it was included, it was often found in isolation rather than integrated across the curriculum. 

Moreover, the students described that anti-LGBTQ slurs were commonplace, especially in PE 

classes and locker rooms, and from teachers. Second, they identified four California high schools 

that were interested in implementing an LGBTQ-inclusive curriculum to identify promising 

implementation practices and used student climate surveys to assess the impact. Overall, teachers 

described several barriers to implementation including a lack of professional development, 

absence of supplemental instructional materials, and out-of-date textbooks and standardized 

tests. The teachers also emphasized the need for partnerships with community-based 

organizations (e.g., guest speakers). Importantly, regarding the impact on the school climate, the 

researchers noted that one school reported the most positive school climate results likely because 

the LGBTQ-inclusive curriculum was implemented across multiple subjects, not just one like the 

other schools. Finally, building on the larger body of research of culturally relevant curriculum, 

they interviewed key informants who were experts in ethnic studies to draw parallels from the 

strategies and barriers to implementing ethnic studies in schools. Several barriers included 

community pushback, funding, and lack of institutionalized support, and they also suggested that 

community-based collaborations were key in overcoming these barriers. The findings from this 

research highlighted several barriers to implementing LGBTQ-inclusive curriculum (professional 

development, supplemental materials, out-of-date textbooks) which reiterate the need for teacher 

preparation programs to ensure that teachers are equipped the knowledge and dispositions to 

support and affirm queer students through GSD-inclusive teaching.  

Snapp et al. (2015a) conducted a study to examine the impact of LGBTQ-inclusive 

curricula on individual students’ perceptions of personal safety and for students across schools. 
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Specifically, the researchers analyzed the impact considering presence and level of 

supportiveness of LGBTQ-inclusive curriculum, subject area, and differences between LGBTQ 

and heterosexual students. Importantly, based on prior research, the authors anticipated that some 

heterosexual students are members of GSAs and as an ally are likely to share similar perceptions 

on school curricula and safety than with other heterosexual students. Therefore, the analyses 

were also conducted between LGBTQA (A stands for Ally) and heterosexual students. They 

collected survey data from 1,232 middle and high school students across 154 schools in the 

United States, most of whom identified as heterosexual (71.5%), female (62.1%), and 

White/non-Hispanic (33.7%). Using multilevel modeling within each subject area, the 

researchers were able to detect differences between individuals within the same school while 

also controlling for differences between schools. First, they found that LGBTQA and 

heterosexual students were least likely to indicate the presence of LGBTQ-inclusive curriculum 

in their mathematics/science (16%), physical education (PE) (15%), and music/art/drama (15%) 

classes compared to English/social studies (27%) and sexuality education/health (40%). When 

considering LGBTQA students’ reports, the number of students who reported LGBTQ-inclusive 

curricula in their mathematics/science classes drops significantly (5%). Second, LGBTQ-

inclusive curricula were associated with higher reports of safety at the individual student and 

school levels, and lower levels of bullying at the school level. Finally, supportive curricula were 

related to feeling safer and awareness of bullying at the individual and school levels. However, 

the findings also showed that at the individual level, while perceptions of safety were higher 

when students reported supportive inclusive curricula, individual reports of bullying also 

increased particularly in mathematics, science, and PE courses around gender-nonconformity, 

sexual orientation, or having LGBTQ friends. This was an important finding because it indicates 
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that these classroom environments deserve a deeper investigation into the ways that they can be 

reorganized to support and affirm queer students. Therefore, it is particularly important to 

improve science classroom GSD-inclusiveness.  

Snapp et al. (2015b) used a qualitative approach to understand the impact of LGBTQ-

inclusive curricula from students’ perspectives. Twenty-six high school students participated in 

focus group interviews, and the researchers used inductive coding and grounded theory to 

understand their curricular experiences in school. Several important themes emerged from the 

analysis. First, students described that LGBTQ-inclusive lessons were most common in social 

sciences and humanities classes. The students in the study did not provide any examples of an 

inclusive curriculum in their math or science classes. Second, the students noted several 

instances in which teachers overlooked or ignored opportunities to cover LGBTQ topics in their 

courses. In fact, several students described instances of trying to interact with their teachers 

(some positive and some negative) to get them to include LGBTQ content into the curriculum. 

Similarly, students noted several missed opportunities for their teachers to intervene when 

hearing derogatory language. Finally, the students reported several positive benefits of an 

inclusive curriculum including feeling safe, decreased bullying, and sources of inspiration that 

corresponded to higher feelings of well-being and academic success. The researchers make 

several recommendations for future research including investigating the long-term effects of an 

LGBTQ-inclusive curriculum in schools, the level of supportiveness and inclusion, and 

correlations to forms of prejudice, bias, and trans- or homophobic attitudes. Considering the 

reported positive impacts of LGBTQ-inclusive curricula, and the absence of LGBTQ-inclusive 

curriculum in science classrooms, it is vital to support and prepare science teachers in developing 

positive attitudes and beliefs regarding GSD-inclusive teaching.  
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Inclusion of Queer Topics in Teacher Preparation Programs 

 

There is prior research that has investigated the ways that queer topics are included in the 

teacher preparation programs including education textbooks. Several of these studies are 

described in the following sections.  

Teacher Preparation Programs 

In their1 dissertation, Baldwin (2002) conducted a mixed methods study to examine 250 

pre-service teachers’ perceptions of current equity practices related to queer issues in their 

teacher preparation programs. The participants were enrolled in diversity foundation education 

courses across three universities and were in their final two years of their program. Using 

descriptive statistics and content analysis, Baldwin revealed that 72% of the participations 

reported that their instructors did not use activities that emphasized the importance of educating 

queer students; approximately 30% felt there would be resistance if an instructor did try to 

include queer issues; and only 44% felt their instructors were comfortable addressing queer 

issues in their classes. Overall, these findings suggested that teacher preparation programs do not 

regularly discuss the importance of educating queer youth. Moreover, it strengthens the need for 

future research to find ways to institutionalize GSD-inclusive teaching within teacher preparation 

programs.  

Sherwin and Jennings (2006) conducted a study to examine the extent to which sexual 

orientation topics were addressed in 77 secondary teacher preparation programs across the 

United States. The faculty director of each secondary teacher preparation program completed the 

survey that was used for analysis, and several important findings were reported. First, the authors 

found that when asked to prioritize several diversity related topics in terms of their importance 

 
1 I will be using “they”, “them”, and “theirs” when referring to individuals whose identified pronouns are not 

known, or when the author indicates use of these pronouns (APA, 2020).  
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(racial/ethnic, special needs, language, economic, gender, and sexual orientation), sexual 

orientation diversity was ranked least important on average. Second, they found that gender 

diversity and sexual orientation diversity were ranked least as being a primary factor that puts 

students at greatest risk (economic was ranked highest followed by racial/ethnic diversity). 

Third, they found that only 60% of the respondents indicated that their programs explicitly 

included sexual orientation topics and those that did discussed it mostly in terms of homophobia, 

risk factors (e.g., substance abuse or dropping out), and specific experiences of gay and lesbian 

youth in the schools. Interestingly, they also found only 17.9% of these programs reported 

discussing contributions of queer people in the methods content areas (e.g., science or math). 

Finally, some of the constraints to including sexual orientation in teacher preparation programs 

reported were time constraints, student discomfort and resistance, and faculty lack of knowledge 

regarding the topic. The authors concluded that teacher preparation programs may “passively 

sustain” heterosexist school cultures by omitting sexual orientation topics. This research 

underscores the need to discuss GSD-inclusive teaching within science methods courses and to 

provide pre-service teachers with ample opportunities to fully develop their knowledge around 

GSD.  

Jennings and Sherwin (2008) conducted a descriptive study to document the extent to 

which sexual orientation topics were addressed in 65 elementary teacher preparation programs 

across the United States. Program coordinators for the programs completed the survey that was 

used for analysis. First, they found that only 55.6% of the programs reported that sexual 

orientation was a topic that was expected to be covered in their programs. The inclusion of 

sexual orientation occurred mostly in foundation courses (e.g., psychology) while least discussed 

during the student teaching experience. Moreover, only 30% of these programs reported 
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inclusion of sexual orientation topics in their methods courses. Of the inclusive programs, the 

most common topics addressed were gay and lesbian families, risk factors associated with sexual 

orientation, and pre-service teachers’ attitudes about sexual orientation. Topics such as gay and 

lesbian contemporary culture, origins of sexual orientation, or history of the gay and lesbian 

movement were least discussed. Second, they found that time constraints was the primary 

challenge reported by program coordinators to including or addressing sexual orientation topics 

in their programs followed by student discomfort, student disinterest, and faculty lack of 

knowledge. Finally, they found that of the programs that excluded the topic all together, the most 

common reason was time constraints with other reasons emerging such as it not being viewed as 

a risk factor compared to other diversity topics or sexual orientation not being mandated by state 

or national standards. One of the important conclusions from this work was that sexual 

orientation was not viewed “as necessary or sufficiently important” to address in elementary 

teacher preparation programs (p. 271). One of the important limitations of this study, as indicated 

by the researchers, was that there was an explicit focus on gay lesbian topics which “meant that 

other sexual and gender identities…were excluded from this investigation” (p. 270). This is 

important because it indicates a need to evaluate how GSD is discussed in teacher preparation 

programs, elementary and secondary, including but not limited to sexual orientation, gender 

identity, gender expression, or biological sex.  

Gorski et al. (2013) investigated the extent that LGBTQ topics, perspectives, and themes 

were addressed within multicultural teacher education courses through content analysis of 41 

syllabi and interviews with 80 multicultural education teacher educators. Drawing on previous 

work in which Gorski (2009) developed a theoretical framework to explore conservative, liberal, 

and critical approaches to multicultural teacher education, the researchers uncovered several 
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important findings. First, they found that GSD perspectives are eight times more likely to be 

omitted from multicultural teacher education courses compared to race and ethnicity. Second, 

they found that teacher educators who reported inclusion of GSD topics into their courses were 

significantly more likely to do so through a conservative perspective versus a critical perspective. 

The conservative approach to multicultural teacher education is focused on inclusion of identity 

(e.g., sexual orientation or gender identity) while omitting forms of oppression (e.g., 

heterosexism) and critical theories (e.g., queer theory). In contrast, the critical approach 

addresses the complex relationship between identity, oppression, and critical theories to support 

teachers in developing counter-normative practices. This is an interesting finding because the 

participants were also more likely to address race-related topics at the liberal level (focused on 

identity and oppression), suggesting that teacher educators are capable of understanding and 

integrating discussions of identity and oppression into their classrooms even if they are not doing 

so for GSD. Overall, the findings pointed to a lack of inclusion of GSD themes in multicultural 

teacher education coursework, and when they were included, they were done so at the 

conservative or liberal level. These perspectives of multicultural education do little to prepare 

teachers to counteract the larger systemic barriers impacting LGBTQ youth and can reinforce 

deficit ideologies of students. This study provides a useful theoretical framework to explain how 

teachers enact or plan to enact GSDST and suggests that PSSTs are likely to lean on conservative 

and liberal perspectives to inform their attitudes, beliefs, and knowledge of GSD. Finally, 

Gorski’s conceptualization of three approaches to LGBTQ integration maps onto the three 

paradigms outlined by Szalacha (2004).  
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Education Textbooks 

Macgillivray and Jennings (2008) conducted a content analysis of eight foundation of 

education textbooks to examine how LGBT topics were included and discussed. The LGBT 

phrases that were searched for specifically included gay, lesbian, bisexual, queer, gender 

identity, sexual diversity, sexual identity, homosexual, sexual orientation, sexual preference, and 

transgender. Thematic categories were developed using thematic analysis and constant 

comparison methods to capture the treatment of LGBT topics in the textbooks, and several 

important findings were identified. First, they noted that LGBT students were mostly discussed 

within the texts as “students-as-victims” or were otherwise pathologized as illustrated by phrases 

such as “outcasts” or “high risk” used to describe LGBT students, or the placement of LGBT 

topics alongside content such as HIV, AIDS, and drug use (pp. 180-181). This was an important 

finding because prior research has supported these perspectives can essentialize queer students as 

victims without any self-determination or agency (e.g., Talburt, 2005; Young & Middleton, 

2002). Second, they noted that in most cases LGBT-related vocabulary and conceptual terms 

were undefined. Specifically, none of the texts defined gender identity, transgender, or 

heteronormativity, nor did they discuss power relations as it relates to LGBT topics (e.g., 

heterosexism). This was concerning for the researchers because if these terms and frameworks 

were more clearly defined they “might assist new teachers in developing a critical lens through 

which to view and think about LGBT topics in education” (Macgillivray & Jennings, 2008, p. 

183). Finally, they noted that there was almost complete absence of photographs or discussions 

acknowledging the intersections of LGBT people with other aspects of identity such as race, 

ethnicity, or socioeconomic class. Overall, this work demonstrated a need for teacher educators 
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to be aware of the ways that the materials used to support pre-service teachers’ development (i.e., 

textbooks) are imbued with implicit and explicit meanings. 

Pre-Service Teachers’ Attitudes and Beliefs Towards GSD 

Butler (1994) quantitatively explored 42 pre-service teachers’ knowledge, attitudes, and 

behavior regarding gay and lesbian students. The participants were enrolled in a Human 

Diversity in Education course and completed a survey that consisted of five sections 

corresponding to three validated instruments and demographic questions. Homophobia was 

measured using the Attitudes Toward Lesbians and Gay Men (ATLG) scale (Herek, 1988). 

Factual knowledge of homosexuality was measured using the Homosexual Information Scale 

(HIS) (Wells & Franken, 1987). Educator-specific attitudes and anticipated educator behaviors 

were measured using the Professional Attitude Index (PAI) (Sears, 1991). Overall, Butler 

reported that the pre-service teachers held slightly homophobic attitudes and lacked knowledge 

about homosexuality. Additionally, she inferred that misinformation was prevalent in this sample 

because of the high percentage of incorrect responses on the HIS to items discussing stereotypes. 

Finally, she found that, on average, the group demonstrated somewhat negative behaviors 

regarding their unwillingness to address gay and lesbian issues or to behave in ways that are 

supportive to gay and lesbian students. To address these concerns, she suggested that 

interventions be designed around a cognitive approach, affective approach, or a combination of 

the two. The cognitive approaches “focus on knowledge acquisition and transformation” (e.g., 

lecture, discussion, readings) while affective approaches focus on “feelings, attitudes, and 

emotions” (e.g., speakers, simulations, case studies) (p. 16). Perhaps ideally pre-service teachers 

would engage in interventions that incorporate practices from cognitive and affective 

approaches. The benefit of designing interventions around these approaches for pre-service 
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teachers is that they can “help them create an environment conducive to the intellectual and 

social growth of these at-risk students” (p. 17). One major limitation of this study is the over 

focus on sexual orientation, specifically homophobia. Like Butler (1994) herself pointed out, 

“sexual orientation represents one aspect of human diversity to be accepted and celebrated” (p. 

17, italics added for emphasis). Lastly, this research was published over 20 years ago and there is 

a need to expand pre-service teachers’ knowledge and dispositions to other aspects of GSD. As 

such, it is important for research to build on this earlier work and examine pre-service teachers’ 

attitudes related to GSD-inclusive teaching that extend beyond measuring homophobic attitudes.  

Koch (2000) undertook a descriptive study for their dissertation to measure pre-service 

teachers’ attitudes, knowledge, and anticipated behaviors regarding scenarios involving gay and 

lesbian teachers and students. Additionally, Koch examined differences between general pre-

service teachers and special education pre-service teachers. The population of pre-service 

teachers included elementary and secondary pre-service teachers across 16 public and private 

universities in Illinois, and sampling resulted in 813 pre-service general and special education 

teachers being included in the study. In addition to demographic data and researcher-generated 

questions, Koch used several quantitative instruments: ATLG (Herek, 1988), Knowledge About 

Homosexuality Questionnaire (KAHQ) (Harris et al., 1995), and Anticipated Professional 

Behaviors Relating to Homosexuality in the School (APB) (Bailey, 1996). Using a combination 

of descriptive and inferential statistics, the author reported several important findings. First, there 

were no significant differences between general and special education pre-service teachers’ 

knowledge, attitudes, and anticipated behavior. In terms of attitudes, the results showed overall 

the participants held slightly more unaccepting attitudes (41.37) (ATLG range: 20 [accepting] to 

80 [unaccepting]). Additionally, females and pre-service teachers at private institutions held 
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more positive attitudes than males and pre-service teachers at public institutions. Second, there 

was a discrepancy between pre-service teachers’ perceived and measured knowledge of 

homosexuality. For example, 56% of the participants perceived themselves to be knowledgeable, 

however, only 35% answered at least half of the questions on the KAHQ. Third, 57% reported 

the need for more training to work with queer students while 65% reported that needed specific 

training on how to address queer issues within the context of subject matter. This finding is 

particularly important as it underscores the need for research to provide instruction to pre-service 

teachers on GSD-inclusive teaching within disciplinary contexts (e.g., science teaching methods 

courses). Lastly, there were several important factors that predicted pre-service teachers’ higher 

levels of knowledge, positive attitudes, and more anticipated behaviors. For example, having 

friends of different sexual orientations was the most significant predictor of knowledge and 

attitudes, and pre-service teachers who reported having prior instruction about homosexuality 

scored higher on all three instruments. Interestingly, participants who reported religious services 

as sources of information for homosexuality were more likely to score low on the ATLG and 

KAHQ. The finding that most pre-service teachers reported that they needed more specialized 

training, coupled with the discrepancy between perceived and measured knowledge, is a call for 

subject-area teacher educators to take up GSD-inclusive teaching in their teacher preparation 

programs and teaching methods courses. 

Morgan (2003) conducted a similar dissertation study to Koch’s (2000) in which they 

examined special education and non-special education in-service and pre-service teachers’ 

attitudes and knowledge towards students with different sexual orientations. Although Morgan 

conducted analyses on pre-service and in-service teachers, I will report the findings only relevant 

to the general and special education pre-service teachers (n = 273). Morgan collected quantitative 
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data from 408 participants across seven universities in North Carolina, Virginia, and District of 

Columbia. Two instruments were used in this study: KAHQ (Harris et al., 1995) and ATLG 

(Herek, 1988). For KAHQ scores which can range from 0 to 18, there were no significant 

differences between special education (10.29) and general (9.42) pre-service teacher groups. 

Similarly, for the ALTG scores that can range from 20 to 80, there were no significant 

differences between special education (64.75) and general (78.39). Finally, although not 

significant, Morgan also noted that those who indicated having prior instruction scored higher on 

the KAHQ and expressed more positive attitudes on the ATLG. Like the findings from Koch’s 

(2000) study, this provides a clear rationale for providing pre-service teachers with instruction 

related to GSD in teacher preparation programs.  

Clark (2010) conducted a mixed methods study to investigate English Language Arts pre-

service teachers’ attitudes towards diversity and sexuality, their competence around multicultural 

diversity, and the practices and resources they felt prepared to use to work with queer students in 

their future classrooms. Quantitative data was collected from the Multicultural Awareness-

Knowledge-Skills Survey (MAKSS) (D’Andrea et al., 1990) and the Modern Homophobia Scale 

(MHS) (Raja & Stokes, 1998), while qualitative data was collected from students’ written 

responses in which they reflected on their privileges (e.g., language, race, sexuality, gender) in 

relation to the course readings and activities. When comparing the findings between pre-service 

teachers who had entered the program to another group who was finishing up the program, Clark 

found that the program had some impact on pre-service teachers declarative knowledge and 

sense of efficacy regarding cultural diversity. Moreover, they also found rather high levels of 

anti-homophobic attitudes. However, Clark noted that some expressed “some ambivalence about 

their role in trying to reduce other people’s personal prejudice toward LGBTQ people; in effect 
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they felt unable or unwilling to do ally-work” (p. 706). For instance, one participant discussed 

that they would stop derogatory name calling in their classroom but that they did “not believe 

that teachers should correct students’ thoughts about homosexuality and misogyny” (p. 108). 

This perspective allows for students to still hold homophobic and misogynistic conceptions as 

long they do not express them in the form of derogatory language. Clark concluded that the pre-

service teachers were generally ill prepared to conduct meaningful ally work. This work 

confirms the need for research on preparing pre-service teachers to engage in GSD-inclusive 

teaching to support and affirm queer students.  

Milburn and Palladino (2012) conducted a survey study to examine how, if at all, 457 

preservice teachers enrolled in a teacher preparation program in Michigan were willing and able 

to address LGBTQ bullying incidents in their future classrooms and their perception of how their 

program has prepared them (or not) to do so. The researchers created a Likert scale survey to 

collect quantitative data of participants’ knowledge, skills, and dispositions, although it was not 

reported with the article because it was in press and has still not been published. Nonetheless, the 

researchers reported that the pre-service teachers had overall positive dispositions towards 

LGBTQ youth, indicated a willingness to address bullying, and expressed interest in learning 

more about becoming an ally. Additionally, the authors reported that the participants were 

“unsure and indecisive” regarding the role of their teacher preparation program in preparing 

them to address LGBTQ bullying (p. 97). Interestingly, it was also reported that participants did 

not acknowledge LGBTQ bullying beyond sexual orientation to include “gender and gender role 

expression nonconformity” (p. 97). This research study, with its limitations, provides anecdotal 

evidence that despite expressing a willingness to intervene in LGBTQ bullying, pre-service 
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teachers do not feel that their teacher preparation programs have provided them with the 

necessary skills and opportunities to address LGBTQ issues and topics in their future classrooms.  

Interventions on GSD in Teacher Education 

Previous research studies have focused on a variety of pedagogical, methodological, and 

theoretical approaches to integrating GSD into teacher education programs. Airton and Kocher 

(2019) comprehensively reviewed the literature on gender and sexual diversity in teacher 

education (GSDTE) to find out “what do GSDTE practitioners do, try to do and want to do” (p. 

191). Out of the 158 publications they identified and analyzed, only one was conducted within a 

science methods course. This demonstrates the need for research to explore gender and sexual 

diversity in science teacher education. However, given the stark absence of research published 

within the context of science teacher education, this section will describe the findings from 

several studies that have broadly examined the impact of various interventions aimed at 

integrating GSD into teacher education. According to Airton and Koecher (2019), there were a 

variety of intervention approaches that teacher educators used to integrate GSD into their 

practice with pre-service teachers. These approaches included completing relevant readings, 

inviting LGBTQ guest speakers, doing field work, or participating in professional development, 

participating in role plays, self-reflective writing, and watching documentaries. Several of these 

studies are described in the following section. 

Butler (1995) completed their dissertation on the impact of two different educational 

interventions (cognitive and affective) on pre-service teachers’ knowledge, attitudes, and 

anticipated professional behaviors regarding gay and lesbian students. The participants were 

enrolled in a Human Diversity in Education course, and a total of 267 undergraduate students 

participated in the study. Butler used two separate longitudinal quasi-experimental pretest-
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posttest designs to evaluate the impact of the cognitive and affective interventions. The cognitive 

intervention involved instructor-led lectures, assigned class readings, and whole class 

discussions, and the affective intervention involved a guest speaker panel and a stereotype 

brainstorming activity. Quantitative data was collected from the ATLG scale (Herek, 1988), HIS 

(Wells & Franken, 1987), and PAI (Sears, 1991). Butler determined that both the cognitive and 

affective interventions had a short and long-term positive impact on pre-service teachers’ 

attitudes and anticipated behaviors; however, the cognitive approach had a short-term positive 

impact on knowledge while the affective approach had no impact. Interestingly, neither approach 

had a positive impact on educator-specific attitudes. One important recommendation made by 

Butler was that a combination of the two approaches may be best. In summary, the author urges 

that “providing context in which preservice teachers can explore cultural knowledge and 

attitudes should be an integral part of any teacher education program” (p. 165). There is a need 

for research to investigate the impact and implementation of interventions, informed by cognitive 

and affective approaches, on pre-service teachers’ “cultural knowledge and attitudes” regarding 

GSD-inclusive teaching.  

Bresser (2002) conducted a mixed methods dissertation study to explore the effects of an 

intervention on homophobia and heterosexism in schools on pre-service teachers’ “knowledge, 

attitudes, and behaviors” towards people who identify as gay and lesbian (p. 11). The pre-service 

teachers were undergraduate and graduate students in a required human relations course. 

Quantitative data was collected through the Index of Homophobia (IHP) (Hudson & Ricketts, 

1980) to measure personal attitudes, Homosexuality Knowledge Index (HKI) (Sears, 1989) to 

measure knowledge, and the PAI (Sears, 1989) to measure professional attitudes administered as 

pre- and posttests. In-depth interviews were conducted with 12 pre-service teachers to collect 
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qualitative data and elaborate on the findings from the surveys. Of the 212 pre-service teachers 

who completed the pre-tests prior to the intervention, the researcher noted higher scores (75.34) 

on the HKI compared to previous research studies (e.g., Sears, 1989); the majority (62.7%) of 

pre-service teachers scored in the moderately homophobia range on the IHP; nearly 75% of the 

participants scored 28 points or less on the PAI indicating overall positive professional attitudes; 

and more than 60% chose four or more activities that they expect to participate in as teachers 

including attending school-sponsored workshops on working with gay and lesbian students and 

discussing concerns of these students at faculty meetings. Importantly, Bresser found a 

significant correlations between the pretests scores that indicated that pre-service teachers with 

more factual knowledge were likely to hold more positive personal and professional attitudes 

towards gay and lesbian people. Additionally, they found that more factual knowledge also 

affects participants’ willingness to participate in expected professional activities related to 

homophobia and heterosexism.  

 Of the 185 participants who completed the post-tests following the intervention, Bresser 

found very similar findings to the pre-test. For instance, those with more positive personal and 

professional attitudes reported were more likely to engage in a greater number of professional 

activities. However, unlike the findings from the pre-test, they found that factual knowledge was 

correlated with more positive professional attitudes, not personal attitudes. The biggest 

difference in scores was on the IHP, in which the number of participants that scored in the non-

homophobic range almost doubled (32.9%) even though the majority still scored in the 

moderately homophobic range (56.2%). This finding demonstrated that while attitudes became 

more positive following the intervention, there were still negative personal attitudes overall. 

Finally, they had more positive professional attitudes and reported a greater number of 



 

 44 

 

anticipated professional activities that they would participate in including encouraging classroom 

discussion about homosexuality and meeting with queer adults to learn about the needs of queer 

students, in addition to the two activities reported in the pretest. Importantly, one of the three 

activities that teachers were likely to report engaging in was integrating homosexual themes and 

issues into the curriculum. Although focused specifically on homosexual themes, it is reasonable 

to expect that pre-service teachers would also be least likely in integrating other GSD-related 

themes into the curriculum. This supports the need for research to examine pre-service teachers’ 

attitudes and beliefs beyond sexual orientation and homophobic attitudes.  

 While this study provided some evidence that participation in the intervention on 

homophobia and heterosexism can improve the attitudes of pre-service teachers, there were 

several limitations. First, this study explicitly focused on knowledge, attitudes, and behaviors 

related to homosexuality. Second, beyond correlations between pretest and posttest scores, there 

were no statistical analysis conducted to examine whether the differences between the scores on 

the instruments were significantly different before and after the intervention. This makes it 

difficult to understand the significance of the impact. Finally, the author provided little to no 

detail on how the intervention was designed or implemented. Within the interview data, I was 

able to infer parts of the intervention to include watching a documentary about gay and lesbian 

issues in elementary school (It’s Elementary, Chasnoff & Cohen, 1996) and interacting with a 

student panel or guest speaker. However, there was no clear explanation as to what the 

intervention entailed. Combined with the limitation of statistical analyses and significance, this 

study does not make clear how teacher educators could design and implement an intervention 

around relevant GSD topics and issues; as a result, there is need for future research studies to 
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explain the components of the intervention more clearly, as well as how the intervention should 

be delivered to pre-service teachers.  

Athanases and Larrabee (2003) conducted a qualitative study to investigate how pre-

service teachers responded to instruction on LG (lesbian and gay) topics in schools, and to 

explore which instructional features of the intervention appeared to promote their advocacy 

stance. The researchers designed an intervention as part of their Cultural Diversity and Education 

course around three essential design principles: an equity mindset, human and material resources 

that model advocacy, and a safe discussion space. Ninety-seven undergraduate pre-service 

teachers representing math, science, and English subject-areas participated in this study. The 

overall topics discussed within the course focused on sociological perspectives of inequities 

within schools (e.g., socioeconomic status), culturally relevant pedagogy (Ladson-Billings, 

1996), and how to use a variety of instructional and assessment tools. For the intervention, the 

pre-service teachers completed a variety of activities including completing readings, watching a 

documentary, listening to guest speaker who identifies as queer, and completing written 

reflections. The readings represented a range of experiences of queer authors within school and 

society, including a reading on the intersection of being Black and Gay. The video was a 

documentary on important historical queer figures called Out of the Past (Dupre, 1998), which 

focused on the experiences of Kelli Peterson stating a GSA in Salt Lake City Utah. The guest 

speaker, who identified as a gay middle school teacher, facilitated a discussion on their 

experiences as both a queer student and queer teacher, and they led a whole-group discussion on 

important LGBTQ-related terminology and relevant statistics on the challenges queer youth face 

at home and in schools. Finally, students were asked to complete written reflections on the 
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different aspects of the intervention and how they perceived the readings and activities. Several 

important findings emerged from the analysis of the pre-service teachers’ reflections. 

First, 76% of the participants placed a positive value on learning about the experiences of 

people who identify as LG. According to the authors, though not supported with evidence, many 

of the students who discussed the positive value of learning more also described the opportunity 

to learn about LG topics and discuss it openly with others as “entirely new” (p. 247). 

Additionally, the participants discussed many aspects of the lesson that were most positive 

including the focus on terminology and symbols, historical perspectives, and personal accounts 

of experiences with sexual orientation. Importantly, 21% of the participants specifically placed a 

positive value on learning more about LG youth in schools, and 12% on learning more about LG 

educators. Second, 62% of students indicated plans to advocate for queer youth in their future 

classrooms such as recruiting human resources, interrupting derogatory remarks from students 

and teachers, or using the resource packet provided by the guest speaker. This finding is 

important because it illustrates that this type of intervention can provoke pre-service teachers to 

consider actionable steps they will take to support and affirm queer students in their future 

classrooms. Interestingly, 29% of the participants made links between sexual orientation and 

other equity topics including race, ethnicity, and gender. This finding is important because it 

emphasizes the need for teacher preparation programs to extend their reach of equity-based 

instruction to include queer students, and it provides strong support for the inclusion of queer 

topics within the broader context of teacher education on diversity and equity. Lastly, some pre-

service teachers resisted addressing LG issues or in schools due to religious beliefs that 

homosexuality is a sin (24%), and 31% questioned the applicability of discussing LG issues in 

the classroom citing age appropriateness, discomfort due to lack of knowledge, and fear of 
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parents’ responses. Overall, this study provided evidence that when an intervention is designed 

around an equity mindset, human and material resources, and a safe discussion space, pre-service 

teachers respond positively to instruction and develop a sense of appreciation and advocacy for 

queer youth. An important next step for future research studies is to extend these three design 

principles into discipline-specific methods courses within teacher preparation programs.  

The study conducted by Athanases and Larrabee (2003) was limited in several ways. 

First, the researchers were unable to “disentangle the instructional variables of an equity 

framework, cultural insider resources [human and material resources], and a safe discussion 

space” to determine which design elements were most essential in developing an advocacy 

stance (p. 256). Second, the study was narrowly focused on topics related to sexual orientation 

(i.e., lesbian and gay). The authors acknowledged this in a footnote in which they explained “we 

do not falsely claim, by using the more inclusive acronym LGBTQ or the politically empowering 

term “queer”, that equal time was spent on issues challenging bisexual-, transgender- and queer-

identified youth” (p. 237). This limitation demonstrates the need for additional research studies 

to examine how these design principles can be used to affect pre-service teachers’ “knowledge, 

dispositions, and skills” related to other aspects of GSD. Finally, this study could have been 

strengthened with the addition of quantitative data and a mixed methods research design. Given 

that the researchers were focused specifically on sexual orientation, there are several existing 

instruments that can be used to measure attitudes towards people who identify as LG (e.g., 

ATLG; Herek, 1988). There is an opportunity for future research to build on this study and apply 

the design principles in a novel way.  

Riggs et al. (2011) evaluated the impact of a cognitive-affective intervention on 90 pre-

service teachers’ attitudes, knowledge, and anticipated professional behaviors towards 
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homosexuality and gay and lesbian students. The intervention was designed around several tasks: 

(1) reading an autobiography and writing, (2) large group discussion on the meaning of 

“diversity”, (3) discussing relevant definitions and terminology, (4) experiential activity on 

stereotypes, (5) watching It’s Elementary (Chasnoff & Cohen, 1996), and (6) completing written 

reflections on their experiences within the intervention. The control group received instruction 

on the inclusion of students with disabilities in mainstream classrooms. They used an 

experimental pretest-posttest research design and collected quantitative data using the Attitudes 

ATLG (Herek, 1984), Modified Information About Homosexuality Index (MIAHI) (Baily, 

1996), Knowledge About Issues Facing Gay and Lesbian Youths (ISSUES) (Bailey, 1996), and 

Anticipated Professional Behaviors Relating to Homosexuality in the School (BEHAVIORS) 

(Bailey, 1996). Descriptive statistics, split-plot ANOVAs, and paired-samples t-tests were used 

to analyze the data. The initial responses demonstrated that the pre-service teachers held some 

negative attitudes toward gay men and lesbians, held many affective misconceptions, did not 

have much knowledge of issues gay and lesbian students face, and demonstrated some 

willingness to engage in supportive professional behaviors. For the impact of the intervention, 

the paired-samples t-tests showed significant differences between pre- and post-test scores only 

for the experimental group. The results provided evidence that the cognitive-affective 

intervention can significantly improves attitudes, behaviors, and anticipated professional 

behaviors of pre-service teachers.  

Dedeoglu et al. (2012) explored 29 Turkish pre-service teachers perceptions of children’s 

picture books containing LGBT-related topics and examined how the participants responded to 

the books and their intentions to use them in their future classrooms. The two books chosen in 

this intervention were And Tango Makes Three (Parnell & Richardson, 2005) and Molly’s Family 
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(Garden, 2004) which were translated into Turkish. The first author read the books aloud to the 

class and following each reading the pre-service teachers responded to prompts on how the felt 

while listening, whether they would use the books in their future classrooms, and to justify their 

use (or not). The negative responses were grouped into three themes: cultural viewpoints and 

intolerance (25%), age appropriateness (54%), and lack of knowledge (21%). The positive 

responses were grouped into four themes discussed the quality of the books (25%), benefits for 

children (25%), connection with story characters (18%), and promoting tolerance (32%). As to 

whether they would use the books in their future classrooms, 13 students indicated that they 

would use each book. In contrast, 13 students said they would not use the And Tango Makes 

Three and 15 said no to using Molly’s Family. Of the 26 responses that indicated yes to using 

either book, the reasons indicated for the use included to introduce social issues and raise 

awareness (81%), psychological concerns (8%), and to create a welcoming environment (11%). 

Of the 28 responses that indicated no to using either book, the reasons included cultural norms 

and societal concerns (29%), age appropriateness (50%), and lack of knowledge (21%). Overall, 

these findings provide more evidence that pre-service teachers are likely to have negative 

attitudes towards GSD-related topics and are not likely to integrate GSD-inclusive teaching 

practices into their future classrooms due to a lack of knowledge of human GSD. Moreover, the 

findings from this study provide an international perspective on the status of pre-service teacher’ 

attitudes and beliefs regarding GSD-inclusive teaching. It is necessary for teacher preparation 

programs to provide pre-service teachers with learning opportunities to develop and expand their 

knowledge of GSD-inclusive teaching.   

Kitchen and Bellini (2012) designed and evaluated the impact of a two-hour intervention 

workshop called “Sexual Diversity in Secondary Schools,” in which 134 pre-service secondary 
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education teachers participated. The purpose of the intervention was to increase awareness of and 

provide practical actions to work against homophobia and heteronormativity. The first part of the 

intervention focused on definitions and whole group discussions on the ethical and legal duties of 

teachers. The latter part discussed the impact of school GSAs and engaged students in an 

exercise of evaluating cases based on real experiences and sharing their evaluations in whole-

group discussions. An open-ended survey was developed by the researchers and contained 

prompts such as “what I liked about the workshop” and “please comment on the effectiveness of 

the following aspects.” The findings revealed that overall participants indicated a very high level 

of comfort with the workshop (46%) and the content (28%), although there was some discomfort 

reported due to religious beliefs. For feedback on specific components of the intervention, the 

participants rated each component on a five-point Likert scale from 1 “Not Effective” to 5 “Very 

Effective.” The discussion on the ethical and legal responsibilities of teachers to address and 

handle homophobia was viewed as most effective (97% ranked at least a 4), followed by the case 

studies (95%), definitions and personal stories (94%), and discussion on GSAs (92%). Finally, 

there were several suggestions made for improvement: (1) more time explore case studies and in 

different contexts (e.g., extra-curricular sports) and (2) more variety in activities including video 

clips. Overall, these findings provide support for various research-based activities that can be 

implemented within an intervention to support pre-service teachers’ attitudes and beliefs of 

GSD-inclusive teaching, and that pre-service teachers feel comfortable participating in such 

workshops and discussing the content. Of particular interest to future research was the expressed 

desire by the participants for more time to explore case studies and to expand the discussion to 

extracurricular school activities such as school sports.  
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Kearns et al. (2014) conducted a mixed methods research study to investigate the impact 

of an integrated Positive Space training program (Positive Space I and Positive Space II) in terms 

of benefits and pre-service teachers’ responsiveness to the training. The Positive Space training 

program was a mandatory component of the Bachelor of Education program at the university the 

study was conducted at. It was developed in direct response to Taylor et al.’s (2011) call for 

teacher preparation programs to “integrate LGBTQ-inclusive teaching and intersectionality into 

compulsory courses in their Bachelor of Education programs” (p. 30). In Positive Space I, the 

pre-service teachers discuss LGBTQ terminology (e.g., sex, gender, gender expression, sexual 

orientation), discuss the impact of derogatory language for queer youth, and participate in a 

“coming out” simulation in which they simulate an LGBTQ person coming out to their friends 

and family, and discuss the systemic oppression that they may face in doing so. In Positive Space 

II, the pre-service teachers focus on becoming an ally through watching It’s Elementary 

(Chasnoff & Cohen, 1996), role-playing, and become expose to curricular resources and 

connections that they can use in their future classrooms. The data were collected through pre- 

and post-surveys, workshop evaluations, and focus group and individual interviews. Importantly, 

the data was collected nine months after the Positive Space II course which can provide insight 

into the long-term effects of such interventions. Overall, the feedback was very positive, and pre-

service teachers felt more knowledgeable of queer issues and topics and gained confidence in 

intervening in homophobic and transphobic scenarios, although the findings were not reported by 

data collection source. Kearns et al. (2014) explained that the “pre-service teachers seem to want 

to know more and are glad to have more tools to support LGBTQ youth and have models as to 

how to bring the conversation into school spaces” (p. 16). The researchers also noted that prior to 

the intervention 85% of pre-service teachers indicated they had no previous training in LGBTQ 
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issues which reiterated the need for explicit instruction on GSD-inclusive teaching for pre-

service teachers. Interestingly, they believed that integrating the program into mandatory courses 

“that are nested in social justice and equity as a program expectation” was necessary to “nurture 

a culture of awareness and ally building” among pre-service teachers (p.21). Overall, this 

research study provides support for future research studies to investigate the impact of GSD-

related interventions in mandatory teaching methods courses within K-12 teacher preparation 

programs.  

In a conceptual paper, Hansen (2015) summarized several practical strategies that teacher 

educators can use to encourage pre-service teachers to address queer issues in their future 

classrooms. Hansen used materials that were published by the GLSEN, ThinkB4YouSpeak 

Educator’s Guide (GLSEN, 2008), as a framework to guide the implementation of a variety of 

activities with Undergraduate (K-12 Multicultural Education & Issues in K-12 Education) and 

Graduate (Foundations of Diversity and Equity) elementary and secondary pre-service teachers. 

Based on their experience working with pre-service teachers, Hansen proposed that teacher 

educators should prime pre-service teachers to discuss queer topics by completing a variety of 

readings that relate to LGBT youth in schools and the relationship to multicultural education 

movements, providing direct instruction to students on how to reflect critically on readings, 

introducing students to campus and community resources that support and affirm queer students, 

and creating a safe discussion space. Importantly, these recommendations align with Athanases 

and Larrabee’s (2003) three design principles of an equity mindset (multicultural education), 

human and material resources (readings and campus resources), and a safe discussion space 

which underscores the usefulness of Athanases and Larrabee’s conceptual framework for future 

research. After being primed for discussion, some of the activities Hansen recommended that 
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pre-service teachers could participate in included a think-pair-share to discuss their awareness of 

their gender identity, how it evolved, and how it is constructed; role-playing to discuss how they 

might respond to different scenarios that involve bullying or derogatory language; and written 

reflections on how they perceived the activities and how their attitudes have changed. Although 

this study did not evaluate the impact of these different activities on pre-service teachers’ 

willingness to address queer topics in their own classrooms, it did summarize several of the 

existing activities published by GLSEN that focus on sexual orientation and provided detail on 

how the activities should be delivered. However, the overt focus on sexual orientation and sexual 

identity as the single focus for queer topics is a limitation of this paper. 

As part of their ongoing longitudinal research into the impact of the Positive Space 

training program, Kearns et al. (2017) qualitatively investigated how five pre-service teachers 

discussed transphobia and gender construction in schools within one activity of the intervention. 

The Critical Incident Paper was one activity within the Positive Space I course, in which pre-

service teachers were asked to look for a student (or group) who were “placed on the margins of 

the classroom or school…[and] observe what is happening these students,” and then write a 

reflection to be discussed in a whole class discussion (p. 8). Moreover, the pre-service teachers 

were required to then conduct research and identify relevant literature to the issues they 

observed. Additionally, the researchers conducted a focus group interview to triangulate the 

findings. Using inductive analysis, several themes emerged from the papers and focus group 

interview. First, several of the participants described gender policing by educators, peers, and 

parents. For instance, in describing how two different teachers responded to a transgender male 

student, one participant explained “the teacher [CT 2] wouldn’t even acknowledge the existence 

of this human being” (p. 11). Second, many pre-service teachers described how helpful the 
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writing activity was in identifying challenging school experiences. Finally, the participants 

described several challenges to re-teaching gender such as parent pushback, conflicting societal 

norms, and lack of resources. Overall, the researchers argued that this exercise can “foster a 

sense of agency to redress transphobia and genderism in schools by explicitly talking about the 

gender binary and the importance of challenging gender norms” (p. 21). This work underscores 

the importance for teacher educators to provide direct instruction on GSD-related topics and 

issues to pre-service teachers.  

The existing literature on the impact of various interventions on pre-service teachers’ 

knowledge, attitudes, and beliefs regarding GSD and GSD-inclusive teaching provides several 

important recommendations that can inform the design of new interventions, informed by 

cognitive and affective approaches, such as case studies, integration of GSD-inclusive teaching 

into subject-area teaching methods, and reflective writings. Moreover, the current research, 

although focused almost exclusively on homophobia and attitudes toward sexual orientation, 

provides strong evidence that pre-service teachers want to learn more about GSD-inclusive 

teaching. In the following section, I elaborate on the conceptual framework proposed by 

Athanases and Larrabee (2003) in developing their intervention with pre-service teachers. 

Overall, this body of research will inform the design of the intervention activities for the current 

proposed dissertation study. 

Teaching Advocacy for Queer Youth Conceptual Framework 

Athanases and Larrabee (2003) proposed a conceptual framework for developing pre-

service teachers’ teaching advocacy for queer youth that consisted of three essential design 

principles: an equity mindset, human and material resources that model advocacy, and a safe 

discussion space. The purpose of their study was to examine how pre-service teachers responded 
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to instruction on sexual orientation issues in schools and what instructional features of the 

intervention appeared to positively affect pre-service teachers’ advocacy stance toward queer 

youth in schools. The researchers conducted a qualitative analysis of pre-service teachers’ 

written reflections within three undergraduate Cultural Diversity and Education classes. They 

reported that an equity mindset, cultural insider perspectives, and a safe discussion space were 

important features of the intervention that allowed many of the pre-service teachers to develop a 

strong appreciation for the challenges facing queer students in schools and new knowledge 

relating to sexual orientation. They also found that 62% of pre-service teachers indicated plans to 

advocate for their future queer students in their classrooms and within the broader school culture, 

and about 29% of them made personal connections between sexual orientation and other social 

justice issues such as race, ethnicity, and gender to develop their advocacy stance.  

An Equity Mindset. The development of their conceptual framework was informed by 

two bodies of literature: (1) homophobia and attitude change among college students, and (2) 

teacher education about cultural diversity. The first component the researchers identified, an 

equity mindset, was based on several theoretical bodies of thought related to cultural diversity 

including social justice (Cochran-Smith, 1999), multicultural education (Nieto, 2000), and caring 

(Noddings, 1984). According to the authors, these theoretical perspectives situate teachers as 

“change agents who promote equity and justice in school and society” (Athanases & Larrabee, 

2003, p. 241). Importantly, the researchers argued that it was necessary to make connections 

between related forms of discrimination and social inequalities such as racism, homophobia, and 

sexism. In fact, one conclusion made by the researchers was “given the frequency in student 

responses of linking LG concerns with a broader framework of cultural diversity and advocacy 

for educational equity, it appears evident that LG concerns fit well within the context of 
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education diversity and equity” (p. 254). In other words, they argued that implementing 

instruction on queer issues with pre-service teachers might best be achieved within courses that 

already framed around cultural diversity and advocacy. Overall, the equity mindset should 

emphasize “how schools [and teachers] can promote safety, rights, and privileges for all” (p. 

241). 

Material and Human Resources. The second component, material and human resources, 

was informed by the research on homophobia and attitude change in college students. In their 

study, Athanases and Larrabee explained that material and human resources (e.g., readings and 

guest speakers) have been shown to have positive impacts on students attitudes towards queer 

topics (e.g., Athanases, 1996; Nelson & Krieger, 1997). For instance, Nelson and Krieger (1997) 

evaluated the impact of a peer panel of queer student speakers on 109 college students’ 

homophobic attitudes. The researchers found that the participants’ attitudes significantly changed 

following the intervention, and they showed a lower endorsement of homophobic attitudes. 

Additionally, Athanases (1996) found that high school students were able to build their 

understanding of queer issues and develop an equity stance after reading an autobiography from 

a queer author about their experiences. Collectively, this research provides strong support for the 

use of human and material resources that model advocacy, especially resources that provide a 

first-hand account of what it is like to be queer. Importantly, the researchers warned that these 

human and material resources (i.e., readings and guest speakers) can both misrepresent 

individual queer people as a representative of the entire queer community and essentialize queer 

identities, and as such need to be carefully considered and critiqued. Athanases and Larrabee 

(2003) discussed that queer theory would be a useful lens to mitigate this problem by examining 

the ways that heterosexual identities have been privileged in social discourse (i.e., 
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heteronormativity). Still, they felt that within university courses that discussing 

heteronormativity with prospective teachers “may not be enough to satisfy the goal of 

developing advocates for LG youth,” and that there was a necessary place for “direct instruction 

in relevant issues, history, and terminology, as well as exposure to diverse personal narratives of 

challenge and success in negotiating LG identities” (p. 243). This sentiment that preparing pre-

service teachers to address heteronormativity may provide few immediate results related to 

improving the daily experiences of queer students in schools has been expressed in other 

literature (e.g., Szalacha, 2004; Gorski, 2007). As this dissertation research will demonstrate, 

attention to heteronormativity and direct instruction that involves human and material resources 

do not need to be separate goals and in fact can and should coexist with preparing pre-service 

teachers.  

Safe Discussion Space. The third component identified by Athanases and Larrabee 

(2003) was a safe discussion space. They cited work by Vygotsky (1962) to support the 

important of talk in scaffolding student learning and Roberts et al. (1997) to demonstrate that 

multicultural understanding is supported by group dialogue. They argued that “students need to 

know they can raise difficult issues respectfully in a safe environment” (Athanases & Larrabee, 

2003, p. 243). Collectively, an equity mindset, human and material resources, and a safe 

discussion space were suggested as three essential design aspects of the intervention that allowed 

pre-service teachers to positively improve their knowledge, skills, and dispositions to support 

and advocate for queer gay and lesbian students.  

An important limitation of this research is the narrow focus on sexual orientation, and 

even more specifically on gay and lesbian students. Sexual orientation is a single aspect of GSD 

and consideration must be given to the ways that teacher educators can support pre-service 
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teachers in all aspects of GSD. In fact, most of the current research on GSD in teacher education 

focuses on pre-service teachers’ attitudes and beliefs related to sexual orientation (e.g., Airton & 

Koecher, 2019; Szalacha, 2004). While the results have generally been positive for improving 

attitudes and beliefs related to sexual orientation, there is a gap in the literature investigating the 

impact of these intervention approaches on other aspects of GSD. To address this gap in the 

literature, this proposed dissertation study will use the design principles developed by Athanases 

and Larrabee (2003) to design an intervention for PSSTs and to examine how their attitudes and 

beliefs change. Importantly, the impact of the proposed intervention will be examined based on a 

clear definition of GSDST that is grounded in the peer-reviewed theoretical and empirical 

scholarship. As will be elaborated on in the following section, GSDST was operationalized as six 

underlying capacities: heteronormativity, social justice, epistemic knowledge of science and 

inquiry, identity, embodiment, and GSD terminology. Finally, the study conducted by Athanases 

and Larrabee (2003) was done in a general Cultural Diversity and Education course, and there is 

a gap in the literature on the impact of similar interventions within subject-area teaching methods 

courses (e.g., science teaching methods). 

Effective Teacher Professional Development Conceptual Framework 

 A second body of literature on effective teacher professional development (PD) also 

served as a conceptual framework for this study. Desimone (2009) proposed a conceptual model 

to explore theories of teacher change and instruction as they relate to critical features of teacher 

PD. According to Desimone’s framework (Figure 1): (1) teachers experience effective 

professional development (PD), (2) the PD increases teachers’ knowledge and skills and/or 

changes their attitudes and beliefs, (3) there is a change in teachers’ content and/or pedagogy, 

and (4) the instructional changes influence improved student learning. Additionally, context is an 
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important moderator of this model such as student characteristics, teacher characteristics, 

classroom factors, and policy conditions. This core conceptual framework illustrates the impact 

that teacher attitudes and beliefs can have on teacher’s instructional practices, and subsequently 

on student learning outcomes.  

Figure 1 

Framework for Studying the Effects of PD on Teachers and Students, Adapted from Desimone 

(2009) and Blanchard et al. (2016) 

 

 There are five core features of effective professional development: content focus, active 

learning, coherence, duration, and collective participation (Desimone, 2011). Desimone (2009) 

argued that while researchers may use different language to “examine teacher learning from 

different perspectives and depths,” most conceptualizations of teacher learning can be mapped 

onto the five core features (p. 185). Content focus refers to the use of activities that “focus on 

subject matter content and how students learn that content” (Desimone, 2011, p. 69). Relatedly, 

Athanases and Larrabee (2003) identified human and material resources as an essential design 

principle of developing pre-service teachers’ teaching advocacy. The human and material 

resources used in the intervention were focused on science content to account for the context of 

working with PSSTs. The second core feature, active learning, refers to the practice of having 
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teachers be actively involved in completing professional development activities (e.g., 

observations, analyzing student work, giving a presentation) opposed to being delivered lectures. 

The human and material resources that were used in the intervention represented a range of 

active learning-based activities such as an interactive online module, collaborative case study 

discussions, and a whole-class Socratic seminar. Coherence, as the third core feature, suggests 

that “any professional development activity should be consistent with other professional 

development, with their knowledge and beliefs, and which school, district, and state reforms and 

policies” (Desimone, 2011, p. 69). As will be discussed in the next chapter, the intervention was 

designed to be coherent with the overarching Ambitious Science Teaching (Windschitl et al., 

2018) framework guiding the science teaching methods course. This is a critical aspect of the 

intervention group since the focus of AST on equity and engagement corresponds to Athanases 

and Larrabee’s (2003) assertion that an equity mindset is an essential aspect of developing pre-

service teachers’ teaching advocacy for queer youth. Fourth, the activities should include 20 

hours or more of contact. The intervention for this dissertation only spanned approximately two 

hours over the course of five weeks. Finally, collective participation refers to having “groups of 

teachers from the same grade, subject, or school” participating in activities together and building 

a community (Desimone, 2011, p. 69). Unique to the proposed dissertation study, this 

intervention is being designed specifically for pre-service science teachers which is a gap in the 

literature and research knowledge.  

 In summary, the intervention was informed by the three design principles identified by 

Athanases and Larrabee (2003). The three design elements identified by Athanases and Larrabee 

map on to four of the five core features identified by Desimone (2009, 2011). This connection 

between the design principles for teaching advocacy for queer youth and effective professional 
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development suggests that pre-service science teachers’ attitudes and beliefs concerning GSD-

inclusive science teaching, as important drivers of instructional practices and student learning, 

can be changed in such a way to influence their teaching practice and ultimately their students.  

Theory of Teacher Attitude and Belief Change. It is widely accepted that attitudes are 

integral to a person’s belief system (Rokeach, 1968; Jones & Leagon, 2014). Beliefs are central 

to teachers’ choice of actions in the classrooms and to their efforts at changing instructional 

practices (Bryan, 2003; Feldman, 2002; Lumpe et al., 2000; van Aalderen-Smeets & van der 

Molen, 2015). Teacher beliefs have also been found to be significant predictors of students’ 

science achievement (Lumpe et al., 2011). Accordingly, science education research has also 

demonstrated that science teachers’ beliefs are important drivers of their science teaching and 

implementation of any reform-based movement (Haney et al., 2002; Lotter et al., 2016; Martin et 

al., 2019; Roehrig & Kurse, 2005). For example, Lumpe et al. (2000) reported that professional 

development programs that considered science teachers’ beliefs were more effective and more 

likely to result in pedagogical changes than programs that did not consider science teachers’ 

beliefs. In fact, research has also shown that teachers resist implementing innovative teaching 

approaches or curriculum materials that contradict their beliefs about the purpose of teaching a 

subject or how that subject should be taught (Feldman, 2002; Biesta et al., 2015; Leung, 2022).  

Changing beliefs is challenging but not impossible (Anderson, 2015; Gregoire, 2003; 

Lotter et al., 2016). A growing number of studies have indicated that professional development 

programs play a critical role in facilitating meaningful changes in teachers’ attitudes and beliefs 

and that those changes may lead to changes in their teaching practices (Desimone, 2009; 

Herrington et al., 2016; Lumpe et al., 2012). Changes in both beliefs and practices, however, 

appear to be easier to facilitate for in-service teachers because they have more practical 
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knowledge from classroom experiences to connect their beliefs and knowledge to their practices 

(Luft, 2001; Richardson, 1996). There are several factors that likely mediate pre-service 

teachers’ attitudes and beliefs such as level of instructor support (Martin-Dunlop & Fraser, 2007) 

and the presence or absence of specialized supports (Luft & Roehrig, 2007). Research has been 

successful in supporting changes in pre-service teachers’ beliefs about using and teaching 

socioscientific issues in the science classroom (Leung, 2022), student-centered inquiry (Pilitsis & 

Duncan, 2012), and role of questioning in teaching science (Forbes & Davis, 2010). In this 

respect, to support PSSTs’ capacity to enact GSDST in their future science classroom, it is 

necessary to provide effective PD as part of their science teacher preparation program that 

carefully considers PSSTs’ attitudes and beliefs. Furthermore, time and feedback are essential to 

supporting these changes (Jones & Leagon, 2014). Understanding PSSTs’ current individual 

attitudes and beliefs and explore how they change through a GSD-infused intervention, is a 

critical first step towards this goal.  

GSD in Science Education 

In a previous unpublished study (Wright, 2021), I conducted a systematic literature 

review to develop a clear, STEM education-specific definition of GSD-inclusive teaching that is 

informed by scholarly research. Using the PRISMA protocol and a set of pre-determined 

eligibility criteria, I identified 81 publications that spanned across formal and informal, and K-12 

and higher education, STEM education settings. Additionally, I inductively analyzed the 

literature to extract a set of capacities of GSD-inclusive STEM teaching. As a result of this 

analysis, I proposed that GSD-inclusive STEM teaching as described in the STEM education 

research is operationalized as six highly connected capacities: heteronormativity, social justice, 

epistemic knowledge of science and inquiry, identity, embodiment, and GSD terminology.  
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GSD-Inclusive Science Teaching Conceptual Framework 

As part of the larger body of publications identified in this study, I also systematically 

identified and analyzed 43 publications that were focused on science education. See Figure 2 for 

the epistemic network analysis diagram of these 43 publications, which illustrates the most 

connected and discussed components within the literature. I conceptualized GSD-inclusive 

science teaching as a network of these six underlying components to emphasize the 

interrelatedness and interaction among the components. Specifically, the network analysis 

represents GSD-inclusive science teaching as a pedagogy that requires teachers to be able to 

build an awareness and understanding around these six components in meaningful and connected 

ways in order support and affirm queer students. Epistemic network analysis was a valuable 

method for operationalizing GSDST because it showed that all six components are connected 

and cohesive within the literature, and which connections were more or less common, laying the 

groundwork for a framework of GSDST. In this section, I provide an in-depth qualitative 

analysis of the six main capacities of GSDST that were expressed in the published science 

education literature. These six capacities constitute GSDST and serve as the conceptual 

framework for this dissertation study. 
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Figure 2 

 

Epistemic Network Analysis of Occurrences of Themes for Science Education (n = 43) 

 

Heteronormativity. The most frequently mentioned capacity of GSDST was disrupt 

heteronormativity. An abundance of science education research has been published 

conceptualizing the ways that school science practices and structures and influenced by and 

reinforce heteronormativity (e.g., Gunckel 2009; Letts, 1999; 2001). Heteronormativity has been 

defined as “the view that institutionalized heterosexuality constitutes the standard for legitimate 

and prescriptive sociosexual arrangements” (Ingraham, 1994, p. 204). In other words, it is the 

belief that heterosexuality is the natural and normal sexual orientation and that all social and 

sexual interactions be predicated based on heterosexuality. According to the research, 

heteronormativity has manifested in science education through a variety of mechanisms 

including science textbooks, national science education standards, science pedagogies, and 

science teacher preparation. In the following subsections, I will summarize the various research 
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studies that have investigated the ways that heteronormativity has persisted through these 

mechanisms.  

Science Textbooks. Snyder and Broadway (2004) used queer theory as an analytical lens 

to investigate how sexuality is presented and discussed among eight popular biology textbooks 

used throughout the United States, and if the textbooks promoted heteronormative beliefs. Based 

on prior literature and the National Science Education Standards (NRC, 1996), the researchers 

developed six areas a priori that would be likely to discuss sexual orientation – equity, genetics, 

behavior, sexuality, AIDS, and inquiry and the nature of science. Overall, their findings showed 

that these eight biology textbooks constructed sexuality solely in terms of heterosexuality. For 

instance, they found that five of the textbooks did not contain any mention of sexuality outside of 

the heterosexual norm, and the three that did, only did so in reference to discussing AIDS and 

drug users. One implication of this framing of sexuality, according to the researchers, is that it 

reinforces the belief that homosexuality identity is inextricably linked with disease and being 

“abnormal and deviant” (p. 630).  

Some of the other ways that the science textbooks propagated heteronormativity was by 

inadequate representation of queer families, framing sexuality exclusively in terms of 

reproductive success, and not providing any information regarding the biological basis of sexual 

orientation or same-sex behaviors in humans. The researchers found that images of families in 

the textbooks were exclusively heterosexual and that there was an absence of alternative family 

structures. Additionally, they also reported that sexual behavior was only discussed in terms of 

intercourse between males and females with an emphasis on reproduction. This overt focus on 

reproduction provided no attention to the role of human sexual behavior beyond the purposes of 

procreation. The authors argued this was an important finding because it sent an implicit 
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message to students that “only heterosexual behaviors exist and are acceptable” (p. 630). In 

conclusion, the researchers warned that these heteronormative perspectives that dominate science 

textbooks privilege students who fit the heterosexual norm and marginalizes those students who 

do not through silence.   

Similarly, Bazzul & Sykes (2011) conducted a textbook analysis of a widely adopted 

biology textbook in Canada to shed light on the discourses that encouraged and maintained 

beliefs in heteronormativity and gender/sex binaries. Like Snyder and Broadway (2004), Bazzul 

and Sykes also reported there were no references to homosexuality or other sexualities outside 

the heterosexual norm. They found that the terms gender and sex were used interchangeably 

within contexts of hormone levels, reproductive development, and steroid use. For example, one 

section outlined the differences of “both sexes” in terms of male (androgens) and female 

(estrogen) sex hormones, which the researchers claimed, “openly excludes and marginalizes 

those that have different hormonal balances and/or those that refuse to be categorized 

biologically female or male based simply on specific proportions of androgens and estrogens” (p. 

279). In another section describing male reproductive development, the textbook suggested the 

undescended testes could be surgically corrected which the researchers argued was an “explicit 

message…that if you do not fit the male sex binary your situation can be corrected,” and that it 

was exclusionary of people who are intersex, or those individuals whose sex chromosomes do 

not match normative expectations of gonads present (e.g., penile agenesis, in which males are 

born without a penis) (APA, 2006) (p. 279).  

Ah-King (2013) critically examined five popular secondary biology textbooks used in 

Sweden for how they presented animal sexual behavior. Overall, they found that the textbooks 

described male and female sexual behavior as “dichotomous and mutually exclusive” (p. 68). For 
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example, males were typically represented as active competitors compared to females who were 

passively fertilized by males and care for offspring. Additionally, all descriptions of sexual 

behavior were discussed in terms of reproduction. An important implication of these findings, 

according to the researcher, is that the use of mammal sexual behavior as a generalization for all 

animal sexual behavior is not representative of all species (e.g., male fish caring for offspring). 

As a result, Ah-King claimed that “changing stereotypical portrayals of animal sexual behavior 

into a more variable view of sex and sexuality will benefit students and provide a more accurate 

basis for the development of these issues” (p. 76).  

Elementary science trade books have also been linked to perpetuating heteronormativity. 

Letts (1999) examined two elementary-level science trade books and found that one of the trade 

books superimposed “dichotomous notions of gender – femininity and masculinity – onto 

‘biological’ sex in such a way that makes gender also seem dichotomous” (p. 103). In other 

words, the text conflated gender and sex and ignored the complexity of both constructs in such a 

way to reinforce the feminine/masculine and male/female binaries (Gunckel, 2009). For 

example, a portion of the text from the first trade book read “everybody belongs to the female 

sex or the male sex. Girls and women are females. Boys and men are males.” (Ingoglia, 1989, p. 

11, as cited in Letts, 1999). Letts referred the superimposition of the sex and gender binaries as 

heterogender (Ingraham, 1994), or the portrayal of two sexes and two genders that are “polar 

opposite ways of being that are normal” (Gunckel, 2009, p. 68). In the second trade book, Letts 

found that the text presumed that all students would become parents and get married. This was 

problematic to Letts because it reinforced the standard of normalcy that all other options would 

be measured against. For example, “marrying and having children, being a single parent, 

adopting a child, having a child with your same-sex partner” were missed options within the text 



 

 68 

 

that could have counteracted the heteronormative undertone of the textbook (p. 104). He 

concluded that teachers should work to help students think critically about the sexual dualities 

(e.g., male/female, masculine/feminine, heterosexual/homosexual) that have pervaded culture 

and schools.  

In summary, there is a growing body of research that has examined the ways that science 

textbooks are framed by and reinforce heteronormativity. Science textbooks are heteronormative 

by excluding discussions of sexuality outside of the heterosexual norm, conflating gender and 

sex in the text, and over-emphasizing reproduction in relation to human sexual behavior.  

Science Standards. Several scholars have critiqued guiding national science education 

standards for promoting heteronormativity. Letts (199; 2001) called attention to the wording of 

the National Science Education Standards (NSES) to illustrate how school science is 

heteronormative. First, Letts (1999) found that within the “Science Is for All Students” text of 

the NSES, there was no mention of sexuality. The text interrogated read 

This principle is one of equity and excellence. Science in our schools must be for all 

students: All students, regardless of age, sex, cultural or ethnic background, disabilities, 

aspirations, or interest and motivation in science, should have the opportunity to attain 

high levels of scientific literacy (NRC, 1996, p. 20). 

Letts argued that the lack of any explicit mention of sexuality or minoritized sexual identities 

within the Science for All principle constituted a ‘discourse of invisibility’ (Rodriguez, 1997) in 

which the dominant identities that have shaped science (e.g., White, male, straight) “remain 

unremarked and unnoticed” (Letts, 1999, p. 105). This absence of sexuality is evidence of the 

heteronormative nature of school science standards. Moreover, Letts (2001) argued that this 

discourse of invisibility promoted a “biased, uncritical and partial view of science education and 
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science education reform” (Letts, 2001, p. 268). Through rendering sexuality as invisible within 

the Science for All standard, the NSES shape school science in heteronormative ways.  

Letts (2001) also examined elementary and middle school science content standards from 

the NSES to support his argument that school science is heteronormative. He found that the life 

cycle and reproduction standards overemphasized reproduction as an essential characteristic of 

all living things. He argued that the notion that sexuality equals reproduction implies that 

organisms who cannot or do not want to reproduce are abnormal. The overt focus on 

reproduction as a paradigm in biology was also further discussed in another identified 

publication (Birke, 1997). Letts (2001) concluded that the emphasis on reproduction as a 

“defining characteristic of being alive, or being normal” was one of the ways that school science 

is heteronormative (p. 269).  

Building on Letts’ (2001) idea that the NSES emphasized reproduction, Gunckel (2009) 

also argued that the NSES’ reliance on science process skills such as classification and 

categorization contribute to beliefs in a natural order of what is considered normal and not 

normal. For example, in many science classrooms students are expected to learn how to use a 

dichotomous key to identify and label organisms. Importantly, as Gunckel points out, these 

identification and label schemes are based on binary descriptors, and the impact of such binary 

categorization is that it “promotes the conception that all objects and organisms fit into 

predetermined, ordered, and natural categories and identities” (p. 69). As such, classification 

process skills emphasized in science standards is another example of how school science is 

heteronormative.  

While the earlier work by Letts (1999; 2001) and Gunckel (2009) focused on how the 

wording of the NSES was heteronormative, more recently, Knaier (2019) interrogated the 
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normative gender-binary language present in the NGSS (NGSS Lead States, 2013a). They 

closely examined the text of the “Appendix D – ‘All Standards, All Students’,” and the 

accompanying case studies. The case studies are intended to “illustrate science teaching and 

learning of non-dominant student groups as they engage in the NGSS” (NGSS Lead States, 

2013b, p. 2). Specifically, case study 5 (NGSS Lead States, 2013c) highlights teaching strategies 

that are reported to be particularly helpful for girls such as interest and relevancy, female guest 

speakers, collaborative group work, student-generated problems, and after-school clubs. For 

example, in one scenario it is explained that the teacher “chose a curriculum topic that had 

relevancy and real-world application, an angle that would purposefully interest and engage the 

girls in the class” (NGSS Lead States, 2013c, p. 3). While Knaier (2019) did not question the 

usefulness of such student-centered approaches for all students, they did ask “what makes this a 

“girl” interest? What is the difference between a “girl” interest and a “boy” interest? Are these 

interests based on gender or sex? Are these interests relevant only to gender-conforming girls?” 

(p. 212).  

Indeed, there were several other similar examples presented throughout the case study. 

The author was disheartened that the standards did not address gender-nonconforming identities 

and reinforced “normative, binary male/female and masculine/feminine beliefs and stereotypes” 

(p. 213). Knaier disagreed with categorizing effective teaching strategies according to gender. 

They warned that NGSS’s role in gendering teaching strategies “perpetuate hegemonic and 

misogynistic ideologies and practices…of racism, classism, homophobia, heteronormativity, and 

ableism…within K-12 STEM classrooms and teacher education” (p. 215). Alas, a true queer 

perspective of the author was that “the solution to the problem of a restrictive two-category 

system…is not simply adding more categories. Perhaps categories themselves are the problem” 
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(p. 216). In other words, Knaier’s vision to gender inclusiveness in the NGSS is not an additive 

approach, but rather a deconstructive approach of what counts as boy/girl, male/female, or 

masculine/feminine. 

In summary, there were numerous studies that discussed the ways that the National 

Science Education Standards and Next Generation Science Standards were heteronormative. The 

standards are heteronormative by excluding discussion of sexuality within the principles of 

equity, gendering teaching strategies, and over-emphasizing the role of reproduction in human 

sexual behavior. Importantly, several of these findings were also present in the studies on science 

textbooks. This speaks to how heteronormativity has been perpetuated within multiple facets of 

science education and demonstrates the pervasiveness that needs to be addressed. This body of 

literature suggests that science teacher educators should discuss how science standards and 

textbooks are heteronormative with PSSTs, and PSSTs should be given opportunities to explore 

various science-related curriculum materials through the lens of heteronormativity.  

Science Pedagogy. In addition to science textbooks and science standards, scholars have 

also examined how science teachers’ pedagogical decision making can be influenced by 

heteronormative assumptions. For instance, Letts (1999) provided one example based on the 

transcript from a sixth-grade science lesson on insects. During the lesson, one of the boy students 

refused to hold the cockroach, although the other girl students in his group were willing to hold 

it, and he was ridiculed by the teacher and his classmates. Letts (1999) explained that “taunting 

boys who refuse to engage in activities that even girls [emphasis added] can do is a common 

misogynist put-down strategy used against boys” (p. 100). In another pedagogical instance 

focused on the human body, Letts (1999) reported that the teacher used same-sex grouping to 
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divide students, and that they justified this decision by explaining since the activity involved 

students feeling each other’s body parts, it would be “safer” to form the groups that way.  

Gunckel (2019a) analyzed an elementary science lesson on crayfish to discuss how the 

lesson was shaped by and reinforced heteronormativity. In this lesson, students were expected to 

be able to identify the sex of their crayfish and describe the differences in body structures 

between males and females. However, using queer theory as an analytical lens, Gunckel (2019a) 

discussed that the emphasis on the differences between male and female crayfish “dichotomizes 

sex and normalizes strict sexual dimorphism (i.e., differences in body type between male and 

female members of the same species)” (p. 73). Similarly, Gunckel mentioned that another insect 

lesson from the same publisher reinforced the notion that reproduction only occurs between 

males and females. As was discussed in the science textbooks and science standards, the 

persistence of a sex binary and emphasis on reproduction as a defining outcome of sexual 

behavior and living things are evidence of how science pedagogy is heteronormative.  

Social Justice. A second capacity of GSDST that emerged from the analysis of the 

publications was promote social justice. Based on the literature, social justice focused on raising 

the awareness of science teachers and students regarding the oppressive experiences of queer 

students within science education and using curricular and student support resources to enhance 

inclusion, representation, and social change. The ideas expressed across the publications that 

were coded as social justice fell under two perspectives: the “add lgbt and stir” and queer 

approaches.  

“Add LGBT And Stir” Approach to Social Justice. The first approach, “add lgbt and 

stir” (Letts, 2002, p. 119), captured recommendations made by the literature to increase 

representation and inclusion of queer people into the science curriculum to raise all students’ 
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awareness of the oppressive experiences of queer students. For instance, Bazzul and Sykes 

(2011) suggested that “explicit dialogue, information, and instruction concerning various gender 

identities, sexes, and sexualities may expose cultural attitudes that are oppressive and…may be 

the best way to disrupt socially unjust…social categories of sex/gender and sexuality” (p. 283). 

From their perspective, explicit direct instruction on GSD is necessary to address and expose the 

oppressive climate and attitudes that are “socially unjust” for queer students. Similarly, Letts 

(1995) developed a seven-part conceptual framework to outline what a queer critique of science 

would like. The first aspect of that framework argued that a queer critique of science would 

involve locating “queers within the natural sciences, revealing their presence, and documenting 

the work that they have done” (p. 4). In other words, it would be necessary to highlight the 

historical perspectives and contributions of queer people in science. Importantly, Letts did 

indicate several barriers to accomplishing this such as a lack of resources, references, and 

“openly gay” perspectives within the historical record (p. 4).  

Dzurick (2018) provided several practical or explicit teaching practices that science 

teachers could use to work toward inclusion and acknowledge of queer students in their 

classrooms. Each of these practices related specifically to inclusion and representation of queer 

people in the science curriculum. For example, Dzurick recommended that science teachers 

address how humans and other species do not always fit neatly into the traditional sex/gender 

binaries or incorporate and challenge pseudoscience that negatively impacts queer people (e.g., 

gay conversion therapy). Additionally, they suggested that science teachers could foster students’ 

scientific literacy and work toward inclusion by discussing the science of HIV transmission and 

related restrictions for queer people who cannot donate blood. Importantly, Dzurick cautioned 

that while is an opportunity for students to engage in important scientific policy issues, “we must 



 

 74 

 

avoid framing LGBT people as problems to be dealt with” (p. 20). This is an important point at it 

emphasized that the goal of social justice is not essentialize or pathologize queer students. 

Finally, Dzurick proposed that another way to address inclusion and representation with queer 

students in science classrooms was to provide them with resources that highlighted the life 

stories of queer scientists to serve as role models. In summary, evaluating pseudoscience, 

incorporating scientific policy issues, and including positive representations of queer scientists 

are several ways that science teachers can be more inclusive of queer students. 

Similarly, Hobbs (2020) demanded that science education be used for social justice, “the 

kind that recognizes and respects all students in the classroom” (p. 25). Specifically, Hobbs 

provided several explicit strategies to be used to support transgender students in biology 

classrooms. These recommendations included incorporating a diversity statement in the syllabus 

that affirms support from the teacher and school faculty, asking students to indicate their 

preferred pronouns, using an HHMI interactive module to incorporate the topic of sex testing in 

sports, and exposing students to other cultural conceptions of gender (e.g., First Nation people 

recognize a spectrum of genders. These recommendations aligned mostly with an additive 

perspective to social justice because they represented a range of strategies to increase the 

representation and acknowledgment of queer students and people in the curriculum and 

classroom, but they were not necessarily discussed in a manner that encouraged social action on 

the part of students and teachers to alter the climate for their queer classmates. In other words, 

raising awareness of queer people is not the same as taking action to combat the negative 

experiences of queer people. This tension between more immediately satisfying pedagogies 

regarding GSD-inclusive teaching fore queer students (i.e., increasing representation) and long-

term (i.e., social change) speaks to the necessity of science teacher educators to ensure that pre-
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service science teachers are exposed to instructional strategies that can address both aspects of 

social justice.  

Cooper et al. (2020) proposed 14 recommendations for biology teachers to create a more 

inclusive biology classroom for queer students. First, the authors suggested that biology teachers 

should provide positive examples of queer people in pop culture such as activists, sports 

celebrities, and actors. The researchers warned that many cultural references from older movies 

and shows might depict negative stereotypes of queer people and could reinforce these 

stereotypes for biology students. Second, Cooper et al. recommended that biology teachers 

should present queer scientist role models into the curriculum. They explained that “LGBTQ+ 

science mentors help students recognize visible members of the LGBTQ+ community…[and] 

provide students with an example of a member of the LGBTQ+ community who has 

“succeeded” in science” (p. 12). One specific assignment that the authors described to help 

students identify these positive scientist role models was the “Scientist Spotlight” (Schinske et 

al., 2016; Scientist Spotlights Initiative, 2020) homework assignment. The “Scientist Spotlight” 

website provides a collection of resources to highlight the contributions to science from people 

of various identities, backgrounds, interests, and challenges. Another resource suggested that was 

like the “Scientist Spotlight” was the 500 Queer Scientists project (500 Queer Scientists, 2021). 

This project highlights over 500 graduate students, postdocs, faculty, and practicing scientists 

who identify as queer. Finally, the authors built on the findings of Snyder and Broadway’s 

(2004) textbook analysis, to argue that instructors intentionally to provide positive examples of 

queer people in the curriculum. For instance, considering that the term “homosexuality” is often 

used next to discussions of AIDS in textbooks (Snyder & Broadway, 2004), the authors proposed 

that teachers discuss the role of the queer community in healthcare activism and the development 
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of drugs for HIV and AIDS. Overall, Cooper et al. (2020) provided several important tools that 

science teachers can use to increase representation of successful queer scientists.  

Interestingly, Rodéhn (2019) recommended that this additive approach to social justice 

can in fact have large impacts on supporting GSD and simultaneously can work against 

heteronormativity. They argued that “making lesbian women present in science is, in my view, 

an answer to what Will Letts (2001) and Mattias Lundin (2014) call for: that the masculinized 

heteronorm in science needs to be acknowledged and explicitly addressed” (p. 283). They 

explained that making lesbian women present can serve to disorient learners and lead them to 

question the heteronormative aspects of science. As indicated in Rodéhn’s argument, there is a 

clear link between visibility of queer people in science, particularly lesbian women, and 

disrupting heteronormativity. This supports a strong connection between these two constructs 

and provides some evidence that these two constructs should not be isolated.   

Queer Approach to Social Justice. In contrast to the “add lgbt and stir” approach, there 

were some scholars that discussed social justice from a queer perspective. This approach is 

distinct from the additive approach to social justice because it does not just focus on 

representation. For instance, focusing on the question of how sex and sexuality should be taught 

within science education, Reiss argued that queer approaches to teaching these constructs can 

strengthen science and curriculum. Specifically, they discussed how queering the teaching of sex 

and sexuality related to three larger goals of science education to promote human flourishing, 

enable students to acquire powerful knowledge, and advance social justice. This was a necessary 

undertaking for Reiss who argued that “it is increasingly the case that conventional teaching 

about human sex and sexuality is poor science” (p. 265). In arguing that one goal of the science 

education curriculum should be to advance social justice, Reiss (2019) explained that “science is 
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so powerful a discourse that it has too often been used to marginalize and oppress others, those 

who do not fit into the mainstream, the majority” (p. 264). Emphasized in this vision of a social-

justice-oriented science education is the notion of acknowledging how science has been used to 

marginalize and oppress all individuals who do not fit within the majority. Furthermore, Reiss 

conceptualized that social justice in science education “consists of learning what a democracy is 

and the place that science plays in being an engaged citizen…[and] using such knowledge to 

bring about desirable change” (p. 264). One recommendation proposed by Reiss for science 

educators to enact this vision of a social justice science education is to use John Rawls’ 

“imaginative approach” to justice (Reiss, 2019, p. 264). Rawls argued that societal decisions 

should be made behind a “veil of ignorance,” or made as if each person did not know “anything 

about who in particular we are” (Sandel, 2009, p. 141). Additionally, the Rawlsian perspective 

towards justice is based on two principles: (1) equal liberties for all people, and (2) social and 

economic inequalities can only exist if they advantage “the least well off members of society” 

(Sandel, 2009, p. 142). Engaging all science education stakeholders in this imaginative thought 

experiment can allow a more action-oriented view “to help us to consider how science might be 

more justly presented” (p. 264).  

Interestingly, there were a few scholars who conceptualized on the ways that the two 

approaches to social justice are different. For example, Fifield and Letts (2014) explain that the 

“add lgbt and stir” approach is mostly underpinned by gay and lesbian identity politics while the 

queer approach is underpinned by queer theory. Fifield and Letts explained that “identity politics 

pursues recognition, renaming, and re-representation for people who claim shared histories, 

cultures, and concerns that have denied voice and self-representation in dominant cultures” (p. 

395). In other words, the additive approach rests primarily on equal representation of queer 
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identities in the science curriculum. Gunckel (2019b) also referred to this perspective as an 

“assimilationist project” (p. 149). A queer approach to social justice “although… [it] may feel 

somehow less productive in terms of addressing the immediate inequities that exist for the not-

straight, queering calls into question the constructs that legitimize the discrimination in the first 

place” (p. 150). From this perspective, the additive approach may still be useful given that it may 

provide the best immediate tangible results (Gunckel, 2019b). As described by these previous 

scholars, the construct of social justice is also highly related to the construct of identity. The “add 

lgbt and stir” approach provides ways for science teachers to recognize and integrate the queer 

identities into the science curriculum while the queer approach works to disrupt the processes 

that allowed for the injustice in the first place. While distinct, these approaches are intertwined in 

the literature supporting a pragmatic view of balancing tangible with less tangible or immediate 

but ultimately longer-lasting structural results. 

Epistemic Knowledge of Science and Inquiry. The third capacity of GSDST that 

emerged from the analysis was develop epistemic knowledge of science and inquiry (EKSI). 

Based on the literature, EKSI included embracing multiple ways of knowing, interrogating the 

authoritative character of academic and scientific knowledge, and creating inquiry-based 

sociocultural learning experiences. These perspectives to GSD-inclusive teaching align with 

post-modern learning theories. Post-modern learning theories refers to the set of perspectives that 

emphasize that “knowledge claims must be set within the conditions of the world today and in 

the multiple perspectives of class, race, gender, and other group affiliations” (Creswell & Poth, 

2018, p. 26). In other words, post-modern perspectives understand knowledge to be contextual 

and influenced by multiple perspectives. In contrast to traditional learning theories, 

postmodernists would challenge that knowledge does not belong to an individual and that 
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knowledge does not need to be the “product of a foolproof inferential system” (Prawat, 1996, p. 

217). Importantly, disrupting heteronormativity and challenging notions of objectivity and 

rationality in knowledge production are necessarily heavily related, because by defining what is 

considered normal or abnormal, heteronormativity reinforces the perspectives that there are only 

discrete, objective realities, normal or not, and there is little to no attention on knowledge being 

considered a social construct.  

Embracing Multiple Ways of Knowing. Gilbert and Gray (2019) viewed the theory of 

wonder to hold “science to its ideals as a queer project that embraces subjectivities and multiple 

ways of knowing [emphasis added] and thinking” (p. 121). They argued that embracing multiple 

ways of knowing ran contradictory to many common scientific practices, but that 

“scientists…must be willing to embrace uncertainty” (p. 120). They further suggested that using 

the theory of wonder to guide science education embraced the notion that “everything is arbitrary 

and open to interrogation” (p. 121). Overall, the researchers conceptualized that using wonder as 

a framework to guide science teaching and learning was one way that science educators could 

foreground the ideals of subjectivity, uncertainty, and embracing multiple ways of knowing.   

Similarly, Rodéhn (2019) also discussed how queer theory could be used to embrace 

“other kinds of knowledge positions and ways of understanding” in the context of museum 

education (p. 283). They contrasted this outcome of a queer science education with other 

approaches that “acknowledges queer people’s contributions to science and knowledge and 

provides opportunities for identification” (p. 282). This was an important distinction because it 

also demonstrated the interconnectedness of the EKSI and social justice constructs. As was 

previously discussed, some queer scholars in science education have proposed that the additive 

approach is insufficient in addressing the problematic aspects of science education that have 
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allowed for the inequitable and oppressive learning experiences of queer students in the first 

place. From Rodéhn’s perspective, an essential outcome of queer approaches to science 

education should focus on embracing the multiple ways of knowing rather than essentializing 

ways of knowing in the form of “just-add-LGBT-and-stir.”  

Interrogating Authority of Scientific Knowledge. Several studies discussed the 

importance of GSD-inclusive science teaching to investigate the epistemological underpinnings 

of academic and scientific knowledge particularly. Other studies focused on the authoritative 

nature of curriculum materials such as textbooks. For instance, Lemke (2011) criticized 

textbooks as being “anti-intellectual” and argued that “students are being told what to think, not 

being taught how to think” (p. 287). Lemke, like other science education scholars (e.g., Bazzul & 

Sykes, 2011; Fifield, 2001; Snyder & Broadway, 2004), have warned that many science 

textbooks and other curriculum materials are imbued with explicit and implicit meanings of what 

is considered normal in terms of gender and sexual diversity, and these “companion meanings” 

dictate “what knowledge, and what kind of knowledge, is worth knowing and whether they can 

master it” (Roberts & Östman, 1998, p.11). Importantly, science teachers should be aware of 

how science curriculum materials do and do not implicitly and explicitly direct students how and 

what to think. 

Inquiry-based Sociocultural Learning Experiences. There were also many studies that 

discussed various sociocultural-informed approaches to teaching and learning that included 

inquiry-based classroom (e.g., Gunckel, 2009; Gunckel, 2019a), project-based and active 

learning (e.g., Cooper & Bronwell, 2016), and socioscientific-based education (e.g., Santavicca 

et al., 2019; Snyder & Broadway, 2004). Related directly to the goal of opening what counts as 

knowledge and who is allowed to have access to that knowledge, it is necessary for science 
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teachers to foster student-centered, inquiry-based classroom practices that are undergirded by 

sociocultural perspectives of how students learn and how knowledge is (re)produced. For 

example, Gunckel (2009) built on Snyder and Broadway’s (2004) notion of inquiry being a queer 

pedagogy and explained that “rather than inquiring into nature, queering science education 

requires teachers and students to inquire into science…to identify assumptions about what is 

considered normal, and by whom” (p. 70). Moreover, Gunckel cited theoretical work from 

Aikenhead (1996) and Giroux (1991) regarding the importance of the sociocultural learning 

perspective in navigating the borders of science education to argue that “the learning of 

knowledge must include the learning of the culture among the members of the community” (p. 

71). Accordingly, it is imperative that science educators understand the importance of integrating 

sociocultural and inquiry learning perspectives into instructional activities in ways that allows all 

students an opportunity to fully participate within the borders of science education especially for 

queer students.  

Identity. Another capacity of GSDST that was expressed across several publications was 

resist essentialist views of identity. Several studies expressed the importance of STEM education 

in considering students’ diverse gender and sexual identities (e.g., Broadway, 2019; Cooper et 

al., 2020). Identity referred to the ways that science is not neutral or detached from identity 

development, moving past biologically deterministic views of GSD, and acknowledging the role 

of intersectionality.  

Science, Identity, and Intersectionality. For instance, Broadway (2019) provided an 

autobiographical account of their position within science education as a queer person of color by 

setting up a profound proportion to illustrate their identity – I : Snow Queen :: “Nigger” : 

(School) Science. They rationalized that within a proportion, each of the components are related 
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and thus while the proportion above may usually be read as “I am a Snow Queen as a Nigger is 

to (school) Science,” other relationships are made visible such as: I am a Snow Queen, or a Snow 

Queen is (school) science (p. 41). Broadway clarified that the term “Nigger” was specifically 

used to illustrate how science is racialized and metaphorically represented “a stranger, if not a 

monster” compared to the normative science identity (i.e., straight, cisgender, White men) (p. 

43). The researcher asserted that this racialized science has (re)produced the conflation of sex, 

gender, race, and class. In other words, to discuss sexuality in science classrooms is to discuss 

race and class and can serve as valuable opportunities to integrate discussions of socially 

constructed identities (Broadway, 2011). Broadway (2019) defined that a Snow Queen was a 

metaphor for “becoming White” and also argued that “Snow Queen and science are metaphors in 

that they both resemble the same object of desire, Whiteness” (p. 48). This connected directly to 

the idea they expressed regarding science as an epistemology and ontology being White that 

ultimately contributed to the normativity of who is allowed to participate in science. The 

dismissal or abandonment of one’s identity to participate in (school) science and master the 

unspoken hidden curriculum was most emphasized in Broadway’s description that “if and only if 

the Nigger forfeits being a Nigger and acts white…[they become] a scientist” (p. 43). The 

researcher yearned for a “monstrous strange science” that opened the possibilities of what 

identities are allowed to participate in (school) science (p. 54). Broadway’s metaphor as a Snow 

Queen highlighted the how many queer students need to abandon their identity to successfully 

participate in school science and calls attention to the need to combine intersectional resources to 

support all students, especially queer students of color.  

Biological Determinism. There were other studies that explicitly discussed the need for 

STEM educators to move beyond the essentialist and deterministic views of gender and sexual 



 

 83 

 

diversity that have shaped how queer identities are viewed and valued within STEM classrooms 

(e.g., Birke, 1997; Lemke, 2011; Smith & Drake, 2001). The notion of GSD being presented as 

fixed or biologically determined independently of non-biological social and personal factors was 

mostly discussed within the science education research. For example, Lemke (2011) argued that 

“biological sex, human sexuality, and issues of normative gender all need to be scientifically 

represented in a high-dimensional space of variations of degree along many, many axes” (p. 

288). According to Lemke, GSD is a variable construct and exists on a continuum. In fact, in 

response to the textbook analysis conducted by Bazzul and Sykes (2011), Lemke (2011) strongly 

criticized science education for failing to live up to its epistemic and ontological values 

exclaiming:   

how dare a textbook or a curriculum that claims to be both scientific and educational 

represent as biological fact that there are only two sexes, perfectly aligned with only two 

genders, which are each biologically determined to be only one or the other, and 

biologically determined to find one another sexually attractive, whether with reproductive 

results or not (p. 288)?  

Smith and Drake (2001) provided several recommendations for biology teachers to 

address sexual orientation topics in the classroom and focused specifically on the “nature or 

nurture” debate that outlined competing perspectives on how and whether genetics and the 

environment can influence a person’s sexual orientation. The researchers suggested that it was 

important for biology teachers to discuss current and scientifically supported understandings of 

sexual orientation that are influenced by both biological and environmental factors. Importantly, 

although this publication did not address other aspects of GSD (i.e., sex or gender), I argue that 

the same logic is necessary for understanding and discussing assigned biological sex and gender 
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with science students (e.g., gender identity and intersex). In fact, this argument is supported by 

the findings of Ah-King (2013) who conducted a textbook analysis of a biology textbook and 

found that biological sex was most often presented in stereotypical ways of being male or female 

with little to no discussion on sex being viewed as “a dynamic interaction between genetic sets 

and environments, as illustrated by multiple evolutionary examples of changes between genetic 

and environmental sex determination, as well as variability within individual development” (p. 

73). Overall, the author criticized the science textbook for oversimplifying content in ways that 

GSD was influenced by biological and non-biological factors. Dzurick (2018) also suggested that 

one way science teachers could work towards a GSD-inclusive curriculum would be to have 

students engage in arguments from evidence to understand the myriad of factors that influence 

human GSD (e.g., birth order or epigenetic factors). In summary, GSD-inclusive teaching 

requires an understanding of identity as an unfixed and variable construct that is influenced by 

both biological and non-biological factors and considers the intersectional experiences of 

students with multiple marginalized identities (e.g., queer person of color).   

Embodiment. The fifth capacity of GSDST that was frequently expressed across the 

publications concerned the importance of facilitating embodied pedagogies, and embracing 

students’ sense of curiosity and wonder, in ways that stand in contrast to standards-based 

approaches to STEM (rote memorization and transmission of information). Specifically, several 

studies explicitly mentioned embodied cognition as an underlying theoretical perspective which 

included an understanding of the role that students’ bodies and lived experiences have in 

knowledge production and embraces students’ curiosity and wonder as necessary drivers of 

teaching and learning (e.g., Adsit-Morris & Gough, 2017; Fifield & Swain, 2002; Santavicca et 

al., 2019). Within science education, the research indicated that science classrooms are often not 
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organized in such a way that they fostered students’ sense of wonder (Gilbert & Gray, 2019). For 

example, Gunckel (2019b) built on Britzman’s (2000) definition of sexuality as “a bodily desire 

to satisfy curiosity…[and] the force behind human bodily explorations of the world” to illustrate 

how sexuality could be repurposed within science teaching to foster and satisfy students’ 

curiosity (p. 151). According to Gunckel, the bodily desire of curiosity was informed by 

embodied cognition which suggests that bodies and minds are not separate. Gunckel explained 

that in response to the bodily explorations are “physical, emotional, and psychological 

pleasure…[that] pushes the body to move, interact with, and connect to the physical world, and it 

is from these interactions that knowledge is constructed” (p. 151). In response, Gunckel (2019a) 

argued that “resexualizing science means nurturing curiosity and wonder and facilitating 

opportunities for embodied experiences” (p. 77). As a result, I adopted the term Embodied 

Curiosity and Wonder to capture this definition provided by Gunckel (2019a). According to 

Gunckel (2019b), science education and the supporting Next Generation Science Standards 

should embrace students’ bodies and lived experiences as necessary drivers of student learning 

and find more ways that “inspires passion [and] makes learning pleasurable” (p. 153).  

GSD Terminology. Finally, several ideas expressed across the publications reviewed 

concerned the importance of using expansive and inclusive GSD vocabulary. For example, 

Scholer (2002) described their own experiences working towards more inclusive and non-

heterosexist language in their college biology course. For example, they recalled instances of 

using phrases such as “the opposite sex” and “your boyfriend or girlfriend” when discussing 

mating or dating topics. Scholer explained that they have worked to use the phrase “whichever 

gender is appropriate” in place of “the opposite sex” because she was “not comfortable with the 

idea that male and females are ‘opposites’” (p. 80).  Similarly, Scholer explained that the phrase 
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“your boyfriend or girlfriend” ignored the possibility of an intersex partner. This was an 

important discussion because it emphasized that GSD terminology is not only learning new 

vernacular but also modifying existing language to be more inclusive. 

Cooper et al. (2020) presented fourteen recommendations for biology educators working 

towards inclusivity of queer individuals in biology education. They stated that “being aware of 

the unique vocabulary related to LGBTQ+ identities and understanding how to use specific terms 

is a critical first step toward building inclusivity” (p. 3). Specifically, they suggest that it is 

necessary to learn what the LGBTQ+ acronym represents and how to use it appropriately, and 

that educators disentangle gender and sex by learning their definitions. Importantly, the authors 

argued that “knowing and using the most appropriate terms requires meaningful effort and 

practice” (p. 6). They provided a coalesced list of vocabulary terms that readers might use as a 

resource to become more familiar with the terminology.  

Related to this theme, several scholars also specifically acknowledged the need to address 

students’ preferred pronouns in the classroom. Before being expected to address students by their 

preferred pronouns, it would be necessary that science teachers understand what the different 

pronouns are and why they are important. For example, Hobbs (2020) explained that some 

preferred pronouns are plural like “They/Theirs” and “Ze/Zirs” (p. 23). Similarly, Dzurick 

(2018) suggested that teachers explicitly allow students on the first day of classes to introduce 

themselves with their preferred names and pronouns. Importantly, Dzurick also noted the harsh 

reality that many teachers may live in states that prohibit teachers from discussing queer topics in 

classrooms. However, they affirmed readers that “these laws do not prohibit using gender-neutral 

language…so teachers can still avoid binary-reinforcing terms” (p. 19). This was an important 

finding because it indicates that especially for teachers who live in so called “don’t say gay” 
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states, GSD terminology, including gender-neutral pronouns, can be a powerful tool for inclusion 

despite external constraints. Clearly, exposing science teachers to GSD terminology is a vital 

step in supporting and affirming GSD.   

Proposed Conceptual Framework 

 The design of the intervention implemented in this study was informed by three 

frameworks of GSD-inclusive education and teacher learning: 1) GSDST capacities, 2) teaching 

advocacy for queer youth (Athanases & Larrabee, 2003), and 3) effective teacher professional 

development and the relationship between teacher attitudes, beliefs, and practice (Desimone, 

2009). In accordance, Figure 3 illustrates a proposed conceptual framework for studying the 

effects of professional development on PSSTs’ enactment of GSDST that draws from these 

previous frameworks. This model was used initially and refined based on the findings, as will be 

discussed further in Chapter Five. This model illustrates relationships between paradigms of 

GSD-inclusive education, GSDST capacities, teacher professional development, teacher attitudes 

and beliefs, and teacher practice.  

In this model, there are three paradigms of GSD-inclusive education that PSSTs are 

expected to encounter and engage with during their teacher preparation program including 

safety, equity, and critical theory (Szalacha, 2004; Gorski et al., 2013). These research paradigms 

and related theoretical foundations represent the different ways that GSD-inclusive teaching has 

manifested in theory and practice and is a useful analytical tool to understand the capacities of 

GSDST. In an unpublished systematic review (Wright, 2021), I theorized how each of the 

capacities mapped onto the three paradigms with heteronormativity mapping clearly onto the 

critical theory paradigm; embodiment, identity, and epistemic mapping onto the equity and 

critical theory paradigms; and social justice and GSD terminology mapping onto the safety and 
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equity paradigms. Collectively, these theoretical bodies of thought and GSDST capacities can be 

fostered through teacher professional development programs that build on Desimone’s (2009) 

critical features of PD, which has yet to be used in the context of GSD-inclusive education, and 

Athanases and Larrabee’s (2003) three-pronged framework for developing pre-service teachers’ 

teaching advocacy for queer youth. As a result of participation in the PD, and mediated by 

changes in attitudes and beliefs, teachers’ enactment of GSDST is expected to be impacted.  

Figure 3 

 

Proposed Conceptual Framework for Studying the Effects of Professional Development on 

PSSTs’ Enactment of GSDST 

 

 

Chapter Summary 

 This literature review demonstrated the positive impact that supportive teachers and an 

inclusive curriculum can have on queer students’ feelings of safety, academic performance, and 
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sense of belonging and well-being. However, students are least likely to report seeing positive 

representations of GSD topics, themes, and perspectives in their science classes which could be 

an artifact of the lack of GSD inclusion in science teacher preparation programs and/or the lack 

of a clear definition of GSDST. The lack of positive GSD representation in science classrooms is 

far from the equity reform position statements tasking the science education community to 

develop a more holistic understanding and awareness of GSD. Current research shows that 

designing interventions to support pre-service teachers attitudes and beliefs about GSD-inclusive 

teaching, and develop their advocacy stance for queer youth, should integrate cognitive and 

affective approaches. While several studies have investigated pre-service teachers’ attitudes, 

knowledge, and anticipated behaviors involving queer students, most focused solely on sexual 

orientation with little to no attention to other aspects of gender and sexual diversity (i.e., sex and 

gender), and none designed and evaluated an intervention specifically for pre-service science 

teachers. Chapter Three explains the methodology and research design the dissertation research 

used to explore pre-service science teachers’ attitudes and beliefs about GSDST through a GSD-

infused intervention designed around a conceptual framework of teaching advocacy for queer 

youth.  
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CHAPTER THREE 

RESEARCH DESIGN AND METHDOLOGY 

In this chapter, I present the research methods to collect and analyze quantitative and 

qualitative data to answer three research questions: (1) What are PSSTs’ attitudes and beliefs 

about GSD-inclusive science teaching (GSDST)?, (2) How do PSSTs’ attitudes and beliefs about 

GSDST change after participating in a GSD-infused intervention designed around a conceptual 

framework for teaching advocacy for queer youth?, and (3) Which design elements of the GSD-

infused intervention contribute to the changes in PSSTs’ attitudes and beliefs about GSDST? 

This chapter first provides a rationale for the mixed methods research design, then describes the 

research context and sample including the activities for intervention, data collection methods, 

and data analyses.  

Rationale for Research Approach 

This study used a convergent mixed methods design in which qualitative and quantitative 

data were collected in parallel, analyzed separately, and then merged (Creswell & Plano Clark, 

2018). According to Creswell and Plano Clark (2018), mixed methods research designs are 

characterized by several components including the collection of both qualitative and quantitative 

data, the integration of these two types of data, clear and logical data collection and analysis 

procedures, and the procedures are situated within theoretical and philosophical foundations. As 

will be detailed in the following sections, this dissertation study involved the collection and 

integration of quantitative and qualitative data to compare findings. As such, a mixed methods 

research design was appropriate for this study.  

Furthermore, the need for a mixed methods research design is based on the findings of 

Airton and Koecher’s (2019) systematic literature review of gender and sexual diversity in 
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teacher education (GSDTE). They found that most of the studies that reported using quantitative 

methods focused on measuring pre-service teachers’ attitudes and beliefs before and after an 

intervention. Additionally, they reported that the qualitative studies used a variety of methods 

such as individual and focus group interviews, analyzing written feedback, and observations. 

However, they identified only five publications that used mixed methods. The polarization of the 

GSDTE literature into quantitative or qualitative methodologies, and subsequent lack of mixed 

methods research in this field, is an effect of the paradigm war between postpositivist and 

constructivist approaches to implementing and evaluating interventions concerning GSD-

inclusive teaching (Airton & Koecher, 2019). In response, there is a need for GSDTE research to 

integrate mixed methods research approaches, which this dissertation study will address.  

Research Context 

This dissertation study was conducted at a large research university in the southeastern 

United States. The study focused on undergraduate PSSTs enrolled in a science teaching 

methods course within a science teacher education program. The rationale for focusing on 

PSSTs’ attitudes and beliefs was based on research which has indicated that teacher attitudes and 

beliefs affect instructional practices and subsequently impact student learning (e.g., Desimone, 

2009, 2011), the call from NSTA (2019) for science teacher educators to raise PSSTs’ awareness 

and understanding of GSD, and the gap in the literature and research knowledge concerning 

PSSTs’ attitudes and beliefs towards GSD-inclusive teaching.  

Course Description 

The STEM teaching methods course was chosen because it is a required course of all 

undergraduate PSSTs who will be teaching at the middle and secondary level, and it is the last 

required methods course prior to their supervised student teaching experience. The course was 
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scheduled in the Fall 2021 semester, and the students met in-person twice a week on Tuesdays 

and Thursdays for 75 minutes each. The STEM teaching methods course was organized around 

the application of the Next Generation Science Standards (NGSS) science and engineering 

practices (NGSS Lead States, 2013a) and designing student-centered lesson plans that align with 

the Ambitious Science Teaching (AST) framework (Windschitl et al., 2018). The NGSS 

practices represent the interwoven nature of knowledge and skills used in conducting scientific 

inquiry, constructing scientific knowledge, and engaging in social collaboration and discourse to 

advance scientific knowledge (NRC, 2012). Importantly, the NGSS practices are underscored by 

the goal of providing educational equity to all students “with high-quality opportunities to 

engage in significant science and engineering learning” (NRC, 2012, p. 29). A complement to 

the NGSS practices is the AST framework which specifies a set of core science teaching 

practices with the goal of supporting “students of all backgrounds to deeply understand 

fundamental science ideas, participate in the practices of science, solve authentic problems 

together, and learn how to continue learning on their own” (Windschitl et al., 2018, p. 3, 

emphasis in original). Like the NGSS practices, the AST framework also emphasizes equity as a 

central tenet to Ambitious science classrooms. The principles of equity that are embedded in the 

NGSS practices and AST in return also framed the organization of the overall course. This is an 

important characteristic of the methods course because an equity mindset is an essential 

component in developing pre-service teachers’ teaching advocacy for queer youth (Athanases & 

Larrabee, 2003).  

Research Sample 

A sample of PSSTs enrolled in a second-level STEM teaching methods course were 

recruited to complete the surveys and participate in interviews, and as many as who were 
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interested were given the opportunity to participate. Participants were offered a $30 gift card as 

compensation. Seven participants completed the pre- and post-surveys and five of those 

participants volunteered to complete pre- and post-interview. See Table 2 for the participants’ 

demographic information including self-identified sex, gender identity, sexual orientation, 

ethnicity, and degree program. Many of the participants identified as White, straight, cisgender, 

females.  

Table 2 

 

Participant Demographic Information 

 

Participant Ethnicity Sex Sexual 

Orientation 

Gender 

Identity 

Trans/Cis Degree 

Erin White Female Straight Woman C Biology 

Maddox White Female Straight Woman C Earth Science 

Drew White Male Bisexual Man C Biology 

Aria White Female Straight Woman C Biology 

Zoe Asian Female Bisexual Woman C Earth Science 

Yordan White Male Bisexual Man C Chemistry 

Eliot White Female Straight Woman C -- 

Note. -- = information not reported by participant. Trans/Cis = transgender (T) or cisgender (C).  

 

Intervention Description  

The intervention took place over the course of five weeks, with each week lasting 

approximately 35 minutes. The intervention was designed around three frameworks: GSDST 

(see Chapter Two), teaching advocacy for queer youth (Athanases & Larrabee, 2003), and 

effective teacher PD (Desimone, 2009). See Table 3 for a summary of the weekly activities and 

their alignment to the GSDST framework and prior literature.  

 

 

 

 

 



 

 94 

 

Table 3 

 

Intervention Activity Descriptions and Relationship to GSDST Capacities 

 

Week Intervention Activity Goal of Activity and 

Alignment with GSDST 

Capacities 

Empirical Justification for 

Activity 

One PSSTs explored three 

case studies from the 

National Center for Case 

Study Teaching in 

Science (NCCSTS) to 

generate evidence-based 

explanations to explain 

the biological and social 

origins of sex, gender 

identity, and sexual 

orientation. 

PSSTs understand that sex 

and gender are different 

(H), consider the legal, 

ethical, and practical 

impact of GSD (SJ), 

understand that 

sex/gender/SO are 

determined by biological 

and social factors (I), 

understand how scientific 

knowledge changes over 

time (E) 

 

Butler (1999): case studies 

can evoke PSTs’ emotional 

responses to LGBT topics; 

Kitchen & Bellini (2012): 

PSTs want time to explore 

case studies; Cooper et al. 

(2020): recommended 

NCCSTS for biology 

teachers. 

Two PSSTs participated in a 

Socratic Seminar to 

explore the biology and 

sociology of sex, gender, 

and SO through a variety 

of resources and develop 

evidence-based 

explanations.  

PSSTs articulate a stance 

regarding the differences 

between sex and gender 

(H), consider social, 

political, and personal 

impact of GSD (SJ), 

explore the variation in 

GSD as a spectrum (I), and 

evaluate multiple sources 

of information (E). 

Athanases & Larrabee 

(2003) and Hansen (2015): 

a safe discussion space is 

essential to GSD-related 

interventions; Based on the 

work of Vygotsky (1962) 

with using talk to scaffold 

learning and Roberts et al. 

(1997) with using group 

dialogue to encourage 

discussion of multicultural 

education. 

 

Three PSSTs completed a card 

sort where they classified 

intersex conditions on a 

sex spectrum model and 

completed an HHMI 

Biointeractive module, 

“Sex Verification Testing 

of Athletes” (HHMI, 

2018)  

PSSTs understand that sex 

and gender are different 

(H), develop an awareness 

of how LGBTQ students 

are being discriminated 

against in school sports 

(SJ), understand that 

sex/gender are determined 

by biological and social 

factors (I), understand how 

scientific knowledge 

changes over time (E) 

 

Hobbs (2020): HHMI 

module should be used to 

increase representation of 

LGBTQ people in the 

science curriculum; Kitchen 

& Bellini (2012): pre-

service teachers expressed 

the desire to learn about 

GSD case studies within the 

context of extra-curricular 

sports. 
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Table 3 (continued). 

 

Four PSSTs discussed the 

experiences of LGBTQ 

in schools and developed 

their terminology through 

an interactive direct 

instruction presentation, 

and they completed a 

written reflection on how 

they felt and experienced 

the activities. 

 

PSSTs become aware of the 

negative experiences of 

queer students in schools 

and become more self-

aware of how they will 

address GSDST (SJ) 

Hansen (2015): use written 

reflections to examine 

personal attitudes; 

Athanases & Larrabee 

(2003), Hansen (2015), 

Kearns et al., (2014): direct 

instruction can support 

PSTs’ awareness of 

negative school experiences 

and vocabulary with 

positive impacts 

 

Five PSSTs’ discussed the 

personal, cultural, and 

community assets that 

that LGBTQ students 

bring to the science 

classroom through 

completing a modified 

edTPA Thinking 

Organizer 

PSSTs’ develop an 

awareness of LGBTQ 

students’ strengths and 

assets that they can 

capitalize on and how an at-

risk mindset can limit 

student learning outcome 

(SJ)  

Thompson et al. (2021): 

teachers should 

intentionally sustain 

students’ assets to position 

learners to use knowledge to 

inform or celebrate ways of 

knowing and doing  

Note. H = heteronormativity, SJ = social justice, I = identity, E = epistemic knowledge of science 

and inquiry, and T = GSD terminology.  

 

In the first week of the intervention, students collaborated in small groups (3-4 students) 

to analyze data from three case studies published from the National Center for Case Study 

Teaching in Science (NCCSTS) (NCCSTS, 2021) to generate evidence-based explanations to 

explain the biological and social origins of sex, gender identity, and sexual orientation. The 

NCCSTS contains over 830 peer-reviewed cases that have been endorsed the American 

Association for the Advancement of Science and NRC for use with high school and college level 

STEM students (NCCSTS, 2021). Cooper et al. (2020) recommended that biology teachers use 

these case study resources to discuss human reproduction in ways that highlight the differences 

between sex and gender, as well as the wide variation in biological sex. Moreover, Kitchen & 



 

 96 

 

Bellini (2012) found that pre-service teachers appreciated and wanted more time to explore case 

studies. In response, the four case studies that will be examined are: Gender: In the Genes or in 

the Jeans?: A Case Study on Sexual Differentiation (Hoese, 2002), Nature or Nurture: The Case 

of the Boy Who Became a Girl (Schillo, 2011), and Going for Gold: Sex, Gender, and 

Competition (Harris & Saltzman, 2018) (see Appendix A for URLs). The science-driven learning 

goals of these case studies are to understand the biological basis of sex and gender. More 

implicitly, this activity addresses concepts related to several of the identified components of 

GSD-inclusive science teaching. For example, the belief that sex and gender are the same thing 

is captured in the HABS survey as the essential sex and gender scale which reflects the 

endorsement of heteronormativity. Additionally, some of the activities discuss sex or gender in 

terms of binaries (e.g., male/female, masculine/feminine) and use terms such as “normal” to 

describe certain traits. As such, one of the debrief questions oriented the participants to consider 

how the case studies defined what is considered a “normal” sex and/or gender. In terms of social 

justice, the case studies included discussion questions that prompted students to consider the 

legal, ethical, and practical implications of the findings (e.g., “is it legal for Terry to marry? If 

Terry becomes engaged, should he/she tell her future husband/wife?) (Hoese et al., 2002). The 

appropriateness and usefulness of posing such questions to middle and high school students was 

also be explored. For identity, students developed their understanding of sex and gender in non-

essentializing ways. For epistemic knowledge, PSSTs may begin to reflect on how activities they 

have observed in their field experiences or as previous science students did or did not reinforce 

the inclusion and/or conflation of sex and gender into the curriculum. At the end of the activity, I 

facilitated a whole-group discussion (Appendix B) to debrief on the positive and negative aspects 
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of the case studies, as well as elicit the participants’ ideas of how they might use the activity in 

their unit plans and/or future science classrooms.  

In the second week, the PSSTs participated in a Socratic seminar (Appendix C) about the 

origins of gender and sexual diversity in which they evaluated several sources, including the case 

studies from the NCCSTS, to prepare for a whole group student-led discussion around questions 

such as “What does it mean to be intersex? How would you describe the sex and gender of 

someone who is intersex?,” “Are sex verification tests of athletes used to determine biological 

sex or gender? Explain,” and “Should biological sex be determined based on the presence or 

absence of a Y chromosome? Why or why not?” The resources represented a range of 

perspectives including an infographic on the spectrum of biological sex and intersex conditions 

by Scientific American, a New York Times article on the experiences of a female athlete, Dutee 

Chand, a Nature article on the spectrum of biological sex, and a TEDTalk video on the role of 

epigenetics on gender. There was also a section for the PSSTs to develop their own discussion 

questions to use in the Socratic seminar. The goal of this activity was to build on the PSSTs’ 

evolving understanding of the biology of sex and gender, as well as the human and social 

impacts of using science to define sex and gender. In terms of the components of GSDST, this 

activity mostly addressed the components of heteronormativity, social justice, identity, and 

epistemic knowledge of science and inquiry.  

In the third week, students interactively explored the biology of sex determination and 

development in humans in the context of sex verification testing of athletes through a Howard 

Hughes Medical Institute (HHMI) Biointeractive module entitled “Sex Verification Testing of 

Athletes” (HHMI, 2018) (Appendix D). The HHMI Biointeractive materials are designed “to 

connect students to big ideas in biology, promote engagement with science practices, and instill 
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awe and wonder about the living world,” and provide science teachers with planning tools and 

professional learning materials to “deepen their scientific and pedagogical expertise” (HHMI, 

n.d., para. 1-2). This activity was chosen because Hobbs (2020) recommended it as one 

instructional tool that science educators could use to support discussion of sex and gender in the 

contexts of sports. The science-driven learning goals of this activity were to have the participants 

understand how sex and gender differ, how gene mutations affect sex characteristics in such a 

way that biological sex exists on a spectrum (Ainsworth, 2015), and how different factors that 

help determine sex affect athletic performance. More implicitly, this activity addressed concepts 

related to several of the identified components of GSD-inclusive science teaching. For example, 

the belief that sex and gender are the same thing is captured in the HABS survey as the essential 

sex and gender scale which reflects the endorsement of heteronormativity. In terms of social 

justice, broader connections were made to recent proposed legislation that has mandated that 

school-aged athletes are required to participate in school-sponsored sports based on their 

biological sex not their gender identity (e.g., Ronan, 2021). For identity, students were directed 

to complete a graphic organizer to illustrate the wide range of chromosomal conditions and how 

they correspond to the sex typically assigned at birth. This will support PSSTs awareness of a 

non-essentialist view of biological sex (and gender). For epistemic knowledge, PSSTs reflected 

on how activities they have observed in their field experiences or as previous science students 

did or did not reinforce the inclusion and/or conflation of sex and gender into the curriculum. 

Lastly, PSSTs were introduced to a variety of new terms related to GSD such as “sex,” “gender,” 

and “differences in sex development/intersex (DSD).” At the end of the activity, I facilitated a 

whole-group discussion (Appendix E) to debrief on the positive and negative aspects of the 
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HHMI activity, as well as elicit the participants’ ideas of how they might use the activity in their 

unit plans and/or future science classrooms.  

In the fourth week of the intervention, the PSSTs engaged in an interactive direct 

instruction presentation concentrated on the experiences of queer students in schools, based on 

the National School Climate Survey collected from Kosciw et al. (2020), relevant queer 

terminology, and resources that they can use in their future science classrooms to support and 

affirm the variation in sexuality and gender identity. The resources that were discussed were 

identified by Cooper et al. (2020) and include a peer-reviewed article on updated pedigree 

nomenclature (Bennett et al., 2008) to be more inclusive to “trans individuals, non-binary 

individuals, families with egg/sperm donors, and families including surrogacy” (Cooper et al., 

2020, p. 13), books that represent the diversity of GSD (e.g., Evolution’s Rainbow, 

Roughgarden, 2013; Animal Homosexuality: A Biosocial Perspective, Poiani, 2010), and online 

organization-based resources (i.e., Scientist Spotlights and 500 Queer Scientists). Additionally, 

the participants completed a White, Cis-, Hetero- privilege activity in which groups of students 

were given different amounts of money to spend on privileges often denied to queer people. At 

the end of the presentation, the PSSTs were asked to complete a written reflection adapted from 

Hansen (2015): 1) what were your initial thoughts and feelings toward LGBTQ students and how 

have they changed because of the class activities? Why did your thoughts and feelings change or 

why didn’t they change?, 2) what did you learn from these class activities? How will what you 

learned impact you as a K-12 science teacher?, 3) Will you implement some or all the activities 

we participated in, in your own science classroom? Why or why not?, and 4) what challenges do 

you foresee in addressing LGBTQ issues as a science teacher? How do you plan to handle these 

challenges? A copy of this activity is included in Appendix F. The goal of this activity was to 
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allow PSSTs an opportunity to reflect on their experiences and feelings as they participated in 

the intervention, and to become more self-aware of how they will address GSDST in their future 

science classrooms. 

Finally, in the fifth week, the PSSTs discussed the personal, cultural, and community 

assets that queer students bring to the science classroom through completing a modified edTPA 

Thinking Organizer (Appendix G). Throughout the course, the PSSTs developed unit plans 

aligning to the NGSS, AST, and the guidelines of the edTPA, and during week five, they were 

asked to write about how their intended instructional practice would draw on students’ assets for 

a variety of student learners (e.g., English language learners, LGBTQ students, racially and 

ethnically diverse students). The goal of this activity was to develop PSSTs’ awareness of queer 

students’ strengths and assets that they can capitalize on how and how an at-risk mindset can 

limit student learning outcomes. Thompson et al. (2021) asserted that a critical approach to AST 

would intentionally elicit students’ assets in such ways that they use their knowledge to inform 

or celebrate multiple ways of knowing and doing science. This activity was designed to align 

with Thompson et al.’s conceptualization of asset-based science pedagogies.  

Data Sources 

Quantitative and qualitative data were collected during this dissertation study. This 

section will describe four instruments used to collect quantitative data and four types of 

qualitative data.  

Quantitative Data Collection 

Four instruments were used to collect quantitative data in this study to address RQ 1 and 

RQ 2. All instruments contain Likert-scale items. The SEB contains 26 items that are rated on a 

scale from 1 to 5. The LTSJ-B has 12 items that are rated on a scale from 1 to 5. The HABS has 



 

 101 

 

16 items that are rated on a scale from 1 to 7. Lastly, the SOBS (Form 2) has 31 items that are 

rated on a scale from 1 to 5. Collectively, the survey that was used to collect the quantitative data 

from the participants of this dissertation study had 85 Likert-scale items plus demographic 

questions. Each of the individual instruments are discussed in more detail in the following sub-

sections.  

Scientific Epistemic Beliefs (SEB). The SEB (Appendix H) was developed by Conley et 

al. (2004) to measure four subconstructs related to epistemological beliefs: source, certainty, 

development, and justification. The source dimension concerned beliefs about knowledge 

residing in external authorities (e.g., “everybody has to believe what scientists say”). Certainty 

reflected beliefs in a right answer (e.g., “all questions in science have one right answer”). 

Development measured beliefs about the changing nature of science (e.g., “some ideas in science 

today are different than what scientists used to think”). Lastly, the justification dimension 

reflected beliefs concerning the role of experiments and how people justify scientific knowledge 

(e.g., “in science, there can be more than one way for scientists to test their ideas”). The SEB 

was initially developed for studying elementary students’ epistemic beliefs of science (e.g., 

Elder, 2002), although it has also been used with middle school (e.g., Cheng, 2018), high school 

(e.g., Kampa et al., 2016), and post-secondary science-major students (e.g., Liang & Tsai, 2010), 

and specifically with Turkish pre-service science teachers (e.g., Bahçivan, 2014; Güneş & 

Bahçivan, 2018).  

 It was modeled after the Epistemic Beliefs Inventory (EBI) developed by Schommer 

(1990) and validated by Schraw et al. (2002). Based on prior literature concerning the factorial 

structure of epistemological beliefs of science students (e.g., Elder, 2002) and the EBI, Conley et 

al. (2004) used a priori mapping of the SEB items to factors and analyzed with confirmatory 
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factor analysis (n = 187) to replicate that each item loaded onto independent factors. CFA was 

conducted during two time points: prior to and after the completion of a nine-week unit on 

chemical properties and revealed acceptable reliability coefficients: source (α = .81 [t1], .82 [t2]), 

certainty (α= .78, .79), development (α = .57, .66), and justification (α = .65, .76). In a recent 

study of Turkish pre-service science teachers, Güneş and Bahçivan (2018) conducted 

confirmatory factor analysis (n = 979) of the SEB and found acceptable Alpha reliabilities of .78, 

.78, .69, and .83 for the source, certainty, development, and justification dimensions, 

respectively. Similarly, Bahçivan (2014) found similar Alpha reliabilities with pre-service 

science teachers: source (α = .68), certainty (α = .66), development (α = .71), and justification (α 

= .82).  

The SEB contains 26 Likert-scale items that are scored on a five-point scale from 1 

(strongly disagree) to 5 (strongly agree), with a score of 3 as neutral (neutral). The overall SEB 

score and subscale scores are calculated by reverse coding the Source and Certainty scales and 

averaging all items to create a mean score from 1 to 5, with higher mean scores reflecting more 

sophisticated epistemological beliefs of science.  

Learning to Teach for Social Justice-Beliefs (LTSJ-B). The LTSJ-B (Appendix I) was 

initially developed and administered as a part of a larger research project at the Boston College 

in which researchers administered a series of five surveys to teacher candidates at entry and exit 

from the teacher preparation program, and then again up to three years out of the program 

(Ludlow et al., 2008b). The purpose of this larger research project was informed by the need to 

evaluate the impact of teacher education programs on teacher candidates’ and graduates’ 

“perceptions, experiences, beliefs, and practices over time” and on student learning outcomes 

using psychometrically sound and valid instruments (Ludlow et al., 2008b, p. 322). The LTSJ-B 
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scale appeared on all five surveys. Since then, it has been demonstrated to be a valid and reliable 

instrument to measure teacher candidates’ endorsement of beliefs regarding teaching for social 

justice using an integration of classical test theory and item response theory (Enterline et al., 

2008; Ludlow et al., 2008a). It has also been used to capture cross cultural differences in pre-

service teachers’ beliefs from the United States, New Zealand, and Ireland using item response 

theory (Cochran-Smith et al., 2012). Two assumptions undergirded the development and 

psychometric analysis of the LTSJ-B: 1) learning to teach for social justice beliefs can be 

measured among a unidimensional continuum ranging from weak to strong levels of 

endorsement of beliefs, and 2) teacher candidates’ beliefs can develop and change over time.  

The psychometric properties of the LTSJ-B were first elaborated on by Ludlow et al. 

(2008a) using a combination of classical test theory and Rasch modeling analysis. The 

researchers conceptualized social justice teaching around six components: teachers’ knowledge, 

skill, and interpretive frameworks; teachers’ beliefs, attitudes, and values; classroom practice and 

pedagogy; community participation; teachers’ learning in inquiry communities; and promoting 

students’ academic, social-emotional, and civic learning (Ludlow et al., 2008a). The internal 

consistency reliability produced a Cronbach alpha of 0.77 for the entry survey and 0.71 for the 

exit survey. These Cronbach values indicated the extent to which the items are intercorrelated 

and provide evidence that all the items are measuring the same thing (i.e., social justice teaching 

beliefs) (DeVellis, 2017). Complementing the exploratory factor analysis, the researchers also 

used Rasch rating scale analyses to confirm the instrument consisted of increasingly stronger 

beliefs toward teaching for social justice and to establish the invariant structure of the 

instrument. Overall, the results from this study provided evidence that the instrument was 

internally consistent, unidimensional, and could be a measured on a continuum.  
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Building on this initial psychometric research, Enterline et al. (2008) conducted three 

separate analyses to report on the invariant structure of the LTSJ-B by examining teacher 

candidates’ social justice teaching beliefs at entry to, exit from, and one year out of the teacher 

preparation program. The researchers used the Rasch rating scale IRT model to analyze their 

data. In the first analysis, the researchers presented the range of scores from teacher candidates 

exiting the teacher preparation program to provide empirical evidence for the construct validity, 

or “the extent to which a continuum of learning to teach for social justice beliefs has indeed been 

constructed” (Enterline et al., 2008, p. 277). In other words, they provided empirical evidence 

that the instrument consisted of items that ranged in difficulty in terms of being easier to endorse 

or harder to endorse, and they showed that the instrument could be used to reveal which beliefs 

teacher candidates more specifically did not agree with and where their responses are relative to 

other teacher candidates’ responses. This was like the other research conducted by Ludlow et al. 

(2008a). In the second analysis, the researchers demonstrated across three cohorts of teacher 

candidates that the scores on the LTSJ-B were much higher for teacher candidates exiting the 

program compared to teacher candidates entering the program. This provided evidence that the 

LTSJ-B was able to detect differences between different groups of teacher candidates over time. 

Lastly, in the third analysis, the researchers compared the mean scale scores between two cohorts 

of teacher candidates who were exiting the program to the mean scale scores of those same 

candidates one year out of the teacher preparation program. They noted that the teachers were 

able to maintain scores that were comparable to their scores when they exited the program.  This 

provided evidence that the LTSJ-B was able to measure changes in beliefs of the same group of 

teacher candidates over time.  
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Lastly, Cochran-Smith et al. (2012) used Rasch rating scale modeling to examine 

longitudinal survey data collected from the LTSJ-B across three international teacher preparation 

programs. Over 3,000 entering and exiting teacher candidates completed the LTSJ-B for analysis 

in this study.  Their first finding was that there was substantial similarity in the teacher 

candidates’ responses to the LTSJ-B and the patterns in changes from program entry to exit 

across all three contexts. Secondly, the researchers noted that there was shift in teacher 

candidates’ beliefs from entry to exiting the program in terms of their tendency to agree with 

statements that implied an advocacy role for the teacher. The researchers described that most of 

the teacher candidates at entry tended to agree with statements that reflected their beliefs of 

social justice in terms of their individual teaching practices within individual classrooms versus 

those candidates at exit that tended to endorse beliefs that underscored their role as part of a 

larger collective effort to enact social change. Finally, they concluded that the LTSJ-B has wide 

applicability, has been used in a variety of contexts, cultures, and countries, and can be used to 

capture cross-cultural differences in teacher candidates’ beliefs about teaching for social justice.  

The LTSJ-B is a Likert-scale instrument with twelve items that are scored on a five-point 

scale from 1 (strongly disagree) to 5 (strongly agree), with a score of 3 as uncertain (uncertain). 

Five items are positively worded (#1, 2, 4, 7, 8) which means that a response of “Strongly 

Agree” will correspond to higher degree of endorsement of social-justice-related beliefs, and 

seven items are negatively worded (#3, 5, 6, 9, 10, 11, 12) which means that a response of 

“Strongly Disagree” for these items will correspond to higher degree of endorsement of social-

justice-related beliefs. These negatively worded questions were reverse scored so that a higher 

total score corresponds to a greater endorsement of social-justice-related beliefs. A teacher 

candidate with stronger beliefs to teaching for social justice would be expected to agree with the 
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positively worded items and disagree with the negatively worded items. The positively worded 

items were written to address “less controversial” aspects of social justice teaching while the 

negatively worded items were written for an experienced teacher (Ludlow et al., 2008a, p. 198). 

That is, it is expected that it will be easier for teacher candidates to endorse the positively worded 

items and more difficult to endorse the negatively worded items. The overall LTSJ score is 

calculated by reverse coding the negatively worded items and averaging all items to create a 

mean score from 1 to 5, with higher mean scores indicating greater endorsement of social-

justice-teaching beliefs.   

Heteronormative Attitudes and Beliefs Scale (HABS). The HABS (Appendix J) was 

developed, and pilot tested by Habarth (2015) to measure people’s endorsement of 

heteronormative attitudes and beliefs. The researcher operationalized heteronormativity 

according to the theoretical literature as “beliefs about binary categories of gender and sex that 

are biologically determined and indistinguishable from another (i.e., sex = gender) 

and…normative behavioral expectations for women and men in romantic or sexual 

relationships” (p. 172). The instrument consists of sixteen Likert-scale items that are scored on a 

seven-point scale from 1 (strongly disagree) to 7 (strongly agree), with a score of 4 as neutral 

(exactly neutral). Based on the operational definition of heteronormativity, the instrument was 

initially developed across two subscales: essential sex and gender (#3, 5, 6, 7, 9, 11, 12, 15) and 

normative behavior (#1, 2, 4, 8, 10, 13, 14, 16). The essential sex and gender subscale contained 

questions such as “masculinity and femininity are determined by biological factors, such as 

genes and hormones, before birth” (#1) and “gender is a complicated issue, and it does not 

always match up with biological sex (#6). The normative behavior subscale contained questions 

such as “in intimate relationships, people should act only according to what is traditionally 
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expected of their gender” (#10) and “people should partner with whomever they choose, 

regardless of sex or gender” (#15). The overall HABS scores and subscale scores are calculated 

by reverse coding the negatively worded items (#1, 4, 9, 10, 11, 12, 15, 16) and averaging all 

items to create a mean score from 1 to 7, with higher mean scores indicating greater endorsement 

of heteronormative attitudes and beliefs.  

 The HABS has been demonstrated to be a reliable and valid instrument for evaluating 

undergraduate students’ and the general publics’ heteronormative attitudes and beliefs (Habarth, 

2015). Across three analyses, Habarth (2015) demonstrated a psychometrically supported two-

factor model of the HABS (overall α = 0.90, essential sex and gender scale α = 0.85, normative 

behavior scale α = 0.86), expected group differences between men and women, and heterosexual 

and non-heterosexual people, and significant correlations with associated personality and 

attitudinal traits. The development and validation of the HABS was based on the findings from 

over 250 undergraduate psychology students and over 480 adults living in Midwestern cities 

ranging in age from 22-82. Importantly, while the HABS has been used in additional research 

studies with undergraduate college students (e.g., Duncan et al., 2019), a review of the literature 

did not reveal other publications that used the HABS to measure pre-service teachers’ 

heteronormative attitudes and beliefs.  

Sexual Orientation Beliefs Scale (SOBS). The SOBS (Appendix K) was developed and 

validated by Arseneau et al. (2013) as a multidimensional instrument to measure people’s beliefs 

about sexual orientation that have been highly correlated with positive and negative attitudes 

about queer people. It was developed to expand on earlier research that focused mostly on 

heterosexual people’s beliefs about sexual orientation in terms of essentialism (Granzka et al., 

2016). The survey items were intended to represent a wide range of beliefs informed by three 
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theoretical perspectives on sexual orientation: essentialism (i.e., belief that SO category 

membership is innate and natural), social constructionism (i.e., belief that SO categories are 

constructed within sociohistorical contexts), and constructivism (i.e., belief that people have 

agency in determining their own SO category membership) (Granzka et al., 2016). Moreover, the 

instrument is multidimensional in that it can detect individual’s endorsement of multiple beliefs, 

even contradictory ones, simultaneously (Granzka, 2016). In other words, a person may endorse 

survey items that correspond to essentialist beliefs of sexual orientation and also endorse survey 

items that correspond to social constructionist beliefs. In this way, the SOBS is a useful tool for 

understanding the intersection of different belief systems related to sexual orientation.  

Arseneau et al. (2013) conducted a series of three studies to develop and 

psychometrically validate the SOBS. Two forms were created based on the findings from 

confirmatory and exploratory factor analyses of responses from an LGBT sample (Form 1) and a 

sexually diverse sample that was comprised of mostly heterosexual college students (Form 2). 

Form 1 contains 35 Likert-scale questions, and Form 2 contains 31 Likert-scale questions. Form 

2 of the SOBS will be used in this dissertation study.  

 In the first study, the researchers collected responses to the SOBS from over 650 LGBT 

participants representing the public and split the data in half to conduct exploratory and 

confirmatory factor analysis. An exploratory factor analysis (EFA) with the LGBT sample 

resulted in a four-factor structure for the SOBS to include naturalness (α = 0.86), discreetness (α 

= 0.82), entitativity (α = 0.75), and importance (α = 0.68). Additionally, the researchers tested 

four models using confirmatory factor analysis and found that the four-structure provided the 

best fit of the data out of the models tested (CFI = .92; GFI = .84). They also showed that the 
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internal reliability alphas of each factor were consistent with the findings of the EFA model: 

naturalness (α = 0.85), discreetness (α = 0.82), entitativity (α = 0.76), and importance (α = 0.67).  

The naturalness factor includes items that reflect the belief that sexual orientation is 

innate, characterized by early fixity, immutable, and stable across cultures. It contains items that 

corresponded to essentialist (e.g., “sexual orientation is innate”), social constructionist, (e.g., 

“social and environmental factors are the main basis of an individual’s sexual orientation”), and 

constructivist (e.g., “individuals choose their sexual orientation”) beliefs. Higher scores on this 

factor reflect stronger endorsement of that sexual orientation is innate, fixed, and not socially 

constructed or chosen by individuals. The discreteness factor contains items that reflect the belief 

that sexual orientation categories (e.g., lesbian, gay) have clear boundaries and that people may 

only claim membership in one sexual orientation category. It contains items that correspond to 

essentialist (e.g., “sexual orientation is a category with distinct boundaries: a person is either 

gay/lesbian or heterosexual”) and social constructionist, (e.g., “it is possible to be ‘partially’ or 

‘somewhat’ gay or straight”) beliefs. Higher scores on this factor reflect the belief that sexual 

orientation categories have clear boundaries and membership is limited to only one category. The 

third factor, entitativity, contains items that focus on beliefs regarding the uniformity among 

members of the same sexual orientation category memberships and the informativeness of 

knowing the sexual orientation category of people. All these items reflected essentialist beliefs. 

An example question is, “it is possible to know about many aspects of a person once you know 

her or his sexual orientation.” Higher scores on this factor reflect the belief that people who 

identify as the same sexual orientation share many similarities. Lastly, the importance factor 

contained items that correspond to beliefs that sexual orientation is important for interpersonal 

and intrapersonal reasons. It contained items that corresponded to essentialist (e.g., “a person’s 
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sexual orientation is an important attribute”) and social constructionist (e.g., “people have access 

to different amounts of social power depending on their sexual orientation”) beliefs. An example 

question is, “most people view their sexual orientation as important to them.” Higher scores on 

this factor reflect beliefs that sexual orientation is important and salient in people’s lived 

experiences.  

In the second study, the researchers used CFA and EFA on data collected on the SOBS 

from a sexually diverse sample of college students made up of mostly straight or heterosexual 

students. Based on the findings from an exploratory factor analysis, the researchers found that 

the subscales and distribution of items were slightly different for this sample compared to the 

first study. The exploratory factor analysis again revealed a four-factor structure, although only 

31 items loaded onto factors and two new factors emerged: homogeneity (α = 0.84) and 

informativeness (α = 0.77). The discreteness (α = 0.88) and naturalness (α = 0.79) subscales were 

nearly identical to Form 1. Sample items for each subscale include “sexual orientation is a 

category with distinct boundaries: a person is either gay/lesbian or heterosexual” (discreetness), 

“people with the same sexual orientation share a common fate” (homogeneity), “it is impossible 

to truly change one’s sexual orientation” (naturalness), and “sexual orientation is an important 

characteristic of people” (informativeness). Like Form 1, some of the items within each scale 

align with social constructionist and constructivist belief systems, although each scale generally 

reflects essentialist beliefs (Granzka, 2016). Additionally, Arseneau et al. (2013) tested four 

models using confirmatory factor analysis and concluded that this form provided the best fit of 

the data (CFI = .88; GFI = .77) with adequate internal reliability (discreetness scale α = 0.84; 

homogeneity scale α  = 0.75; naturalness scale α  = 0.77; informativeness scale α  = 0.78). 

Finally, they examined factorial invariance in the second study and concluded that Form 2 was 
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invariant across groups and most appropriate for use with mixed samples of heterosexual and 

LGBT participants.  

The third study measured the test-retest reliability and internal consistency of the SOBS 

(Form 2) with a diverse sample of undergraduate college students at a Southwestern university. 

The sample consisted of students who identified as LGBT and heterosexual. They found 

moderate to high stability on all factors and noted adequate Cronbach’s alphas at the beginning 

and end of a two-week period as evidence of the form’s internal consistency.  

The instrument (Form 2) consists of 31 Likert-scale items that are scored on a five-point 

scale from 1 (strongly disagree) to 5 (strongly agree), with a score of 3 as neutral (neutral). The 

overall SOBS scores and subscale scores are calculated by reverse coding the items that reflect 

social constructionist and constructivist beliefs and averaging all items to create a mean score 

from 1 to 5, with higher mean scores indicating greater endorsement of essentialist beliefs of 

sexual orientation. Importantly, while the SOBS has been used in additional research studies 

with undergraduate college students (e.g., Granzka et al., 2016), a review of the literature did not 

reveal other publications that used the SOBS to measure pre-service teachers’ beliefs of sexual 

orientation.  

Qualitative Data Collection 

The three sources of qualitative data that were used to triangulate the findings from the 

quantitative survey (RQ 1 and RQ 2) and to elaborate on the most impactful design elements of 

the intervention (RQ 3) were pre- and post-semi-structured interviews, written reflections, and a 

modified edTPA Thinking Organizer. Each of these activities is described in more detail in the 

following subsections.  
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Semi-Structured Interviews. Semi-structured interviews are characterized as 

conversational in tone and use a combination of open-ended and closed-ended questions (Adams, 

2015). It provides the participant being interviewed a high amount of freedom in what to talk 

about, how much to say, and how to express their thoughts (Drever, 1995). It also gives the 

researcher flexibility in probing participants’ ideas, posing additional questions, and asking for 

clarification (Adams, 2015). The reasonable length for semi-structured interviews is one hour to 

avoid researcher and participant fatigue (Adams, 2015). See Appendix L for the interview 

protocol.  

Five PSSTs volunteered to participate in two semi-structured interviews. The interviews 

lasted approximately 35 minutes and included questions such as “Do you feel it is important to 

address LGBTQ topics in your future science classroom?,” “How do you plan to support 

students who identify as LGBTQ in your future science classroom,” and “Do you think that a 

students’ sex, gender, or sexual orientation impacts their science learning? How so or why not?” 

These interview questions were designed to elicit similar attitudes and beliefs measured on the 

instruments with a specific focus on how they plan to address GSDST in their future science 

classroom. Elaborating on the quantitative results with parallel qualitative data collection is 

important for this dissertation study for several reasons. First, the results from the four 

quantitative instruments, HABS, LTSJ-B, SOBS, and SEB, only showed whether the PSSTs’ 

held more or less supportive attitudes and beliefs about GSDST, but they did not indicate what 

influenced those attitudes and beliefs. Second, the instruments used in this dissertation measured 

indicators of GSDST that have been identified within the existing science education literature on 

supporting and affirming GSD. Finally, the instruments only showed whether the PSSTs’ 

attitudes and beliefs about GSDST changed because of the intervention, but they do not elaborate 
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on how that change occurred. Therefore, it was necessary to explain the quantitative results in 

much more detail using participant’s voices and perspectives on why their attitudes and beliefs 

were as they were, and how a change in their attitudes and beliefs occurred.  

Quick Write Reflections. In week four, the PSSTs responded to a prompt in writing that 

was adapted from Hansen’s (2015) practical recommendations to encourage pre-service teachers 

to discuss sexual orientation topics in their future classrooms. This prompt included four 

questions: 1) what were your initial thoughts and feelings toward LGBTQ students and how have 

they changes because of the class activities? Why did your thoughts and feelings change or why 

didn’t they change? 2) what did you learn from these class activities? How will what you learned 

impact you as a K-12 science teacher? 3) Will you implement some or all the activities we 

participated in, in your own science classroom? Why or why not? and 4) what challenges do you 

foresee in addressing LGBTQ issues as a science teacher? How do you plan to handle these 

challenges?  

 Modified edTPA Thinking Organizer. In this activity during week five, the PSSTs 

were prompted to consider a variety of student learners that they may have in their class and 

analyze their unit plans they developed over the course of the semester in terms of students’ 

everyday experiences, cultural backgrounds and practices, and interests. Additionally, they were 

asked to elaborate on how their knowledge of different student assets connected to their choice 

or adaption of specific learning tasks, materials, and pedagogies. The original version of this 

activity only has teacher candidates focus on the assets of students with Individualized Education 

Plans (IEPs), 504 plans, English language learners, struggling readers, underperforming students, 

and gifted students (Boisen et al., 2015). There is no mention of considering these dimensions for 

other identity groups such as LGBTQ students, racially and ethnically diverse students, nor 
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students with disabilities. As such, it was modified to include other student groups including 

LGBTQ students and Black, Indigenous, and People of Color (BIPOC).  

Data Analysis 

 This section explains the data analysis methods that were used in this dissertation study. 

The quantitative analysis methods were used on the data to answer RQ 1 and RQ 2, and the 

qualitative analysis methods were used to triangulate the findings of RQ 2 and answer RQ 3. A 

summary of the alignment of research questions and variables with data sources and analysis 

methods are provided in Table 4.  

Table 4 

 

Alignment of Research Questions with Data Sources and Analysis Methods 

 

Research Question  Data Sources Data Analysis 

(1) What are PSSTs’ attitudes and 

beliefs about GSD-inclusive science 

teaching (GSDST)? 

HABS, LTSJ-B, 

SEB, and SOBS 
• Descriptive analysis 

(Gall et al, 2006) 

 

(2) How do PSSTs’ attitudes and beliefs 

about GSDST change after participating 

in a GSD-infused intervention designed 

around a conceptual framework for 

teaching advocacy for queer youth?  

 

Quant: HABS, 

LTSJ-B, SEB, & 

SOBS 

 

Qual: pre- and 

post-interviews, 

written reflections, 

and edTPA 

Thinking 

Organizer 

 

• Descriptive analysis 

(Gall et al, 2006) 

• Pretest-Posttest Paired 

samples t-test (Gall et 

al., 2006) 

• Thematic Analysis & 

Triangulation 

(Creswell & Creswell, 

2018) 

 

(3) Which design elements of the GSD-

infused intervention contribute to the 

changes in PSSTs’ attitudes and beliefs 

about GSDST? 

 

Qual: pre- and 

post-interviews & 

written reflections 

 

• Thematic Analysis & 

Triangulation 

(Creswell & Creswell, 

2018) 
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Quantitative Data Analysis 

All quantitative analysis was conducted using Stata 16.0 statistical software package 

(StataCorp, 2019). The Shapiro-Wilk test was used on all quantitative data to determine whether 

the data were normally distributed to accurately choose which parametric or nonparametric 

statistical test should be run. All data were normally distributed and analyzed using paired 

sample t-tests. An alpha level of .05 was used to determine statistical significance.  

To address RQ 1, descriptive analyses (Gall et al., 2006) were conducted on the pre-

survey responses to calculate mean scores and standard deviations across all the participants for 

each instrument and subscale. The mean scores were calculated based on the scoring guidelines 

for each instrument described in the previous section. These statistical analyses produced results 

that may be somewhat generalizable to PSSTs in similar contexts.  

To address RQ 2, descriptive analyses were also conducted on the pre- and post-surveys. 

Then, the normality of the difference between the post- and pre-survey scores was examined to 

confirm that the data was normally distributed and met the statistical assumptions for a paired 

samples t-test (Gall et al., 2006). A paired samples t-test was used to determine whether the 

differences between the pre and post-test scores, and the subscales, before and after participation 

in the intervention were significantly different. Research has suggested that parametric t-tests are 

preferred over non-parametric rank transformations when working with small sample sizes (N ≤ 

5) (e.g., Lehmann, 2012; de Winter, 2013). Additionally, when multiple comparisons were being 

made within a single instrument, a Bonferroni correction (Darlington & Hayes, 2017) was used 

to adjust the alpha level to reduce the chance of committing a type I error. Lastly, effect sizes 

were calculated for all changes using Cohen’s d (Cohen, 1988). The effect sizes were categorized 

as small (d = 0.2), medium (d = 0.5), or large (d = 0.8 or greater).  
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Qualitative Data Analysis 

 Qualitative data analysis “involves segment and taking apart the data (like peeling back 

the layers of an onion) as well as putting it back together” (Creswell & Creswell, 2018). The 

findings from the qualitative data analysis were used to triangulate the quantitative findings 

related to RQ 1 and RQ 2 and was used to elaborate on the impactful design elements of the 

intervention to answer RQ 3.  

The semi-structured interview transcripts were analyzed using deductive thematic 

analysis (Braun & Clarke, 2013). Thematic analysis involves “identifying, analysing [sic], and 

reporting patterns (themes) within data” (Braun & Clarke, 2013, p. 6). These themes represent 

“repeated patterns of meaning,” and analyzing these themes involved six steps: (1) familiarizing 

oneself with the data through reading and transcription, (2) initial coding using data-driven 

and/or theory-driven codes, (3) searching for themes by thinking about the relationship between 

codes, (4) reviewing coherency and distinctions within and between themes, (5) defining and 

refining themes, and (6) producing the report (Braun & Clark, 2013, p. 15).  

Once the semi-structured interviews were transcribed, I became familiar with the data by 

reading through the transcribed interview transcripts and using memoing (Birks et al., 2008) to 

takes notes concerning my emerging ideas regarding patterns, meanings, and initial codes. Then, 

I read through each interview transcript line-by-line and coded segments of the text inclusively 

using a priori and emergent coding approaches to generate themes. Coding is the process of 

“taking text data…gathered during data collection, segmenting sentences (or paragraphs) ...and 

labeling those categories with a term” (Creswell & Creswell, 2018). Inclusive coding allowed me 

to capture surrounding data to maintain sufficient context for further data analysis (Braun & 

Clarke, 2013). The a priori codes were generated based on the effective teacher PD (Desimone, 
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2009) and GSDST conceptual frameworks described in Chapter Two. Before any coding of 

qualitative data began, a codebook was created. The a priori codes were heteronormativity (H), 

social justice (SJ), epistemic knowledge of science and inquiry (EKSI), identity (I), embodiment 

(E), and GSD terminology (T), coherence (C), duration (D), collective participation (CP), active 

learning (AL), and content focus (CF). In the codebook, each code was assigned a definition, 

taken directly from the literature where possible, and an example of text was added for each 

code. See Table 5 for the qualitative codebook. Some of the emergent codes were sources of 

GSD knowledge (S), barriers (B), and personal characteristics (PC). These codes were useful in 

interpreting the qualitative data for RQ 1 and RQ 2. Written reflections and the edTPA Thinking 

Organizers were used to triangulate the findings from the interview analysis to increase the 

validity of the study (Creswell & Creswell, 2018).  

Table 5 

Codebook  

Code Definition Example 

Heteronormativity 

(H) 

Disrupting school science curricula, 

pedagogies, and policies that 

normalize heterosexuality 

 

“For the Punnett squares, 

gender-neutral designations 

should be used for the parents 

(i.e., parent 1 instead of father).” 

   

Social Justice (SJ) Intervening against school violence, 

improving student safety, and 

promoting full inclusion and 

representation of GSD topics, 

perspectives, and themes 

 

“I think that those students 

specifically, often have a tougher 

time and need more support 

from understanding adults.” 

Epistemic 

Knowledge of 

Science and 

Inquiry (EKSI) 

Questioning the authority of scientific 

knowledge and curriculum materials, 

or recognizing the limits of one’s own 

knowledge 

 

“I thought we also did a good 

job at not just taking everything 

at face value.” 

 

 

 



 

 118 

 

Table 5 (continued). 

 

Identity (I) Understanding that LGBTQ identities 

exist on a spectrum and that students’ 

multiple identities will interact and 

shape how they engage with science 

“It was helpful…expanding 

beyond just LGBT, and also 

getting us thinking about all 

different types of student groups 

that we could be teaching.” 

 

GSD 

Terminology (T)  

Recognizing the importance of GSD 

terminology and language in creating 

a safe and inclusive science classroom  

 

“My biggest worry is staying 

updated and even saying that 

something could potentially be 

offensive to a student when I’m 

not meaning to.” 

 

Active Learning 

(AL) 

“Teachers should have opportunities 

to get involved such as observing and 

receiving feedback, analyzing student 

work, or making presentations, as 

opposed to passively sitting through 

lectures” (Desimone, 2011, p. 69) 

 

“I like the fact that we had a lot 

of discussion in groups and in 

whole-class settings.” 

Coherence (C)  “Activity should be consistent with 

other professional development, with 

their knowledge and beliefs, and with 

school, district, and state reforms and 

policies” (Desimone, 2011, p. 69) 

 

“[It was] a great example of 

what Ambitious Science 

Teaching looks like and what 

multicultural education looks 

like” 

Content Focus 

(CF) 

“Activities should focus on subject 

matter content and how students learn 

that content” (Desimone, 2011, p. 69) 

“There were…technical and 

evidence-based portions in the 

case studies that it’s directly 

related to science. It was a really 

good science practice tool of 

having to take apart this thing 

and make a claim and make an 

argument”  

 

Duration (D) “Activities should be spread over a 

semester and should include 20 hours 

or more of contact time” (Desimone, 

2011, p. 69) 

 

“So that was just more of a 

limitation of how much time you 

had, but that’s not like a 

criticism of the actual lesson” 

Collective 

Participation (CP) 

“Groups of teachers from the same 

grade, subject, or school should 

participate in PD activities together to 

build an interactive learning 

community (Desimone, 2011, p. 69) 

“I think one of the main things 

which was very helpful that we'd 

like, it was, we were with that 

same cohort that I've been with.” 
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After all the qualitative data was coded, themes and sub-themes were created using the 

code excerpts and relationships between them. To ensure the reliability of the coding 

methodology, a PhD candidate in science education who had significant research experience and 

background knowledge related to GSD in science education, served as a second coder. They 

coded 20% of the interview data to calculate an intercoder agreement rate (Miles & Huberman, 

1994). Intercoder agreement is the process of having a second coder independently code a 

percentage of the data using a codebook, and then comparing the codes between the researchers 

to determine whether they applied the codes and themes in the same or different ways (Miles et 

al., 2014). Miles and Huberman (1994) suggested that 80% intercoder agreement is adequate 

reliability. First, the parameters of coding and coding units were discussed before coding began. 

Then, part of one interview was coded together using the codebook. Next, an entire interview 

was coded separately, and differences in coding were discussed and negotiated. The two coders 

discussed and reached consensus on codes that emerged during the initial coding session. When 

the second coder had completed 20% of the interview data and the coders where in high 

agreement (92%), the researcher coded the remaining qualitative data. Finally, I used a narrative 

discussion approach (Creswell & Plano Clark, 2018) to integrate and present quantitative and 

qualitative findings together. Specifically, I draw on an analytical integration strategy in which 

participants views are brought together by multiperspective thinking and the results merged 

through theory-driven themes (Åkerblad et al., 2021).  

Researcher Bias and Positionality 

My passion for ensuring that all students have a safe place to learn, can take advantage of 

all situations that are designed to support student learning, and are able to draw on their personal, 

cultural, and community knowledge is a direct result of my own exploration of my identity and 
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positionality as a first-generation college student and open queer educator in very conservative 

rural North Carolina. I came out during high school, and I was one of two openly gay students in 

a school of about 600 students. As a queer student, I experience several deficits within the school 

systems I attended – there was no queer representation. There was no Gay-Straight Alliance or 

Gender-Sexuality alliance school clubs. We did not talk about queer culture in school because 

we were taught that school was not the appropriate place for it. There was no place in the 

classroom for the personal and cultural knowledge that was relevant and authentic for me. 

Having experienced these deficits has really been the driving force behind my pursuit of 

empowering LGBTQ students through STEM education. I was also a teacher before the supreme 

court’s landmark decision to strike down discrimination in the workplace based on sexual 

orientation and gender identity; this resulted in me hiding my identity from most of my students 

and colleagues at some of the schools I worked at as I was worried about being fired because of 

my sexual orientation.  

I believe that the science classroom is not a culturally neutral space. In science 

classrooms, there are certain ways of communicating and ways of knowing that are valued over 

others. These valued forms of communication and knowledge are often linked with behaviors 

and expectations of dominant cultures such as White, Cisgender, and English speaking. My 

responsibility as a science teacher educator is to ensure that prospective science teachers have the 

capacity to capitalize on the personal, cultural, and community assets that all their students will 

bring from their communities and identities and use them to transform instruction, schools, and 

our communities. This work is personal for me because it is my hope that my research will 

improve instruction in ways I wish were present for me within the K-12 and post-secondary 

schools I attended. Considering my own identity as White, cisgender, queer person, I offer these 
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findings as only one possible interpretation of these individuals’ experiences. In line with 

previous research on GSD teacher education, I was open about my identity with all the 

participants and shared my own experiences as a K-12 student and teacher when asked. I 

acknowledge that my positionality influenced this research from how I interacted with the 

participants during the intervention to my analysis of the qualitative and quantitative data.  

Chapter Summary 

 The mixed methods research design proposed in this dissertation is to answer three 

research questions: (1) What are PSSTs’ attitudes and beliefs about GSD-inclusive science 

teaching (GSDST)?, (2) How do PSSTs’ attitudes and beliefs about GSDST change after 

participating in a GSD-infused intervention designed around a conceptual framework for 

teaching advocacy for queer youth?, and (3) Which design elements of the GSD-infused 

intervention contribute to the changes in PSSTs’ attitudes and beliefs about GSDST? The 

quantitative data answers RQ 1 and RQ 2 by measuring PSSTs’ attitudes and beliefs through 

their HABS, LTSJ-B, SOBS, and EBI scores. The qualitative data explored students feelings and 

reactions to the intervention as well as their thoughts on addressing queer topics in their future 

science classroom to triangulate the quantitative findings and address RQ 3. The sample included 

seven PSSTs enrolled in their last semester of methods coursework before student teaching. The 

data sources include four quantitative instruments, given before and after an intervention, as well 

as pre- and post-semi-structured interviews and intervention assignments. Chapter four will 

present the findings from this research.  
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CHAPTER FOUR 

FINDINGS AND DISCUSSION 

This chapter includes the quantitative and qualitative findings of the three research 

questions. The findings are ordered by research question. For RQ 1, quantitative data from the 

four pre-surveys are analyzed and discussed using descriptive statistics. For RQ 2, quantitative 

findings from four the post-surveys are analyzed and discussed using descriptive statistics and 

changes are analyzed using four pretest-posttest paired samples t-tests. Additionally, the findings 

from each participant who was interviewed is discussed and compared using thematic analysis. 

Triangulation methods of the qualitive data are used to support the quantitative findings. For RQ 

3, qualitative findings from the semi-structured post-interviews and written reflections are 

analyzed and presented using the qualitative methods outlined in the previous chapter. 

Research Question 1 – PSSTs’ attitudes and beliefs about GSDST 

 

 The first research question in this dissertation is: What are PSSTs’ attitudes and beliefs 

about GSD-inclusive science teaching (GSDST)? The SEB measures scientific epistemic beliefs, 

the LTSJ-B measures beliefs about social justice teaching, the HABS measures heteronormative 

attitudes and beliefs, and the SOBS measures essentialist beliefs about sexual orientation. This 

section includes the quantitative results from the pre-surveys.  

 Overall, prior to the intervention, the PSSTs held attitudes and beliefs that were 

consistent with GSDST, henceforth termed “positive”. For the SEB and LTSJ-B, higher mean 

scores indicate more sophisticated epistemological beliefs of science (i.e., 1 = less sophisticated, 

5 = more sophisticated) and greater endorsement of social justice beliefs (i.e., 1 = less 

endorsement, 5 = greater endorsement). These higher scores correspond to positive attitudes and 

beliefs about GSDST. For the HABS and SOBS, higher mean scores indicate greater 
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endorsement of heteronormative attitudes and beliefs (i.e., 1= less endorsement, 7 = greater 

endorsement) and essentialist beliefs of sexual orientation (i.e., 1= less endorsement, 5 = greater 

endorsement). These higher scores correspond to negative attitudes and beliefs about GSDST. 

See Table 6 for descriptive statistics for the pre-survey scores for each PSST. I will further 

discuss the pre-survey averages for each of the individual surveys in the following subsections.  

Table 6 

Pre- SEB, LTSJ-B, HABS, and SOBS Means for each PSST 

Participant SEB LTSJ-B HABS  SOBS 

 M M M  M 

Erin 4.08 3.92 1.81  2.87 

Maddox 4.69 3.83 2.88  2.77 

Drew 4.73 4.50 1.38  2.10 

Aria 4.69 4.33 5.13  2.42 

Zoe 4.65 4.17 1.38  2.26 

Yordan 3.73 3.75 3.38  2.19 

Eliot 4.58 4.08 2.56  2.90 

Total (SD) 4.45 (0.39) 4.08 (0.27) 2.64 (1.33)  2.50 (0.34) 

Note. For SEB, 1 = strongly disagree and 5 = strongly agree, and higher means correspond to 

more supportive of GSDST; For LTSJ-B, 1 = strongly disagree and 5 = strongly agree, and 

higher means correspond to more supportive of GSDST; For HABS, 1 = strongly disagree and  

7 = strongly agree, and higher means correspond to less supportive of GSDST; For SOBS, 1 = 

strongly disagree and 5 = strongly agree, and higher means correspond to less supportive of 

GSDST.  

 

SEB 

The SEB is a 26-item Likert-scale survey that is scored from 1 to 5, with higher scores 

reflecting more sophisticated epistemological beliefs of science indicative of more supportive 

beliefs about GSDST. Overall, the PSSTs’ average pre-SEB score was a 4.45. The SEB has been 
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used with pre-service teachers in prior research, however, the studies do not report overall 

sample averages. The prior research does provide average scores for the four subscales of the 

SEB. See Table 7 for descriptive statistics for the pre-SEB subscales scores for each PSST. The 

average pre-source subscale score was 4.03. Prior research has reported scores for this subscale 

ranging from 3.13 to 3.73 (Bahçivan, 2018; Liang & Tsai, 2010). The average pre-certainty 

subscale score was 4.52. Prior research has reported scores for this subscale ranging from 3.40 to 

3.78. The average pre-development subscale score was 4.60. Prior research has reported scores 

for this subscale ranging from 3.71 to 3.87. Lastly, the average pre-justification subscale score 

was 4.54. Prior research has reported scores for this subscale ranging from 3.65 to 4.02. The 

PSSTs in this study held sophisticated epistemological beliefs of science and were higher in all 

scores compared to the pre-service teacher samples used in prior research. 

Table 7 

Pre-SEB Subscales Means for each PSST  

Participant Source Certainty Development Justification  

 M M M M  

Erin 3.40 4.00 4.00 4.56  

Maddox 4.80 4.83 4.67 4.56  

Drew 4.00 4.67 5.00 5.00  

Aria 4.80 5.00 5.00 4.22  

Zoe 4.00 4.83 4.67 4.89  

Yordan 2.80 3.83 4.00 4.00  

Eliot 4.40 4.50 4.83 4.56  

Total (SD) 4.03 (0.73) 4.52 (0.45) 4.60 (0.43) 4.54 (0.35)  

Note. SEB is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 = 

neither agree nor disagree, 4 = somewhat agree, 5 = strongly agree) with higher mean scores 

corresponding to more supportive of GSDST. 
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LTSJ-B 

The LTSJ-B is a twelve-item Likert-scale survey that is scored from 1 to 5, with higher 

scores corresponding to greater endorsement of social-justice-related beliefs indicative of more 

supportive beliefs about GSDST. Overall, the PSSTs’ average pre-LTSJ-B score was a 4.08. The 

LTSJ-B has been used with beginning and exiting pre-service teachers and the mean score of 

those samples range from 3.63 to 4.03 (Ludlow et al., 2008a). Therefore, the average pre-LTSJ-B 

score falls just above the general range found in previous research. More specifically, the PSSTs’ 

average pre-mean scores for two subscales on the LTSJ-B was explored. See table 8 for 

descriptive statistics for the pre-LTSJ-B subscales scores for each PSST. Their average pre-

individual score was 4.60. Other studies have not reported average scores for these subset of 

items, however, the research suggested that the PSSTs would score higher on these items 

compared to the collective action items (e.g., Enterline et al., 2009). Their average pre-collective 

score was 3.84. The PSSTs in this study had relatively high endorsement of social-justice-related 

beliefs, specifically beliefs that reflected social justice in terms of individual teaching practice, 

and had higher scores compared to the pre-service teacher samples used in prior research.  
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Table 8 

Pre-LTSJ-B Subscales Means for each PSST  

Participant Individual Collective 

 M M 

Erin 4.40 3.29 

Maddox 4.20 3.57 

Drew 5.00 4.14 

Aria 4.80 4.57 

Zoe 4.60 4.14 

Yordan 4.40 3.29 

Eliot 4.80 3.86 

Total (SD) 4.60 (0.28) 3.84 (0.48) 

Note. LTSJ-B is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 

= neither agree nor disagree, 4 = somewhat agree, 5 = strongly agree) with higher mean scores 

corresponding to more supportive of GSDST. 

 

HABS 

 The HABS is a sixteen-item Likert-scale survey that is scored from 1 to 7, with higher 

scores corresponding to a greater endorsement of heteronormative attitudes and beliefs indicative 

of less supportive attitudes and beliefs about GSDST. Overall, the PSSTs’ average pre-HABS 

score was a 2.64. The HABS has been used on undergraduate college students and the mean 

score of that sample was 3.42, indicating a low endorsement of heteronormative attitudes and 

beliefs (Duncan et al., 2019). Therefore, the average pre-HABS score in this study falls below 

the score found in previous research, indicating more supportive attitudes and beliefs about 

GSDST. More specifically, the PSSTs’ average pre-mean scores for each of the subscales of the 

HABS was examined. See Table 9 for descriptive statistics for the pre-HABS subscales scores 

for each PSST. Their average pre-essential sex/gender subscale (ESG) score was 2.88. Other 

studies that have reported the ESG scores of undergraduate college students to range from 3.18 
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to 3.96 (Duncan et al., 2019; Habarth, 2015). Additionally, their average pre-normative behavior 

subscale (NB) score was 4.08. Prior research has reported scores for this subscale ranging from 

2.96 to 3.16. The PSSTs in this study had relatively low endorsement of heteronormative 

attitudes and were lower in their overall and pre-ESG scores compared to the undergraduate 

student samples used in prior research. However, they scored higher on the normative behavior 

subscale than compared to previous research which reflects a higher endorsement of normative 

expectations for men and women in sexual relationships.  

Table 9 

 

Pre-HABS Subscales Means for each PSST  

Participant Essential Sex/Gender Normative Behavior  

 M M  

Erin 2.13 1.50  

Maddox 3.88 1.88  

Drew 1.75 1.00  

Aria 4.13 6.13  

Zoe 1.75 1.00  

Yordan 3.13 3.63  

Eliot 3.38 1.75  

Total (SD) 2.88 (1.00) 4.08 (1.86)  

Note. HABS is rated on a 7-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = slightly 

disagree, 4 = exactly neutral, 5 = slightly agree, 6 = agree, 7 = strongly agree) with higher mean 

scores corresponding to being less supportive of GSDST. 

 

SOBS 

The SOBS is a 31-item Likert-scale survey that is scored from 1 to 5, with higher scores 

reflecting a greater endorsement of essentialist beliefs of sexual orientation indicative of less 

supportive beliefs about GSDST. Overall, the PSSTs’ average pre-SOBS score was a 2.46. The 

SOBS has been used with undergraduate college students; however, the prior research did not 
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report overall sample averages, but they did provide details on the four subscales of the SOBS. 

See Table 10 for descriptive statistics for the pre-SOBS subscales scores for each PSST. The 

PSSTs’ average pre-discreteness subscale score was 1.83. Prior research has reported scores for 

this subscale ranging from 2.55 to 2.58 (Arseneau et al., 2013; Granzka et al., 2015). The 

average pre-homogeneity subscale score was 1.79. Prior research has reported scores for this 

subscale ranging from 2.44 to 2.48. The average pre-naturalness subscale score was 3.25. Prior 

research has reported scores for this subscale ranging from 3.27 to 3.35. Lastly, the average pre-

informativeness subscale score was 2.52. Prior research has reported scores for this subscale 

ranging from 2.92 to 2.94. The PSSTs in this study had relatively low endorsement of essentialist 

beliefs of sexual orientation and were lower in all scores compared to the undergraduate student 

samples used in prior research. 

Table 10 

Pre-SOBS Subscales Means for each PSST  

Participant Discreteness Homogeneity Naturalness Informativeness  

 M M M M  

Erin 1.83 2.67 3.45 3.00  

Maddox 2.17 2.00 3.36 3.00  

Drew 1.00 1.33 3.18 2.00  

Aria 2.33 1.50 3.00 2.38  

Zoe 1.17 1.50 2.73 3.00  

Yordan 1.67 1.50 3.36 1.50  

Eliot 2.67 2.00 3.64 2.75  

Total (SD) 1.83 (0.61) 1.79 (0.47) 3.25 (0.30) 2.52 (0.59)  

Note. SOBS is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 = 

neither agree nor disagree, 4 = somewhat agree neutral, 5 = strongly agree) with higher mean 

scores corresponding to being less supportive of GSDST.  
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Summary 

In sum, the participants in this research were almost uniformly supportive of measures 

indicative of GSD-inclusive science teaching such as sophisticated scientific epistemological 

beliefs, high endorsement of social justice teaching beliefs, and a low endorsement of 

heteronormative attitudes and beliefs and essentialist beliefs of sexual orientation. However, the 

average score on the normative behavior subscale was higher than previous research has 

reported, which reflects a higher endorsement of normative expectations for men and women in 

sexual relationships.  

Research Question 2 – Changes in attitudes and beliefs about GSDST 

 

 The second research question is: How do PSSTs’ attitudes and beliefs about GSDST 

change after participating in a GSD-infused and AST-aligned intervention implemented in a 

STEM teaching methods course? This section will present the descriptive statistics for the post-

survey means for each PSST, quantitatively analyze change in pre- to post-scores, and present 

the qualitative findings and thematic analysis from the interviews of five participants.  

Quantitative Data 

Table 11 provides the descriptive statistics for the pre- and post-survey scores for each 

PSST. The average SEB score dropped very slightly, from 4.45 to 4.43. Three participants’ 

scores increased from the pre- to post-survey (Erin, Drew, Eliot) and the other four decreased 

(Maddox, Aria, Zoe, Yordan). The average LTSJ-B score increased very slightly, from 4.08 to 

4.10. Three participants’ scores increased from the pre- to post-survey (Maddox, Aria, Yordan) 

PSST, three decreased (Erin, Drew, Zoe), and one stayed the same (Eliot). The average HABS 

score decreased, from 2.64 to 2.30. One participants’ score increased from the pre- to post-

survey (Eliot), five decreased (Erin, Maddox, Drew, Aria, Yordan), and one stayed the same 
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(Zoe). Lastly, the average SOBS score dropped slightly, from 2.50 to 2.48. Four participants’ 

scores increased from the pre- to post-survey (Drew, Aria, Yordan, Eliot) and the other three 

decreased (Erin, Maddox, Zoe). I will further discuss the post-survey averages for each of the 

individual surveys in the following subsections. 

Table 11 

 

Pre- and Post-SEB, LTSJ-B, HABS, and SOBS Means for each PSST 

Participant SEB LTSJ-B HABS SOBS 

 Pre-M Post-M Pre-M Post-M Pre-M Post-M Pre-M Post-M 

Erin 4.08 4.23 3.92 3.67 1.81 1.69 2.87 2.45 

Maddox 4.69 4.62 3.83 4.17 2.88 1.81 2.77 2.61 

Drew 4.73 4.85 4.50 4.42 1.38 1.06 2.10 2.29 

Aria 4.69 4.50 4.33 4.42 5.13 3.81 2.42 2.68 

Zoe 4.65 4.42 4.17 4.08 1.38 1.38 2.26 1.71 

Yordan 3.73 3.62 3.75 3.83 3.38 3.31 2.19 2.52 

Eliot 4.58 4.81 4.08 4.08 2.56 3.06 2.90 3.10 

Total (SD) 4.45 

(0.39) 

4.43 

(0.42) 

4.08 

(0.27) 

4.10 

(0.28) 

2.64 

(1.33) 

2.30 

(1.07) 

2.50 

(0.34) 

2.48 

(0.42) 

Note. For SEB, 1 = strongly disagree and 5 = strongly agree, and higher means correspond to 

more supportive of GSDST; For LTSJ-B, 1 = strongly disagree and 5 = strongly agree, and 

higher means correspond to more supportive of GSDST; For HABS, 1 = strongly disagree and  

7 = strongly agree, and higher means correspond to less supportive of GSDST; For SOBS, 1 = 

strongly disagree and 5 = strongly agree, and higher means correspond to less supportive of 

GSDST.  

 

SEB. Overall, the PSSTs’ average post-SEB score was a 4.43 which is slightly lower 

than the average pre-SEB score of 4.45. The average post-source subscale score was 3.91. This 

value, while lower than the pre-average, is still higher than the range identified in prior research 

(Bahçivan, 2018; Liang & Tsai, 2010), indicating more supportive attitudes and beliefs about 

GSDST. The average post-certainty subscale score was 4.60. This score increased from pre- to 
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post and is above the range identified in prior research. The average post-development subscale 

score was 4.62. This score also increased from pre to post and is above the range identified in 

prior research. Lastly, the average post-justification subscale score was 4.49. While this score 

decreased from pre to post, it is still above the range identified in prior research. See Table 12 for 

descriptive statistics for the pre- and post-SEB subscales scores for each PSST. 

Table 12 

 

Pre- and Post-SEB Subscales Means for each PSST  

Participant Source Certainty Development Justification 

 Pre-M Post-M Pre-M Post-M Pre-M Post-M Pre-M Post-M 

Erin 3.40 3.80 4.00 4.33 4.00 4.33 4.56 4.33 

Maddox 4.80 4.40 4.83 4.83 4.67 4.50 4.56 4.67 

Drew 4.00 4.40 4.67 4.83 5.00 5.00 5.00 5.00 

Aria 4.80 4.60 5.00 4.83 5.00 5.00 4.22 3.89 

Zoe 4.00 2.80 4.83 4.67 4.67 5.00 4.89 4.78 

Yordan 2.80 2.60 3.83 3.83 4.00 3.67 4.00 4.00 

Eliot 4.40 4.80 4.50 4.83 4.83 4.83 4.56 4.78 

Total (SD) 4.03 

(0.73) 

3.91 

(0.89) 

4.52 

(0.45) 

4.60 

(0.38) 

4.60 

(0.43) 

4.62 

(0.50) 

4.54 

(0.35) 

4.49 

(0.42) 

Note. SEB is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 = 

neither agree nor disagree, 4 = somewhat agree, 5 = strongly agree) with higher mean scores 

corresponding to more supportive of GSDST. 

 

The normality of the difference between the post- and pre-SEB scores was assessed using 

the Shapiro-Wilk test which indicated that the scores were normally distributed (W(6) = 0.913,  

p = .420). A paired samples t-test was used to analyze the changes in the overall pre- and post-

SEB scores as well as for each subscale. A Bonferroni correction (Darlington & Hayes, 2017) 

was used to adjust the alpha level and decrease the chance of committing a type I error because 

multiple paired samples t-tests were run to compare the overall pre- and post-scores as well as 

the pre- and post-scores for the four subscales. Since five comparisons were conducted for the 
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SEB, the adjusted p-value was 0.010. There was no significant effect of the intervention on 

PSSTs’ epistemic beliefs of science (t(6) = 0.24, p = 0.818, d= 0.09) and the slight decrease was 

considered negligible given the very small effect size. Additionally, there was no significant 

effect on PSSTs’ beliefs of the source of scientific knowledge (t(6) = 0.50, p = 0.625, d= 0.19), 

certainty (t(6) = 0.9, p = 0.411, d= 0.33), development t(6) = 0.20, p = 0.811, d= 0.09), nor 

justification (t(6) = 0.7, p = 0.525, d= 0.25). See Table 13 for the results from a paired samples t-

test comparing the overall averages and for each subscale. 

Table 13 

Pre- and Post-SEB and Subscales Paired Samples T-Test 

Survey/Subscale Pre-M Post-M p Cohen’s d 

SEB 4.45 (0.38) 4.43 (0.41) 0.818 0.09 

   Source 4.03 (0.73) 3.91 (0.89) 0.625 0.19 

   Certainty 4.52 (0.45) 4.60 (0.38) 0.411 0.33 

   Development 4.60 (0.43) 4.62 (0.50) 0.811 0.09 

   Justification 4.54 (0.35) 4.49 (0.42) 0.525 0.25 

Note. SEB is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 = 

neither agree nor disagree, 4 = somewhat agree, 5 = strongly agree) with higher mean scores 

corresponding to more supportive of GSDST. 

 

LTSJ-B. Overall, the PSSTs’ average post-LTSJ-B score was a 4.10 which is slightly 

higher than the average pre-LTSJ-B score of 4.08. This score is also higher than the range 

identified in prior with research with pre-service teaches (Ludlow et al., 2008a), indicating more 

supportive attitudes and beliefs about GSDST. The average post-individual subscale score was 

4.65 which was a slight increase from pre- to post in favor of GSDST. The average post-

collective subscale score was 3.78 which was a slight decrease from pre-score not in favor of 
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GSDST. See Table 14 for descriptive statistics for the pre- and post-LTSJ-B subscales scores for 

each PSST. 

Table 14 

Pre- and Post-LTSJ-B Subscales Means for each PSST  

Participant Individual Collective 

 Pre-M Post-M Pre-M Post-M 

Erin 4.40 3.80 3.29 3.29 

Maddox 4.20 5.00 3.57 3.57 

Drew 5.00 5.00 4.14 4.29 

Aria 4.80 5.00 4.57 4.29 

Zoe 4.60 4.40 4.14 4.14 

Yordan 4.40 4.60 3.29 3.29 

Eliot 4.80 4.80 3.86 3.57 

Total (SD) 4.60 (0.28) 4.65 (0.44) 3.84 (0.48) 3.78 (0.45) 

Note. LTSJ-B is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 

= neither agree nor disagree, 4 = somewhat agree, 5 = strongly agree) with higher mean scores 

corresponding to more supportive of GSDST. 

 

The normality of the difference between the post- and pre-LSTJ-B scores was assessed 

using the Shapiro-Wilk test which indicated that the scores were normally distributed (W(6) = 

0.955, p = .776). A paired samples t-test was used to analyze the changes in the overall pre- and 

post-LTSJ-B scores. There was no significant effect of the intervention on the PSSTs’ social-

justice-related beliefs (t(6) = 0.172, p = 0.868, d = 0.065) and the increase was considered 

negligible given the very small effect size. Additionally, there was no significant effect on 

PSSTs’ beliefs that reflected individual teaching practice (t(6) = 0.354, p = 0.736, d = 0.15) nor 

beliefs that reflected collective action (t(6) = 1.000, p = 0.355, d = 0.13). See Table 15 for the 

results from a paired samples t-test comparing the pre- and post-LTSJ-B scores.  
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Table 15 

Pre- and Post-LTSJ-B and Subscales Paired Samples T-Test 

Survey/Subscale Pre-M Post-M p Cohen’s d 

LTJS-B 4.08 (0.27) 4.10 (0.27) 0.868 0.07 

   Individual 4.60 (0.28) 4.65 (0.44) 0.736 0.15 

   Collective 3.84 (0.48) 3.78 (0.45) 0.355 0.13 

Note. LTSJ-B is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 

= neither agree nor disagree, 4 = somewhat agree, 5 = strongly agree) with higher mean scores 

corresponding to more supportive of GSDST. 

 

HABS. Overall, the PSSTs’ average post-HABS score was a 2.30 which is lower than the 

average pre-HABS score of 2.64, indicating more supportive attitudes and beliefs about GSDST. 

The average post-ESG subscale score was 2.29. This value is lower than the pre-average and 

lower than the range identified in prior research (Duncan et al., 2019; Habarth, 2015). The 

average post-NB subscale score was 2.32. This value is lower than the pre-average and lower 

than the range reported in previous studies. See Table 16 for descriptive statistics for the pre- and 

post-HABS subscales scores for each PSST. 
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Table 16 

 

Pre- and Post-HABS Subscales Means for each PSST  

Participant Essential Sex/Gender Normative Behavior 

 Pre-M Post-M Pre-M Post-M 

Erin 2.13 2.00 1.50 1.38 

Maddox 3.88 1.88 1.88 1.75 

Drew 1.75 1.13 1.00 1.00 

Aria 4.13 2.38 6.13 5.25 

Zoe 1.75 1.75 1.00 1.00 

Yordan 3.13 3.13 3.63 3.50 

Eliot 3.38 3.75 1.75 2.38 

Total (SD) 2.88 (1.00) 2.29 (0.89) 4.08 (1.86) 2.32 (1.56) 

Note. HABS is rated on a 7-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = slightly 

disagree, 4 = exactly neutral, 5 = slightly agree, 6 = agree, 7 = strongly agree) with higher mean 

scores corresponding to being less supportive of GSDST. 

 

The normality of the difference between the post- and pre-HABS scores was assessed 

using the Shapiro-Wilk test which indicated that the scores were normally distributed (W(6) = 

0.916, p = .438). A paired samples t-test was used to analyze the changes in the overall pre- and 

post-HABS scores as well as for each subscale. A Bonferroni correction (Darlington & Hayes, 

2017) was used to adjust the alpha level and decrease the chance of committing a type I error 

because multiple paired samples t-tests were run to compare the overall pre- and post-scores as 

well as the pre- and post-scores for the two subscales. Since three comparisons were conducted 

for the HABS, the adjusted p-value was 0.017. There was no significant effect of the intervention 

on PSSTs’ heteronormative attitudes and beliefs (t(6) = 1.41, p = 0.206, d= 0.54) and the 

decrease was considered a medium effect size. Additionally, there was no significant effect on 

PSSTs’ ESG scores (t(6) = 1.67, p = 0.144. d = 0.63) nor on their NB scores (t(6) = 0.54, p = 

0.608, d = 0.20). However, there was a medium to large effect size detected in the change in 
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ESG scores in favor of less endorsement of heteronormative attitudes and beliefs. See Table 17 

for the results from a paired samples t-test comparing the overall averages and for each subscale.  

Table 17 

Pre- and Post-HABS and Subscales Paired Samples T-Test 

Survey/Subscale Pre-M Post-M p Cohen’s d 

HABS 2.64 (1.33) 2.30 (1.07) 0.206 0.54 

   Essential Sex/Gender 2.88 (1.00) 2.29 (0.89) 0.144 0.63 

   Normative Behavior 4.08 (1.86) 2.32 (1.56) 0.608 0.20 

Note. HABS is rated on a 7-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = slightly 

disagree, 4 = exactly neutral, 5 = slightly agree, 6 = agree, 7 = strongly agree) with higher mean 

scores corresponding to being less supportive of GSDST. 

 

SOBS. Overall, the PSSTs’ average post-SOBS score was a 2.48 which is slightly lower 

than the average pre-SOBS score of 2.50. The average post-discreteness subscale score was 1.74. 

This value is lower than the pre-average of 1.83 and lower than the range identified in prior 

research (Arseneau et al., 2013; Granzka et al., 2015), indicating more supportive attitudes and 

beliefs about GSDST. The average post-homogeneity subscale score was 1.62. This score 

decreased from pre (1.79) to post and is below the range identified in prior research. The average 

post-naturalness subscale score was 3.42. This score slightly increased from pre (3.25) to post 

and is above the range identified in prior research. Lastly, the average post-informativeness 

subscale score was 2.39. This score decreased from pre (2.52) to post and is below the range 

identified in prior research. See Table 18 for descriptive statistics for the pre- and post-SOBS 

subscales scores for each PSST. 
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Table 18 

 

Pre- and Post-SOBS Subscales Means for each PSST  

Participant Discreteness Homogeneity Naturalness Informativeness 

 Pre-M Post-M Pre-M Post-M Pre-M Post-M Pre-M Post-M 

Erin 1.83 1.50 2.67 1.67 3.45 3.55 3.00 2.25 

Maddox 2.17 1.50 2.00 2.33 3.36 3.27 3.00 2.75 

Drew 1.00 1.17 1.33 1.33 3.18 3.55 2.00 2.13 

Aria 2.33 2.17 1.50 2.00 3.00 3.45 2.38 2.50 

Zoe 1.17 1.00 1.50 1.00 2.73 2.36 3.00 1.88 

Yordan 1.67 1.83 1.50 1.33 3.36 3.55 1.50 2.50 

Eliot 2.67 3.00 2.00 1.67 3.64 4.18 2.75 2.75 

Total (SD) 1.83 

(0.61) 

1.74 

(0.68) 

1.79 

(0.47) 

1.62 

(0.45) 

3.25 

(0.30) 

3.42 

(0.54) 

2.52 

(0.59) 

2.39 

(0.33) 

Note. SOBS is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 = 

neither agree nor disagree, 4 = somewhat agree neutral, 5 = strongly agree) with higher mean 

scores corresponding to being less supportive of GSDST.  

 

The normality of the difference between the post- and pre-SOBS scores was assessed 

using the Shapiro-Wilk test which indicated that the scores were normally distributed (W(6) = 

0.950, p = .726). A paired samples t-test was used to analyze the changes in the overall pre- and 

post-SOBS scores as well as for each subscale. A Bonferroni correction (Darlington & Hayes, 

2017) was used to adjust the alpha level and decrease the chance of committing a type I error 

because multiple paired samples t-tests were run to compare the overall pre- and post-scores as 

well as the pre- and post-scores for the four subscales. Since five comparisons were conducted 

for the SOBS, the adjusted p-value was 0.010. There was no significant effect of the intervention 

on PSSTs’ essentialist beliefs of sexual orientation (t(6) = 0.22, p = 0.830, d = 0.09) and the 

slight decrease was considered negligible given the small effect size. Additionally, there was no 

significant effect on PSSTs’ beliefs of the discreetness of sexual orientation (t(6) = 0.70, p = 

0.489, d= 0.28), homogeneity (t(6) = 0.90, p = 0.418, d= 0.33), naturalness (t(6) = 1.40, p = 
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0.211, d= 0.53), nor informativeness (t(6) = 0.50, p = 0.648, d= 0.18). However, there was a 

medium effect size detected in the change in naturalness scores reflecting a stronger endorsement 

in the belief that sexual orientation is innate, unchanging, and not socially constructed or chosen. 

These beliefs align with more negative attitudes and beliefs about GSDST. See Table 19 for the 

results from a paired samples t-test comparing the overall averages and for each subscale.  

Table 19 

Pre- and Post-SOBS and Subscales Paired Samples T-Test 

Survey/Subscale Pre-M Post-M p Cohen’s d 

SOBS 2.50 (0.34) 2.48 (0.42) 0.830 0.09 

   Discreteness 1.83 (0.61) 1.74 (0.68) 0.489 0.28 

   Homogeneity 1.79 (0.47) 1.62 (0.45) 0.418 0.33 

   Naturalness  3.25 (0.30) 3.42 (0.54) 0.211 0.53 

   Informativeness 2.52 (0.59) 2.39 (0.33) 0.648 0.18 

Note. SOBS is rated on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree, 3 = 

neither agree nor disagree, 4 = somewhat agree neutral, 5 = strongly agree) with higher mean 

scores corresponding to being less supportive of GSDST.  

 

Summary. In sum, there were no significant effects of the intervention on PSSTs’ 

scientific epistemic beliefs, social justice teaching beliefs, heteronormative attitudes and beliefs, 

or essentialist beliefs of sexual orientation, and the participants in this research remained 

uniformly supportive of measures indicative of GSDST. However, there were some individual 

changes in PSSTs’ attitudes and beliefs about GSDST. The following section will elaborate on 

these changes using qualitative data as support.  
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Qualitative Data 

The PSSTs’ attitudes and beliefs can be characterized in a more nuanced way using 

interview data. In this section, I first provide a summary of five PSSTs’ attitudes and beliefs 

about GSDST and how they changed after participating in the GSD-infused and teaching 

advocacy-aligned intervention. Then, I present the thematic analysis of the qualitative data in 

relation to changes in attitudes and beliefs to answer RQ 2. The codes used for the qualitative 

data are listed after the direct quotes in italics. The interview data was corroborated by other 

qualitative sources including written reflections and edTPA Thinking Organizers if they were 

completed.  

Drew. Drew identified as a White, bisexual, cisgender male and he was pursuing a 

degree in biology education. His career path was different from the other participants in that he 

worked as a computer programmer for about fifteen years before pursuing a career in science 

education. Overall, prior to the intervention, Drew had the most supportive attitudes and beliefs 

about GSDST compared to his peers and his attitudes and beliefs did not change much after the 

intervention. In his pre-interview, Drew expressed that he was unsure of how we would support 

LGBTQ students; he discussed GSDST primarily in terms of ensuring safety; he held some 

heteronormative attitudes and beliefs by conflating sex and gender; and he expressed discomfort 

around using appropriate, up-to-date, and inclusive language. After the intervention, the findings 

indicated that Drew became more aware of how he could infuse GSD into the science 

curriculum, and he shifted towards a more transformative and critical approach of GSDST in 

which he was able to assess how heteronormativity persisted in biology curriculum materials. 

For instance, when asked how his attitudes and beliefs changed after the intervention, he 

responded: 
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I don’t know if they really did a whole lot. It definitely gave me some ways I could 

incorporate these topics into the curriculum, but I’m not sure if my thoughts really 

changed that dramatically about how I would work with LGBTQ students (post-

interview, lines 225-228) [social justice code].  

Additionally, he explained: 

I think the main things I learned were about how I could incorporate these topics into a 

classroom setting. I feel like I had already developed a fairly sophisticated idea about 

how I wanted to interact with other humans and stuff...but I don’t think I learned like, 

‘oh, wow, there are gay students I need to be respectful with that;’ they’re not new 

concepts (post-interview, lines 255-259) [social justice code].  

These statements indicate that Drew became more aware of how he could integrate GSD topics 

into the curriculum, but he did not feel that his attitudes and beliefs about working with LGBTQ 

students changed much after the intervention.  

Maddox. Maddox identified as a White, straight, cisgender female and was pursuing a 

degree in environment science education. Maddox began the intervention with somewhat 

supportive attitudes and beliefs about GSDST compared to her peers, with a lower endorsement 

of social justice teaching beliefs and some endorsement of heteronormative attitudes and beliefs. 

Overall, prior to the intervention, Maddox was somewhat supportive of measures indicative of 

GSDST. She demonstrated an epistemic awareness of the limits of her knowledge of GSD; she 

did not feel it was her responsibility to change the harmful attitudes and beliefs of students about 

GSD; and she primarily discussed supporting students through the lens of ensuring student 

safety. After the intervention, the findings indicated that Maddox continued to emphasize student 

safety as an essential aspect of GSDST and described GSDST through an “Add LGBT and Stir” 
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approach to inclusion. Moreover, she developed a greater endorsement of social justice teaching 

beliefs, lower endorsement of heteronormative attitudes and beliefs, and a lower endorsement of 

essentialist beliefs of sexual orientation. For example, in the post-interview Maddox described 

how the intervention positively impacted her attitudes and beliefs about GSDST. She said:  

the activities were something that I really liked about the course because it’s...an actual 

thing that I wasn’t anticipating we would have to do that is going to be a real thing. 

We’re going to have to experience and have to talk about and navigate in our classrooms 

that I didn’t know we’d be doing, which was actually really good because it made me 

think about a lot of the stuff that I probably wouldn’t have even thought about before 

being a teacher (post-interview, lines 19-25) [EKSI code].  

She went on to describe that the activities made her aware of “how unprepared” she was but that 

she felt “a little bit more prepared” and now understands “that it’s important” (post-interview, 

lines 36-37) [EKSI code]. She felt that she “only scratched the surface” of the knowledge needed 

to “have a constructive conversation about it” (post-interview, lines 36-39) [EKSI code]. In her 

written reflection, Maddox described that while she did not feel her attitudes towards LGBTQ+ 

students changed because of the intervention, she felt she had a “better understanding of the 

struggles, misconceptions, misunderstandings, and miscommunication that is very evident in our 

society, especially in K-12 schools regarding LGBTQ issues” (Written Reflection, Q1) [social 

justice code].  

Aria. Aria identified as a White, straight, cisgender female and was pursuing a degree in 

biology education. Prior to the intervention, Aria had a higher endorsement of heteronormative 

attitudes and beliefs, and specifically the highest score on the normative behavior subscale, yet 

also a high endorsement of social justice teaching beliefs, and she expressed a desire to see 
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concrete examples of GSDST that she missed out on in her own science education. After the 

intervention, the findings indicated that Aria had a lower endorsement of heteronormative 

attitudes and beliefs in favor GSDST. Specifically, there were large changes in her beliefs about 

sex and gender being biologically determined and indistinguishable (sex/gender subscale) and 

normative beliefs about how men and women and should behave in romantic or sexual 

relationships (normative behaviors subscale). She also became more aware of how 

heteronormative language is used in science lessons and materials and developed her knowledge 

and awareness of GSD concepts. For example, when asked what she believed an LGBTQ 

inclusive science classroom looks like, she referenced the week four activity in which PSSTs 

critiqued science textbook passages for inclusivity and accuracy and she said, “things like that 

where you can make the classroom and lesson more inclusive” (post-interview, lines 299-300) 

[social justice code]. She went on to explain how she drew on the ideas discussed in this activity 

in her field placement. She described an activity she observed her cooperating teacher implement 

in her biology class on DNA fingerprinting and commented 

they were doing DNA fingerprinting and determining who the parent is and kids were 

asking questions about whether the baby will be a boy or a girl. Even that in itself, she 

kept using boy and girl. In my head I was like ‘we learned about this. You don’t really 

know a child will be male or female.’ It’s stuff like that where you think it’s small and 

you don’t really think about it, but I’m sure students who do identify as LGBTQ, they do 

notice stuff like that. People like me who have been exposed to lessons like that where 

you are using the right vocabulary, you pick up on stuff like that (post-interview, lines 

302-308) [heteronormativity, identity, social justice, GSD language codes].  
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Aria’s heteronormative attitudes and beliefs changed in favor of GSDST which is evident in her 

thinking about inclusive and binary-laden (e.g., male or female) language. This statement 

corroborates the large change in Aria’s heteronormative attitudes and beliefs following 

participation in the intervention. Aria ended her second interview by explaining how her attitudes 

and beliefs about GSDST have changed since the intervention: “I’m definitely more cognizant of 

it now...I really, really love that we could see a concrete lesson example of what that looks like to 

talk about stuff like that in the classroom” (post-interview, lines 320-324) [social justice code].  

Yordan. Yordan identified as a White, bisexual, cisgender male and was pursuing a 

degree in chemistry education. Yordan began the intervention with less supportive attitudes and 

beliefs about GSDST compared to his peers, with more naïve epistemological beliefs of science, 

lower endorsement of social justice teaching beliefs, and higher endorsement of heteronormative 

attitudes and beliefs. He also primarily discussed GSDST in terms of ensuring student safety and 

equitable participation of all students, and he expressed a lack of opportunity to participate in 

GSD-infused coursework to prepare him for GSDST. After the intervention, Yordan’s attitudes 

and beliefs about GSDST did not change much after participation as he still held more naïve 

epistemological beliefs of science, lower endorsement of social justice teaching beliefs, and 

higher endorsement of heteronormative attitudes and beliefs compared to his peers and prior 

research. He discussed GSDST in terms of incorporating LGBTQ scientists into the classroom, 

corresponding to an “Add LGBT and Stir” approach to GSDST, and he expressed that chemistry 

education was not well-suited for GSDST.  

For example, in his second interview, he said it “it was a little bit hard for chemistry” 

(post-interview, line 89) [barriers code] to support students who identify as LGBTQ in his future 

science classroom. This finding was corroborated by his written reflection. He wrote, “I’m 
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planning on teaching chemistry, so it might be a little tricky to involve sex into my curriculum” 

(Written Reflection, Q3) [barriers code]. However, in his post- interview and written reflection, 

he also discussed that one of the ways he plans to address this challenge is through “including 

LGBT scientists” (post-interview, line 90) [social justice code] or through assigning this topic 

“as an extra credit opportunity” (Written Reflection, Q3) [social justice code]. These statements 

correspond with an additive view of GSDST through including diverse scientists in the 

classroom and assigning extra credit opportunities outside of class time for non-biology teachers. 

These perspectives were primarily reinforced through the intervention during week four in which 

participants were able to explore a website of LGBTQ scientists called 500 Queer Scientists.  

In his written reflection, Yordan summarized how his attitudes and beliefs only changed 

slightly because of the intervention. He wrote  

the only initial thoughts/attitudes towards LGBTQ students was just inexperience. I am 

bisexual myself, but I’ve rarely knowingly worked with LGBTQ students. However, that 

did change a little bit from our class activities, but only particularly towards sex, and not 

so much to sexual orientation” (Written Reflection, Q1) [personal characteristics, 

identity codes].  

Yordan felt that the intervention activities focused almost exclusively on sex and gender with 

little discussion of sexual orientation. In his second interview he explained “we talked a lot about 

sex and gender, but we didn’t talk much about orientation” (post-interview, lines 264-265) 

[barriers code]. In fact, in his written reflection he specified that “if you were to ask me to define 

sex before and after our activities, that answer definitely has changed. If you ask me to define 

sexual orientation, my answer is the same unsure answer as before” (Written Reflection, Q1) 

[heteronormativity, barrier codes]. These statements are interesting because despite Yordan 
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reporting that the intervention focused heavily on sex and gender, there were no changes in his 

HABS or ESG scores. They also illustrate one area that can be improved upon in the 

intervention.  

Erin. Erin identified as a White, straight, cisgender female and was pursuing a degree in 

biology education. Erin began the intervention with supportive attitudes and beliefs about 

GSDST compared to her peers with some endorsement of essentialist beliefs about sexual 

orientation. Specifically, she was also the only PSST whose pre-homogeneity score was above 

the range reported in the literature. Overall, prior to the intervention, Erin held attitudes and 

beliefs about GSDST that were consistent with an “Add LGBT and Stir” approach to inclusion 

and discussed GSDST mostly in terms of ensuring student safety. After the intervention, Erin 

reported that she gained knowledge about GSD, reported feeling more comfortable addressing 

GSD topics in the classroom, and felt less fearful of using GSD language. Moreover, her 

attitudes and beleifs about GSDST remained undergirded by an “Add LGBT and Stir” approach 

and student safety paradigm. She remained mostly supportive on measures indicative of GSDST. 

For instance, in her second interview, when asked if she would use LGBTQ-inclusive 

resources in her future classroom (expecting a response about some of the activities used in the 

intervention), she responded:  

I definitely want to. I know my CT [cooperating teacher] has a board, and it has different 

resources that students can go to. It’s like counseling, stuff like that. I think that would be  

a good thing to have, and then that’s up in your classroom all the time so that the students  

have that to reference (post-interview, lines 113-116) [social justice code]. 

Even after participating in student-centered activities that infused GSD topics, Erin was insistent 

that she would include safety-based and community resources (e.g., hotlines and youth centers) 
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to support LGBTQ students’ well-being. This “add LGBT and stir” perspective is corroborated 

by her edTPA Thinking Organizer. She was not able to articulate how LGBTQ students’ 

personal, cultural, and community assets could be used in her unit plan on macromolecules. For 

example, to a prompt on how LGBTQ students’ everyday experiences relate to the learning 

activities, she wrote, “these students eat food everyday and it is something they are familiar 

with” (edTPA Thinking Organizer, p. 3) [social justice code]. This corroborates the additive 

attitudes and beliefs about GSDST she described in her post-interview. In her written reflection, 

Erin summarized how the intervention affected her attitudes towards LGBTQ students. She 

wrote:  

they have not changed much from the class activities, but...hearing some of the stories 

from students who were bullied or missed opportunities simply because they are part of 

the LGBTQ community made me very sympathetic towards these students and made me 

want to make sure that I never make students feel unwelcome or like an outsider (Written 

Reflection, Q1) [social justice code].  

Erin felt that intervention reinforced her positive attitudes and beliefs about GSDST and working 

with LGBTQ students, specifically when confronted with the experiences of LGBTQ youth in 

schools. This written reflection was also corroborated by her post-interview, in which she 

explained:  

I do also think I have a lot more knowledge about this topic specifically. I feel more 

comfortable bringing this up and talking about it just because I know more about it and  

I'm not as afraid to say the wrong thing or teach the wrong thing to the students (post-  

interview, lines 371-374). 
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Thematic Analysis 

 

 In this subsection, six themes that emerged from the qualitative data from five PSSTs that 

participated in the intervention are discussed. The themes will be connected to previous research.  

GSDST is Perceived as Important for Student Safety. Szalacha (2004) discussed how 

GSD-inclusive education has evolved into three major paradigms, with the most common 

approaches being concerned with student safety and equity. The safety paradigm is primarily 

concerned with intervening against school violence, suicide prevention, and AIDS/HIV 

education. The equity paradigm is concentrated on establishing respect and advocating for the 

inclusion and accurate portrayal of LGBTQ topics and people, and their contributions, in the 

classroom. Thirdly, the critical theory paradigm is focused on critically examining and critiquing 

school curricula and policies that normalize heterosexuality. This data confirms that the PSSTs’ 

attitudes and beliefs were primarily informed by the safety paradigm. More specifically, the 

PSSTs in this study held attitudes and beliefs about GSDST that focused on student safety and 

psychological well-being, and they frequently positioned LGBTQ students as victims.  

The intervention was designed to model an integrative approach to GSDST that 

combined outcomes informed by safety, equity, and critical theory paradigms. As a result, I 

expected that the PSSTs’ attitudes and beliefs about GSDST would shift from providing safety 

resources to a more nuanced and critical understanding of how to integrate GSD topics as part of 

the science curriculum. All the participants (Drew, Maddox, Erin, Yordan, and Aria) described 

student safety as the primary goal of GSDST in their pre-and post-interviews, although Drew 

was the only participant to begin to discuss GSDST in terms of critical theory in his edTPA 

Thinking Organizer. In his pre-interview, when asked to describe a GSD-inclusive science 

classroom, he said: 
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a safe space that nobody’s afraid to be who they are, and express themselves, and they 

feel like the teacher is going to support them in that. I think that it’s one where you have 

open discussion, and you’re not shying away from difficult topics, just an affirming space 

where the teacher makes it clear…nothing will be tolerated, in terms of discrimination or 

bullying (pre-interview, lines 173-178) [social justice code].  

This statement represents Drew’s attitudes and beliefs about GSDST are undergirded by 

perspectives of “support,” “open discussion,” “affirming space,” and “discrimination or 

bullying.” These phrases correspond to the safety paradigm outlined by Szalacha. This safety 

perspective persisted in his post-interview. For instance, he described that it was important to 

support and affirm LGBTQ students in his future science classroom because these students are 

“much higher risk of suicide and depression” (post-interview, lines 69-70) [social justice code]. 

In his post-interview, this thinking did shift some towards the equity paradigm. In addition to 

providing safety support to LGBTQ students, he also added “I think it’s important to actually 

address these topics in class, make it part of the curriculum” (post-interview, lines 77-78) [social 

justice code]. Here Drew made a connection between GSD and the science curriculum in 

addition to student safety (e.g., suicide and depression).  

 Maddox also focused heavily on ensuring LGBTQ students’ safety as a central tenet of 

GSDST. For instance, when asked if she would include LGBTQ topics and content in her future 

science classroom. Maddox described creating and using a resource corner as one of the ways 

she would integrate LGBTQ topics. This was especially interesting because this statement was 

given during her post-interview, after participating in the intervention and having an opportunity 

to see how GSD topics can be integrated and connected to the science curriculum; yet she still 

only described the inclusion of LGBTQ topics through the lens of student safety. In fact, when 
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asked a follow question as to whether she would include any science content on LGBTQ-topics, 

she responded, “I actually didn’t necessarily think about that before, but I think that would be 

interesting…I don’t know exactly how I would implement it” (post-interview, lines 241-243) 

[barriers code]. This is surprising because the intervention activities were designed to model 

ways to integrate GSD topics into the science curriculum, but Maddox’s view of inclusion was 

still situated on student safety did not shift much towards the equity paradigm and not at all in 

favor of the critical theory paradigm. 

 Erin’s attitudes and beliefs about GSDST were also primarily undergirded by 

perspectives of student safety. In her post-interview, when asked how she plans to support 

students who identify as LGBTQ, she described “establishing that I’m an ally and someone that 

they come talk to, this is a safe space” (post-interview, lines 86-87) [social justice code], creating 

a form for students to share their pronouns or preferred names, and conduct frequent “check-ins” 

with students to monitor academic progress and well-being. Also, like Maddox, when asked what 

kind of LGBTQ topics and resources she would include in her future classroom, she described 

creating a “board” in which she should include information for “school counseling,” “LGBT 

counseling,” and “hotlines or numbers you can call” (post-interview, lines 113-122) [social 

justice code]. Furthermore, when prompted if she should include GSD-content in her classroom, 

she said, “I think it would be helpful to do the sheet that you handed out that had the different 

vocabulary” (post-interview, lines 128-129) [social justice code]. These perspectives did not 

change much after the intervention. In her pre-interview, she described that an ideal GSD-

inclusive science classroom would incorporate “real life examples and making it relevant to the 

students, and then through that you can maybe bring in some aspects of the LGBT community 

and then incorporate that into the curriculum” (pre-interview, lines 279-281) [social justice 
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code]. Despite her mention of “real life examples” and “relevant to the students,” Erin still 

focused heavily on student safety and well-being after the intervention.  

In sum, the findings from Drew, Maddox, and Erin provide examples of how the 

participants started the intervention with attitudes and beliefs about GSDST that were primarily 

undergirded by concerns for student safety, and this did not change much after the intervention.  

Othering Language. Although the PSSTs’ seemed concerned with student safety, they 

often talked about GSDST via othering language, which can unintentionally contribute to further 

inequity. Othering language can result in feeling unsafe and is related to discrimination (Alorainy 

et al., 2019). Othering is defined as the way in which people use language to reinforce social 

group dichotomies of ‘us’ and ‘them’ (Blair & Deckman, 2019; Nilsen et al., 2017; Pandey, 

2004). Across the five participants, the PSSTs positioned LGBTQ students and LGBTQ topics 

and resources as essentially different from non-LGBTQ students and non-LGBTQ topics and 

resources. For example, Erin said “they are able to learn more about those topics and those 

issues” (post-interview, lines 71-72) and Drew said, “they have potential struggles and are much 

higher risk of suicide and depression” (post-interview, lines 68-69). In contrast, an example of 

more inclusive language is when Maddox said, “I think that it’s mostly just having a classroom 

that’s open to everyone and making everyone feel comfortable and having them know that this is 

an open safe space” (pre-interview, lines 111-112). This use of othering language did not change 

much after the intervention even in the most GSDST-oriented participant.  

Drew was the only PSST to develop an integrative view of GSDST that extended beyond 

student safety and the “add LGBT and stir” approach; however, despite this change in favor of 

GSDST, his use of othering language persisted. In his pre-interview, there were thirteen 

instances of using “them” or “they” to refer to LGBTQ students. For example, he said, “My plan 
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is just to be totally open to them, support them in any way I can, just talk to them and figure out 

what they need from me …I’m always there to support them any way I can” (pre-interview, lines 

51-53) [social justice code]. Here the participant highlighted that he plans to support “them” by 

being “open,” talking with “them” and figuring out what “they” need. There were 10 instances of 

using “they” or “them” to refer to LGBTQ students in his post-interview. He said, “I think that 

often they do need additional support and just affirmation. Obviously, they have potential 

struggles and are much higher risk of suicide and depression. I just want to be a supportive adult 

for them” (post-interview, lines 68-70). Overall, while his comments often showed sympathy and 

respect for LGBTQ students, they also emphasized a sense of difference and disconnection from 

the needs of non-LGBTQ students and positioned LGBTQ students as victims.   

 In contrast, despite scoring the highest on the HABS, indicating less supportive attitudes 

and beliefs about GSDST, Aria had fewer instances of othering language in her pre- and post-

interviews. In fact, in her pre-interview, there were some instances of using inclusive (rather than 

othering language). For instance, she said, “I think it’s a teachers’ responsibility to make all 

students, whether LGBTQ or not, feel safe in your classroom and feel welcome in your 

classroom” (pre-interview, lines 102-104). Here, Aria is using person-first language (e.g., 

students who are LGBTQ) and stresses the importance of making all students feel welcome and 

safe. Interestingly, this statement was made before the intervention, and Aria was an atypical 

case with the highest endorsement of heteronormative attitudes and beliefs; as such, it suggests 

that there is not a direct relationship between heteronormativity attitudes and beliefs and othering 

language. Still, she also used othering language. For example, in her pre-interview, she said, 

“those students deserved to be loved and supported in the classroom too” (pre-interview, line 

189). Here the participant described the needs of LGBTQ students to include “love” and 



 

 152 

 

“support.” In her post-interview, she explained, “Doing stuff like that shows to those students 

that ‘Hey, I'm a person.’ Like this is a safe space for us to talk about those things” (post-

interview, lines 72-73) [social justice code]. This is interesting because it shows the use of 

othering language (e.g., “those students”) combined with non-normative language (e.g., “I’m a 

person”). Like Drew, her comments showed sympathy and respect for LGBTQ students but also 

positioned LGBTQ students as victims that need a safe space.  

 In sum, the findings from Drew and Aria provide examples how the participants, despite 

showing empathy and respect for LGBTQ, as well as a willingness to advocate for LGBTQ 

students, (un)intentionally positioned LGBTQ students as victims that need to be saved. This 

victimization is a consequence of the safety paradigm outlined by Szalacha (2004) and these 

examples of othering corroborate that finding.  

“Add LGBT and Stir” Approach to GSDST. In addition to the intervention being 

designed to shift participants’ attitudes and beliefs about GSDST beyond student safety, it was 

also expected that there would be a change in their attitudes and beliefs from an “add LGBT and 

stir” approach to GSDST in favor of a transformative approach. Prior to the intervention, all the 

participants discussed GSDST primarily in terms of adding LGBTQ-focused safety resources 

into the classroom with little to no connection to the science curriculum. This shared emphasis 

on acknowledging LGBTQ people through the inclusion of safety-based and psychological 

support resources in their classrooms, and the lack of discussion of around GSDST to transform 

the science curriculum or empower students to make decisions and take action to improve the 

experiences and inclusion of LGBTQ people and content, corresponded to an “add LGBT and 

stir” approach. Furthermore, while the additive approach would also include discussions of 

representing LGBTQ scientists, discussing LGBTQ-related topics (e.g., HIV/AIDS), and 
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evaluating scientific policies that concentrate on LGBTQ people, these activities were absent 

from the interviews. Collectively, these findings suggest that prior to the intervention the 

participants’ additive attitudes and beliefs about GSDST were heavily skewed towards student 

safety over inclusion or representation.  

There were some qualitative changes noted in two participants following the intervention 

in favor of a transformative view of GSDST. First, Yordan and Drew were the only two 

participants to discuss including LGBTQ scientists in their future science classroom to support 

LGBTQ students. For example, in his post-interview, Drew said, “I would also like to just bring 

in a diverse group of scientists that I could talk about. Actually, if I could bring them into the 

classroom, that will be even better” (post-interview, lines 102-104) [social justice code]. Here 

Drew shifted some from just talking about diverse scientists to “actually” bringing them into the 

classroom. The shift from talking about diverse representation to bringing in diverse 

representation is one dimension of difference between an “add LGBT and stir” approach and 

transformative approach to GSDST. Relatedly, Drew was the only participant to problematize 

heteronormativity in his edTPA Thinking Organizer. In reflecting on his genetics unit plan, he 

wrote, “for the Punnett squares, gender-neutral designations should be used for the parents (i.e., 

parent 1 instead of father). These students have probably experienced on numerous occasions 

forms and other material that does not represent their own sexuality or gender identification” 

(edTPA Thinking Organizer, p. 2) [heteronormativity, social justice codes]. This statement 

illustrates how Drew critically reflected on how Punnett squares can reinforce heteronormativity 

and limit the representation of LGBTQ students. Furthermore, Drew was able to describe the 

ways that he would modify these activities to eliminate heteronormative language (e.g., “parent 1 

instead of father”). 
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After the intervention, Yordan also described including LGBTQ scientists in his future 

science classroom as one way to support LGBTQ students. Interestingly, he was also the only 

participant to describe adding GSD-content as “extra credit” (post-interview, line 105) as part of 

a GSD-inclusive science classroom, which corresponded with the “add LGBT and stir” approach 

to social justice. In his post-interview, he explained, “one idea was including LGBT 

scientists…this is also something we talked about in other classes is that to be culturally 

responsive, one thing you could do is reference scientists from other cultures” (post-interview, 

lines 89-92) [social justice code]. This statement indicated that Yordan’ understanding of 

culturally responsive teaching informed his understanding of GSDST, specifically in terms of 

including representation of LGBTQ scientists in his classroom. Furthermore, Yordan felt that the 

inclusion of LGBTQ scientists in his future chemistry classroom was his “biggest leverage” 

because GSD was best suited for biology classrooms. He explained, “with chemistry, it’s a little 

bit hard, I think, yes, my biggest leverage is the resource…and if that sparks any conversations in 

the class” (post-interview, lines 109-111) [social justice, barriers codes]. Furthermore, he 

explained that because it would be more difficult to integrate GSDST in chemistry classrooms, 

he could still see integrating GSDST through extra credit assignments. In his written reflection, 

he wrote, “I’m planning on teaching chemistry, so it might be a little tricky to involve sex into 

my curriculum, but I can try other things like mentioning LGBTQ scientists…there are other 

ways like using this topic as an extra credit opportunity” (Written Reflection, Q3) [social justice, 

barriers codes]. Yordan’s overt focus on including LGBTQ scientists and integrating GSD 

topics into his future chemistry classroom through extra credit assignments signifies additive 

attitudes and beliefs about the inclusion of GSD topics in science classrooms.  
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In the pre-interview, Aria discussed two ways that she would integrate GSDST in her 

future science classroom: 1) discuss genetic component of sexuality, 2) use karyotypes that 

include intersex conditions. These two approaches to inclusion correspond to the “add LGBT and 

stir” approach, however, they do not focus on student safety. The discussion of GSDST beyond 

safety and psychological well-being resources was a notable difference in Aria’s pre-interview 

compared to the other participants.  

In sum, Drew is a counterexample to the “add LGBT and stir” approach as he was the 

only participant to develop attitudes and beliefs about GSDST that corresponded with a 

transformative approach to social justice. Furthermore, Drew and Yordan were the only two 

participants to describe using LGBTQ scientists, either physically or discussions of, in their 

future science classrooms to support and represent LGBTQ students. This diverse representation, 

while still an example of an “add LGBT and stir” approach, is a notable shift from the heavy 

emphasis the participants placed on student safety prior to the intervention.  

Fear of GSD language. All the participants described discomfort around using 

appropriate, up-to-date, and inclusive language when discussing GSD and this changed slightly 

in favor GSDST after the intervention. Specifically, as will be discussed under RQ 3, three of the 

participants were receptive to the vocabulary activity that was completed during the intervention. 

However, their fear of GSD language did not change much after the intervention. 

Erin expressed this fear of saying “the wrong thing” in both her pre- and post-interview. 

In her pre-interview, she said “you don’t want to say the wrong thing a lot of times” (pre-

interview, lines 186-187) [social justice, GSD language, barriers codes]. In the post-interview 

she said, “I feel like stuff gets updated and changed a lot, but my biggest worry is staying 

updated and even saying that something could potentially be offensive to a student when I’m not 
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meaning to” (post-interview, lines 38-40) [GSD language, barriers codes]. Fortunately, Erin 

found that the week 4 activity in which the participants reviewed the different vocabulary on 

GSD was very helpful in making her feel more comfortable and less afraid of using incorrect or 

offensive language. Drew also mentioned how “the language of different pronouns and just 

etiquette” was one challenge to implementing GSDST in his pre-interview. He explained that he 

did not feel as prepared as “some of the younger students” because he was not “as hooked into 

all the social media, and just modern culture” (pre-interview, lines 155-159) [GSD language, 

barriers codes]. Wanting to know “the correct words to use,” Drew felt his age and lack of social 

media and modern culture knowledge negatively impacted his understanding of GSD 

terminology.  

Maddox also described that she gets “really confused sometimes with being politically 

correct” (pre-interview, line 73) [barriers, GSD language codes] and explained that “everyone 

makes mistakes when they’re speaking and like could accidentally say something offensive or 

like not politically correct” (post-interview, lines 291-292) [barriers, GSD language codes]. 

While not intentional, Maddox described an overall level of discomfort around using language 

that is not intended to be offensive to students but could be received as such. Fortunately, 

Maddox also described that the vocabulary activity during Week 4 was an effective part of the 

intervention that positively affected her attitudes and beliefs. She said: 

I will say one of the ones that I like that really helped me. It was the one regarding 

different vocabulary because I feel if anyone is starting out and they know nothing about 

how to be inclusive, I feel that is a great way to start is just understanding the difference 

between these different vocab words and same goes for like students (post-interview, 

lines 425-429) [GSD language code].  
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Here, Maddox detailed that she felt that building an understanding of GSD terminology was “a 

good place to start” for students and teachers with little to no familiarity with the terminology.  

Finally, Yordan also described that the vocabulary made him more culturally aware. Prior to 

reviewing the vocabulary, Yordan said: 

I did not know that apparently transsexual was not a nice term to use. I didn't know that. I 

would've used that. To me, it's perfectly fine. I wasn't aware of that. I think there's 

probably others that I wasn't too aware of (post-interview, lines 398-400) [GSD language 

code].  

He added that explaining the “social aspect” of the different terms was “a really cool way to 

dissect these terms” and “it was a really nice cultural awareness” (post-interview, lines 403-405) 

[GSD language code].  

 Importantly, Eliot also wrote about the fear of GSD terminology in their written 

reflection as a challenge to GSDST. They wrote, “one of the challenges I think I will face is not 

knowing the “right” thing to say…I am afraid to be faced with a situation or question that I am 

not sure how to answer” (Written Reflection, Q4). Although Eliot did not complete interviews, 

their written reflection supports the findings from the other participants’ that exposure to GSD 

terminology was vital in disrupting the PSSTs’ fear of using inclusive and non-offensive 

language to discuss GSD.  

In sum, the findings from Drew, Maddox, Erin, Eliot, and Yordan suggest that while the 

intervention had an impact on their awareness of vocabulary in favor of GSDST, they still felt 

fearful of GSD language after the intervention.  

GSDST is Perceived as Appropriate for Biology Education. A second theme that 

emerged from the qualitative data was the belief that GSDST was mostly relevant in biology 
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education and has limitations in other disciplines. This was most prevalent in Yordan’ interviews 

and written reflections, in which he elaborated on how GSDST was mostly relevant for biology 

education and had limited connections to the chemistry curriculum. For example, when asked 

how he planned to support LGBTQ students, he responded, “For chemistry, I thought it was a 

little bit hard. In biology, you could very directly include it in the curriculum…especially when 

we talked about gender and sexuality…it’s a little bit harder in chemistry (post-interview, lines 

101-104) [barriers code]. Interestingly, in his post-interview, Yordan was the only participant to 

discuss a desire to collaborate with biology teachers to integrate GSDST into his chemistry 

classroom. For instance, Yordan described that case studies were an impactful feature of the 

intervention because they represented “actual science” (post-interview, line 156), and he said, 

“Maybe I could, it’s possible I could work with biology teachers or…some cross departmental 

thing” (post-interview, lines 151-154). Not only did Yordan believe that GSDST had a limited 

place in the chemistry curriculum, but he also expressed an interest in collaborating with teachers 

from other disciplines to integrate resources, like the case studies, into his chemistry class. This 

is corroborated by his written reflection in which he wrote, “definitely very important and useful 

in a biology class” (Written Reflection, Q2) [barriers code].  

Yordan’s belief that GDST was most appropriate for biology education was shared with 

some of the other participants. For instance, Aria said in her post-interview, “I think it’s really 

easy to tie in those kind of topics with biology” (post-interview, line 280) [barriers code].  

Maddox also discussed the relevance of GSD to biology. When she described an ideal GSD-

inclusive classroom, she said, “my concentration is in environmental science; we don’t really 

have these controversial things…If I were stuck in a situation, let’s say, teaching a biology or 

anatomy or physiology course…” (pre-interview, lines 314-316) [barriers code]. This statement 
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indicates that Maddox believed that GSDST is not relevant to environmental science and would 

be mostly relevant for a biology or life-science discipline.  

In sum, the responses from Yordan and Maddox indicate that some of the PSSTs held 

attitudes and beliefs that GSDST was not suited for all disciplines and most appropriate for 

biology education.  

GSDST is Perceived as Appropriate for High School. Related to the disciplinary 

appropriateness of GSDST, two of the participants also discussed the limitations of GSDST for 

middle school students. For example, in their written reflection, Eliot wrote, “I think most of the 

activities we did were more geared towards secondary education and may not be best for middle 

schoolers. I think that all of them could be tailored to a middle school level though” (Written 

Reflection, Q3) [barriers code]. Although I could not follow up on this belief during an 

interview, it does suggest that at least some of the PSSTs considered the age appropriateness of 

GSDST for middle school. Similarly, in her post-interview, Erin also mentioned that middle 

school may not be the most appropriate for middle school which could be a challenge of GSDST. 

She said, “I think possibly there could be issues with administration not wanting you to include 

those topics, especially if it’s middle school” (post-interview, lines 147-148) [barriers code]. 

Finally, in his post-interview, Drew expressed that high school students have “more maturity” 

than middle school students when discussing LGBTQ topics. He said, “I think at the high school 

level, you should have more maturity than like, it’d be much harder to do like with middle school 

students or something” (post-interview, lines 51-53) [barriers code].  

In sum, the responses from Eliot, Erin, and Drew indicate that some of the PSSTs held 

attitudes and beliefs that GSDST was not suited for all grade levels and most appropriate for high 

school.  
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Opportunity for GSDST-Infused Coursework. Another common theme that emerged 

from the participant’s interviews was the lack of opportunity to discuss GSDST in education 

coursework and in field placements. All the participants described how they had limited 

experiences and opportunities in their coursework and field experiences to work with or observe 

a teacher working with LGBTQ students.  

In Erin’s case, she described that the lack of exposure to GSDST in her coursework made 

her feel “worried” because she did not feel supported in college or education classes to discuss 

GSD topics. In her pre-interview, she said: 

But specifically, when you do get to college and in education classes, I think it's 

something that should be addressed very early on because it wasn't really talked about in 

my beginning classes, and now I'm like worried that I haven't learned enough about it. I 

think it's something that is going to be really prominent in classrooms. I think it's 

something that should be talked about…I just feel like this is something that's really 

important because I think it is lacking in a lot of college classes preparing future students 

or future teachers (pre-interview, lines 298-305) [barriers code].  

Interestingly, she also speculated as to why it was not included in her education courses. She 

said, “I think it probably is lagging some of my other classes because it’s so new and it’s like 

constantly changing” (pre-interview, lines 294-296) [barriers code]. This statement highlights 

Erin’s attitudes and belief that GSD is a “new” construct and not a static entity.  

 Aria also reported that her education courses and other coursework did not “relate 

LGBTQ topics to science directly” (pre-interview, line 224) [barriers code]. However, she 

responded positively to the intervention and felt that similar activities should be integrated into 

other education coursework. In her post-interview, Aria continued to express that this was one of 
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the first opportunities she had to see concrete examples of GSD-inclusive teaching and that she 

felt her coursework should send more time operationalizing “multicultural education” for pre-

service teachers. She also explained that one of the reasons she did not know “how to do” 

multicultural education was because she had never experienced that in high school herself. She 

described the focus on multicultural education as, “that sounds great and yes, we're all on board, 

but we don't know how to do that because I'm willing to bet 99% of us never had that in high 

school ourselves” (post-interview, lines 95-96) [barriers code]. Aria expressed a persistent desire 

for wanting to see more concrete examples of multicultural education in her education 

coursework particularly because she did not feel she had much experience as a high school 

student herself. This statement also indicates how past experiences as a K-12 student can impact 

how a pre-service teacher views their ability to engage in multicultural education efforts.  

 Drew also explained that he did not have any experiences working with LGBTQ students 

or observing a teacher interacting with LGBTQ students in his field placements. In his pre-

interview, he said: 

I can’t really say I have. I have friends who are LGBTQ, but I have not seen a lot of it in 

education. Certainly, not my field experiences. A little in my coursework at [university], 

but not a whole lot (pre-interview, lines 69-71) [sources, barriers codes].  

Yordan also discussed that he had not had much prior instruction on LGBTQ topics and the 

biology of sex, gender, and sexual orientation. In thinking about sexual orientation, he said, “all 

throughout, even considering college, not something talked about very often at all, very, very, 

rarely” (pre-interview, lines 231-232) [barriers code] and that “it doesn’t really go beyond to 

include anything other…than a heterosexual orientation” (pre-interview, lines 236-237)  

[heteronormativity code]. These statements illustrate that Yordan has not been given much if any 
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opportunity in his college coursework to discuss these topics and supports the claims made by 

the other participants. Finally, Maddox also elaborated on how the intervention made her aware 

of “an actual thing that I wasn’t anticipating we would have to do that is going to be a real thing” 

(post-interview, lines 21-22) [EKSI code]. In other words, prior to the intervention, Maddox did 

not fully consider working with LGBTQ students as part of her role as a teacher. She further 

explained that the intervention activities made her aware of experiences and concepts that she 

“wouldn't have even thought about before being a teacher” (post-interview, lines 24-25) [EKSI 

code]. 

In sum, the responses from Drew, Aria, Erin, Maddox, and Yordan indicate that the 

PSSTs have not had sufficient opportunity in their teacher preparation coursework to discuss the 

experiences of LGBTQ students in schools nor how one’s GSD identity could influence student 

experiences in the classroom generally.  

Research Question 3 – Impactful design elements of the intervention 

 

The third research question is: Which design elements of the GSD-infused and AST-

aligned intervention contribute to the changes in the PSSTs’ attitudes and beliefs about GSDST? 

To answer this RQ, interviews of students who participated in the intervention were analyzed 

using a priori coding and thematic analysis. While the primary data used are the post-interviews, 

other qualitative data sources were used to corroborate the interview data. 

Group Dialogue 

 

All the participants (Drew, Aria, Yordan, Erin, and Maddox) described how the 

opportunities for discussion and dialogue with their peers was an important feature of the 

intervention. Specifically, all the participants mentioned the Socratic seminar as an impactful 

activity within the intervention.  
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In the post-interview, Drew expressed that the most impactful feature of the intervention 

was the “dialogue” (post-interview, line 208) [active learning code], and shared his beliefs that 

GSD topics are social topics ripe for whole-group discussion. He said: 

I like the fact that we had a lot of discussion in groups and in whole-class settings. I think 

that these topics are really good ones for discussion. I don't think it would be nearly as 

meaningful if you just had kids filling out worksheets or whatever. I feel these are social 

topics. I like that aspect of it. (post-interview, lines 197-200) [active learning, social 

justice codes]. 

However, Drew also felt that it was difficult for some of his classmates to participate in the 

group discussions. He explained that his classmates were “somewhat uncomfortable at times” 

(post-interview, line 271) and had a “surprising lack of background, especially among some of 

the people who are going to be going into biology just about the difference between sex and 

gender and stuff” (post-interview, lines 274-276) [barriers code]. This is interesting because 

Maddox also described how her classmates were somewhat uncomfortable at times and how this 

impacted her experience in the intervention.  

Aria also mentioned the Socratic seminar when asked about the most impactful activities 

in the intervention. She described that the Socratic seminar was an opportunity to apply facts, 

and she believed that discussion was essential for better understanding any reading. She 

explained: 

People brought up points that maybe I didn't focus on as much when I read it. I just think 

you get it more out of any reading and any information really when you can talk about it 

with other people, and when it's people sharing their opinions in addition to the facts and 

applying it (post-interview, lines 107-111) [active learning code].  
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 While Erin also mentioned that she “really liked the Socratic seminar” (post-interview, 

line 382), she described more generally how small-group and whole-group discussions in all the 

activities was an effective aspect of the intervention. She felt that because she was working with 

other PSSTs in the same cohort, her group was able to have respectful and productive dialogue. 

She said: 

I think one of the main things which was very helpful that we'd like, it was, we were with 

that same cohort that I've been with, was that we all did a really good job at being 

respectful of other people's opinion. Also, this is a serious topic. We all had a lot of 

respect, and no one was being rude or disrespectful. I also thought everyone did a good 

job at embracing what we were talking about and not necessarily shying away from 

anything. People felt comfortable having a discussion, especially in the Socratic seminar, 

I felt like people did a really good job with that (post-interview, lines 234-240) [active 

learning, collective participation codes]. 

She also described the effectiveness of the structure of the activities. For each intervention 

activity, students completed the activities as they might have their own students do in small-

groups and then discussed and reflected on the activities as a teacher in a whole-group setting. 

This structure resonated with Erin, and she reflected on how this would be beneficial for her 

future students. She said: 

I also really liked this structure that you would use where we would work on something 

in small groups, and then we would come together and have a discussion. I feel like that 

can be helpful with a lot of different topics, but specifically, with more sensitive topics, it 

can give students a chance to collect their ideas, talk to each other before opening it up to 
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everyone. I feel like that was really helpful. (post-interview, lines 382-387) [active 

learning code]. 

Erin’s comments reiterate the need for similar interventions to model research-based strategies 

for promoting student discussion especially around “sensitive topics.”  

Interestingly, Maddox did not always feel that group discussion was effective. In her 

post-interview, she described that her group members were not always taking the discussions and 

activities “seriously” and how she viewed this as a problem. She explained: 

I was trying to take it seriously and some of the other people around me, maybe like 

weren't taking it as seriously or were supposed to be discussing it. I think that also could 

have just been like a-- Not even not taking it seriously. It could have just been a coping 

thing of like, this is uncomfortable for everyone so we're just going to avoid like 

discussing it, but that is the problem is that none of us are discussing it (post-interview, 

lines 438-444) [barriers code]. 

This is interesting because Maddox believed that her classmates’ avoidance of discussion was a 

coping mechanism resulting from feeling uncomfortable. She also stated that she preferred the 

intervention activities where “we weren’t limited to just the people you’re sitting with” (post-

interview, lines 446-447). She described the Socratic seminar as an effective feature of the 

intervention because it allowed students to respectfully and constructively agree and disagree. 

This was an interesting because one of the challenges Maddox anticipated to GSDST was the 

reactions of other students who do not agree with GSDST; however, she felt that even students 

who would be resistant to GSDST would be able to engage through this activity constructively 

and respectfully.  
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Ambitious Science Teaching 

 Aria was an interesting case because she specifically discussed how the intervention’s 

coherence with the Ambitious Science Teaching framework positively impacted her attitudes and 

beliefs about GSDST and her intentions to integrated GSDST in her future science classroom. 

She described the intervention as “a great example of what Ambitious Science Teaching looks 

like and what multicultural education looks like” (post-interview, lines 283-284) [coherence 

code]. She was the only participant to describe how she would integrate GSDST into the 

Ambitious Science Teaching framework. In her post-interview, she explained:  

I just also have a lot to learn about planning units. Not necessarily project-based, but the 

Ambitious Science Teaching like phenomenon base. Eventually, I'd like to make it so that 

all of my units are like that. Based around something like the sex testing of athletes where 

it's this real thing that happened, but we're still learning all the science concepts. In my 

ideal science classroom, all the units would look like that (post-interview, lines 176-181) 

[content focus, coherence codes]. 

This statement illustrates Aria’s thinking about how she would use the sex verification testing of 

athletes to anchor a unit in her future science classroom, consistent with the guidelines of 

Ambitious Science Teaching.  

Maddox was particularly drawn to the week 1 activities in which participants analyzed 

three case studies from the National Center for Case Study Teaching in Science database and 

generated evidence-based arguments on the origins of GSD. Generating evidence-based 

arguments is one of the core practices outlined in the AST framework, and the activity was 

designed to model this core practice. She described that the activity used “technical and 

evidence-based portions…that directly related to science [and] it was a really good science 
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practice tool of having to take apart this thing and make a claim and make an argument and 

stuff” (post-interview, lines 352-355) [content focus, active learning codes]. She discussed that 

she would use this activity in her future science classroom and that it would be helpful for 

“students who maybe don’t have great ideals or are interested in this inclusivity that they’re 

pushing away they don’t even realize it’s a way to subtly slip it to them” (post-interview, lines 

361-363) [social justice code].  

GSD Terminology 

 

Three of the participants (Maddox, Yordan, and Drew) described the vocabulary 

discussion during week 4 as an important feature of the intervention. Maddox described that the 

vocabulary “really helped me” and that she felt it would be especially helpful for people with 

limited understanding of GSD. She said: 

I feel if anyone is starting out and they know nothing about how to be inclusive, I feel 

that is a great way to start is just understanding the difference between these different 

vocab words and same goes for like students (post-interview, lines 426-429) [GSD 

language code]. 

Despite feeling the vocabulary list was helpful, she also described it as “overwhelming” (post-

interview, line 431) [emotions code] because “there were a lot on there and the differences 

between them are very important and could really make a difference” (post-interview, lines 432-

434). This is an interesting finding given that one of the challenges often discussed by Maddox 

in her pre-interview was her fear of using incorrect or not “politically correct” GSD language. 

Yordan also described how the terminology was vital in shaping his attitudes and beliefs about 

GSD. In Yordan’s words, the vocabulary discussing created a “cultural awareness” of the social 

origins of GSD language and was instrumental in improving his understanding of non-offensive 
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language. Drew also explained that the intervention’s focus “on the difference between sexuality 

and gender and how we define those and how those are social constructs” are aspects he would 

use in his own teaching (post-interview, lines 203-206) [GSD language, social justice codes]. 

The responses by Maddox, Yordan, and Drew reinforce the need for similar interventions to 

integrate GSD vocabulary and language explicitly shift PSSTs’ attitudes and beliefs in favor of 

GSDST.  

Knowledge of Intersex, Hormones, and LGBTQ Scientists 

All the participants (Drew, Aria, Yordan, Erin, and Maddox) described how the 

intervention’s focus on GSD-related knowledge positively impacted their attitudes and beliefs 

about GSDST.  

Aria started the intervention with the highest endorsement of heteronormative attitudes 

and beliefs. In her post-interview, she discussed several impactful aspects of the intervention. 

She said, “I really appreciated those activities, both for giving me knowledge about the actual 

topic, but also showing me how to implement stuff like that in a realistic way” (post-interview, 

lines 96-98) [content focus, coherence codes]. Aria elaborated some on how her knowledge of 

GSD evolved specifically around intersex conditions because of the Socratic seminar and HHMI 

Sex Verification Testing of Athletes module. She said, “I had no idea how common it was to be 

intersex, for instance, I just found that really interesting” (post-interview, lines 87-88) [content 

focus, barriers codes]. Furthermore, the intervention positively impacted Aria’s epistemic 

knowledge and awareness of GSD. She explained that the intervention “showed me a lot of what 

I don’t know as far as science content and how much is still out there for me to learn and even 

for students to teach me” (post-interview, lines 173-174) [EKSI code]. This is an interesting 

statement because it illustrates Aria’s awareness of the limits of her knowledge of GSD and 
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demonstrates her commitment to continue to learn, particularly from her students. The 

integration of GSD-related knowledge (e.g., intersex) was an essential element of the 

intervention that positively impacted Aria’s attitudes and beliefs about GSDST.  

Erin also described how the intervention focus on GSD-related knowledge positively 

impacted her attitudes and beliefs about GSDST. She explained 

On one hand, I learned a lot of specific content. When we were looking in the textbooks 

and seeing what words could be offensive to students, or what was incorrect, from that 

point of view and learning about the different spectrum that people can be born on of 

intersex, like different chromosomes, I learned content-wise, that kind of stuff. Then the 

vocabulary that you handed us out, stuff like that (post-interview, lines 353-358) [content 

focus, GSD language codes]  

Specifically, she discussed how one of the readings in the Socratic seminar (Week 2) that 

discussed the use of testosterone levels to determine female athlete’s eligibility to compete in 

women’s sports was “very eye opening” (post-interview, line 400). She reflected on her prior 

understanding of the relationship between testosterone levels and male/female classification: 

I had always thought that made the most sense because I didn't know that much about it. 

Even in past classrooms, they never really talked about that, but then learning about how 

that isn't really the best way to determine male/female. I think that was something that I 

had no experience learning about. That was something that it now makes me mad and 

annoyed about it, that that's the way that things still work. That was probably the thing 

that stuck with me the most, especially as a female, and I just feel like that's just really 

annoyed me (post-interview, lines 402-409) [emotions, heteronormativity, identity codes]. 
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This statement describes how the reading in the Socratic seminar contributed to some conceptual 

change in Erin’s understanding of the relationship between testosterone levels and sex. 

Interestingly, she also mentioned how her own identity as a female contributed to her annoyance 

with the refuted practice of testing testosterone levels of female athletes. The statement also 

indicates how this reading triggered several emotions (i.e., “mad” and “annoyed”) from Erin that 

likely influenced her positive change in attitudes and beliefs after the intervention.  

 Yordan also discussed how the inclusion of LGBTQ-focused resources was also a helpful 

feature of the intervention. Specifically, he described that prior to the intervention he was 

unaware of how or where to located LGBTQ-focused resources. He said: 

I think the best important thing was the resources. That way, I know like where to go. Or 

just, at least, I'm aware that they exist. Before, I was told it was a really good practice to 

include scientists from different backgrounds and stuff like that. I knew this before, but I 

wouldn't know where to go before for LGBT scientists. A lot of these resources are really 

important, I think for future teaching for me. I think just the understanding itself is really 

important. I was not nearly as understanding before (post-interview, lines 370-376) 

[social justice code]. 

This is an interesting statement by Yordan because it demonstrates that despite having an 

awareness of the importance of representation prior to the intervention, he was unaware of how 

to find these inclusive resources for LGBTQ students. The intervention positively impacted 

Yordan’ attitudes and beliefs by making him more “understanding” and more aware of the 

resources accessible to continue to develop knowledge of GSD.  

Relevant Case Studies 
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All the participants (Drew, Aria, Yordan, Erin, and Maddox) described how the 

intervention modeled concrete ways to incorporate multicultural education and socially relevant 

instruction into the science classroom for LGBTQ students, which influenced their attitudes and 

beliefs in favor of GSDST. Three of the participants (Drew, Maddox, Erin) specifically discussed 

how the case studies were very effective in making the content concrete and relevant to LGBTQ 

students. For instance, Drew explained “I thought the case studies were good to make it more 

concrete than just the vague generalization” (post-interview, lines 206-207) [coherence code]. 

He also described the case study on sex verification of Olympic athletes as a “relevant topic” that 

he has heard about frequently in the news and that he did not feel “it’s some abstract science that 

is not relevant to current events” (post-interview, lines 250-251) [social justice code]. Maddox 

described the case studies as:  

a perfect integration of science and LGBTQ+ studies not for the fact that those case 

studies were not flawless. I had issues with a lot of them, but I almost feel like that's the 

point was that they were flawed, and it gives students for example, who were a part of 

that community to be like, ‘You know what? That part about it really sucked and it 

sucks.’ Even people who aren't like, I'm not and I still was like, ‘That sucks’ (post-

interview, lines 346-351) [social justice code]. 

Here, Maddox explained that the case studies were a “perfect integration of science and 

LGBTQ+ studies” because they required a lens of criticalness and it empowered LGBTQ 

students and non-LGBTQ students to speak up or make them more culturally aware and 

empathetic. Erin also described how in her group “people did a good job at also just really diving 

into the information and thinking what would be helpful in a classroom, what wouldn't, and what 

would need to change if we were using these resources in our classroom” (post-interview, lines 
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249-251). Despite describing the case studies as a perfect integration of LGBTQ studies and 

science, Maddox and Erin also developed a sophisticated awareness of the limitations of case 

studies and their applicability in their future classrooms. Relatedly, Erin also described how the 

case studies’ flawed nature can help students “empathize and feel more connected” (post-

interview, line 392) [social justice code]. She explained that she appreciated the “mix of content-

specific questions, and then also doing application problems” (post-interview, line 388) in the 

case studies and believed that they:  

personalize it to the students where they put themselves in that situation, so that can help 

them empathize and feel more connected even if they don't have a direct connection to 

LGBT. Also using historical athletics, stuff like that, helps the students see that the 

teacher's trying to relate to the students (post-interview, lines 391-394) [social justice, 

identity codes]. 

Underlying Erin’s appreciation for the case studies was the value of having connections to and 

empathy for LGBT identities and committing to relating to all her students.   

Intervention Limitations 

 

 Three of the participants (Drew, Aria, and Erin) mentioned time as a limitation of the 

intervention activities. This was expected given the short amount of time relative to the optimal 

time frame discussed in prior teacher education literature (e.g., Desimone, 2009). For example, 

Drew stated, “I think that some of it was intended for a larger timeframe…so that was just more 

of a limitation of how much time you had, but that’s not like a criticism of the actual lesson plan” 

(post-interview, lines 231-235) [barriers code]. Aria also felt that the activities were intended to 

“extend over multiple class periods” and involve several days of discussion and analysis. 

Regarding other limitations of the intervention, she said, “I don’t think I’d change much other 
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than time for it” (post-interview, lines 156-158). Lastly, Erin mentioned, “I personally would’ve 

liked to have more time to look through everything and discuss stuff” (post-interview, lines 313-

314) [barriers code].  

 One of the limitations of the intervention described by Yordan was related to the Socratic 

seminar. Yordan explained that he would restructure the Socratic seminar to focus on “does or 

does not testosterone affect performance and sports, and stuff like that,” rather than using it as is. 

He explained: 

I think that would have been a really good way to see if for students to disagree with that 

and like argue about that, I think would be really cool. It's just that the current way it was, 

I think there was just one side, and I don't think I learned too much (post-interview, lines 

324-329) [barriers code]. 

Interestingly, this indicates that Yordan believed that the Socratic seminar would be most 

effective if it was organized around a central question and required students to agree and 

disagree with each other. Another limitation mentioned by Yordan about the intervention was the 

lack of opportunity to discuss sexual orientation. In his written reflection, he wrote, “I just don’t 

think we did the same level of research for sexual orientation…If you ask me to define sexual 

orientation, my answer is the same unsure answer as before” (Written Reflection Q1). Yordan 

would have preferred that more attention be given to sexual orientation in addition to sex and 

gender.  

 Another limitation of the intervention was mentioned by Eliot, who completed the 

pre/post surveys but did not participate in a semi-structured interview. However, they did 

complete a written reflection. They wrote: 
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I would really like to implement activities like the ones we did my classroom, However, I 

plan on teaching middle school science. I think that most of the activities that we did 

were more geared towards secondary education and may not be the best for middle 

schoolers. I think that all of them could be tailored to a middle school level though 

(Written Reflection, Q4) [barriers code].  

Although I could not follow up on this limitation or provide corroboration with other qualitative 

data, it does suggest that the age and grade-appropriateness of the intervention activities be 

clearly discussed beyond secondary education contexts. This finding was also supported by 

Erin’s and Drew’s responses.  

Chapter Summary 

 In this chapter, quantitative results of the four instruments that measured attitudes and 

beliefs indicative of GSDST by PSSTs were presented. The pre-survey scores indicated that prior 

to the intervention the PSSTs were uniformly supportive of measures indicative of GSDST such 

as sophisticated scientific epistemological beliefs, high endorsement of social justice teaching 

beliefs, and a low endorsement of heteronormative attitudes and beliefs and essentialist beliefs of 

sexual orientation. Analysis using four paired samples t-tests showed that there were no 

significant effects of the intervention on PSSTs’ scientific epistemic beliefs, social justice 

teaching beliefs, heteronormative attitudes and beliefs, or essentialist beliefs of sexual 

orientation, and the participants in this research remained uniformly supportive of measures 

indicative of GSDST. Descriptively speaking, survey data showed an overall trend towards more 

supportive attitudes and beliefs about GSDST that were of small to medium effect sizes after the 

intervention. 
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 The qualitative data was presented using descriptive and thematic analysis. Five PSSTs’ 

who participated in the intervention, with a range of scores on the instruments, were described, 

and their experiences examined through interview data with triangulation from written 

reflections and other assignments. Themes found in the qualitative data were discussed to 

describe changes in attitudes and beliefs about GSDST; these included, GSDST is important for 

student safety, othering language, “add LGBT and stir” approach to GSDST, fear of GSD 

language, GSDST is perceived as appropriate for biology education, GSDST is perceived as 

appropriate for high school, and opportunity for GSDST-infused coursework. Impactful 

intervention features were group dialogue; coherence to Ambitious Science Teaching; GSD 

terminology; knowledge of intersex, hormones, and LGBTQ scientists; and relevant case studies. 

Chapter five will discuss these findings to explain how they contribute to the existing literature 

and field of science teacher education, practical and theorical implications of this research, and 

implications for future research.  
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CHAPTER FIVE 

GENERAL DISCUSSION 

 A growing body of research has documented the invisibility of GSD topics, themes, and 

perspectives in teacher education programs (Gorski et al., 2013; Quinn & Meiners, 2011; 

Szalacha, 2004). Additionally, there is gap in the literature exploring the impact of GSD-infused 

interventions on PSSTs’ attitudes and beliefs about GSDST (Airton & Koecher, 2019; Szalacha, 

2004). To address this research gap, this study explored how PSSTs’ attitudes and beliefs about 

GSDST changed after participating in a GSD-infused intervention designed around a conceptual 

framework of teaching advocacy for queer youth, as well as investigate which design aspects of 

the intervention contributed to the changes. The main results were that prior to the intervention 

the PSSTs were almost uniformly more supportive of measures indicative of GSDST than 

previous research (RQ 1); there was an overall quantitative trend towards more supportive 

attitudes and beliefs about GSDST that were of small to medium effect sizes after the 

intervention (RQ 2); and there were five design features of the intervention that contributed to 

the observed changes (RQ 3). Hypotheses were mostly not supported by the data as the PSSTs in 

this study were much more supportive of GSDST than expected based on prior studies with the 

instruments and the broader literature documenting pre-service teachers’ overall endorsement of 

attitudes and beliefs not consistent with GSDST (e.g., Butler, 1999; Clark, 2010; Koch, 2000). 

Additionally, there was a mismatch between the quantitative data mostly trending in favor of 

GSDST while the qualitative data revealed no deep changes in the PSSTs’ attitudes and beliefs 

about GSDST. This chapter presents a summary of the research study, and it discusses the 

findings in order of the research questions and explains how they relate to the existing literature 
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and conceptual frameworks. It also provides a discussion of the implications for action and 

recommendations for future research, science teaching pedagogical practice, and policy.  

Overview of Research Design and Purpose 

 The purpose of this study was to explore how PSSTs’ attitudes and beliefs about GSDST 

change after participating in a GSD-infused intervention, as part of a STEM teaching methods 

course, designed around a conceptual framework for teaching advocacy for queer youth. There 

were three research questions that guided this study: RQ 1) What are PSSTs’ attitudes and 

beliefs about GSD-inclusive science teaching (GSDST)? RQ 2) How do PSSTs’ attitudes and 

beliefs about GSDST change after participating in a GSD-infused intervention designed around a 

conceptual framework for teaching advocacy for queer youth? and RQ 3) Which design elements 

of the GSD-infused intervention contribute to the changes in PSSTs’ attitudes and beliefs about 

GSDST? A convergent mixed methods design was used in which qualitative and quantitative 

data were collected in parallel, analyzed separately, and then merged (Creswell & Creswell, 

2018). Data collection sources included four quantitative pre- and post- surveys to measure 

changes in indicators of GSDST including scientific epistemic beliefs (SEB), learning to teach 

for social justice beliefs (LTSJ-B), heteronormative attitudes and beliefs (HABS), and 

essentialist sexual orientation beliefs (SOBS).  

Summary of Findings 

 Regarding RQ 1, what are PSSTs’ attitudes and beliefs about GSDST?, this study found 

that the PSSTs’ were generally more supportive of GSDST than expected in previous research 

that have used these instruments with similar samples (e.g., Duncan et al., 2019; Granzka et al., 

2015; Cochran-Smith et al., 2012) and the broader literature documenting pre-service teachers’ 

overall endorsement of attitudes and beliefs not consistent with GSDST (e.g., Butler, 1999; 
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Clark, 2010; Koch, 2000). Regarding RQ 2, how do PSSTs’ attitudes and beliefs about GSDST 

change after participating in GSD-infused intervention designed around a conceptual framework 

for teaching advocacy for queer youth?, this study found a quantitative trend towards more 

supportive attitudes and beliefs about GSDST that were of small to medium effect sizes and did 

not reach statistical significance. The exceptions to this trend were the overall mean SEB score, 

and on the source and justification subscale scores, which trended towards less supportive 

attitudes and beliefs about GSDST with small effect sizes. This trend was not expected, because 

the intervention was designed to provide PSSTs an opportunity to critique science textbook 

passages and materials for accuracy and inclusivity (source) and concentrated on the core 

scientific practice of developing evidence-based arguments (justification). Another exception to 

this trend was the naturalness subscale score on the SOBS which trended towards less supportive 

attitudes and beliefs about GSDST with a medium effect size. This trend was not expected, 

because the intervention was designed to represent all dimensions of GSD as fluid, evolving, and 

embodied. PSSTs reflected positively on the intervention although there were not deep changes 

in their attitudes and beliefs about GSDST as evidenced through their focus on student safety and 

an “Add LGBT and Stir” approach prior to and after the intervention. In relation to RQ 3, which 

design elements of the GSD-infused intervention contribute to the changes in PSSTs’ attitudes 

and beliefs about GSDST?, five design features of the intervention contributed to the observed 

changes: group dialogue; coherence to Ambitious Science Teaching; GSD terminology; 

knowledge of intersex, hormones, and LGBTQ scientists; and relevant case studies.  

Summary of Quantitative Findings 

 The intervention did not have a statistically significant effect on measures indicative of 

GSDST. This was likely due to low statistical power because of the small sample size, and it is 
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likely that this hides a real effect of the intervention in the participants’ views, attitudes, and 

knowledge (Gravetter et al., 2018), as suggested by effect sizes as large as d = 0.63.  

SEB 

The quantitative findings from the SEB in this study make two important contributions to 

the literature. First, this study reports the overall average which will support future scholars 

investigating PSSTs’ scientific epistemic beliefs using this instrument contextualize their 

findings in comparison to similar samples used in research. Second, there is a gap in the 

literature using this instrument with PSSTs in the United States although it has been used with 

elementary, middle, and high school students in the United States. The lack of research using the 

SEB with PSSTs in the United States is an important consideration because epistemological 

beliefs are influenced by culture (Ongowo, 2020; Schommer, 1994; Yilmaz-Tuzun & Topcu, 

2008).  

The exceptions to the overall group trend towards more supportive attitudes and beliefs 

about GSDST were the source and justification subscales on the SEB, which trended towards 

less supportive attitudes and beliefs about GSDST after the intervention with small effect sizes. 

This trend was not expected, because the intervention was designed to provide PSSTs an 

opportunity to critique science textbook passages and materials for accuracy and inclusivity 

(source) and concentrated on the core scientific practice of developing evidence-based arguments 

(justification). In other words, these dimensions of scientific epistemic beliefs were foregrounded 

in some of the intervention activities. For example, the source subscale contains items that relate 

to the authority of scientists and textbooks as sources of scientific knowledge (e.g., “if you read 

something in a science book, you can be sure it’s true”). In the intervention, the PSSTs dissected 

biology textbook passages that centered on human chromosomes and meiosis to evaluate the text 
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in terms of GSD accuracy and inclusivity. Through this activity, the PSSTs engaged in the 

critical work of noticing instances within the text that reinforce outdated and refuted ideologies 

about GSD and through doing so, disrupted the authoritative nature of science textbooks. 

Similarly, during the first week of developing evidence-based arguments using case studies from 

the National Center for Case Study Teaching in Science (NCCSTS, 2021), an explicit discussion 

occurred around one of the cases as being “flawed” (Maddox). By demonstrating that science 

textbooks and openly available science teaching resources can perpetuate flawed and refuted 

ideologies about GDSDT, it was expected that the trend on the source and justification subscales 

would have been in favor of GSDST. One possible explanation for slight decrease is that not 

enough time was spent on these activities to contribute to deep or meaningful change in these 

dimensions. The textbook analysis occurred within a 10-minute window during week four. 

Future iterations of this intervention should consider foregrounding beliefs about the source and 

justification of scientific knowledge through intentional and long-term discussions and activities 

such as critiquing science textbooks for GSD accuracy and inclusivity or developing evidence-

based arguments with reasoning to explore GSD.  

LTJS-B 

The findings from the LTSJ-B showed trends in favor of GSDST after the intervention 

with a small effect size. This trend was expected, because the intervention was designed to 

model social-justice based teaching beliefs such as high expectations for all students; asset-based 

perspectives of student learning; and the role of teachers as advocates and agents of change. 

Moreover, it intended to center the notion that science classrooms are not neutral and apolitical 

spaces when it comes to attitudes and beliefs. One limitation of the LTSJ-B is that it is based on 

only one conceptualization of social justice and the items are not intended to be exhaustive 
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(Enterline et al., 2009). As such, it is possible that the intervention had an impact on the PSSTs’ 

social justice teaching beliefs that were just not detected in this specific instrument. The finding 

that there was not a significant difference between the pre- and post-scores could also be because 

this group of PSSTs were already well-aligned with social justice-related beliefs. Additionally, 

survey self-report research has limitations such as “eliciting biased, socially desirable responses 

that overreport ‘good’ implementation and underreport ‘bad’ implementation” (Desimone, 2009, 

p. 188). One suggestion for future research studies using this instrument is to modify the survey 

items to focus specifically on LGBTQ students and explore the factor structure of the revised 

survey using classical test theory or item response theory. If the revised survey has adequate 

reliability and validity indices, then perhaps it would be more sensitive to detect changes in 

PSSTs’ social justice-teaching beliefs about GSD.  

The findings from the LTSJ-B also suggest that prior to and after the intervention, the 

PSSTs understood social justice mostly in terms of individual action. This finding provides some 

important nuance by highlighting the difference in endorsing social justice teaching on an 

individual vs. collective level. The differences in endorsement of individual and collective action 

perspectives of social justice teaching beliefs has been supported in previous research (Cochran-

Smith et al., 2012; Enterline et al., 2008). For example, Cochran-Smith et al. (2012) found that 

beginning pre-service teachers across cultures and contexts were most likely to believe in and 

agree with items that related to their individual teaching practices and classrooms, while exiting 

teacher candidates made a modest shift to endorsing collective action beliefs. The research on 

teacher education for social justice has argued that developing pre-service teachers’ 

understanding of the macro-level schooling and social structures that perpetuate injustice is a 

complex and difficult task for beginning teachers (Cochran-Smith et al., 2009; Cochran-Smith et 
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al., 2012). This is likely due to new teachers focusing on the day-to-day classroom operations for 

the first few years rather than addressing larger issues outside of their classroom (Cochran-Smith 

et al., 2012). Similarly, Enterline et al. (2008, p. 287) argued that  

it is difficult for many teacher candidates to understand and embrace the idea of teaching 

as a political activity and the teacher as a political actor who has the potential to be 

involved in larger efforts to challenge the structural inequities of schools and schooling.  

The findings from this study have important implications for how teacher education curricula 

and programs are designed by highlighting the need for explicit integration of discussions about 

macro-level school and social structures that perpetuate GSD injustice and centers the need and 

purpose for larger collective action for GSD equity beyond the walls of individual teachers’ 

classrooms.   

HABS 

The ESG subscale included items that reflected binary beliefs about sex and gender being 

biologically determined and indistinguishable from one another. The medium effect size detected 

on this subscale after the intervention suggests that the intervention shifted the PSSTs’ 

heteronormative attitudes and beliefs in favor of GSDST specifically around the conflation and 

biological deterministic views of sex and gender. This trend in the ESG subscale and the overall 

HABS score in favor of GSDST was expected, because the intervention was specifically 

designed to over-emphasize sex and gender in contrast to sexual orientation. This is an important 

contribution to the literature because prior research on GSD-infused teacher education programs 

has over concentrated on sexual orientation (e.g., Athanases & Larrabee, 2003; Jennings & 

Sherwin, 2008; Milburn & Palladino, 2012) with little to no attention to other dimensions of 

GSD like sex and gender.  
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Although the PSSTs had an overall lower endorsement of heteronormative attitudes and 

beliefs than previous research has reported (Duncan et al., 2019; Habarth, 2015), and scored 

lower on the ESG subscale, the average score on the NB subscale was higher than previous 

research has reported, which reflects a higher endorsement of normative expectations for men 

and women in sexual relationships. One likely explanation to account for the large NB score 

before the intervention is that Aria’s score was the outlier of the group with a mean score of 6.13 

out of 7. Aria also had the highest score on the ESG subscale though she was in much closer 

range with her peers on this subscale compared to the NB subscale. The findings from this study 

are important because they illustrate that although these PSSTs already had an overall lower 

endorsement of heteronormative attitudes and beliefs compared to similar undergraduate student 

samples, medium effect sizes were still detected in favor of GSDST after the intervention. 

Furthermore, the findings from the HABS make an important contribution to the literature 

because this instrument has not previously used with pre-service teachers or PSSTs, yet this 

instrument shows promise in detecting changes in teacher candidates’ attitudes and beliefs after a 

pedagogical intervention. These findings will support additional research studies investigate 

PSSTs heteronormative attitudes and beliefs with this instrument and contextualize their findings 

for further interpretation. 

SOBS 

Another exception to the overall group trend towards more supportive attitudes and 

beliefs about GSDST was the increase in the naturalness subscale of the SOBS with a medium 

effect size, which indicated less supportive attitudes and beliefs about GSDST. In other words, 

the intervention reinforced essentialist beliefs along the naturalness dimension that sexual 

orientation is innate, unchanging, and not socially constructed. This trend was not expected, 
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because the intervention was designed to represent all dimensions of GSD as fluid, evolving, and 

embodied. 

Prior research has shown that discreetness, informativeness, and homogeneity are more 

related to negative attitudes towards LGB people, while beliefs in the naturalness of sexual 

orientation are related to positive attitudes (Hacking, 2002; Granzka et al., 2016). For instance, 

Granzka et al. (2016) reported that undergraduate students in their samples who endorsed the 

naturalness of sexual orientation, or scored lower on the discreteness, informativeness, and 

homogeneity dimensions, exhibited lower levels of homonegativity. The researchers concluded 

that these three subscales were most important predictors of homonegativity towards queer 

people and as such deserve intentional attention in developing pre-service science teachers’ 

advocacy stance for queer youth and fostering favorable attitudes and beliefs about GSDST. 

Considering the positive association between endorsement of beliefs about the naturalness of 

sexual orientation and lower homonegativity, and even though the mean naturalness subscale 

score increased slightly with a medium effect size in the present study, the changes that occurred 

throughout the intervention on the SOBS and each subscale trended in favor of GSDST. This 

finding in relation to prior literature has important implications for the design of further iterations 

and for future research studies in that researchers might tease out which intervention designs are 

most productive for fostering PSSTs’ GSDST attitudes and beliefs. For example, researchers 

might design and evaluate interventions that target sexual orientation beliefs about discreteness, 

informativeness, and homogeneity; interventions that center naturalness of sexual orientation; or 

interventions that represent a variety of sexual orientation beliefs (Granzka et al., 2016). Future 

research could investigate the relationships between these different intervention designs and 

other measures indicative of GSDST.  
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Prior research has used the SOBS with sexually diverse samples of undergraduate 

students (Arseneau et al., 2013; Granzka, 2016; Granzka et al., 2016). Moreover, the prior 

studies have reported averages for each of the subscales but not the overall averages. As such, 

the quantitative findings from the SOBS in this study make two important contributions to the 

literature. First, this study reports the overall average which will support future scholars 

investigating PSSTs’ essentialist beliefs of sexual orientation using this instrument contextualize 

their findings in comparison to similar samples used in research. Second, there is a gap in the 

literature using this instrument with PSSTs. Granzka (2016) recommended that the SOBS be 

analyzed using Latent Profile Analysis, a person-centered approach that would allow researchers 

a fine-grained understanding of individuals’ co-endorsement of multiple beliefs measured by the 

SOBS. Although this approach cannot be used with a small sample size, future research studies 

should consider using person-centered analyses on larger samples of PSSTs to better capture the 

patterns of responses. 

Summary of Qualitative Findings 

The qualitative findings were used to address RQ 2 and RQ 3. For RQ 2, the thematic 

analysis of the pre- and post-intervention interviews and other qualitative data sources led to 

several conclusions. Overall, the qualitative data revealed that there were no deep changes in the 

PSSTs’ attitudes and beliefs about GSDST despite non-significant differences detected in the 

quantitative surveys in favor of GSDST. The finding that there were no deep changes in the 

PSSTs’ attitudes and beliefs about GSDST is not surprising considering research that has shown 

the difficulty in changing teacher attitudes and beliefs (e.g., Anderson, 2015; Gregoire, 2003; 

Lotter et al., 2016). The difficulty in shifting attitudes and beliefs has been particularly 

noticeable in pre-service teacher education due to their lack of practical classroom experience to 
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connect their attitudes and beliefs to practice (e.g., Luft, 2001; Richardson, 1996). Furthermore, 

professional development programs that do not account for teacher attitudes and beliefs are not 

successful in resulting in meaningful change (Jones & Leagon, 2014; Luft, 2001; Richardson, 

1996; Ryan, 2004). Research has also shown that teacher attitudes and beliefs are influenced by 

an array of factors such as prior knowledge and experiences, self-efficacy, epistemic beliefs, and 

the sociocultural context of teachers and schools (e.g., Jones & Leagon, 2014). The body of 

literature on the difficulty in shifting teacher attitudes and beliefs in ways that are reflected in 

their practice is useful for explaining the lack of deep changes observed in the qualitative data.  

 In relation to Desimone’s effective teacher professional development conceptual 

framework, duration is a critical feature of PD programs to promote attitude and belief change. 

Specifically, Desimone (2009, 2011) argued that at least 20 hours of contact time was ideal for 

teacher PD programs. In contrast, the intervention in this study lasted approximately two hours 

over the course of five weeks, much lower than the 20 hours of contact time suggested by 

Desimone. Furthermore, research conducted by Rennie and Johnston (2004) on the nature of 

learning from museums argued that learning takes time and “is cumulative and iterative; it is an 

ongoing process not a single event” (p. S8). The implications of this argument, according to the 

authors, is that the impact of museums is likely to occur much later after the visit and research 

should utilize longitudinal methods to collect data over time during and after a visit. In line with 

Rennie and Johnston’s (2004) recommendations, it is possible that deeper changes in PSSTs’ 

attitudes and beliefs about GSDST might be detected on delayed post-surveys much later than 

the end of the intervention.  
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GSDST is Perceived as Important for Student Safety 

 First, despite being modeled after a transformative approach to inclusion that combined 

perspectives from safety, equity, and critical theory, the PSSTs maintained attitudes and beliefs 

about GSDST that were focused heavily on ensuring student safety and psychological well-being 

with little attention to inclusion of GSD topics, themes, and perspectives in the science 

curriculum or critiquing science curricula that normalize heterosexuality. This finding is in line 

with previous research. For instance, Kahn and Gorski (2016) argued that teacher professional 

development related to GSD tends to focus on interpersonal relationships (i.e., bullying) rather 

than the institutional ideologies that allow for the bullying to begin with. Szalacha (2004) 

suggested that the research on GSD-infused teacher education for in-service and pre-service 

teachers fall within the safety or equity paradigm. Furthermore, she argued that an emphasis the 

critical theory paradigm “does not easily lend itself to the development of practical skills 

necessary for classroom teachers and teacher educators” (p. 69). Considering it, it might be that 

the PSSTs in this study believe that attending to LGBTQ students’ safety and psychological 

well-being is the most immediately useful approach to inclusion within the confines of their 

individual classrooms. This focus on safety relies on a deficit ideology (Gorski, 2009) and can 

portray queer students as victims that need to be saved (Gorski et al., 2013; Szalacha, 2004). The 

PSSTs’ overt focus on student safety and lack of attention to critical perspectives of GSD is 

likely influenced by the documented absence of critical framing of GSD-topics in multicultural 

teacher education courses (Gorski et al., 2013). 

Othering Language. The deficit ideology and victimization of queer students persisted 

in some of the participants’ use of othering language, which is another useful dimension to 

analyze social justice and heteronormative perspectives related to GSDST. While the PSSTs in 
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this study showed sympathy, respect, and a willingness to advocate for queer students in their 

individual classrooms, their use of language positioned LGBTQ students as victims that need to 

be saved, whether intentionally or not. These findings have important implications for leaders 

and program developers of science teacher education programs by illustrating that overemphasis 

on student safety and maintaining the us/them via othering language can contribute to the 

injustice of gender and sexually diverse students despite “good intentions” (Gorski, 2007, p. 3). 

Othering has been defined as the way in which people use language to reinforce social 

group dichotomous of ‘us’ and ‘them’ (Alorainy et al., 2019; Blair & Deckman, 2019; Nilsen et 

al., 2017). Importantly, as Nilsen et al. (2017) points out, “othering is not the same as prejudice, 

discrimination or racism” but rather “how people are grouped and minoritized through discursive 

practices that categorise [sic] them as different” (p. 41). It is through discourses, such as written 

or verbal language, that people implicitly and explicitly express and reproduce ideologies (Van 

Dijk, 2006). Van Dijk (2006) argued that “if ideologies are organized by well-known ingroup-

outgroup polarization, then we may expect such a polarization also to be ‘coded’ in talk and 

text…such as us and them…[or] our people and those people” (p. 126). As such, othering is an 

important lens to understand how inequity is maintained in society (Van Dijk, 1993).  

There is a limited body of prior research that has investigated the concept of othering in 

teacher education. Gorski’s (2009) analysis of multicultural teacher education course syllabi 

revealed an abundance of othering language used when referring to non-dominant groups (e.g., 

“co-cultures”) and many syllabi assumed that their students would be white. Overall, this 

othering language reinforced a “we/they or us/them dichotomy” (Gorski, 2009, p. 313). Blair and 

Deckman (2019) analyzed 549 online discussion posts from 183 pre-service teachers (PSTs) in 

which the pre-service teachers reacted to course materials on the experiences of trans and gender 



 

 189 

 

creative students in schools. The researchers found that the PSTs often took an Othering position 

which manifested in three ways: a lack of knowledge and familiarity with trans and gender 

creative student experiences; emotional discomfort and distance with engaging with trans and 

gender creative student experiences; and positioning trans and gender creative students as heroes 

or victims. Overall, the researchers concluded that while the PSTs expressed ideas that appeared 

to be supportive of trans and gender creative students, they were unable to engage in “deep 

understanding of, and connection to, the experiences and developmental trajectories of trans and 

gender creative students” (Blair & Deckman, 2019, p. 9). The implications of this research are 

the lack of relational skills and authentic empathy with queer students can hinder high quality 

student-teacher relationships that are vital for positive student outcomes and empowerment 

(Blair & Deckman, 2019). Lastly, Nilsen et al. (2017) used critical discourse analysis (e.g., Van 

Dijk, 2006) to analyze how 12 Norwegian teacher educators used and understood cultural 

diversity as a term and concept. In sum, the researchers found the teacher educators primarily 

discussed cultural diversity as “concerning the others” (Nilsen et al., 2017, p. 44) through seven 

discursive practices of othering (cultural, social, linguistic, cognitive, migrational, visible, and 

religious). The implications of this research are that “when teacher educators give meaning to the 

term cultural diversity through the construction of binary oppositions of us and the other in their 

discourse practices, they discursively reinforce othering” (Nilsen et al., 2017, p. 47).  

Othering has also been explored in the context of improving machine detection of cyber 

hate speech. Alorainy et al. (2019) defined the concept of two-sided pronouns as the co-

occurrence of ingroup pronouns (e.g., we/us) and outgroup pronouns (e.g., them/those). 

Additionally, they suggested that pronoun patterns, or the verb-pronoun combinations (e.g., 

protect/us) were also important rhetorical features for understanding the context in which two-
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sided pronouns are used. Collectively, the researchers demonstrated that two-sided pronouns and 

pronoun patterns were useful linguistic dimensions to analyze and detect hate speech. There is an 

opportunity for future research to use critical discourse analysis to conduct a deeper investigation 

in how pre-service science teachers engage in “rhetorical distancing” (Blair & Deckman, 2019, 

p. 6) from the experiences and lives of gender and sexually-diverse students.  

“Add LGBT and Stir” Approach to GSDST 

Second, the PSSTs conceptualized GSDST through an “Add LGBT and Stir” lens in 

which they discussed GSDST in terms of including LGBTQ scientists, discussing the genetic 

components of sexual orientation, and using intersex conditions to discuss karyotypes. 

Additionally, all the participants described adding LGBTQ-focused safety resources into the 

classroom with no connection to the science curriculum or content (e.g., a resource corner). The 

focus on LGBTQ-focused safety resources into the classroom without changing the structure of 

the curriculum or classroom that allows for the feelings of unsafety to begin with is one 

illustration of a deficit ideology (Gorski et al., 2013). A transformative approach to GSDST 

would “engage more deeply and complexly [original italics]” (Gorski et al., 2013, p. 242) with 

GSD topics, themes, and perspectives that transcend popular notions of safety and tolerance. 

Moreover, the transformative approach would lean on developing counterhegemonic practices 

that disrupt binary views of GSD. Drew was the only participant who demonstrated an ability to 

disrupt binary views of GSD in his edTPA Thinking Organizer after the intervention consistent 

with a transformative or critical approach to GSDST. This is not surprising considering Gorski’s 

(2009) finding that multicultural teacher education programs are designed to develop pre-service 

teachers’ “cultural sensitivity, tolerance, and multicultural competence,” but they are not 

intended to “prepare teachers to identify or eliminate educational inequities or to create equitable 
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learning environments” (p. 316). This prior research speaks to the importance of science teacher 

preparation programs to center critical perspectives of inequity to prepare teachers to make 

transformative pedagogical decisions that disrupt heteronormative practices in the science 

classroom and larger school context.  

Fear of GSD Language 

Third, the PSSTs’ remained fearful of GSD language and terminology after the 

intervention despite that all the participants described the impact the intervention had on their 

awareness of vocabulary in favor of GSDST. In related work with pre-service teachers, Staley 

and Leonardi (2016; 2019) concluded that emotional discomfort was a powerful and generative 

tool for pre-service teachers to position themselves as strong advocates for queer youth. One of 

the sources of students’ discomfort in the present study was grappling with the complexity of 

GSD terminology. If PSSTs are to move beyond the “Add LGBT and Stir” approach to a 

transformative and critical approach, they must be supported as the develop and practice anti-

normative and gender expansive language “and work through the emotional discomfort that may 

surface” (Staley & Leonardi, 2016, p. 224). Science teacher preparation is an important context 

in which that development should occur.  

A few of the participants in this study described the limitations of their knowledge about 

GSD and were able to articulate a stance of continual growth and learning. In other words, some 

of the participants recognized the limits of their knowledge and acknowledged the (un)learning 

that still needed to happen around GSD. Meyer and Leonardi (2018) reported that when 

engaging in critical conversations about GSD that have not been part of their teacher preparation 

program, teachers may feel vulnerable as they expose their limited knowledge to their 

themselves and their peers. The authors stated 
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We believe this aspect of the pedagogy of exposure is important; making explicit the 

limitations of one’s own knowledge and expertise is a helpful first step to be able to take 

responsibility for deepening one’s own learning and improving professional interactions. 

Educators should be ready and willing to expose their ignorance on various topics of 

diversity so that families do not feel compelled to expose their child’s identity in order to 

be a catalyst for change. Educators should also be ready and willing to share their 

strengths, what they do know, so that they can learn together with colleagues and families 

to cultivate affirming practices (Meyer and Leonardi, 2018, p. 459). 

This focus on exposing and embracing limited knowledge is a sophistical epistemological skill 

that should be concentrated on when preparing science teachers to engaged in GSDST.  

Impactful Design Elements of the Intervention  

For RQ 3, the thematic analysis of the interviews and written reflections revealed five 

impactful design elements of the intervention: group dialogue; coherence to Ambitious Science 

Teaching; GSD terminology; knowledge of intersex, hormones, and LGBTQ scientists; and 

relevant case studies. The findings from this study fills a gap in the GSD-focused teacher 

education literature by teasing out the effective design elements (Athanases & Larrabee, 2003) 

for PSSTs and uniquely contributing to the broader literature on effective teacher professional 

development (Desimone, 2009; Desimone, 2011). This research advances the literature by 

applying Desimone’s (2009) conceptual framework for professional development within the 

context of a GSD-infused STEM teaching methods course.  

Implications for Future Research 

 GSDST is an ongoing process of teacher learning, and this intervention was one part of 

the work that will need to be continued in future research. This research has implications for 
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design-based education research (Anderson & Shattuck, 2012) to design, modify, and iteratively 

refine a pedagogical model of GSDST for science teachers aligned with paradigms of safety, 

equity, and critical theory. Anderson and Shattuck (2012) define a DBR study as being situated 

in a real educational context, focusing on the design and testing of an intervention, uses mixed 

methods, involves multiple iterations, builds on collaboration between researcher and 

practitioners, and leads to the development of design principles. This study was the first iteration 

of an intervention to promote GSDST capacities in PSSTs and lays the groundwork to generate a 

set of initial design principles for PSST professional development for GSDST.  

 Based on the findings, the second iteration of this intervention would center around five 

effective design elements: group dialogue; coherence to Ambitious Science Teaching; GSD 

terminology; knowledge of hormones, intersex, and LGBTQ scientists; and relevant case studies. 

One of the obstacles that should be anticipated in a second implementation in future research is 

time constraints. As expected based on the prior literature on effective teacher professional 

development (e.g., Desimone, 2011), time was a serious limitation of the intervention activities 

shared by most of the participants. This consideration may be especially important in shifting 

beliefs in the source and justification of scientific knowledge in favor of GSDST. Research 

suggests that effective teacher professional development should involve at least 20 hours of 

contact time (Desimone, 2009); however, the weekly activities took approximately 2 hours in 

total across five weeks. One suggestion for future iterations would be to extend each of the 

activities across multiple weeks and increase the time actively participating in the intervention.  

Another consideration for a second iteration is the focus on GSD terminology. GSD 

terminology is not static and there is wide variation in how scholars define some terms and even 

within the queer community. Kahn and Gorski (2016) explained that “language is deeply 
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socialized” and as a result “can take a substantial amount of time to re-socialize people into 

different language practices and often people are resistant to changing their language” (p. 28). 

Because language is deeply rooted in and reflective of institutional values, shifting teachers to 

use inclusive language should be informed by changes in institutional and individual ideologies 

(Kahn & Gorski, 2016). Despite finding the discussion on GSD vocabulary helpful, exposure to 

vocabulary did not seem to change the emotional discomfort (Staley & Leonardi, 2016) the 

PSSTs felt around using inclusive and expansive GSD terminology after the intervention. Future 

iterations should allow multiple opportunities for PSSTs to use this terminology in a safe space 

and without judgement. In other words, PSSTs should be encouraged and supported to 

productively struggle (Trinter & Hughes, 2021) through the vocabulary without fear of reprisal 

from their peers or instructor. This speaks to the safe discussion space that is one of the essential 

features of the teaching advocacy for queer youth conceptual framework (Athanases & Larrabee, 

2003). Like the teaching advocacy framework, Uttamchandani (2021) developed the notion of 

educational intimacy to support teachers on creating equitable learning environments for queer 

youth. It is defined as the “kinds of relationships built among people who are working together 

toward a shared social vision, particularly when that relationship allows for inclusive 

advancement of group-level goals” (Uttamchandani, 2021, p. 53). One criterion for educational 

intimacy is that “members take one another’s inputs seriously and handle disagreement fluidly in 

ways that advance the group’s goals and keep people participating” (Uttamchandani, 2021, p. 

53). As such, other iterations should encourage PSSTs to negotiate and disagree with the 

meanings and use of GSD terminology to work towards a shared goal of creating equitable 

learning environments for queer students.  
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 Although this study made an important contribution to the literature by elaborating the 

effective design elements of the intervention that contributed to changes in PSSTs’ attitudes and 

beliefs about GSDST, the present study does not disentangle which of instructional features is 

most essential to developing positive attitudes and beliefs about GSDST. This is a similar 

limitation reported by Athanases and Larrabee (2003) regarding their intervention to develop 

pre-service teachers’ advocacy stance for queer youth. Future research might investigate the 

causal links between the five design elements identified and measures indicative of GSDST.  

 Future research related to this study should also focus on understanding on how PSSTs’ 

gender and sexual identities, and other demographics, relate to the different measures indicative 

of GSDST. Prior research has demonstrated that there are differences between LGBTQ and 

cisgender heterosexual teachers’ beliefs, perceptions, and practices around GSD-inclusive 

education (e.g., Meyer et al., 2015; Taylor et al., 2016). Taylor et al. (2016) reported that 

LGBTQ teachers were more likely to be aware of harassment of LGBTQ students, have 

confidence in student support for GSD-inclusive curriculum, approve and practice a GSD-

inclusive curriculum, and support varied gender expressions. Similarly, Meyer et al. (2015) 

concluded that when teachers have an aspect of their own identity that has limited social power 

(e.g., LGBTQ, person of color, woman), they are more sensitive to the harmful behaviors 

impacting underserved groups in their school. It was not possible to explore the relationships 

between different demographics and measures of GSDST due to the small sample size and lack 

of diversity within the sample. There was only one self-identified Asian participant (no Black, 

Latinx, Indigenous students), majority straight, and no trans participants. There were three 

bisexual participants. While the intervention did include one activity during week four that 

focused on calling attention to White, hetero- and cis-privilege, perhaps this awareness of 
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privilege and power should be made clearer and centered earlier on in the intervention. Future 

iterations of this professional development should be shaped and designed considering the 

specific demographics of the participants. Based on the prior literature, it is expected that 

teachers who identify as gender and sexually diverse, or who have another marginalized identity, 

are more likely to approve of, have comfort with, and practice GSDST. This study echoes the 

call from previous research to utilize an intersectional lens to understand how PSSTs’ different 

identities relate to their attitudes, beliefs, and enactment of GSDST (Taylor et al., 2016). 

 Additionally, the GSDST conceptual framework developed through an inductive analysis 

of the science education literature is also an important contribution to the literature and research 

knowledge. In this study, surveys were identified that corresponded to four out of the six 

capacities underlying GSDST. Existing measurements of GSD terminology, and attitudes and 

beliefs about embodied pedagogies, were not identified. Therefore, one important next step for 

future research is to develop a robust, valid, and reliable instrument to measure these multiple 

dimensions of GSDST with PSSTs. The development of such an instrument would likely 

combine modified survey items from the surveys used in this study with researcher-generated 

items based on the literature. There are also several difficulties to anticipate before developing an 

instrument to measure attitudes and beliefs about GSDST. For example, given the wide variation 

in definitions of GSD terminology, and the lack of consensus among scholars and within the 

queer community, measuring knowledge of GSD terminology could be a difficult task. Airton 

and Koecher (2019) explained that “queerness and transness march on, ever-changing” and as 

such, there is temporal lag of teacher education around GSD (p. 200). This temporal lag and 

fluidity around GSD language can make it difficult to capture PSSTs’ knowledge of GSD 

terminology quantitatively. There is a need for robust and reliable self-report and observational 
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measures of GSDST to contribute to the broader literature on effective teacher professional 

development (Desimone, 2009).  

 Finally, this study made a novel contribution to the literature by using Desimone’s (2009) 

conceptual model of teacher professional development in the context of a GSD-infused 

intervention, a context in which the framework had not previously been used. However, this 

study primarily concentrated on how the intervention impacted PSSTs’ attitudes and beliefs and 

did not focus on this translated to changes in practices, and subsequently the impact on students. 

The nature of conducting this research with pre-service science teachers limited the ability to 

investigate how the intervention altered teaching practice and impacted students because the 

participants were not yet situated in classrooms as student teachers.  Moving forward, future 

research might develop and implement a similar intervention and then purposefully follow 

participants into their student teaching experience to observe their enacted pedagogies and 

investigate differences in student learning outcomes between GSD-inclusive and non-GSD-

inclusive science teachers. This would make an important contribution to the literature and 

knowledge base by connecting the effects of GSD-infused interventions on student science 

teachers to the effects on students.  

Revised Conceptual Framework 

 

The intervention was informed by three frameworks of GSD-inclusive education and 

teacher learning: 1) GSDST capacities, 2) teaching advocacy for queer youth (Athanases & 

Larrabee, 2003), and 3) effective teacher professional development and the relationship between 

teacher attitudes, beliefs, and practice (Desimone, 2009). Based on the qualitative findings, I 

propose a revised conceptual framework (Figure 4) for studying the effects of professional 

development on PSSTs’ enactment of GSDST that draws from these previous frameworks and is 
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grounded in the voices of participants who experienced a GSD-infused intervention. This refined 

model can be used in future research as a theoretical starting point for teasing out how different 

design elements of GSD-infused professional developments relate to the different capacities of 

GSDST, as well as how they contribute to changes in PSSTs’ attitudes and beliefs and ultimately 

their enactment of GSDST.  

Figure 4 

 

Revised Conceptual Framework for Studying the Effects of Professional Development on PSSTs’ 

Enactment of GSDST 

 

 

Implications for Practice 

 One pedagogical shift that science teacher educators can make to impact PSSTs’ attitudes 

and beliefs in favor of GSDST is simply providing space for PSSTs to discuss GSD topics, 

themes, and perspectives in their coursework and create structured activities that support PSSTs 
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in observing teachers working with LGBTQ students in their field placements (e.g., Kearns et al., 

2017). All the participants that were interviewed described that they had a lack of familiarity 

with GSD topics because they had limited experiences and opportunities in their coursework and 

field experiences to work with or observe a teacher working with LGBTQ students. One of the 

potential difficulties in implementing these kinds of field-based observation assignments is that it 

may be difficult for PSSTs to identify openly queer students in the schools. This is because the 

broader sociopolitical context includes a record-breaking number of anti-trans and anti-LGBQ 

political movements and policies that directly and negatively impacts LGBTQ youth (Ronan, 

2020), and the effects trickle to LGBTQ college students (Carrasco, 2022). For example, Florida 

recently passed a “Don’t Say Gay” bill that prohibits classroom instruction on sexual orientation 

and gender identity in certain elementary grades (Carrasco, 2022). If teachers are enrolled in 

teacher education programs in states that prohibit discussion of GSD in the classroom, this type 

of observation activity may not be feasible. Similarly, there are 28 states that do not have any 

laws prohibiting discrimination against students based on sexual orientation and gender identity, 

and without statewide policies on treatment of transgender, nonbinary, and gender 

nonconforming students (GLSEN, 2021). Students in these states may not feel safe and/or be out 

at school meaning that teacher candidates may not have an opportunity to observe or work with 

LGBTQ students in their field placement.  

 A more complex pedagogical change that science teacher educators can make to impact 

PSSTs’ attitudes and beliefs in favor of GSDST is to concentrate on developing their value for 

diverse funds of knowledge and discourses. The Funds of Knowledge (Gonzalez et al., 2005) 

framework is a unique lens that science teacher educators can use to elicit PSSTs’ understanding 

of the family, community, peer, and popular culture funds and discourses that LGBTQ students 
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draw from as valuable and legitimate science classroom resources. This would require that 

science teacher educators move beyond discussions of student safety and model asset-based 

pedagogies that support, affirm, and integrate GSD topics, themes, and perspectives. With Drew 

as the exception, none of the participants were able to articulate personal, cultural, or community 

assets of LGBTQ students in their edTPA thinking organizers. In this activity, the PSSTs were 

prompted to consider a variety of student learners that they may have in their class and analyze 

their unit plans they developed over the course of the semester in terms of students’ everyday 

experiences, cultural backgrounds and practices, and interests. Additionally, they were asked to 

elaborate on how their knowledge of different student assets connected to their choice or 

adaption of learning tasks and materials. The observation that the PSSTs were not able to 

articulate asset-based views of GSD along with an overt focus on student safety, a deficit-based 

ideology, suggest that developing PSSTs’ awareness of LGBTQ students’ funds of knowledge is 

a vital next step for another iteration or similar instructional interventions. Moreover, it can 

contribute to physical, political, and pedagogical classroom transformations that resembles 

students’ out-of-school worlds, redistributes power dynamics to students, and centers teachers as 

facilitators of learning (Barton & Tan, 2009).  

 In the present intervention design, there was no direct instruction on viewing GSD 

through the lens of student assets. Therefore, the finding that the PSSTs did not clearly articulate 

the ways that students assets connected to their unit plans was not entirely surprising. The second 

iteration of this intervention or similar interventions should more clearly scaffold this edTPA 

Thinking Organizer. For example, science teacher educators should introduce and define the 

different funds of knowledge (family, community, peer, and popular culture), allow PSSTs to 

brainstorm in small groups as many specific funds and/or discourses that queer students bring 
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with them to the classroom that attribute to their learning and developmental success, and then 

share out their ideas. This type of structured activity leans heavily on group dialogue and 

sociocultural perspectives of learning to develop a collective understanding of funds of 

knowledge around GSD. One of the anticipated challenges to using a funds of knowledge lens is 

that PSSTs may not see the value of how this will help respond to bias and inequity in the 

immediate term. Gorski (2006) attributed the focus on “immediate, practical strategies and 

resources” to the “culture of pragmatism” that pervades the U.S. educational system, and he 

explained that this pragmatic culture can also lead to resistance toward “deepening theoretical 

understanding and consciousness” (p. 9). In other words, teachers prefer immediately 

implementable resources that can limit educational reform to small shifts in teaching practice 

with little change in theoretical knowledge. 

 Although the “culture of pragmatism” can be problematic for promoting large shifts in 

teachers’ theoretical knowledge, there are some aspects of GSDST that can be immediately 

implemented by science teachers and science teacher educators particularly around learning 

about othering language and becoming knowledgeable with GSD terminology. For example, 

APA (2020) presents useful guidelines for using bias-free language when discussing different 

identities such as disability, race, sexual orientation, and gender. The APA emphasizes using 

“affirming and inclusive language” (p. 131) through practices such as using person-first language 

(e.g., a person who identifies as gay vs. a gay person) and avoiding false hierarchies (e.g., normal 

vs. abnormal comparisons). Specifically, the APA provides guidelines for using inclusive 

language about sexual orientation and gender identity by highlighting the differences between 

assigned sex and gender; appropriate gender, noun, and pronoun usage; and terms that imply 

binaries (e.g., opposite). Along with the vocabulary resources shared in the intervention, these  
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are two tools that science teacher educators and science teachers can use to develop immediately 

implementable vocabulary skills.  

 Related to the recommendations to build PSSTs’ asset-based views of GSDST, teacher 

education programs that use Teacher Performance Assessments (TPAs) (e.g., edTPA) should 

consider how the portfolio process promotes or hinders pre-service teachers’ ability to 

demonstrate their knowledge of equity-based teaching practices. For example, the edTPA 

Thinking Organizer that was modified in the present study was originally focused only on 

personal, cultural, and community assets of students with Individualized Education Plans (IEPs), 

504 plans, English language learners, struggling readers, underperforming students, and gifted 

students (Boisen et al., 2015). There is no mention of considering these dimensions for other 

identity groups such as LGBTQ students, racially and ethnically diverse students, nor students 

with disabilities. Furthermore, the thinking organizer is not structured in such a way that it 

allows pre-service teachers’ to reflect on the intersectionality of different identities (e.g., a Black, 

Queer student with an IEP). The ideas elicited in the edTPA may not be suited to equity-focused 

teaching (Kuranishi & Oyler, 2017) such as GSDST, which should be concerning for teacher 

preparation programs since the edTPA is a requirement of licensure. The complement between 

TPAs and GSD-inclusive education deserves further investigation.  

 Another complex pedagogical change that science teacher educators can make is around 

the use of othering language. It is vital that science teacher education programs make clear how 

linguistic choices are representations of their ideologies (Van Dijk, 2006) and can result in 

discursive social exclusion (Nilsen et al., 2017). In the present study, the participants most often 

positioned LGBTQ students as victims that need to be saved and failed to make connections to 

their own experiences around “gender-based teacher education, school rules, or bullying from 



 

 203 

 

their own schooling” (Blair & Deckman, 2019, p. 10). The victimization of queer students is one 

example of how othering can manifest within GSD scholarship and teaching. Building on the 

recommendations proposed by Blair and Deckman (2019), science teacher education programs 

should design coursework that emphasizes how children develop gender and sexual identities, 

perspective taking, and empathy within social-emotional learning frameworks. There is a body of 

research that has demonstrated that teachers can develop social perspective taking skills in such a 

way to improve student-teacher relationships and student outcomes (Gehlbach et al., 2016; 

Gehlbach et al., 2012). For example, PSSTs should critique their own beliefs about GSD and 

reflect on how they can leverage their own experiences in schools to build similarity, relatedness, 

and empathy with students. Furthermore, science teacher education programs should provide 

explicit opportunities to explore and discuss the role of cultural dialogue in sustaining systemic 

oppression through foundations of education courses and within STEM teaching methods 

courses.  

There was a slight mismatch observed between the participants’ quantitative 

measurements trending in favor of GSDST, with small to medium effect sizes, while the 

qualitative data revealed there were no deep changes in their attitudes and beliefs about GSDT. 

Research has documented the gaps between teachers’ personal beliefs about human rights and 

GSD-inclusive teaching and their willingness or ability to enact it (e.g., Meyer et al., 2015; 

Taylor et al., 2016). Teachers often tend to agree that LGBTQ rights are human rights, yet they 

are hesitant to enact GSD-inclusive teaching (Meyer et al., 2015; Taylor et al., 2016). In the 

present study, the PSSTs trended favorably on most measures indicative of GSDST but focused 

almost exclusively on student safety and an “Add LGBT and Stir” approach to GSDST after the 

intervention, suggesting they would be hesitant to fully enact GSDST in their future classrooms. 
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Some possible reasons are fear of repercussions, not seeing GSD perspectives as relevant to 

science or appropriate for certain grade levels, or time constraints (Meyer et al., 2019; Taylor et 

al., 2016). These challenges to enacting GSD-inclusive teaching were also expressed by the 

participants in this study (see GSDST is appropriate for biology education and GSDST is 

appropriate for high school themes). Another explanation to account for the mismatch may be 

related to the lack of practical classroom knowledge and experience that pre-service teachers can 

draw from to connect their beliefs, knowledge, and practice (Luft, 2001; Richardson, 1996). 

Finally, the duration of the intervention and prior research that suggests that the impacts of 

learning may show up months after a learning experience (e.g., Rennie & Johnston, 2004) may 

have also contributed to the mismatch in quantitative and qualitative data trends. As such, it is 

vital that pre-service science teachers are given opportunities to develop practical experience and 

knowledge around GSD-inclusive teaching in science teacher education programs to support the 

development of more sophisticated and GSD-oriented attitudes and beliefs.  

Importantly, science teacher education programs should draw from all three paradigms of 

GSD-inclusive education – safety, equity, and critical theory. I propose that a pragmatic view of 

GSDST would capitalize on these different paradigms as they each tend to lead to different 

outcomes that are useful in different contexts. In other words, these paradigms represent a 

continuum of acceptance and growth around GSD-inclusive education. This view aligns with the 

pragmatic philosophical worldview that shaped the overall research design of the study. As such, 

holding attitudes and beliefs that are consistent with the safety paradigm is not intended to be 

viewed as pejorative and the critical theory paradigm as superior. The importance of addressing 

students’ safety needs should not be understated and can contribute to students’ capacity to learn 

and achieve in the classroom (Maslow, 1943). The safety and equity paradigms are excellent 
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starting points for science teachers and science teacher educators implementing GSDST; 

however, GSD-inclusive science educators must be able to pull from each of these paradigms to 

meet the needs of gender and sexually-diverse students.  

In summary, based on the findings of this dissertation, I propose five steps that science 

teacher education programs should take to queer science teacher education and prepare science 

teachers to support and affirm GSD: 

1. Provide structured coursework and field experiences that focus on LGBTQ identities 

2. Develop professional development that move beyond bullying/safety 

3. Integrate accurate knowledge of intersex, hormones, and LGBTQ scientists through 

contextualized case studies 

4. Embrace emotional discomfort and group dialogue around GSD language  

5. Anchor GSD within the Ambitious Science Teaching framework 

Implications for Policy 

 In their survey of over 3,400 educators in Canada, Taylor et al. (2016) found that 

approximately one-third of the sample were not confident that current legislation would support 

their enactment of GSD-inclusive teaching. This lack of legislative support likely informs the 

disconnect between teachers’ beliefs that LGBTQ rights are human rights and their actual 

enactment, or lack thereof, of GSD-inclusive teaching (Meyer et al., 2015; Taylor et al., 2016). 

Therefore, it is reasonable to suspect that local, state, and national legislation has a powerful 

trickle-down impact on shaping whether pre-service and in-service science teachers feel 

confident in enacting GSDST. There is a need for systemic legislation at all levels that endorses 

GSD-inclusive teaching and anti-LGBTQ discrimination policies and practices so that teachers 

feel empowered and supported to enact inclusive pedagogies (Carrasco, 2022; Ronan, 2020; 
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GLSEN, 2021). Relatedly, science teacher education programs should engage PSSTs in critical 

conversations on new legislation that endorses and refutes GSD-inclusive teaching practices and 

engage candidates in collective action groups to reflect on ways they can actively endorse GSD-

focused reforms (Meyer et al., 2015). One resource that could be used to guide this conversation 

is a policy map developed by GLSEN that describes differences across the United States such as 

state nondiscrimination laws, athletic ban legislation, and curricular standards (GLSEN, 2021).  

 In the intervention, the week three activity focused on sex verification testing of athletes, 

a topic that is highly relevant to the current legislative movement to ban transgender students 

from playing sports according to their gender identity. These legislative policies are often 

justified based on refuted, biologically deterministic, and binary perspectives of sex. This is a 

rare opportunity to support PSSTs in understanding their practice in the context of the larger 

sociopolitical context (Gorski, 2007; Gorski, 2009; Gorski et al., 2013). Specifically, science 

teacher education programs should situate how these anti-LGBTQ policies are informed by poor 

understandings of sex and the role science teachers can have on disrupting these outdated 

narratives through science education. Research has also suggested that teachers who were more 

knowledgeable about their state laws reported feeling more comfortable and knowledgeable 

about advocating for GSD-inclusion in their schools (Meyer et al., 2019). This work underscores 

that science teacher education programs have an obligation to engage pre-service science 

teachers in conversations around educational policy and develop their legal literacy.   

Limitations  

 This study sought to address a gap in the literature on how to foster supportive attitudes 

and beliefs among PSSTs about GSDST, and my analysis revealed several important attitudes 

and beliefs that deserve more scholarly attention. However, there were also several limitations in 
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this research design that impacted the generalizability of the findings. Future research should 

address the following areas to improve on this research: 

1. Small sample size. This study was limited by the number of participants who 

completed the surveys and volunteered to be interviewed. There were 17 students enrolled in the 

STEM teaching methods course but only seven completed the surveys, and five of those 

participants volunteered for the interview. Considering the small sample size, non-significant p-

values, and medium effect sizes in this study, it is reasonable to expect that a significant impact 

would be detected with a larger sample size. There is a need for future research to use mixed 

methods to explore and evaluate the impact of similar interventions with a larger sample of 

PSSTs, in line with Airton and Koecher’s (2019) call for mixed methods GSD research. 

2. Participant Selection Bias. Another limitation of this study concerned participant 

selection bias. I leaned on the assumption that the PSSTs would have an implicit interest in 

engaging with equity work especially since the intervention was embedded in the course. In 

other words, all the students completed the activities whether they agreed to participate in the 

research study or not. This might have limited participation to PSSTs who were already 

interested in, and held supportive attitudes and beliefs about, GSD. Consequently, participant 

selection bias may have resulted in the survey data showing more supportive attitudes and beliefs 

than previous studies prior to and after the intervention. Additionally, the intervention may have 

been affected by a ceiling effect leaving less space for participant growth. The ceiling effect 

suggests that participants scoring high at pretest (or most supportive in the context of this study) 

would show smaller improvements after the intervention than those scoring low (or least 

supportive in the context of this study) (Judd & Kenny, 1981).  

3. GSD Variation. Many of the participants in this study identified as White, 
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straight, cisgender females, which follows the general trend documented among teachers in the 

United States (NCES, 2022). There was only one self-identified Asian participant (no Black, 

Latinx, Indigenous students), majority straight, and no trans participants. However, there were 

three bisexual participants indicating some sexual diversity within the sample. However, with the 

small sample size, it was not possible to deeply tease out how the sexual identities of the PSSTs 

related to their attitudes and beliefs about GSDST. It is reasonable to expect that there are 

differences between queer and non-queer PSSTs’ attitudes, beliefs, and intended enactment of 

GSDST (e.g., Meyer et al., 2015; Taylor et al., 2016) which deserves a deeper analysis. For 

example, Aria identified as a White, straight, cisgender female and was the outlier of the group 

with a high endorsement of normative behavior beliefs on the HABS. Recruitment efforts for 

future studies should be expanded to reach a gender and sexually-diverse sample of PSSTs so we 

can better understand the relationship between PSSTs’ gender and sexual identities and their 

attitudes and beliefs about GSDST.  

4. Activity Completion. There were several aspects of this research design including  

pre- and post-surveys, pre- and post-semi-structured interviews, a written reflection, an edTPA 

Thinking Organizer, and other activities that were completed but not collected (e.g., Socratic 

Seminar handouts, photos of the intersex card sort activity during week 4). As such, it was 

difficult to get all participants to complete all activities in their entirety. This was reflected by 

seven participants completing the survey data while only five completed the interviews. 

Additionally, both participants who did not complete the interview did complete the other course 

assignments that were collected as part of the qualitative data. A financial incentive of $15 was 

offered for completing the pre/post surveys and another $15 for completing the interviews; 

however, this may not have been good enough to encourage everyone to participate in the study. 
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Future research efforts should consider a larger research team, offer more incentive, and collect 

additional data throughout the intervention to strengthen this research. Additionally, with a larger 

research team and more data collection, future research should consider collecting weekly 

reflections following each of the intervention activities to more deeply explore how the different 

intervention activities relate to different attitudes and beliefs about GSDST.  

5. Duration of Intervention. The intervention took place over the course of five weeks  

and last for a total of approximately 2 hours. Ideally, this intervention would be embedded in a 

STEM teaching methods course throughout an entire semester to align more closely to at least 20 

hours of contact time. Future research studies should consider conducting longitudinal research 

over a greater period in line with prior research on effective teacher professional development. 

Previous research shows that the impacts of learning experiences might not be detected until 

months after the intervention (Rennie & Johnston, 2004).  

6. Self-Reporting. Another limitation of this study concerned the use of self-report  

survey data which can elicit biased and socially desirable responses. To address this limitation, 

future research should triangulate self-report survey data with observational data (Desimone, 

2009). This need is supported by previous research which has suggested that beliefs are not 

always consciously held and may become explicit only through practice; therefore, there is a 

need to investigate PSSTs’ expressed beliefs and intended beliefs (Leung, 2022). Furthermore, 

future research should conduct follow-up research to explore how PSSTs transfer their beliefs 

and attitudes about GSDST to their teaching (e.g., following PSSTs into their student teaching 

and beginning teaching years), and how the GSD-inclusive teaching practices of these teachers 

who experienced a desired shift in beliefs and attitudes about GSDST are connected to their 

overall preservice experiences and the intervention specifically. To do so, there is a need for a 
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robust and reliable measure of GSDST that builds on the conceptual frameworks and instruments 

used in this dissertation and combines observational and survey data. 

7. Alignment of Surveys. There were two components of the GSDST conceptual 

framework that were not measured because no surveys were found (embodiment and GSD 

terminology). As previously discussed, there are anticipated difficulties around developing and 

using a measure of GSD terminology considering the fluid and evolving nature of GSD 

terminology among scholars and within the queer community. The qualitative data did reveal 

that the participants’ continued to express a fear of using GSD language even after the 

intervention, despite also expressing the focus on GSD terminology was an impactful design 

element of the intervention. These findings reinforce that GSD terminology, though not 

measured explicitly, is an essential capacity of GSDST that deserves further scholarly attention. 

Embodiment was also not measured and there was no qualitative data that was coded using this 

code. Interestingly, the concept of embodiment is prevalent in the critical trans studies literature 

(e.g., Keans, 2020; Martino & Cumming-Potvin, 2018). Like the science education literature 

suggested, embodiment referred to amplifying queer lived experiences as “a valuable source of 

knowing” (Keans, 2020, p. 14) and students “should be recognized as the best source of learning 

about how to support and affirm all students at the school” (Keans, 2020, p. 17). Future research 

should investigate how to measure PSSTs’ attitudes and beliefs about embodiment and elaborate 

on the proposed conceptual framework in this dissertation using tenets of critical trans theory. 

The need to draw from queer theory and transgender studies in education has been expressed in 

the scholarly literature (e.g., Martino & Cumming-Potvin, 2018) to generate “transgender 

informed and gender expansive understandings of embodiment” (Martino & Cumming-Potvin, 

2018, p. 691). 
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8. Positionality. My positionality is also a limitation of this study and likely influenced 

my data analysis. First, I was open about my identity with the participants and shared my own 

experiences as an open queer student and educator when asked. It is possible that some of the 

data reflected more supportive attitudes and beliefs because participants were aware of my 

identity and provided desirable responses. Additionally, as a queer student, I did not feel that a 

focus on student safety was sufficient. Even in a school that promoted anti-bullying policies, I 

was still physically and verbally bullied. As such, it is not my intent to describe a safety 

approach to GSDST as pejorative or inferior to equity or critical theory paradigms. Rather, my 

analysis and conclusions that there is room for growth and acceptance around GSDST, 

specifically concerning the equity and critical theory paradigms, was influenced by my own 

experiences. My lived experiences made me more attune to some interpretations and insights, but 

less aware of others.  

Chapter Summary 

 This chapter provided summaries and highlights of the results and connected the findings 

to the existing literature and conceptual frameworks. It also provided a discussion of the 

implications for future research, practice, and policy. The data showed that the GSD-infused 

intervention did not have a statistically significant effect but led to changes that trended in favor 

of GSDST. Importantly, none of the participants complained about the intervention, and in fact 

several of them were appreciative for the opportunity to engage in this work. Overall, this study 

expands the growing body of scholarship around pre-service teachers’ attitudes and beliefs about 

GSD-inclusive teaching and was the first empirical study to investigate the impact of a GSD-

infused intervention on PSSTs’ GSD-related attitudes and beliefs. Considering increased 

education efforts and conversation around the needs of gender and sexually diverse students in 
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K-12 and higher education settings, further research is still needed to understand how science 

teacher education programs can impact PSSTs’ attitudes, beliefs, and intended enactment of 

GSDST. There is a need to develop sustained professional growth opportunities to enrich PSSTs’ 

GSDST practices working with and learning from queer students. 
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Appendix A 

 

URL Links for NCCSTS Case Studies  

 

1. Gender: In the Genes or in the Jeans?: A Case Study on Sexual Differentiation (Hoese, 

2002) - https://sciencecases.lib.buffalo.edu/files/gender.pdf 

 

2. Nature or Nurture: The Case of the Boy Who Became a Girl (Schillo, 2011) - 

https://sciencecases.lib.buffalo.edu/files/gender_reassignment.pdf  

 

3. Going for Gold: Sex, Gender, and Competition (Harris & Saltzman, 2018) - 

https://sciencecases.lib.buffalo.edu/files/sex_vs_gender.pdf 

  

https://sciencecases.lib.buffalo.edu/files/gender.pdf
https://sciencecases.lib.buffalo.edu/files/gender_reassignment.pdf
https://sciencecases.lib.buffalo.edu/files/sex_vs_gender.pdf
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Appendix B 

NCCSTS Case Studies Questions for Whole-Class Discussion 

 

1. What did you enjoy or think went well in the activity? 

 

2. What would you change, or think could be improved in the activity? 

 

3. How did you feel about learning about the biology of sex and gender?  

 

4. How did these activities define what is considered a “normal” sex and/or gender? Do you 

agree with how the case studies defined a “normal” sex and/or gender? 

 

5. How could you use these case studies in your unit plans or future science classrooms? 
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Appendix C 

Socratic Seminar Graphic Organizer 

 

Next week, you will be participating in a Socratic Seminar about The Biology of Sex and Gender. In order to begin preparing for 

your Socratic Seminar, you will need to write answers to these questions with sufficient evidence. Evidence is quotes and facts from 

the videos and readings that make your answers stronger and more persuasive.  To earn credit for your independent research, you 

must cite your sources in the evidence column.  You will be able to use this Graphic Organizer to help you during the Socratic 

Seminar. At the end of this document, there is a section to prepare your own discussion questions for the Socratic seminar 

based on the research you have conducted. 

 

Background Information – Use your knowledge that you’ve gained from the HHMI Biointeractive module, NCCSTS Case 

Studies concerning the biology of sex and gender, and this graphic from Scientific American. You can also cite additional 

sources. 

 

Question Your Answer 

(In your own words) 

Evidence to Support Your Answer 

(Make sure you include quotations and 

the name of the reading or video) 

How do you define gender? Are there 

exceptions to this definition? If so, 

provide examples. 

  

How do you define sex? Are there 

exceptions to this definition? If so, 

provide examples. 

  

https://www.scientificamerican.com/article/beyond-xx-and-xy-the-extraordinary-complexity-of-sex-determination/
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What does it mean to be intersex? How 

would you describe the sex and gender 

of someone who is intersex? 

  

 

 

The Implications of Gender and Sex for Sports - Use this article from the NYTimes depicting the experience of a female 

athlete, Dutee Chand, being “sex-tested.” You can also cite additional sources. 

 

Question Your Answer Evidence to Support Your Answer 

(Make sure you include quotations and the 

name of the reading or video) 

What is the “typical” female range of 

testosterone? What were Chand’s levels 

at?  

 

  

Do you think that the guidelines set 

forth by the I.O.C. regarding athletes 

who identify as intersex or transgender 

are scientifically based? Why or why 

not? 

  

Are sex verification tests of athletes 

used to determine biological sex or 

gender? Explain. 

  

https://www.nytimes.com/2016/07/03/magazine/the-humiliating-practice-of-sex-testing-female-athletes.html
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The Sex Spectrum - Use this article from Nature (podcast available on website) to explore the spectrum of biological sex, and 

this graphic from Scientific American. You can also cite additional sources. 

 

Question Your Answer Evidence to Support Your Answer 

(Make sure you include quotations and 

the name of the reading or video) 

What are differences or disorders of sex 

development (DSDs)? Provide an 

example. 

  

What is the role of the SRY gene? What is 

one consequence of a mutation in the SRY 

gene?  

  

Should biological sex be determined 

based on the presence or absence of a Y 

chromosome? Why or why not?  

  

 

 

 

 

 

 

 

 

 

https://www.nature.com/news/sex-redefined-1.16943
https://www.scientificamerican.com/article/beyond-xx-and-xy-the-extraordinary-complexity-of-sex-determination/
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Gender and Epigenetics - Learn about the role of epigenetics in the biology of gender by watching this TEDtalk. You can also 

cite additional sources. 

 

Question Your Answer Evidence to Support Your Answer 

(Make sure you include quotations and the 

name of the reading or video) 

What is epigenetics, and how does it 

relate to the scientific study of sex and 

gender? 

  

What is the DNA knot formation process?  

 

  

 

For a LEVEL 6: write your own discussion questions to use in the Socratic seminar.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ted.com/talks/karissa_sanbonmatsu_the_biology_of_gender_from_dna_to_the_brain?utm_source=twitter.com&utm_medium=social&utm_campaign=tedspread
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Rubric - Preparation  

3 4 5 6 

Prepares general notes with 

some specific connections to 

highlight key talking points. 

Prepares specific notes with 

connections to highlight key 

areas. Explicitly draws on 

those notes to probe and reflect 

on ideas under discussion. 

Comes to discussions having 

read & researched material for 

teacher-provided questions; 

explicitly draws on texts & 

research to stimulate a 

thoughtful, well-reasoned 

exchange of ideas. 

Come to discussions with 

responses and evidence 

generated with peers through 

studying, research, or inquiry; 

explicitly draws on texts and 

research to stimulate a 

thoughtful, well-reasoned 

exchange of ideas. 

 

Rubric - Discussion 

3 4 5 6 

Expresses some original ideas 

and makes some connection to 

the ideas of others. 

Expresses original ideas 

clearly and connects to the 

ideas of others. Attempts to 

move discussion forward by 

asking and responding to 

questions. 

Expresses original ideas clearly 

and persuasively; connects to 

the ideas of others. Attempts to 

deepen discussion by asking 

connecting questions or 

building on the responses of 

others. 

Expresses original ideas clearly 

and persuasively. Builds new 

pathways of discussion that are 

clearly connected to the ideas 

of others. Propels 

conversations by relating to 

broader themes. 
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Appendix D 

HHMI Biointeractive Module: “Sex Verification Testing of Athletes” 

 

 

Genetics Published December 2018 
www.BioInteractive.org Page 1 of 8 

 

 

LESSON 

  

Student Worksheet 
Click & Learn 

Sex Verification Testing of Athletes 

INTRODUCTION 

This handout complements the Click & Learn “Sex Verification Testing of Athletes.” 

PROCEDURE 

As you proceed through the interactive, follow the instructions and answer the questions in the spaces 
provided. 

INTRODUCTION 

Select the “Introduction” tab and watch the opening video. After watching the video, scroll down and read the 
text. As you read, click on the underlined terms to learn more about them. When you have finished, answer 
questions 1-3 below. 

1. What evidence provided supports the claim that “A high level of testosterone provides an unfair advantage 
in women’s athletics”? Is this adequate evidence? Explain your answer. 

2. Click on the term “biological sex.” Describe how biological sex and gender differ from each other. 

3. Are sex verification tests of athletes used to determine biological sex or gender? Explain why you selected 
sex or gender.  

HUMAN DEVELOPMENT 

Click the “Human Development” tab. As you navigate through this section, use the information to answer 
questions 4-20. 

4. Rewrite the following statement to be correct regarding human chromosomes: “All chromosomes are 
autosomes, and some autosomes are allosomes.” 
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Appendix E 

 

HHMI Debrief Questions for Whole-Class Discussion 

1. What did you enjoy or think went well in the activity? 

 

2. What would you change, or think could be improved in the activity? 

 

3. How did you feel about learning about the biology of sex and gender?  

 

4. Some legislation has been proposed that prohibits transgender students from participating 

on sports teams that match their gender identity. Is this decision scientifically based? 

Why or why not? 

 

5. How could you use this activity in your unit plans or future science classrooms? 
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Appendix F 

 

Final Written Reflection 

Instructions: 

Respond to the following prompts as a discussion board post on Moodle: 

1. What were your initial attitudes toward LGBTQ students, and have they changed because 

of the class activities? 

2. What did you learn from these class activities? How will what you learned impact you as 

a K-12 teacher? 

3. Will you implement some or all the activities we participated in, in your own class? Why 

or why not? 

4. What challenges do you foresee in addressing LGBTQ topics as a teacher? How do you 

plan to handle these challenges? 
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Appendix G 

 

Modified edTPA Thinking Organizer 

Knowledge of Students to Inform Teaching 

For each of the prompts below (2a–b), describe what you know about your students with respect to the central focus of the 

learning segment. 

Consider the variety of learners in your class who may require different strategies/support (e.g., students with IEPs or 504 plans, 

English language learners, struggling readers, underperforming students or those with gaps in academic knowledge, and/or gifted 

students.  

b. Personal/cultural/community assets related to the central focus—What do you know about your students’ everyday 

experiences, cultural backgrounds and practices, and interests? 

  

Organize your response: 

  

  

Students 

  

Students’ everyday 

experiences related to the 

learning segment 

  

Students’ cultural 

backgrounds related to the 

learning segment 

  

Students’ practices 

related to the 

learning segment 

  

Students’ interests 

related to the 

learning segment 

  

Class as a whole 

  

        

  

Students with IEPs 
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Students with 504 plans 

        

 

English Language 

Learners (ELLs) 

        

 

LGBTQ Students 

    

 

Racially and Ethnically 

Diverse Students (BIPOC) 
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Other groups of learners 

(e.g., struggling readers, 

gifted students) 

    

Notes: Stay positive – discuss your students’ assets 

            Keep the learning segment in mind – only discuss student assets related to the learning segment 

  Review these definitions of student assets (knowledge of students): 

Personal: refers to specific background information that students bring to the learning environment. Students may 

bring interests, knowledge, everyday experiences, family backgrounds, and so on, that a teacher can draw upon to 

support learning. 

• Cultural: refers to the cultural backgrounds and practices that students bring to the learning environment, such as 

traditions, languages, worldviews, literature, art, and so on, that a teacher can draw upon to support learning. 

•  

• Community: refers to common backgrounds and experiences that students bring from the community where they live, 

such as resources, local landmarks, community events and practices, and so on, that a teacher can draw upon to support 

learning. 

Supporting Students’ Science Learning 

a. Explain how your understanding of your students’ prior learning and personal/cultural/community assets (from 

prompts 2a–b above) guided your choice or adaptation of learning tasks and materials. 

  

Organize your answer: 

Chosen learning task or material 

(or adaptation of either) 

Associated student 

learning or asset 

Why did you make 

this choice? 

What research 

supports this choice? 

How does the research 

support this choice? 
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b. Describe and justify why your instructional strategies and planned supports are appropriate for the whole class, 

individuals, and groups of students with specific learning needs. 

 

Organize your answer: 

Instructional/planned 

support 

How is this tied to the 

learning objective? 

Why is this appropriate for the whole class, or what particular group of 

students (students with IEPs, ELLs, LGBTQ students, etc.) is this designed 

for?  
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Appendix H 

 

Scientific Epistemic Beliefs (SEB) Questionnaire  

1. Everybody has to believe what scientists say. (R) 

2. All questions in science have one right answer. (R) 

3. Ideas about science experiments come from being curious and thinking about how things 

work. 

4. Some ideas in science today are different than what scientists used to think. 

5. It is good to have an idea before you start an experiment. 

6. In science, you have to believe what the science books say about stuff. (R) 

7. The most important part of doing science is coming up with the right answer. (R) 

8. The ideas in science books sometimes change. 

9. In science, there can be more than one way for scientists to test their ideas. 

10. Whatever the teacher says in science class is true. (R) 

11. Ideas in science can come from your own questions and experiments. 

12. Scientists pretty much know everything about science; there is not much more to know. 

(R) 

13. There are some questions that even scientists cannot answer. 

14. One important part of science is doing experiments to come up with new ideas about how 

things work. 

15. If you read something in a science book, you can be sure it’s true. (R) 

16. Scientific knowledge is always true. (R) 

17. Ideas in science sometimes change. 

18. It is good to try experiments more than once to make sure of your findings. 

19. Only scientists know for sure what is true in science. (R) 

20. Once scientists have a result from an experiment, that is the only answer. (R) 

21. New discoveries can change what scientists think is true. 

22. Good ideas in science can come from anybody, not just from scientists. 

23. Scientists always agree about what is true in science. (R) 

24. Good answers are based on evidence from many different experiments. 

25. Sometimes scientists change their minds about what is true in science. 

26. A good way to know if something is true is to do an experiment. 

Note. Likert-type rating scale for responses: 1 = strongly disagree; 2 = disagree; 3 = uncertain;  

4 = agree; 5 = strongly agree. R denotes reverse-scored items. 
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Appendix I 

Learning to Teach Social Justice-Beliefs Scale (LTSJ-B) 

Respond to the following statements regarding your beliefs about teaching: 

1. An important part of learning to be a teacher is examining one’s own attitudes and beliefs 

about race, class, gender, disabilities, and sexual orientation. 

2. Issues related to racism and inequity should be openly discussed in the classroom. 

3. For the most part, covering multicultural topics is only relevant to certain subject areas, 

such as social studies and literature. (R) 

4. Good teaching incorporates diverse cultures and experiences into classroom lessons and 

discussions. 

5. The most important goal in working with immigrant children and English language 

learners is that they assimilate into American society. (R) 

6. It’s reasonable for teachers to have lower classroom expectations for students who don’t 

speak English as their first language. (R) 

7. Part of the responsibilities of the teacher is to challenge school arrangements that 

maintain societal inequities. 

8. Teachers should teach students to think critically about government positions and actions. 

9. Economically disadvantaged students have more to gain in schools because they bring 

less into the classroom. (R) 

10. Although teachers have to appreciate diversity, it’s not their job to change society. (R) 

11. Whether students succeed in school depends primarily on how hard they work. (R) 

12. Realistically, the job of a teacher is to prepare students for the lives they are likely to 

lead. (R) 

Note. Likert-type rating scale for responses: 1 = strongly disagree; 2 = disagree; 3 = uncertain;  

4 = agree; 5 = strongly agree. R denotes reverse-scored items.  
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Appendix J 

Heteronormative Attitudes and Beliefs Scale (HABS) 

Instructions:  

Below are some statements representing different attitudes and beliefs.  You will probably find 

that you agree with some of the statements, and disagree with others, to varying extents.  Please 

indicate your reaction to each statement by circling the appropriate phrase beneath each 

statement. 

 

1. In healthy intimate relationships, women may sometimes take on stereotypical ‘male’ roles, 

and men may sometimes take on stereotypical ‘female’ roles. (R) 

2. In intimate relationships, women and men take on roles according to gender for a reason; it’s 

really the best way to have a successful relationship. 

3. There are only two sexes: male and female.  

4. People should partner with whomever they choose, regardless of sex or gender. (R) 

5. Gender is the same thing as sex. 

6. Femininity and masculinity are determined by biological factors, such as genes and 

hormones, before birth. 

7. All people are either male or female.  

8. Things go better in intimate relationships if people act according to what is traditionally 

expected of their gender.   

9. Gender is a complicated issue, and it doesn’t always match up with biological sex. (R) 

10. It’s perfectly okay for people to have intimate relationships with people of the same sex. (R) 

11. People who say that there are only two legitimate genders are mistaken.  (R) 

12. Gender is something we learn from society. (R) 

13. There are particular ways that men should act and particular ways that women should act in 

relationships. 

14. The best way to raise a child is to have a mother and a father raise the child together. 

15. Sex is complex; in fact, there might even be more than 2 sexes. (R) 

16. Women and men need not fall into stereotypical gender roles when in an intimate 

relationship. (R) 

 

Response Options Below Each Item: 
         

 strongly 

disagree 

 

disagree 

slightly 

disagree 

exactly 

neutral 

slightly 

agree 

 

agree 

strongly 

agree 

 

 

Item Order: 

The order in the list above is one possible random ordering of scale items. 

 

Scoring: 

Essential Sex and Gender subscale items are in italicized font; Normative Behavior subscale 

items are in regular font. Mean scores are calculated for each subscale based on values from 1-7 

assigned to possible response options.  Items followed by (R) should be reverse-scored before 

calculating mean scores. 
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Appendix K 

 

Sexual Orientation Beliefs Scale (SOBS) 

1. Sexual orientation is innate 

2. Individuals choose their sexual orientation (R) 

3. Biology is the main basis of an individual's sexual orientation 

4. Social and environmental factors are the main basis of an individual's sexual orientation 

(R) 

5. People have control over changing or keeping their sexual orientation (R) 

6. Something deep inside of a person determines her or his sexual orientation. 

7. The existence of different sexual orientations is natural 

8. If someone comes out as gay or lesbian they were probably attracted to the same sex all 

along 

9. The percentages of people in different sexual orientation groups are roughly the same all 

over the world 

10. It is impossible to truly change one's sexual orientation 

11. The idea that individuals have a "sexual orientation" is a social invention (R) 

12. Sexual orientation is set early on in life 

13. Sexual orientation is a category with distinct boundaries: A person is either gay/lesbian or 

heterosexual 

14. Sexual orientation is a category with clear boundaries: A person is either gay/lesbian, 

bisexual, or heterosexual 

15. People who identify as bisexual are confused about their true sexual orientation 

16. A person has only one true sexual orientation 

17. It is possible to be "partially" or "somewhat" gay or straight (R) 

18. People may reasonably identify as two sexual orientations at the same time (R) 

19. Individuals with the same sexual orientation seem to be connected to one another by 

some invisible link 

20. People who have the same sexual orientation are very similar to one another 

21. There are more similarities than differences among people who have the same sexual 

orientation 

22. it is possible to know about many aspects of a person once you know her or his sexual 

orientation 

23. It is usually possible to know a person's sexual orientation even without being told. 

24. People tend to have a sense of group belonging based on their sexual orientation. 

25. People who share the same sexual orientation pursue common goals. 

26. Knowing a person's sexual orientation tells you a lot about them. 

27. People who have the same sexual orientation interact frequently with one another. 

28. People with the same sexual orientation share a common fate. 

29. Sexual orientation is an important characteristic of people. 

30. A person's sexual orientation is an important attribute. 

31. Using terms like "lesbian," "gay," "bisexual," and "heterosexual" only reinforces 

stereotypes. (R) 

32. If you don't know a person's sexual orientation you can't really say that you know that 

person. 
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33. Most people view their sexual orientation as important to them. 

34. It's useful to group people according to their sexual orientation. 

35. People have access to different amounts of social power depending upon their sexual 

orientation. 

Note. Likert-type rating scale for responses: 1 = strongly agree; 2 = agree, 3 = uncertain;  

4 = disagree; 5 = strongly disagree. R denotes reverse-scored items.   
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Appendix L 

Qualitative Interview Protocol 

Script: Thanks for taking the time to talk with me. I’m interested in learning about your attitudes 

and beliefs towards gender and sexual diversity-inclusive teaching. Please speak from your own 

experience. If in your response to a question you need to refer to other people, please refrain 

from using their names to protect their privacy. You can, instead, refer to them by their role in 

your life, such as “parent,” “friend,” “mentor,” etc.  

 

We have 35 minutes set aside for this interview, which will be recorded. I will be the only person 

to listen to the recording, which will be transcribed for analysis. Do you have any questions 

before we start? Is it alright with you to start the recording now? (Start recording) 

  

Pre-Intervention Interview 

1. Tell me about your experience at NCSU so far, what you are studying, what your goals 

are, and what you hope to get out of EMS 475. 

2. How do you feel about discussing LGBTQ topics in your future science classroom?  

3. Do you feel it is important to address LGBTQ topics in your future science classroom?  

4. Do you view it as your responsibility to support and affirm LGBTQ students in your 

future science classroom? Why is that?  

5. How do you plan to support students who identify as LGBTQ in your future science 

classroom?  

6. Have you had any experiences working with LGBTQ students, or have you seen a 

teacher working with LGBTQ students in your previous field experiences/observations?  

a. Tell me more about your experience working with LGBTQ students or tell me 

more about what you observed.  

7. Do you think you would include LGBTQ topics and resources in your future science 

classroom? Why is that?  

a. What kind of topics and resources would you include? Why? 

b. Which topics and resources would you not include? Why?  

8. What do you see as some of the challenges that would prevent you from including 

LGBTQ topics and resources in your future science classroom?  

a. How do you plan to handle these challenges? 

9. Do you think it is important as a future science teacher to examine your own attitudes and 

beliefs of sex, gender, and sexual orientation? Why is that?  

10. Do you think that a students’ sex, gender, and/or sexual orientation impacts their science 

learning? How so or why not?  

11. Have you had any previous science instruction (as a K-12 or college student) on the 

science behind sex, gender, and/or sexual orientation? Tell me more about that.  

12. What questions do you have about working with LGBTQ students in your future science 

classroom? 

13. What do you think an ideal LGBTQ-inclusive science classroom looks like?  

14. Is there anything else you’d like to add?  
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Post-Intervention Interview 

1. Tell me a little bit about how your semester went, what were some challenges and 

accomplishments, and what did you learn from the EMS 475 course. 

2. How do you feel about discussing LGBTQ topics in your future science classroom?  

3. Do you feel it is important to address LGBTQ topics in your future science classroom?  

4. Do you view it as your responsibility to support and affirm LGBTQ students in your 

future science classroom? Why is that?  

5. How do you plan to support students who identify as LGBTQ in your future science 

classroom?  

6. Have you had any experiences this semester working with LGBTQ students in your field 

experience, or have you seen a teacher working with LGBTQ students in your field 

experiences/observations? Tell me more about that.  

7. Do you think you would include LGBTQ topics and resources in your future science 

classroom? Why is that?  

a. What kind of topics and resources would you include? Why? 

b. Which topics and resources would you not include? Why?  

8. What do you see as some of the challenges that would prevent you from including 

LGBTQ topics and resources in your future science classroom?  

a. How do you plan to handle these challenges? 

9. Do you think it is important as a future science teacher to examine your own attitudes and 

beliefs of sex, gender, and sexual orientation? Why is that?  

10. Do you think that a students’ sex, gender, and/or sexual orientation identity is important 

for science learning? How so or why not?  

11. What questions do you have about working with LGBTQ students in your future science 

classroom? 

12. What do you think an ideal LGBTQ-inclusive science classroom looks like?  

13. What did you enjoy, or what did go well, during the “Science Time” activities that 

focused on GSD?  

a. Why did you enjoy that activity? What about that activity specifically did you 

think was useful?  

b. Did this activity impact how you thought or feel about LGBTQ students? How 

so? If not, what would you have changed and why? 

14. What did you not enjoy, or what did not go well, during the “Science Time” activities 

that focused on GSD?  

a. Why did you not enjoy that activity? What about that activity specifically did you 

think was not useful?  

b. Did this activity impact how you thought or feel about LGBTQ students? How 

so? If not, what would you have changed and why?  

15. Will you implement some or all the activities we participated in, in your own class? Why 

or why not?  

16. What did you learn from these class activities? How will what you learned impact you as 

a secondary science teacher?  

17. What is one thing new you learned that you did not know before about LGBTQ culture or 

working with LGBTQ students?  

18. Is there anything else you’d like to add? 


	ABSTRACT
	DEDICATION
	BIOGRAPHY
	ACKNOWLEDGMENTS

