
 

 

ABSTRACT 

BAHNSON, MATTHEW ROWLAND MOREIRA. Discrimination and Engineering Identity in 

Graduate Engineering Students. (Under the direction of Dr. Mary Wyer). 

 

Graduation rates for engineering graduate students are lower than desired by national 

agencies (NSF, 2019; NASEM, 2018). In 2018, Hispanic or Latino/a/x, American Indian or 

Alaska Native, Black or African American, and those who identified with more than one of these 

identities completed 15% of engineering doctoral degrees, and white women completed only 

25% across all race and ethnicity groups (NSB, NSF, 2019). Marginalized racial and ethnic 

groups, and white women complete graduate engineering degrees at lower rates than their white 

male peers. Experiences of discrimination contribute to lower degree completion rates for 

traditionally underserved students (NASEM, 2018). For example, overall, 48% of students 

complete engineering doctoral degrees in 7 years, while only 40% of Black and African 

American students complete in the same time frame (CGS, 2015). Graduate engineering identity 

provides a valuable lens to investigate the experiences of engineering graduate students and 

understand the impact discrimination has on development as an engineer.  

The introduction (Chapter 1) provides theoretical frameworks that support the project as a 

whole and introduces key terms and constructs from the existing literature in engineering 

education. The dissertation includes one journal article in-press, one in-review, and one work in 

progress to explore graduate engineering identity (GEI) development and the impact of 

discrimination and bias on graduate engineering students’ identity development as engineers. In 

Chapter 2, the paper “Inequality in Graduate Engineering Identity” identifies differences in 

graduate engineer identity based on engineering discipline and variations by gender and 

race/ethnicity (Bahnson et al., in-press). In Chapter 3, in the paper “Interacting with Ruling 

Relations,” qualitative interviews investigate graduate engineering student experiences and 



 

 

explore the impact of discrimination on engineering identity development (Bahnson et al., in-

review). Chapter 4 includes results from a national survey of engineering graduate student 

experiences of discrimination and engineering identity focusing on the impact discrimination 

experiences have on engineering identity development and degree completion intentions. Finally, 

the conclusion (Chapter 5) will summarize the broader impact of the research while outlining 

institutional directions for change to better support traditionally underserved students. 
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Chapter 1 

Introduction 

 Engineering graduate education continues to poorly reflect the United States population, 

representing a serious, continued, and damaging inequity and disservice to minoritized groups 

and innovation in engineering. Marginalized racial and ethnic groups and white women 

experience discrimination creating structural and interpersonal barriers to graduate degree 

completion. U.S. agencies identify a lack of equity in gender and race representation as an urgent 

problem requiring investigation and proactive solutions (NASEM, 2018; NSF, 2017). Recent 

increases in matriculation and graduation among marginalized racial and ethnic groups and white 

women in engineering doctoral programs demonstrate that improvement in representation is 

possible (NSB, NSF, 2019; NASEM, 2018; Sowell et al., 2015). However, even considering 

these modest improvements, matriculation and graduation rates remain problematically low in 

engineering (Barthelemy et al., 2016; NASEM, 2018; Ramirez, 2014; Sallee, 2011; Sowell et al., 

2015). Further, progress remains uneven, with some disciplines finding more significant success 

than others (e.g., 48.7% of biomedical engineering doctorates in 2018 went to women; NSB, 

NSF, 2019; Yoder, 2018). However, the field as a whole has seen less success in reaching parity 

in doctoral degree completion.  

 In 2018, American Indian, Alaska Native, African American, Hispanic, Latino/a/x, 

Pacific Islander, and those that chose “other” or did not provide race or ethnicity completed only 

15% of engineering doctoral degrees while representing more than 30% of the U.S. population 

(NSB, NSF, 2020; USCB, 2019). Within racial/ethnic groups, women received less than half of 

engineering doctoral degrees in 2017 (American Indian/Alaska Native 16%, African American 

11%, Hispanic 17%, Asian & Pacific Islander 19%; Other heritage 14%, White 13%; NSB, NSF, 
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2019). NSF data does not provide gender and race/ethnicity intersectional data by the field for 

more recent data. Disparities in participation and graduation limit the engagement of qualified 

and talented engineers in solving the emerging problems that require heterogeneous perspectives 

to develop innovative solutions (NASEM, 2018; NSB, 2018; NSF, 2017; Sowell et al., 2015).  

 Improvements to degree completion and engineering graduate education experiences can 

be made by educators fostering students’ graduate engineering identities (Choe & Borrego, 2020; 

Perkins et al., 2020). The research reported in the following dissertation chapters leverages this 

idea while examining the ways discrimination experiences influence the development of 

engineering identity in graduate students. Chapter 2 investigates the differences in GEI between 

engineering disciplines and the influence gender and minoritized race/ethnicity contribute to 

different expressions of GEI with multilevel modeling (Bahnson et al., in-press). In Chapter 3, 

qualitative interviews focused on student narratives to illustrate the ways graduate engineering 

students experience discrimination within oppressive ruling relations (Bahnson et al., in-review). 

The qualitative interviews informed the development of a discrimination scale used in a survey 

of graduate engineering students from across the U.S. In Chapter 4, the survey results document 

the discrimination experiences graduate engineering students experience and the impact those 

experiences have on graduate engineering identity development. The conclusion, Chapter 5, 

summarizes the research program emphasizing discrimination experiences that influence the 

development of engineering identity and directions for institutional and structural change. 

 Throughout the project, the terms used to categorize and identify groups of people have 

evolved and changed. In my attempt to use current and accurate information, the following 

chapters use different terms based on my understanding and evolution of language. In the most 

recent work, I have focused on two terms: 1) “marginalized” to refer to groups pushed by 
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individuals, systems, and norms to the edges of engineering, and 2) “traditionally underserved 

students” to convey the idea that marginalized students receive systematically different 

educational services and opportunities that create difference unrelated to academic ability 

(Bancroft, 2019). In the same vein, I use the terms students selected for themselves whenever 

possible and the terms authors used in their work when describing previous research. 

Background 

 The project reported here draws from gender graduate education research to connect 

engineering identity to the concepts of opportunity structures and ruling relations to identify the 

negative impacts of discrimination experiences for graduate engineering students. The complex 

systems that govern graduate education reflect the culture of the people who built them: wealthy, 

white men. Identifying aspects of the system and how they perpetuated inequity represents an 

essential step in restructuring graduate education to better serve and welcome traditionally 

underserved and marginalized students. As a white man, I begin by reflecting upon my 

positionality and intentions for this work.    

Positionality 

 Positionality statements have become common in qualitative work. My positionality 

influences aspects of this work and my interest and pursuit of this research agenda, thereby 

impacting the project, including not just the qualitative portions but also the quantitatively based 

portions. I identify as a white, cisgender, gay man inspired by the experiences of discrimination 

faced by my husband, who is Latino, Queer, immigrant, and first-generation academic in 

biology. While my own experiences of heterosexism have shaped my interests around equity in 

higher education, they cannot and should not be equated with the experiences of discrimination 

experienced by others. I take this position seriously as one of privilege that requires a sensitive 
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and informed approach to research in these areas that profoundly and personally impact 

participants in my research. Throughout this project, I have attempted to set aside assumptions 

about others’ experiences, be mindful of the privileges that I hold as a representation of the 

oppressors that participants have faced. I cannot solve the problems, and my experiences do not 

inform the solutions; however, I can help others see the ruling relations and opportunity 

structures white men have benefited from and suggest alternatives that will expand support and 

engagement with historically excluded groups. The following chapters report a research program 

designed to investigate the experiences of graduate engineering students to describe and inform 

graduate engineering institutions and educators about ways in which students experience 

discrimination as disruptive to their development as engineers.  

Engineering Identity 

Engineering identity refers to one’s place and sense of belonging in the broader 

engineering community (Godwin, 2016; Rodriguez et al., 2018). As a concept, engineering 

identity grew from research on physics and math identities to investigate the intention to pursue 

science, technology, engineering, and mathematics (STEM) careers and persistence in STEM 

courses (Cass et al., 2011; Hazari et al., 2015). Undergraduate engineering identity research 

informed the development of graduate engineering identity measures and directions for research.  

Briefly, research shows that strong undergraduate engineering identity predicts degree 

persistence and intention to choose an engineering career (Godwin et al., 2016; Rodriguez et al., 

2018), and it buffers feelings of not belonging and isolation (Verdín et al., 2018). Undergraduate 

research experiences develop students’ identities as engineering researchers in ways that bolster 

motivation, retention, and academic performance (Benson et al., 2018). Godwin’s model of 

engineering identity uses domains necessary for success in engineering to conceptualize 
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engineering identity: math, physics, and engineering domains with sub-constructs of recognition, 

interest, and performance/competence measuring aspects of each domain (Godwin, 2016; 

Godwin et al., 2016). The sub-constructs measure aspects of how students come to identify 

themselves as belonging to an engineering in-group. The recognition sub-construct measures the 

student’s perception of how faculty, family, and peers view the student as belonging to the 

domain. The interest sub-construct measures the student’s desire to participate in the domain. 

Performance/competence measures the student’s confidence and beliefs in their ability to 

complete tasks and knowledge in the domain subject area.  

Qualitative research informed the adaptation of undergraduate engineering identity to 

graduate students (Perkins et al., 2017). GEI focuses on domain identities aligned with the 

primary goals of graduate education: engineer, scientist, and researcher while maintaining the 

same sub-constructs for each domain: recognition, interest, and performance/competence (Figure 

1; Perkins et al., 2017; Perkins et al., 2018a).  

 

Figure 1. Graduate Engineering Identity Sub-constructs and Domains 

Early work on GEI has demonstrated its utility in investigating multiple areas of 

engineering graduate student experience. Strong GEI relates to the size and composition of the 

student’s research lab (Perkins et al., 2018b; Crede & Borrego, 2012). The recognition sub-
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construct measured by student perceptions of how others view them as belonging in engineering 

relates to the advisor and peer relationship measures (Bahnson et al., 2018). Master’s degree-

seeking students’ GEI finds support from strong advisor relationships and research experience 

(Bahnson et al., 2019). For doctoral students, GEI predicts intentions to persist (Bahnson et al., 

in review). Students with intersectional identities express GEI differently from well-represented 

groups, such that students with historically marginalized race and ethnicity identities experience 

more robust benefits from positive advisor relationships (Perkins et al., 2020). Further, doctoral 

student GEI varies significantly between engineering disciplines, with gender, race, and ethnicity 

identities negatively influencing GEI across engineering disciplines (Bahnson et al., in press).  

Graduate Education Systems 

 The Graduate STEM Education for the 21st Century report by the National Academies of 

Science, Engineering, and Medicine ([NASEM], 2018) demonstrates the broad and consistent 

disparities facing many STEM fields. The report rightly calls for widespread systemic change in 

the structures and expectations of graduate STEM education and the roles required of various 

stakeholders, from funders to students. The critical message focuses on modernizing STEM 

education to serve students in their programs better and prepare them for the workforce. A 

common theme in graduate education literature is the problems of attrition and the importance of 

mentorship. 

 Concerns about attrition from doctoral programs began some time ago (Okahana et al., 

2018). During the first year of graduate study, attrition remains common with themes of finances 

to course difficulties without acknowledging the discriminatory distribution of resources to 

traditionally underserved groups (Bancroft, 2018; Ehrenberg et al., 2007; Golde, 1998; Mendoza 

et al., 2014). However, when disparities in race, ethnicity, and gender persistence remain after 
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decades of efforts to correct course (NASEM, 2018), it follows that attrition and persistence 

reflect discrimination in graduate education.  

 Graduate education holds the promise of economic and social advantage as the result of 

hard work and intelligence. However, current inequalities in educational outcomes reflect the 

centuries of discrimination exhibited in education access and practices. Graduate education 

becomes another level of stratification, among many, that promote white men above all others, 

perpetuating and reinforcing inequality through the myth of a dispassionate meritocracy (Posselt 

& Grodsky, 2017). Beyond perpetuating discriminatory cultural norms, graduate education does 

not provide instruction to graduate students in equity, diversity, and inclusion (EDI), failing to 

prepare students to engage social identities, values, and beliefs different from their own (Perez et 

al., 2019). Further, when EDI finds its way into the graduate curriculum, the emphasis remains 

on compositional diversity rather than shifting discriminatory cultures to embrace all students 

(Perez et al., 2019).  

 Graduate education remains entrenched in a historical system of apprenticeship that relies 

on a well-trained, knowledgeable, and engaged research advisor. However, students find their 

relationships with advisors and mentors strained by differences in background, future goals, and 

intentions for the graduate degree (NASEM, 2018; Noy & Ray, 2012). The training paradigm 

focuses on graduate education as socialization to an academic career without attention for 

differences in expectation and intentions based on gender or race/ethnicity (Austin, 2002). The 

focus of graduate education on preparation for academic careers fails to recognize the need for 

graduate degree holders in industry and government and other differences in intentions for the 

degree for students from other backgrounds (Leshner, 2015; NASEM, 2018). The training 

paradigm requires new directions that include more career choices and directions for the 
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graduate degree (Leshner, 2015). Similarly, graduate program decision maker’s gradual 

recognition of these concerns has increased the focus on work readiness while not updating the 

fundamental practices and expectations of graduate study (Daniels & Brooker, 2014). 

 Increasingly, researchers have connected graduate education with poor mental health 

(Council of Graduate Schools, & The Jed Foundation, 2021; Evans et al., 2018; Benshoff et al., 

2015). When students face mental health challenges, an additional barrier complicates the work 

of graduate education, leading to reduced persistence (Hocker et al., 2019). Many graduate 

educators remain ill-equipped to support students dealing with poor mental health (Council of 

Graduate Schools, & The Jed Foundation, 2021). Together with discrimination, students face 

many non-academic obstacles to their graduate degree completion (Wilkinson et al., 2014).  

 Finally, graduate students inhabit a unique space as both paying students and paid 

instructors or researchers (Grady et al., 2014). Balancing these professional roles injects 

increasing complexity and difficulty into the graduate study journey (Kajfez & McNair, 2014). 

Similarly, the development of professional identity conflicts with personal and social identities 

creating complex identity conflicts that compound and perpetuate obstacles for underrepresented 

minority students (Kim-Prieto et al., 2013). 

Opportunity Structures 

 Opportunity structures inform students’ experiences within the education system (Gray et 

al., 2018). Opportunity structures support student success through interpersonal, instructional, 

and institutional norms, rules, and assumptions that incorporate ruling relations and the 

advantages given to traditionally served (white, male, middle/upper class, multi-generational, 

able-bodied) students. Opportunity structures are built by and for the traditional, white, and male 

academic/student, creating opportunity systems that are comfortable and easily accessed based 
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on typical life experience for this group. Here the term opportunity structures refers to the 

aspects of the education environment that support or hinder students’ ability to belong and feel 

supported within that environment (Gray et al., 2018).  

 Gray, Hope, and Matthews (2018) define three levels of opportunity structures to assist in 

specifying the ecological context of the student experience of belonging in educational spaces: 

interpersonal, instructional, and institutional. Interpersonal opportunity structures include 

intentional actions on the part of educators to develop social ties and connections with students 

(Gray et al., 2018). Interpersonal opportunity structures represent one of the most meaningful 

relationships in traditional graduate education, that of advisor to advisee and those peer 

relationships, which may be just as crucial for student success at the graduate level (Barnes & 

Randall, 2012; Golde, 2005 & 1998; NASEM, 2018).  

 Instructional opportunity structures engage and support students’ sociocultural identities 

within the academic context (Gray et al., 2018). For academics, the sometimes joking, frequently 

honest, term “MEsearch” may represent academia’s somewhat bashful embrace of the 

importance of connecting researchers to research. Similarly, projects within educational systems 

that intentionally engage students’ interests and identities beyond the classroom represent 

instructional opportunity structures.  

Institutional opportunity structures represent the ecology of the educational institution 

that shapes, constrains, and defines the interactions, hierarchies, and setting of the boundaries 

and barriers of student success. Within each of these structures, ruling relations become 

embedded and normalized in ways that many students and educators ignore, assume, and take for 

granted. The problem then is that the existing structures disproportionally support students who 

easily fit within the defined identity of existing ruling relations. My dissertation uncovers the 
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structures, ruling relations, and assumptions of ‘sameness’ that fail to serve all students while 

contributing to the perpetuation of inequity, underrepresentation, and discrimination in the 

graduate education system. 

Ruling Relations of Engineering 

 Alice Pawley (2019) draws on Dorothy Smith’s (1987) conceptions of ruling relations to 

explore the system of higher (engineering) education and the oppressions “baked in” to the 

structures and assumptions that inform and confine engineering education practices. The premise 

of ruling relations supports the idea that the everyday discrimination experienced by graduate 

engineering students is embedded in the opportunity structures that support or hinder students 

inequitably, creating barriers to degree completion. Further, to eliminate the conditions that lead 

to these experiences, systemic change in graduate engineering education is necessary to improve 

participation and degree completion rates for American Indian, Alaska Native, Asian, Black, 

African American, Hispanic, Latino, Latina, Latinx, others of Spanish origin, Middle Eastern, 

North African, Native Hawaiian, or Pacific Islander women and men and white women.  

 While some STEM fields have made limited progress in increasing representation, 

gendered and racialized norms of an ideal worker remain prevalent in engineering (Pawley, 

2019). Stereotypes, behavioral norms, or as Alice Pawley (2019) labels them, the ruling relations 

in engineering define an ideal engineer as a dispassionate white male. These ruling relations 

inform and reinforce behaviors within the system to “professionalize” individuals to the norms of 

an idealized worker. Conflict can then arise between an individual’s sense of self, social and 

personal identities, and the expectations of ruling relations, as well as with individuals and 

groups who support and reinforce the ruling relations (Pawley, 2019). For students who identify 

with the norms of ruling relations, the field is comfortable, familiar, and supportive of their 
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identity. For students who do not identify with those norms, the graduate engineering 

professionalization process pressures them to deny identities and behaviors that are central to 

their self-concept as a person (Bancroft, 2018). Throughout this project, the primary lens to 

examine these experiences engages graduate engineering identity (GEI) as a tool to uncover the 

ways ruling relations define, constrain, and change professional identity development for 

minoritized social and personal identity groups in engineering graduate education. 

Discrimination in Engineering 

 Broadly, discrimination refers to the denial of just and equitable treatment due to social 

identities and personal characteristics such as gender, race, or sexual identity (Benner & Wang, 

2018; Schmitt et al., 2014). Discrimination interpersonally enacts the systemic, structural, and 

historical disengagement of individuals and groups due to sexism, racism, or other oppressive 

beliefs. Existing opportunity structures and ruling relations in engineering reflect and enact these 

oppressive beliefs in discriminatory ways similar to other areas of academia (Lord et al., 2009; 

McGee, 2016). Equitable access to engineering graduate education systematically disadvantages 

women, minoritized racial and ethnic groups, and other historically marginalized groups in ways 

that reflect the broader culture, perpetuating the underrepresentation of these groups in graduate 

engineering (Bancroft, 2018). Bancroft (2018) proposes the term traditionally underserved 

students (TUS) to center the fact that some students are not well-served by the system, rather 

than the more commonly used “underrepresented” terminology that focuses on the number or 

percentage of students. The broad term TUS includes an extensive set of identities and groups of 

people who face systemic barriers to their success in education systems: American Indian, 

Alaska Native, Asian, Black, African American, Hispanic, Latino, Latina, Latinx, others of 

Spanish origin, Middle Eastern, North African, Native Hawaiian, or Pacific Islander women and 
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men and white women, individuals with learning disabilities and physical disabilities, first-

generation college students, and lower-income students (Bancroft, 2018).  

  The group referred to as Asian presents a particular case that requires some elaboration. 

The NSF definition of an underrepresented minority does not include Asians (NSF, 2017). 

However, this misses several key points when considering the impact of discrimination on 

student participation and access. First, Asian women remain underrepresented across STEM 

fields, in engineering particularly, and experience engineering education and graduate 

engineering identity distinctly from Asian men and white women (Perkins et al., 2020). Further, 

stereotypes about Asian women remain extraordinarily sexist and racist within Western cultures 

(Ghavami & Peplau, 2013). In addition, Asian men and women experience microaggressions and 

model minority stereotypes within higher education (Sue et al., 2007; Trytten et al., 2012). 

Finally, racism and discrimination affect Asian individuals outside of academia, and those 

experiences stay with the individual even within academic spaces. For these reasons, definitions 

of traditionally underserved students for this project include Asian women and men. While ruling 

relations impact all TUS unfairly across all fields of higher education, the work reported here 

focuses on the experiences of marginalized racial and ethnic groups and white women as framed 

by the identity-denying ruling relations that increase exposure to racism and sexism within 

engineering graduate education. Further, ruling relations represent the norms and structural 

hierarchies of interaction that inform day-to-day experiences and oppress some students while 

supporting others.  

I focus on discrimination based upon sexism and racism while acknowledging the 

importance and impact of other forms of discrimination. Few researchers in engineering have 

defined their uses of the terms of discrimination or bias. Much of the engineering education (and 
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STEM education) literature conflates discrimination with bias. Though similar, bias remains 

distinct, representing conscious (explicit) or unconscious (implicit) preference or favoring of one 

group over another (Daumeyer et al., 2019), and it has become a standard (inaccurate) 

euphemism for discrimination. The distinction, however, does not require analysis for this work. 

Students’ experiences, whether discriminatory or biased, impact students’ sense of belonging 

within engineering and their ability to participate fully in graduate education. 

This investigation is informed by research on discrimination and bias with undergraduate 

students and STEM fields broadly while focusing on engineering and graduate student-specific 

literature where available. Due to continued misrepresentation, engineering graduate programs 

present a prime opportunity to examine the norms, barriers, and institutional assumptions that 

disenfranchise white women, and women and men from American Indian, Alaska Native, Asian, 

Black, African American, Hispanic, Latino, Latina, Latinx, others of Spanish origin, Middle 

Eastern, North African, Native Hawaiian, or Pacific Islander backgrounds in higher education as 

a whole (Bancroft, 2018; Lord et al., 2009). African American and Latino student persistence in 

college is negatively affected by experiences of bias in science and engineering spaces (Byars-

Winston et al., 2010). Similarly, research demonstrates that racist STEM environments 

encourage Black and Latino students to deny the importance of their racial identities, lowering 

their self-concept as STEM students (McGee, 2016). Conversely, researchers show that when 

African American and Latino students were encouraged to engage their rich and diverse 

backgrounds, engineering students benefited from the diversified experiences used in 

engineering problem solving (Samuelson & Litzler, 2016).   

Gender discrimination impacts traditionally underserved women. For instance, male 

peers express gender bias against women, which negatively impacts women’s STEM self-
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concept, a reliable indicator of persistence in STEM fields (Robnett, 2016). Conversely, female 

faculty members disrupt stereotypes of engineers as male, leading to more egalitarian attitudes in 

undergraduate women and men (Dasgupta & Asgari, 2004). When gender is intentionally 

integrated into project-based learning environments to disrupt biased attitudes, all students 

receive a positive impact (Du & Kolmos, 2009). Male-oriented engineering norms impose 

additional effort and resource expense for women to construct engineer identities (Capobianco, 

2006) successfully, and the whiteness of these spaces requires consideration (Pawley, 2017). 

However, these studies tell us little about the differences among women or differences across 

intersecting identities.  

Engineering education research has not sufficiently addressed how white male norms are 

intractable barriers to achievement for traditionally underserved students with intersectional 

identities (Bancroft, 2018; Pawley, 2019). Experiences of gender discrimination often aggregate 

American Indian, Alaska Native, Asian, Black, African American, Hispanic, Latino, Latina, 

Latinx, others of Spanish origin, Middle Eastern, North African, Native Hawaiian, or Pacific 

Islander women with white women without investigating intersectional identities. Similarly, 

experiences of racism often aggregate marginalized race and ethnicity identities without attention 

to gender differences in discrimination experiences. Disaggregation of gender and race in 

engineering education research will assist researchers in unpacking the experiences of students 

who hold intersectional minority identities and the impacts of inequitable treatment on 

persistence in engineering (Lord et al., 2009). Analyzing gender and race as intersectional 

identities (i.e., Black women compared to Black men) allows for a more accurate representation 

of student experiences. Differences in self-assessments of engineering skills and professional 
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skills based on gender and race are masked when considered to be “independent” variables (Lord 

et al., 2009; Ro & Loya, 2015).  

Chronic underrepresentation of most racial/ethnic groups and women remains in 

engineering; however, the sources and contexts of underrepresentation may vary. Racial/ethnic 

underrepresentation is symptomatic of inequitable representation in higher education, while 

women’s underrepresentation is specific to engineering and other STEM fields (Su, 2010). The 

dissertation work proposed here continues to build our understanding of how engineering can 

alter structures, norms, and cultures to better engage traditionally underserved students to 

increase persistence and diversify the engineering profession. 

Conclusion 

Increasing the number of minoritized students participating in and completing graduate 

engineering degrees holds great promise for students and society. However, the complex 

interpersonal and institutional actions that allow and perpetuate discrimination within 

engineering graduate education and academia generally must be addressed before true inclusion 

and equitable success in the field can be achieved. Students face a rigorous and challenging task 

in engineering while they develop their professional identities as engineers. Simultaneous 

discrimination cannot continue to be an accepted part of engineering culture and practice. The 

work presented in this dissertation begins by demonstrating disparities in identity development, 

then provides narrative evidence of discrimination, and followed by a quantitative demonstration 

of the impacts of discrimination. While this work presents a beginning in empirical research 

specific to engineering graduate education, the real work will come from institutions and faculty 

meticulously restructuring and shifting cultures and systems to eliminate discrimination within 

engineering disciplines, programs, and institutions. 
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Chapter 2 

Inequity in Graduate Engineering Identity: Disciplinary Differences and Opportunity 

Structures 

Matthew Bahnsona, Heather Perkinsb, Marissa Tsugawac,e, Derrick Satterfieldc, Mackenzie 

Parkerc, Cheryl Cassa,d, & Adam Kirnc 

Affiliations: a: North Carolina State University; b: Purdue University; c: University of Nevada, 

Reno; d: SAS, Inc.; e: Utah State University. 

Abstract  

Background: The retention of traditionally underserved students remains a pressing problem 

across graduate engineering programs. Disciplinary differences in graduate engineering identity 

provide a lens to investigate students’ experiences and can pinpoint potential opportunity 

structures that support or hinder progress based on social and personal identities.  

Purpose: This study investigates the impact of discipline, gender, race/ethnicity, advisor 

relationship, and years in a program on graduate engineering identity variability. 

Methods: Cross-sectional survey data from a national sample of doctoral engineering students 

was analyzed with multilevel modeling. Multilevel modeling measured the differences at the 

individual and discipline levels for graduate engineering identity and the domains of engineer, 

researcher, and scientist. Independent variables included were gender, advisor relationship score, 

race/ethnicity, and years in a program. 

Results: The engineer identity sub-construct of recognition significantly varied between 

engineering disciplines. Traditionally underserved students (i.e., Women and minoritized 

racial/ethnic groups) expressed lower engineering recognition levels, with this relationship 

varying based on discipline. Overall, our model explained 30% of the variation in engineering 
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recognition between disciplines.  

Conclusions: The disciplinary variation in graduate engineering identity combined with the 

significance of gender and race/ethnicity indicates traditionally underserved students do not 

experience equivalent opportunity structures compared to their well-represented peers. 

Modifying traditional opportunity structures to serve students better may provide the needed 

changes to engage and retain traditionally underserved populations.  

Keywords: PhD Students, institutional change, diversity concerns, engineering identity, 

multilevel modeling 
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Introduction 

 Despite mild upticks, Women and traditionally underserved groups remain significantly 

underrepresented and marginalized in engineering at the doctoral level (Barthelemy et al., 2016; 

National Academies of Sciences, Engineering, and Medicine [NASEM], 2018; Ramirez, 2014; 

Sallee, 2011; Sowell et al., 2015). In 2015, U.S. citizens and Permanent Residents of Color 

received 9% of doctoral degrees granted in engineering while representing over 30% of the U.S. 

population (National Science Board [NSB], 2018; Sowell et al., 2015; United States Census 

Bureau [USCB], 2019). Further, Women, first-generation college students, and minoritized racial 

and ethnic groups complete engineering doctoral degrees at lower rates than well-represented 

group peers (NASEM, 2018; NSB, 2018; National Science Foundation [NSF], 2017/2019; 

Sowell et al., 2015). Concerned by this gap in doctoral degree attainment, national agencies have 

called for significant changes to graduate education to adequately prepare the next generation of 

engineering problem-solvers (NASEM, 2018; NSB, 2018; NSF, 2017; Sowell et al., 2015). We 

propose that meaningful change in traditionally underserved student participation first requires 

investigating the current systems that serve students differently. We begin with the premise that 

disciplines engage opportunity structures that support and hinder graduate engineering identity 

(GEI) development and that strong engineering identity promotes participation in engineering 

and graduate degree completion. 

 Opportunity structures consist of systems, policies, practices, and norms that support or 

hinder students’ educational pursuits and engagement with the education system (Gray et al., 

2018). Opportunity structures often systematically disadvantage Women and minoritized 

racial/ethnic identities among other personal and social identity groups (Bancroft, 2018; Burt et 

al., 2018; Pawley, 2017; Pawley, 2019; Pawley et al., 2016; Starobin et al., 2010). Further, these 
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structures may begin to explain why a gap in engineering doctoral degree attainment exists 

(Bancroft, 2018). For this work, we use the term traditionally underserved students rather than 

‘underrepresented minority’ to focus on the ways opportunity structures, specifically the 

educational structures housed within engineering disciplines, departments, and programs, need to 

be redesigned to equitably serve a broader range of students (Bancroft, 2018; Ramirez, 2014; 

Sowell et al., 2015). Focusing on disciplines can highlight why some disciplines show higher 

levels of doctoral degree attainment for traditionally underserved populations, while others have 

low levels of degree attainment. For example, in 2017, Women earned 48.7% and 39.1% of 

doctoral degrees in environmental and biomedical engineering, respectively, while only earning 

13.6% of doctoral degrees in nuclear engineering (Yoder, 2018). 

 Traditionally underserved students experience inequity in a variety of ways. Students 

from underserved groups are less likely to have faculty, mentors, advisors, or peers who share 

their personal and social identities (Sowell et al., 2015). Peer discrimination, microaggressions, 

and exclusion isolate and punish already oppressed student groups (Burt et al., 2018; Byars-

Winston et al., 2010; McGee, 2016; Robnett, 2016; Wang & Degol, 2017). Finally, underserved 

students face unique challenges in conforming and participating in the university structure. 

In this work, we seek to identify the differences in GEI between engineering disciplines 

and propose that these differences arise from differences in discipline-specific opportunity 

structures. Further, we assess if gender and race/ethnicity impact differences in GEI between 

disciplines. This work uncovers the differences in GEI for Women and underrepresented 

racial/ethnic groups based on engineering disciplinary cultures that contribute to continued 

disparities in pursuit of doctoral degrees. The results provide the groundwork for further 

investigation of disciplinary cultures and opportunity structures to promote support for all 
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students. Further, this work has implications for how graduate education may benefit from 

evaluating the impact of opportunity structures on traditionally underserved doctoral students. 

We begin with the premise that disciplines engage opportunity structures that support and hinder 

GEI development and that a strong engineer identity promotes participation in engineering and 

graduate degree completion (Bahnson et al., 2019; Bancroft 2019; Godwin et al., 2016; Grey et 

al., 2018). 

 Improvements to the engineering graduate education experience for traditionally 

underserved students require a widespread systemic change to existing opportunity structures at 

the discipline level. To generate knowledge on how the design of engineering graduate programs 

is or is not equitable, we examined differences in engineering identity expression, a contextually 

responsive marker of students’ experiences, across disciplines based on traditionally underserved 

student groups by gender and race/ethnicity. This approach to studying graduate engineering 

disciplines elucidates how professional, personal, and social identities of traditionally 

underserved students are potentially perceived and valued within the opportunity structures of 

engineering doctoral education while concurrently highlighting potential targets for change.  

Conceptual and Theoretical Framing 

Opportunity structures are those aspects of educational environments that support or 

block student success and engagement with educational systems (Gray et al., 2018). The 

opportunity structures concept enables the investigation of the structural elements of education 

that support traditionally underserved adolescents' belongingness in schools (Gray et al., 2018). 

Opportunity structures are similar to the formal and informal aspects of education or ‘figured 

worlds’ that shape identity and identity expression (Holland et al., 1998; McAlpine & Lucas, 

2011). Doctoral degree progress involves identity changes shaped by available opportunity 
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structures (e.g., experiences, relationships, and intentions for the degree; McAlpine & Lucas, 

2011). In other words, opportunity structures can help or hinder students’ identity development 

and provide a mechanism to examine the ways identity development occurs within graduate 

engineering programs, as depicted in Figure 1. 

 

Figure 1. Opportunity structures represent factors that can positively or negatively 

influence graduate engineering identity and the individual sub-constructs that shape 

identity development. 

 Here, this framework is engaged to conceptualize differences in professional identity 

between engineering disciplines with attention to differences expressed by gender and 

race/ethnicity and the implication these differences may have on traditionally underserved 

student persistence through three interactive levels of opportunity structures: interpersonal, 

instructional, and institutional (Gray et al., 2018). Interpersonal opportunity structures are 

facilitated through the social ties actively created by faculty (Gray et al., 2018). Instructional 
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opportunity structures engage students in ways that allow them to express their identities within 

the performance expectations of an academic setting (Gray et al., 2018). Institutional opportunity 

structures reflect student experiences of the policies and practices that govern academia, such as 

admissions, funding, mentorship, lab assignment, evaluation, and degree completion. While 

institutional structures impact students, this work's focus remains on student identity 

development and the idea that institutional opportunity structures shape the learning environment 

that supports or hinders student professional identity development. 

Additionally, each level of opportunity structure interacts with the others and has a 

compounding influence on identity development (Gray et al., 2018; McAlpine & Lucas, 2011). 

For instance, interpersonal opportunity structures may be influenced by institutional structures 

that define, limit, or support faculty-student interaction. Similarly, institutional requirements for 

teaching or service hours may limit faculty interpersonal interactions with students. Within the 

influence of and interaction between these opportunity structures, students must develop their 

identities (Pawley, 2019). 

However, the implementation of opportunity structures in engineering is often biased or 

discriminatory, disadvantaging underrepresented populations (Wang & Degol, 2017). 

Traditionally served students often find these structures more natural to navigate, and the 

structures reflect socio-cultural norms in which traditionally served students are valued and 

comfortable (Bancroft, 2018; Foor et al., 2007). The inequitable implementation of opportunity 

structures can limit identity development (McAlpine & Lucas, 2011), exacerbate issues related to 

representation (Burt et al., 2018), and reduce support through challenges for Women and 

Students of Color (Byars-Winston et al., 2010; McGee, 2016; Robnett, 2016; Wang & Degol, 

2017). 
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Opportunity structures provide a conceptual mechanism to explain differences in GEI 

expression for traditionally underserved students. Interpreting differences in GEI through this 

lens points to sources of inequity and provides a mechanism to increase the equity of opportunity 

structures. Previous work explored aspects of GEI development (Crede & Borrego, 2012; 

Perkins et al., 2018a). As summarized in Figure 1, we utilized an opportunity structures 

framework to provide a more holistic understanding of the salient factors for graduate students’ 

development. The following section defines and synthesizes the history of GEI research related 

to one’s professional identity. 

Graduate Engineering Identity 

Seeing oneself as an engineer or having an engineering identity predicts persistence, 

motivation, and career choice across multiple engineering contexts (Crede & Borrego, 2013; 

Godwin, 2016; Godwin & Kirn, 2020; Godwin et al., 2016). Given this framework's importance, 

researchers have extended and adapted engineering identity frameworks (e.g., Godwin et al., 

2016) to study engineering graduate students (Choe & Borrego, 2019; Perkins et al., 2017). 

Engineering interest, recognition, and competence combined with interpersonal communication 

skills strongly predict engineering identity in graduate students (Choe & Borrego, 2020). Further, 

exploratory work examining engineering graduate students who debated leaving the field 

demonstrates that factors related to identity are vital in their intentions to persist (Berdanier et al., 

2020).  

Two identity domains (mathematics and physics) comprise undergraduate engineering 

identity with the sub-constructs of recognition, performance/competence, interest (Cass et al., 

2011; Godwin, 2016; Godwin et al., 2013; Godwin et al., 2016). Performance/competence is an 

individual’s sense of being good at and ability to complete domain-specific tasks (e.g., I am 
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confident that I can understand MATH in class). The interest sub-construct represents the 

individual’s interest in a specific identity domain (e.g., I enjoy conducting SCIENCE). The 

recognition sub-construct represents an individual’s perception of how others evaluate them 

(e.g., My peers see me as a PHYSICS PERSON). The recognition sub-construct is highly 

influential for undergraduate student persistence in engineering (Godwin et al., 2013). See 

Godwin (2016) for a full review of the developmental history of this framework. 

To understand how this framework translates to graduate contexts, Kirn and colleagues 

utilized a mixed-methods approach, including qualitative interviews, focus groups, and survey 

testing, when developing the domains of GEI. Intensive qualitative interviews and analyses 

uncovered three unique domains that influenced graduate conceptions of what it means to be an 

engineer and belong in engineering (Perkins et al., 2017; Perkins et al., 2018a). Kirn and 

colleagues validated the identity domains of researcher, scientist, and engineer through focus 

groups exploring each identity domain and graduate student experiences more generally. 

Qualitative interviews and focus groups preceded and guided the development of a 15-minute 

survey focused on each of these domains (Cass et al., 2017; Perkins et al., 2018a; Perkins et al., 

2017; Miller et al., 2017; Tsugawa-Nieves et al., 2017). The development of a quantitative 

measure of GEI for each of these domains followed procedures outlined in previous identity 

work (Godwin, 2016). Subsequent piloting of these measures occurred with students at two 

geographically diverse institutions (Perkins et al., 2018a). Pilot testing established a satisfactory 

level of validity and reliability for the survey (Perkins et al., 2018a). 

The three identity domains of GEI, researcher, scientist, and engineer, each have the sub-

constructs of recognition, performance/competence, and interest (Perkins et al., 2017; Perkins et 

al., 2018a). The identity domains of GEI reflect the focus of engineering graduate education on 
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research and scientific discovery. This distinction indicates that GEI's role, while similar to 

undergraduate engineering identity, contributes uniquely to student development at the graduate 

level. The sub-constructs of recognition, performance/competence, interest remained relevant to 

graduate students in each domain. However, distinct manifestations of these sub-constructs 

emerged. For instance, graduate students demonstrated performance/competence as a graduate 

student in classes, in the lab, and in comprehensive exams. Similarly, recognition from friends 

and family was less critical for graduate students as their specialization within engineering fields 

increased. This model of GEI aligns closely with other models of graduate student engineering 

identity developed within specific institutional contexts (Choe & Borrego, 2019; Choe & 

Borrego, 2020).  

Previous work utilizing measures of advisor and peer interactions shows that lab 

composition bolsters GEI (Crede & Borrego, 2012; Perkins et al., 2018b); advisor and peer 

relationships influence researcher and scientist recognition (Bahnson et al., 2018); and research 

experiences positively contribute to GEI (Bahnson et al., 2019). While this body of work 

explores the different structures that influence GEI, it has not examined the ways opportunity 

structures foster or hinder GEI development. Utilizing opportunity structure concepts and GEI 

constructs together, we examine how structural and individual factors concurrently contribute to 

stronger GEI development. 

Our approach to discipline differences research utilizes individual identity as a reflection 

of the cultures, institutions, norms, and practices of the individual’s discipline. These aspects of 

each discipline work together as active agents in the socially constructed professional identity of 

GEI. We did not measure the discipline-as-institution in this work; rather, we focus on the 

individual experience of the environment the discipline fosters. Student-level identity provides a 
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window to quantify the impact of the discipline environment on the development of students. 

Here we use these ideas to explore differences in GEI between disciplines and the influence of 

graduate education experiences on GEI (advisor relationship, gender, race/ethnicity, and years in 

a program).  

Influences on Graduate Education Experiences 

The literature supports many variables as contributors to graduate engineering student 

success (NASEM, 2018). Conceptually, successful GEI development relates to the opportunity 

structures that support and hinder GEI development such that successful engagement with 

opportunity structures leads to stronger GEI development that then leads to increased persistence 

or reduced attrition. We focus on three independent variables due to their demonstrated impact 

on students, particularly traditionally underserved students’ development and differential 

experience of opportunity structures: gender, race/ethnicity, and advisor relationship. First, 

including gender allows for measurement of meaningful variation around the experiences of 

Women (Pawley et al., 2016). For instance, Women experience gender bias in STEM and 

engineering spaces that negatively affect STEM self-concepts (Erickson, 2012; Robnett, 2016; 

Wang & Degol, 2017). Further, Women benefit from strong female advisor relationships leading 

to increased degree completion (Main, 2018).  

Second, race/ethnicity requires similar attention due to established differences in the 

experience of the educational environment for Students of Color. For example, African 

American and Latino/a students experience barriers, bias, and racism in STEM environments, 

lowering their STEM self-concept and persistence in college education (Burt et al., 2018; Byars-

Winston et al., 2010; McGee, 2016). Gender and race/ethnicity are important factors in discipline 

differences in representation, participation, stereotypes, motivation, and choice of engineering 
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field (Brawner et al., 2012; Hartman & Hartman, 2009; Kirn & Benson, 2013; Lattuca et al., 

2010; Shivy & Sullivan, 2005; Trytten et al., 2005; Verdín et al., 2018). Traditionally 

underserved gender and racial/ethnic identities lack access to traditional opportunity structures in 

engineering (Bancroft, 2019), leading to lower engineer identity and increased risk of attrition. 

Third, advisor (and mentor) relationships significantly impact the experience and 

persistence of doctoral students based on their level of access and working relationship 

(NASEM, 2018) and represent a significant opportunity structure for students as these 

relationships are tied to persistence and attrition in graduate education. Students’ relationship to 

their dissertation chair, often the primary advisor, exerts significant influence on completion of 

the doctoral degree (Bégin & Gérard, 2013; Gittings et al., 2018). Traditionally underserved 

students often do not have access to advisors or mentors who share their identities and 

experiences (NASEM, 2018; Sowell et al., 2015). In examining intersecting gender and 

race/ethnicity identities, differences in experience emerge (Ro & Loya, 2015; Verdín et al., 

2015). For instance, when Women of Color reported positive advisor relationships, they 

benefited more than white Women (Perkins et al., 2020).  

Also, we include a fourth independent variable (year started program) in recognition that 

GEI evolves throughout the doctoral degree and involves identity trajectory changes in the 

experiences, relationships, and intentions for the degree (McAlpine & Lucas, 2011). As students 

advance through doctoral training, their performance abilities and feelings of competence should 

increase. Students demonstrate their abilities to perform the tasks of a professional engineer, 

scientist, and researcher by completing doctoral milestones such as comprehensive exams, the 

dissertation proposal, and dissertation defense. Including the year a participant started their 
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doctoral program compensates for the expected changes students experience as they progress to 

degree.   

Research Questions and Hypotheses 

Our research questions (RQ) sought to identify if and where variation occurs in graduate 

engineering identity (GEI) based on engineering discipline. To do so, we explored if and how 

disciplinary differences, advisor relationship, gender, minority status, and years in a program 

relate to GEI, providing insight into necessary changes in opportunity structures. The answers to 

these questions provide an exploratory basis to understand the current landscape of differences in 

GEI between discipline and institutional, programmatic, and disciplinary action to develop 

opportunity structures that support traditionally underserved students. Specifically, our research 

questions were: 

RQ1a. Are there disciplinary differences in GEI domains (engineer, researcher, 

scientist)?  

RQ1b. For GEI domains with significant differences by discipline, are there disciplinary 

differences in GEI identity domain sub-constructs (recognition, performance/competence, 

interest)? 

RQ1c. For GEI domains and sub-constructs with significant differences by discipline, 

how are disciplines different from other disciplines in GEI sub-construct expression? 

RQ2. What are the within-discipline differences (main effects) for advisor relationship, 

gender, race/ethnicity minority status, or years in a program among GEI domains or sub-

constructs?  

RQ3. Do the main effect relationships of gender and race/ethnicity vary between 

engineering disciplines? 
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RQ4. How much within-discipline and between-discipline variability in GEI is explained 

by advisor relationship, gender, race/ethnicity minority status, and years in a program? 

To explore these questions, we used multilevel modeling as it allows for exploration of the 

variation between individuals within a discipline and variation between disciplines to be 

addressed in one model (Raudenbush & Bryk, 2002). Using multilevel modeling, we 

investigated the differences due to individual factors compared to membership in a group (here, 

an engineering discipline).  

Methods 

This analysis is part of a larger research project investigating engineering graduate 

students’ social identities, role identities, future-time perspectives, identity-based motivations, 

and graduate school experiences (Cass et al., 2017; Perkins et al., 2018a). Here participant 

selection, analytic methods, and variables considered for the research questions are described. 

The variables considered are highlighted in detail to demonstrate the connections between the 

conceptual and theoretical frameworks and previous graduate education research.   

Positionality 

 The sensitivity of our research topic requires careful consideration of our place as 

researchers in posing and attempting to answer questions that investigate experiences and social 

identities we do not share with our participants. We have chosen to present a positionally 

statement to assist in framing our approach to this project and data analysis. The authors of this 

work are predominantly white, with both the first author and primary investigator identifying as 

cisgender white gay men. Two authors including the first author are psychologists and all other 

authors are engineers. As a group, we have experienced various forms of oppression even while 

benefiting from opportunity structures not equally available to our participants. In recognition of 
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this, we approach this research as an attempt to contribute to equity in engineering while 

providing empirical research to educational institutions to combat and disrupt the inequitable 

availability of opportunity structures.  

 Two notes on our nomenclature and how our nomenclature represents how we think 

about diversity, equity, and inclusion and our position as advocates for social justice: First, we 

choose to include Asian-identified participants in our concept of People of Color. Asian people 

experience microaggressions and discrimination in U.S. culture, despite being well-represented 

in engineering and not included in underrepresented minorities as defined by NSF. Second, we 

chose to capitalize Women, Women of Color, and Men of Color and other socially constructed 

gender, race and ethnicity groups to center the experiences of the People who live in these 

marginalized categories while not capitalizing white or man to de-emphasize these privileged 

identities.  

Recruitment 

Utilizing the American Society for Engineering Education’s (ASEE’s) list of doctorate-

granting engineering programs, we generated a nationally representative sample of doctoral-

granting engineering programs based on geography, discipline, and program size. Geography 

referred to the state in which the program resides, discipline came from the list of engineering 

graduate programs (ASEE, 2015), and the number of doctoral degrees granted by each program 

in 2014 represented program size (Yoder, 2015). Probability proportional to size sampling, a 

sampling technique where the probability of being included is proportional to the frequency 

similar codes appear in the population, was used to select programs. For instance, large 

construction engineering programs in California and Texas comprise approximately 2% (n = 27) 

of the national population of 1,382 programs and 2% (n = 5) of the final list of 263 programs 
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invited to participate. Programs were randomly selected from the population list to maintain 

proportionality. A replacement program was randomly selected if a previously chosen program 

declined participation.  

Selected programs received an email request to participate in the survey. Programs that 

participated submitted a list of graduate engineering student emails or forwarded an invitation 

email with participation requirements, confidentiality information, and an embedded survey link 

to their engineering graduate students. Participants completed the survey online through the 

Qualtrics platform. The primary investigators’ Institutional Review Board approved this research 

(NCSU 6053; UNR 770030-21).  

Participants  

Of the 263 programs invited to participate, 98 Ph.D.-granting engineering departments in 

the U.S. participated (n = 2,348). Individual participants were eliminated if they did not 

complete at least 50% of the survey, resulting in 1,754 engineering graduate students for 

analysis. A large portion of the eliminated participants stopped participating when asked to 

identify their university. We have interpreted this as a fear of re-identification and retribution for 

involvement in the survey. This trend presents an opportunity for future research to explain this 

pattern better. We cannot definitively account for the drop-out at the university question nor for 

how these participants may differ from those analyzed here. For this analysis, only engineering 

Ph.D.-seeking students were used, eliminating ‘other field Ph.D.’ and all Master’s degree-

seeking participants. We removed participants from the analysis with missing responses to one or 

more variables of interest (described below), resulting in a final sample of 944 participants. We 

chose not to impute data due to the nature of the variables as identities. While imputation would 
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provide a reasonable statistical approximation for the numerical values, the process cannot truly 

reproduce individual identity variables. 

Participant demographics (Table 1) show that most participants identified as white 

(55.9%) or Asian (32%), male (63.3%), originated from the U.S. (62%), and heterosexual (92%). 

Participants indicated gender by selecting one or more of seven options (n = 1,092; 97 missing). 

Participants indicated their race/ethnicity by selecting one or more of eight categories (n = 1,046; 

143 missing). Of participants who provided complete demographic responses, more than half of 

the U.S. participants represent the traditionally underserved student groups of white Women (n = 

193) or Students of Color (n = 109) and most non-U.S. participants represent traditionally 

underserved students: white Women (n = 16) or Students of Color (n = 327). Year started Ph.D. 

ranged from 1999 (n = 1) to 2017 (n = 292) with 89.3% starting since 2012. As expected, most 

participants were within five years of starting the Ph.D. program (Figure 3, supplemental 

materials). We used the Statistical Package for the Social Sciences for descriptive statistics 

(IBM, 2017). To examine the representativeness of our study sample in terms of race/ethnicity 

and gender, we used chi-square tests to compare our sample to the NSF’s reports of recent 

engineering Ph.D. recipients (Cornell Statistical Consulting Unit [CSCU], 2018; NSF, 2013; 

Pawley, 2017). This NSF report on doctoral engineering student demographics provides the best 

available population estimates for comparison to measure the representativeness of our sample. 

Given the limited availability of national data sets (NASEM, 2018), this comparison was limited 

as we were comparing two different experiences: earned doctoral degrees and enrollment in 

doctoral programs. As chi-square tests are sensitive to sample size (Tabachnick & Fidell, 2013), 

we evaluated the standardized residuals (SR) instead of p-values when detecting significant 

differences. Previous work recommends that residuals greater than three are meaningful (e.g., 
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residuals between |3| and |5| are small, |5| and |7| are moderate, etc.; CSCU, 2018). The results of 

this analysis indicated the overrepresentation of multiracial students (SR = 11.46) and white 

students in our sample (SR = 3.22). Asian and Latinx students were moderately underrepresented 

(SRs = -5.71 and -3.96, respectively). The percentages of men and Women did not differ 

significantly (p = .151). These results suggest that, with few exceptions, our sample displays 

similar demographic trends as the national population of doctoral degree earners. 
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Table 1: Student-reported gender identity and race/ethnicity 

 Domestic Students  Overall 

Total 

  Gender Identity     

Race/Ethnicity n (%) 
Female  Male 

Another 

Gender  
Total  

 
n (%) n (%) n (%) n (%)    

American Indian or Alaska Native 0 0 0 0  0 

Asian 31 (12.8) 29 (8) 0 60 (9.8)  316 

(31.9) 

Black or African American 7 (2.9) 8 (2.2) 0 15 (2.5)  20 (2.0) 

Middle Eastern or Native African 2 (0.8) 3 (0.8) 0 5 (0.8)  46 (4.6) 

Native Hawaiian or Other Pacific 

Islander 
0 1 (.3) 0 1 (.2)  2 (0.2) 

White 
193 

(79.8) 

306 

(84.3) 
3 (0.5) 

502 

(82.2) 
 553 

(55.9) 

Hispanic, Latino, or Spanish origin 7 (2.9) 14 (3.9) 0 21 (3.4)  21 (2.1) 

Another Race/Ethnicity Not Listed 2 (0.8) 2 (0.6) 3 (0.5) 7 (1.1)  17 (1.7) 

Total 
242 

(39.6) 

363 

(59.4) 
6 (1.0) 611*    989 

 International Students   

 Gender Identity    

American Indian or Alaska Native 0 0 0 0   

Asian 74 (64.9) 
182 

(69.2) 
0 

256 

(67.7)   
Black or African American 0 5 (1.9) 0 5 (1.3)   
Middle Eastern or Native African 16 (14) 25 (9.5) 0 41 (10.8)   
Native Hawaiian or Other Pacific 

Islander 
0 0 0 0 

  

White 16 (14) 34 (12.9) 1 (2.0) 
51 ( 

13.5)   
Hispanic, Latino, or Spanish origin 0 0 0 0   
Another Race/Ethnicity Not Listed 3 (2.6) 7 (2.7) 0 10 (2.6)   

Total 
114 

(30.2) 

263 

(69.6) 
1 (.3) 378* 

  
Notes: Participants could select multiple races or ethnicities; * 200 participants did not provide 

race/ethnicity or gender. 

 

Instrument  

The Graduate Engineering Identity Survey was developed based on the mixed-methods 

process described previously. This process indicated that GEI focuses on areas beyond 

engineering and should include research and science. Viewing oneself as belonging or not 

belonging in graduate school was particularly important in the qualitative interviews. We added 

the item “I see myself as a/n… Scientist/Engineer/Researcher” to assess self-beliefs about 
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belonging in each domain directly. This item reflects a similar item used by Godwin and 

colleagues (2016) to measure overall identity self-concept: “I see myself as a [math or physics] 

person” (p. 318).  

Exploratory factor analysis on pilot survey responses indicated the three domains 

consistently loaded with the sub-constructs of recognition, performance/competence, interest 

with sufficiently high Cronbach’s alpha to merit inclusion (Perkins et al., 2018a). Scientist 

domain sub-constructs included some low scores with the Cronbach’s alpha ranging from .354 to 

.883 (Perkins et al., 2018a). Engineer domain sub-constructs ranged from .410 to .904, and 

researcher domain items from .469 to .958 (Perkins et al., 2018a). Retaining items with low but 

acceptable reliability allowed for consistency of questions across domains (Perkins et al., 2018a). 

Items that did not load in the exploratory factor analysis were eliminated to maintain consistency 

of questions across domains (Perkins et al., 2018a). The pilot survey included a wide range of 

students, like the sample analyzed here. However, the instrument would benefit from additional 

validation with traditionally underserved students to ensure the items and constructs function 

similarly across demographic groups.  

The survey asked participants about the identity domains of researcher, scientist, and 

engineer on Likert-type scales (1 - strongly disagree to 5 - strongly agree; Table 2). Within each 

identity domain (engineer, scientist, researcher), items for each sub-construct (recognition, 

performance/competence, interest) were included resulting in 45 total GEI items (Supplemental 

Materials 1). All identity domain and sub-construct scales had high internal reliability in 

confirmatory factor analysis as measured by Cronbach’s alpha with consistent factor loadings to 

the pilot study (Table 2). Cronbach’s alpha calculated for all participants, white Women, and 

People of Color indicate the strong function of the scales across groups, including traditionally 
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underserved groups (Table 2). Each identity domain was measured by averaging all domain-

specific items and by averaging domain:sub-construct items. For example, the engineering 

domain had one overall score and three sub-construct sores for engineer:recognition, 

engineer:performance/competence, and engineer:interest. The resulting identity scores allowed 

for independent exploration of the GEI domains and sub-constructs. 
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Identity Domain
Number 

of Items
Example Items

Identity Sub-component All
white 

Women

People 

of Color

Engineer 14 0.94 0.94 0.93 I see myself as an ENGINEER.

engineer:performance-competence 6 0.92 0.92 0.90 I am confident I can understand ENGINEERING outside of class.

engineer:interest 3 0.88 0.91 0.90 I enjoy learning ENGINEERING.

engineer:recognition 5 0.91 0.92 0.89 My advisor(s) sees me as an ENGINEER.

Scientist 15 0.92 0.92 0.88 I see myself as a SCIENTIST.

scientist:performance-competence 5 0.88 0.87 0.86 I can overcome setbacks when learning SCIENCE.

scientist:interest 3 0.95 0.96 0.96 I find satisfaction when learning SCIENCE concepts.

scientist:recognition 7 0.92 0.92 0.88 My department faculty see me as a SCIENTIST.

Researcher 16 0.96 0.93 0.93 I see myself as a RESEARCHER.

researcher:performance-competence 5 0.89 0.85 0.84 I am confident that I can design a RESEARCH study.

researcher:interest 4 0.94 0.89 0.90 I find satisfaction when doing RESEARCH.

researcher:recognition 7 0.95 0.90 0.90 I want to be recognized for my contributions to RESEARCH.

Cronbach’s Alpha

Table 2: Number of items, Cronbach’s alpha, and examples for each domain and sub-component scale
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Variables 

Dependent Variables  

Graduate Engineering Identity: The GEI Scale resulted in nine sub-construct scores, one for each 

domain:sub-construct from the mean of domain:sub-construct items (Perkins et al., 2020). 

Cronbach’s alpha for each sub-construct was consistent with norms (α between .88 and .96). 

Level Variables  

 We used two levels of variables: 1) engineering disciplines and 2) individual student 

variables. Participants entered text responses to indicate their major field of study. Text 

responses were grouped into 24 disciplines to reduce the total number of entries and correct 

spelling, typos, and abbreviations (see Supplemental Materials 2). ‘Acoustic Engineering’ and 

‘Engineering Education’ were added to the ‘Engineering, other’ group due to low participant 

numbers in those groups, resulting in 22 disciplines used in the analyses. The resulting discipline 

groups represented broad disciplines of study within engineering (e.g., industrial, nuclear, 

mechanical). 

Individual Independent Variables  

1) Gender: Participants selected one or more of seven options with a write-in option to indicate 

their gender identities. Nearly all the discipline categories had zero or one self-identified non-

binary gender participants (n = 7), creating a large number of zero cells. Multilevel modeling 

handles small cell sizes well, and some zero cells (Raudenbush, & Bryk, 2002). However, the 

inclusion of non-binary gender participants violated the minimum cell sizes needed for 

multilevel modeling assumptions. As such, binary categories of men and women were used for 

the gender variable. Gender of participants was dummy coded (men = 0 and women = 1). 
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Dummy coding allows for a reference group when variables are not continuous (Raudenbush & 

Bryk, 2002). Here, we compared Women’s experience to men’s experience. 

2) Advisor Relationship Score: Participants rated the quality of their primary research advisor 

relationship from 1 (strongly disagree) to 5 (strongly agree) on eight Likert-type items 

(Supplemental Materials 1; e.g., My Advisor...is knowledgeable about my research). The scale 

has a strong Cronbach’s reliability (α= .92). The average of these items provided an advisor 

relationship score.  

3) Race/Ethnicity: Participants self-identified their race/ethnicity by selecting one or more of 

eight options, including a write-in option. Race/ethnicity variables were included in two ways, 

first with six categories (white, Asian, African American/Black, Hispanic/Latinx, Middle 

Eastern, and all other self-identified race or ethnicity [American Indian or Alaska Native, Native 

Hawaiian or Other Pacific Islander, or more than one race or ethnicity identity]). Second, 

exploratory analyses measured if minoritized status would influence the model with the 

race/ethnicity items dichotomized to white (white = 0) and Students of Color (all others = 1). The 

categories of Asian, American Indian or Alaska Native; Black or African American; Hispanic; 

Latino/Latina/Latinx or Spanish origin; Middle Eastern or North African; Native Hawaiian or 

Other Pacific Islander were small when engineering discipline was included, and thus the models 

could not converge on a solution.  

However, these students' experiences must be better understood for engineering to be 

successful in supporting a more racially and ethnically diverse population. In our analysis, we 

chose to include race/ethnicity as a binary to illustrate that minoritized racial/ethnic groups 

experience engineering identity development and graduate engineering education differently 

from their overrepresented peers. Further, we chose not to capitalize ‘white’ to reflect the 
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difference in minoritized experiences for People of Color and the lack of a coherent ‘white’ 

identity. Minoritized race/ethnicity and some engineering disciplines had significantly smaller 

representation in our data but were handled well by multilevel modeling (Raudenbush & Bryk, 

2002). The possibility remains that extreme inequity in some discipline cell sizes has some 

undue influence on the model fit.  

The inherent weakness and limitations of the dichotomization of gender and 

race/ethnicity are discussed below. Asian student experiences of underrepresentation are not the 

same as other Students of Color. However, the sample size remained too small to include Asian 

students as a third group within the multilevel model. We have reported on the differences in 

Asian students’ GEI, advisor, and peer relationships elsewhere (Perkins et al., 2020).    

4) Year-Started: Participants provided the year they started their Ph.D. program in an open-ended 

text box.  

 Independent continuous variables were centered, ensuring that the lack of true-zero 

referents did not influence model interpretations (Raudenbush & Bryk, 2002). Centering is a 

standard procedure and facilitates comparisons between variables of different scales 

(Raudenbush & Bryk, 2002). For example, using the year a participant started in school does not 

have a meaningful zero, which makes the intercept uninterpretable. The advisor relationship 

score and year started in a program were group-mean centered by discipline type. Group-mean 

centering created a variable representing each person’s deviation from the average of the group. 

Finally, previous analyses indicated data were missing at random for the variables used here, and 

thus it is safe to proceed with analyses (Perkins et al., 2019).  
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Analysis  

Multilevel Modeling 

 Multilevel modeling allowed us to measure differences between individual engineering 

students and the differences caused by grouping variables (Tau; τ, in these analyses, engineering 

discipline) (see Figure 3; Raudenbush & Bryk, 2002). Concurrently, multilevel modeling 

measures the levels or intercepts of the dependent variable represented by beta (β). Multilevel 

modeling measures variation shared by disciplines to account for variation in the effect of 

independent variables on the dependent variable (such as individual student experiences; Figure 

2).  

 

Figure 2: Representation of multilevel modeling Measures Variance of Nested Variables. 

 

 Group membership can cause members to have similarities beyond random chance, 

causing non-independence of observations (Field, 2019). Non-independence of observations 

violates assumptions of more common analyses such as analysis of variance (ANOVA) and 

linear regression (Raudenbush & Bryk, 2002). Multilevel modeling analyses measure non-

independence to detect the influence of group membership on the dependent variable. 

Raudenbush and Bryk’s (2002) modeling steps and notation served to guide these analyses. 
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Data Analysis 

For multilevel modeling, we use the MIXED Procedure (ProcMixed) in SAS/STAT 9.2 

(SAS, 2008). The first step of multilevel modeling is to measure differences at both levels 

(discipline and individual) in GEI (the dependent variable). The difference at each level was 

measured for the GEI domains of engineer, researcher, and scientist. Next, differences in the sub-

constructs of recognition, performance/competence, interest were measured within each domain 

that displayed significant differences. Last, independent variables at the individual level were 

added to measure the main effects of gender and race/ethnicity status while controlling for 

advisor relationship and years in a program. Gender and race/ethnicity main effects are the focus 

of this analysis. Advisor relationship and years in a program significantly impact identity 

development for doctoral students and were controlled for in the analysis (McAlpine & Lucas, 

2011).   

 To answer Research Question 1c, ANOVAs provided the opportunity to explore how 

domain sub-constructs differed between disciplines with pairwise post hoc comparisons. 

ANOVAs were conducted for sub-constructs with significant variation by discipline in the 

multilevel modeling analyses. ANOVAs included covariates of gender, race/ethnicity, advisor 

relationship score, and year started in a program.  

Results 

For Research Question 1 (RQ1a and RQ1b), the model identified limited variations at 

each level of GEI. The engineer identity domain showed significant differences between 

disciplines (τ00 = .06, Table 3). Scientist and researcher identity sub-construct analyses are not 

reported due to non-significant variation between disciplines at the domain level (Domain, (τ00); 

Table 3). Without significant variation between disciplines, additional multilevel modeling 
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analyses were not warranted. Within the engineer domain, only the engineer:recognition sub-

construct differed significantly between engineering disciplines (τ00 = 0.09, Table 4). With 

race/ethnicity in six categories, race/ethnicity was not significant for any sub-construct (Table 5). 

Male participants scored higher on engineer:recognition (β1 = -0.21, Model 3a) and 

engineer:performance/competence (β1 = -0.19 , Model 3b, Table 5). Stronger advisor 

relationships related to stronger scores for all three sub-constructs (β2 = 0.23; 0.12; 0.11, Table 

5). It was surprising to see no significant results for race/ethnicity in the context of past research 

(e.g., Burt et al., 2018; Perkins et al., 2020) that has shown race/ethnicity does influence the 

experience and engineering identity of students. 

Table 3: Unstandardized Coefficients (and Standard Errors) of Null Multilevel Models of 

Engineer Identity and Graduate Engineering Identity Domains 

Fixed Effects Model 1a 

(Engineer) 

Model 1b 

(Scientist) 

Model 1c 

(Researcher) 

Model, β0 

 

   

      Intercept, γ00   4.16*** (0.06) 4.06*** (0.04) 4.27*** (0.02) 

 

Random Effects    

Discipline, (τ00) 

 

0.06*(0.03) 0.02 (0.01) 0.00 (0.00) 

Individual (σ2) 

 

ICC^ Level 2 

0.49*** (0.02) 

 

 

11% 

0.37*** (0.02) 

 

 

4% 

0.39*** (0.02) 

 

 

<1% 

Note: *p < .05, **p <. 01, ***p ≤ .001; ^Interclass Correlation Coefficient 
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Table 4: Unstandardized Coefficients (and Standard Errors) of Null Multilevel Models of 

Engineer Identity Sub-constructs 

Fixed Effects 

Model 2a 

(Engineer: 

Recognition) 

Model 2b 

(Engineer: 

Performance-Competence) 

Model 2c 

(Engineer: 

Interest) 

Eng:Identity, β0 

 

   

      Intercept, γ00   3.95*** (0.08) 4.33*** (0.05) 4.21*** (0.07) 

Random Effects    

Identity 

Discipline (τ00) 

 

0.09* (0.04) 

 

0.02 (0.02) 

 

0.07(0.04) 

 

Individual (σ2) 

 

ICC^ Discipline 

Individual 

 

.76*** (0.03) 

 

10% 

90% 

 

0.53***(0.02) 

 

4% 

96% 

 

0.7*** (0.03) 

 

9% 

91% 

Note: *p < .05, **p <. 01, ***p ≤ .001; ^Interclass Correlation Coefficient 
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Table 5: Unstandardized Coefficients (and Standard Errors) of Multilevel Models of Influences 

on Engineer Identity Sub-constructs 

Fixed Effects 

Model 3a 

(Engineer: 

Recognition) 

Model 3b 

(Engineer: 

Performance-Competence)  

Model 3c 

(Engineer: 

Interest)  

Eng:Identity, β0       

   Intercept, γ00  

Gender, β1 

   Intercept, 

Advisor Relationship, β2 

    Intercept, 

Ethnicity, β3 

Black/African 

American Intercept, 

Hispanic/Latinx 

Intercept, 

Middle East 

Intercept, 

Asian Intercept, 

White Intercept, 

Other Intercept, 

Year Started, β4 

    Intercept, 

3.96*** (0.19) 

  

-0.21*** (0.06) 

  

0.23*** (0.03) 

  

 

0.06 (0.27) 

  

0.03 (0.18) 

 

0.09 (0.21) 

-0.01 (0.18) 

0.14 (0.18) 

0.21 (0.23) 

 

-0.01 (0.01) 

4.21*** (0.15)  

  

-0.19*** (0.05) 

  

0.12*** (0.03)  

  

 

0.07 (0.22) 

  

0.26 (0.18) 

 

0.31 (0.17 

0.08 (0.15) 

0.24 (0.15) 

0.35 (0.2) 

  

-0.03* (0.01) 

4.23*** (0.18) 

  

-0.08 (0.06)  

  

0.11*** (0.03)  

  

 

-0.03 (0.26) 

  

0.26 (0.21 

 

0.05 (0.20) 

-0.16 (0.17) 

0.08 (0.17) 

0.24 (0.23) 

  

-0.00 (0.01) 

Random Effects       

Identity (τ00) 

             (τ11) 

Gender 

              (τ10) 

0.08* (0.05) 

0 (-)  

  

0.00 (0.02) 

0.02 (0.02) 

0.00 (0.01) 

  

0.01 (0.01) 

0.08 (0.06) 

0.01 (0.02) 

   

-0.01 (0.03) 

Within-program variation 

(σ2) 

0.71*** (0.03) 0.50*** (0.02) 0.67*** (0.03) 

Note: *p < .05, **p <. 01, ***p ≤ .001 
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When dichotomized, race/ethnicity was significant in the engineering domain. The model 

identified significant unique effects of gender, race/ethnicity, and advisor relationships, 

addressing Research Question 2 (RQ2). Participants who were men (β1 = -0.20) or white (β3 = -

0.16) scored higher on engineer:recognition (Table 6, Model 3a). Higher advisor relationship 

scores (β2 = 0.23) positively related to higher engineer:recognition sub-construct scores (Table 6, 

Model 3a). Time spent in program (Year Started, β4) was not significantly related to 

engineer:recognition scores. The results partially addressed Research Question 4 (RQ4) and 

explained 30% of the difference in engineer:recognition sub-component scores between 

engineering disciplines (see Table 6, Model 3a). This model explained 6.6% of individual 

differences.  

 Engineer:performance-competence results supported significant main effects but did not 

support discipline variance, nor did they explain significant amounts of variance in the model. 

The main effects were similar to engineer:recognition main effects in that engineer:performance-

competence scores were higher for men (β1 = -0.19) and white participants (β3 = -0.11; Table 6, 

Model 3b). Advisor relationship scores (β2 = 0.13) positively related to engineer:performance-

competence (Table 6, Model 3b). Year started in a program was significantly related to 

engineer:performance-competence scores such that the more time someone was enrolled, the 

higher they scored (β4 = -0.03; Table 6, Model 3b). However, engineer:performance-competence 

scores did not differ between disciplines, and the model did not explain a significant portion of 

the individual or discipline-level differences. 

 Engineer:interest sub-construct scores did not significantly vary between discipline types 

and did not have significant relationships for gender, race/ethnicity minority status, or year 

started in a program. However, advisor relationship (β2 = 0.11) related to engineer:interest (RQ2; 
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Table 6, Model 3c). The model explained a large portion (33% Table 6, Model 3c) of the 

discipline-level variance, although variance between disciplines on engineer:interest was not 

significant (τ00 = 0.14 Table 6, Model 3c). The model did not explain a significant portion of the 

variance within disciplines. 

Table 6: Unstandardized Coefficients (and Standard Errors) of Multilevel Models of Influences 

on Engineer Identity Recognition 

Fixed Effects Model 3a 

(Engineer: 

Recognition) 

Model 3b 

(Engineer: 

Performance-Competence) 

Model 3c 

(Engineer: 

Interest) 

Eng:Identity, β0    

      Intercept, γ00   

 

Gender, β1 

      Intercept, 

 

Advisor Relationship, β2 

       Intercept, 

 

Minoritized Ethnicity, β3 

       Intercept, 

 

Year Started Program, β4 

       Intercept, 

 

4.11*** (0.10) 

 

 

-0.20*** (0.06) 

 

 

0.23*** (0.03) 

 

 

-0.16* (0.06) 

 

 

-0.01 (0.01) 

4.45*** (0.06) 

 

 

-0.19*** (0.05) 

 

 

0.13*** (0.03) 

 

 

-0.11* (0.04) 

 

 

-0.03* (0.01) 

4.30*** (0.1) 

 

 

-0.07 (0.07) 

 

 

0.11*** (0.03) 

 

 

-0.07 (0.09) 

 

 

-0.00 (0.01) 

Random Effects    

Eng:Identity (τ00) 

            (τ11) 

            (τ22) 

 

Gender  

            (τ10) 

 

Minoritized Ethnicity 

            (τ20) 

            (τ21) 

0.15* (0.09) 

0 (-) 

0.03 (0.03) 

 

 

0.04 (0.03) 

 

 

-0.07 (0.05) 

0.005 (0.03) 

0.03 (0.03) 

.002 (0.01) 

0 (-) 

 

 

1.01 (0.01) 

 

 

-0.01 (0.01) 

-0.01 (0.01) 

0.14 (0.08) 

.02 (0.03) 

0.09 (0.049) 

 

 

0.01 (0.03) 

 

 

-0.09 (0.07) 

-0.03 (0.04) 

 

Within-Discipline 

variation (σ2) 

 

R2
between 

R2
within 

 

 

0.71*** (0.04) 

 

30% 

6.6% 

 

 

0.50*** (0.02) 

 

7.8% 

5.7% 

 

 

0.71*** (0.04) 

 

33% 

4% 

Note: *p<.05, **p<.01, ***p≤ .001. 
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 The relationship between gender and identity sub-constructs was allowed to vary between 

engineering disciplines to enable exploration of the ways the relationship between gender and 

identity sub-constructs may be different between engineering disciplines. Similarly, the 

relationship between race/ethnicity minority status and identity sub-constructs also varied 

between disciplines. Gender and race/ethnicity minority status were not different in their 

relationship to any identity sub-construct in any analysis, indicating the relationships for gender 

and race/ethnicity minority status to GEI sub-constructs was stable across disciplines, addressing 

Research Question 3 (RQ3). 

 Engineer:recognition was the only sub-construct with significant variation based on 

discipline in multilevel modeling analyses. Table 7 contains the results for the 

engineer:recognition sub-construct ANOVA. Using the test statistic Pillai’s Trace, 

engineer:recognition significantly varied with this set of variables. Table 8 presents post hoc 

pairwise comparisons of engineer:recognition. The upper diagonal presents the mean difference 

(MD) for the pairwise disciplines. The lower diagonal shows significant differences between 

disciplines with indications for p ≤ .05, p ≤ .01, and p ≤ .001. Pairwise comparison of disciplines 

for engineer:recognition indicates 78 significant differences (Table 8).  

Table 7: Engineer Recognition ANOVA with Pillai's Trace 
  F DF p η2  AR2 

Engineer 

Recognition 
Discipline 6.676 27, 1038 < .001 0.148 0.126 

       

Main Effects Gender 6.757 1, 1038 0.009 0.006  

 Race/Ethnicity 0.011 1, 1038 0.917 0.000  

 Advisor 57.289 1, 1038 < .001 0.052  

  Year Started 1.379 1, 1038 0.241 0.001  

 Discipline 4.647 23, 1038 < .001 0.093  
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Table 8: Engineer Recognition Discipline Pair Wise Comparison  

Means and pair-wise comparison significant difference based on ANOVA 
Engineer 

Recognition 
  1 2 3 4 5 6 7 8 9 10 11 12 

Engineering 

Discipline 
Mean 4.143 4.324 4.236 3.827 3.786 3.997 4.076 4.334 3.745 4.094 3.981 4.085 

1 Acoustic 4.143  0.181 0.093 -0.316 -0.358 -0.146 -0.067 0.191 -0.398 -0.049 -0.162 -0.058 

2 Aerospace 4.324 0.778  -0.088 -0.496 -0.538 -0.327 -0.248 0.010 -0.579 -0.230 -0.343 -0.239 

3 Ag. & Biolog. 4.236 0.884 0.694  -0.409 -0.451 -0.239 -0.160 0.098 -0.491 -0.142 -0.255 -0.151 

4 Biomedical 3.827 0.614 0.010 0.018  -0.042 0.170 0.249 0.506 -0.083 0.267 0.154 0.258 

5 
Chem. 

/Biomol. 
3.786 0.586 0.052 0.088 0.861  0.211 0.291 0.548 -0.041 0.309 0.196 0.300 

6 Chemical   3.997 0.815 0.079 0.150 0.164 0.365  0.079 0.337 -0.252 0.097 -0.016 0.088 

7 Civil & Env. 4.076 0.915 0.193 0.348 0.052 0.218 0.501  0.257 -0.332 0.018 -0.095 0.009 

8 Comp. Eng. 4.334 0.770 0.970 0.700 0.026 0.068 0.128 0.251  -0.589 -0.239 -0.352 -0.249 

9 Comp. Science 3.745 0.528 0.005 0.010 0.588 0.870 0.081 0.026 0.014  0.350 0.237 0.340 

10 
Comp.Sci.&En

g. 
4.094 0.940 0.381 0.570 0.231 0.299 0.653 0.935 0.405 0.137  -0.113 -0.009 

11 Elec. & Comp. 3.981 0.800 0.130 0.225 0.385 0.461 0.927 0.585 0.168 0.218 0.653  0.104 

12 Electrical 4.085 0.926 0.203 0.370 0.040 0.200 0.440 0.942 0.262 0.020 0.966 0.544  

13 General 3.727 0.699 0.505 0.568 0.910 0.949 0.760 0.693 0.502 0.984 0.684 0.776 0.685 

14 Eng. Education 4.507 0.734 0.837 0.760 0.440 0.424 0.562 0.624 0.847 0.388 0.646 0.554 0.631 

15 Physics 3.313 0.258 0.019 0.029 0.207 0.296 0.091 0.060 0.022 0.295 0.079 0.114 0.056 

16 Environmental 3.705 0.495 0.009 0.016 0.518 0.770 0.112 0.048 0.018 0.847 0.137 0.217 0.041 

17 Geological 2.591 0.035 < .001 < .001 0.002 0.008 < .001 < .001 < .001 0.005 0.001 0.001 < .001 

18 Industrial 4.023 0.851 0.204 0.338 0.307 0.386 0.887 0.777 0.240 0.175 0.784 0.852 0.737 

19 Materials Sci. 3.541 0.334 < .001 < .001 0.014 0.288 < .001 < .001 < .001 0.146 0.010 0.008 < .001 

20 Mechanical 4.174 0.960 0.411 0.703 0.003 0.091 0.095 0.384 0.463 0.002 0.707 0.247 0.408 

21 Nuclear 3.479 0.295 < .001 < .001 0.040 0.238 0.001 < .001 0.001 0.152 0.012 0.015 < .001 

22 Ocean 4.775 0.405 0.336 0.243 0.034 0.044 0.080 0.118 0.362 0.024 0.158 0.087 0.122 

23 Petroleum 4.391 0.714 0.836 0.621 0.054 0.086 0.171 0.278 0.868 0.032 0.385 0.193 0.289 

24 Systems 4.333 0.791 0.982 0.803 0.173 0.192 0.360 0.487 0.998 0.120 0.561 0.365 0.500 
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 Table 8. (Cont.)   13 14 15 16 17 18 19 20 21 22 23 24 

Engineering 

Discipline 
Mean 3.727 4.507 3.313 3.705 2.591 4.023 3.541 4.174 3.479 4.775 4.391 4.333 

1 Acoustic 4.143 -0.416 0.364 -0.830 -0.438 -1.552 -0.120 -0.602 0.031 -0.664 0.632 0.248 0.190 

2 Aerospace 4.324 -0.597 0.183 -1.011 -0.619 -1.733 -0.301 -0.783 -0.150 -0.845 0.451 0.067 0.009 

3 Ag. & Biolog. 4.236 -0.509 0.271 -0.923 -0.531 -1.645 -0.213 -0.695 -0.062 -0.757 0.539 0.155 0.097 

4 Biomedical 3.827 -0.100 0.680 -0.514 -0.122 -1.236 0.196 -0.287 0.347 -0.348 0.947 0.564 0.505 

5 Chem. /Biomol. 3.786 -0.058 0.722 -0.472 -0.080 -1.194 0.238 -0.245 0.389 -0.307 0.989 0.605 0.547 

6 Chemical   3.997 -0.270 0.510 -0.684 -0.292 -1.406 0.026 -0.456 0.177 -0.518 0.778 0.394 0.336 

7 Civil & Env. 4.076 -0.349 0.431 -0.763 -0.371 -1.485 -0.053 -0.536 0.098 -0.597 0.698 0.315 0.256 

8 Comp. Eng. 4.334 -0.606 0.173 -1.021 -0.629 -1.743 -0.311 -0.793 -0.160 -0.855 0.441 0.057 
-

0.001 

9 Comp. Science 3.745 -0.017 0.763 -0.432 -0.040 -1.153 0.278 -0.204 0.429 -0.266 1.030 0.646 0.588 

10 
Comp.Sci.&Eng

. 
4.094 -0.367 0.413 -0.781 -0.389 -1.503 -0.071 -0.554 0.080 -0.615 0.681 0.297 0.238 

11 Elec. & Comp. 3.981 -0.254 0.526 -0.668 -0.276 -1.390 0.042 -0.441 0.193 -0.502 0.793 0.410 0.351 

12 Electrical 4.085 -0.358 0.422 -0.772 -0.380 -1.494 -0.062 -0.544 0.089 -0.606 0.690 0.306 0.247 

13 General 3.727  0.780 -0.414 -0.022 -1.136 0.296 -0.187 0.447 -0.248 1.047 0.664 0.605 

14 Eng. Education 4.507 0.530  -1.194 -0.802 -1.916 -0.484 -0.967 -0.333 -1.028 0.268 -0.116 
-

0.175 

15 Physics 3.313 0.666 0.215  0.392 -0.722 0.710 0.228 0.861 0.166 1.462 1.078 1.019 

16 Environmental 3.705 0.980 0.368 0.361  -1.114 0.318 -0.164 0.469 -0.226 1.070 0.686 0.627 

17 Geological 2.591 0.238 0.046 0.195 0.009  1.432 0.949 1.583 0.888 2.184 1.800 1.741 

18 Industrial 4.023 0.741 0.587 0.098 0.177 0.001  -0.482 0.151 -0.544 0.752 0.368 0.309 

19 Materials Sci. 3.541 0.832 0.271 0.572 0.361 0.017 0.008  0.633 -0.062 1.234 0.850 0.792 

20 Mechanical 4.174 0.612 0.705 0.033 0.009 < .001 0.401 < .001  -0.695 0.601 0.217 0.159 

21 Nuclear 3.479 0.780 0.247 0.693 0.299 0.034 0.012 0.696 < .001  1.296 0.912 0.854 

22 Ocean 4.775 0.287 0.784 0.014 0.022 < .001 0.109 0.005 0.176 0.005  -0.384 
-

0.442 

23 Petroleum 4.391 0.471 0.899 0.026 0.034 < .001 0.254 0.003 0.447 0.003 0.459  -

0.058 

24 Systems 4.333 0.523 0.854 0.056 0.112 0.001 0.432 0.030 0.664 0.026 0.434 0.897   

Note: p ≤ .05 Italics; p ≤ .01 Underlined; p ≤ .001 Bold 

 

Results Summary 

 

 A summary of our results aids the discussion of the results in relation to our research 

questions (Table 9). Our first research question asked if there are disciplinary differences in GEI 

domains and domain sub-constructs. The mixed result showed a significant difference in the 

engineer domain and the engineer:recognition sub-construct. Each of the additional variables of 

interest in RQ2 demonstrated significant main effects: higher advisor relationship scores had a 

positive relationship with higher GEI engineer domain sub-construct scores; males reported 

higher recognition and performance/competence scores than their female peers; similarly, white 
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participants reported higher recognition and performance/competence scores than Students of 

Color; and more years in a program positively related to higher performance/competence scores. 

The lack of variation between disciplines in the main effects found in RQ2 showed that the main 

effects were stable across disciplines and answered RQ3. The answer to RQ4 focused on the 

recognition sub-construct of the engineer domain such that the model explained a large and 

significant portion of the between discipline variation. The post hoc comparison of disciplines 

for engineering:recognition identified 78 significant pairwise differences (Table 8). 

Table 9: Results Summary 

Basic findings of the research for each research question. 

Research Question Sub-Construct Domain  

   Engineer  Researcher Scientist  

RQ1a. Are there 

disciplinary differences in 

GEI domains?  

 Yes No No  

RQ1b. For GEI domains 

with significant differences 

by discipline, are there 

disciplinary differences in 

GEI identity domain sub-

constructs? 

Recognition Yes - -  

Interest No   - -  

Perfor/Comp No - -  

RQ2. What are the within-

discipline differences 

(main effects) for 

additional variables on GEI 

domains or sub-constructs?  

Engineer Sub-Construct 

 Advisor 

relationship 
Gender 

Race/ 

Ethnicity 

Years in a 

program 

Recognition 
Positive 

relationship 
Males Higher 

White 

Higher 
None 

Interest 
Positive 

relationship 
None None None 

Perfor/Comp 
Positive 

relationship 
Males Higher 

White 

Higher 

Positive 

relationship 

RQ3. Do the main effect 

relationships of gender and 

race/ethnicity vary between 

engineering disciplines? 

No - Main effects are stable across disciplines 

RQ4. How much within-

discipline and between-

discipline variability in 

GEI is explained by 

advisor relationship, 

gender, race/ethnicity, and 

years in a program? 

Engineer Sub-Construct 

 Between Within     

Recognition  30% 6.60%   

Interest 7.8%^ 5.7%^   

Perfor/Comp 33%^ 4%^     

Note: ^ non-significant 

result      
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Discussion 

 Research Question 1 (RQ1) has a relatively uncomplicated answer: the engineer domain 

of graduate engineering identity (GEI) varies between engineering disciplines. Primarily, the 

result indicates the need for additional research and exploration to ascertain how and then why 

identity varies between disciplines, as reflected in our additional research questions. Additional 

analyses and research are required to identify the meaning behind these variations. For instance, 

biomedical engineers reporting different engineering identity than that reported by nuclear 

engineers does not indicate the value of the difference – a difference may be appropriate given 

the difference in goals, approaches, and problems each discipline seeks to solve.  

 However, when male students and white students report higher recognition and 

performance/competence (RQ2) and that relationship is stable across engineering disciplines 

(RQ3), the difference implies that minoritized gender and race/ethnicity-based experiences 

negatively impact engineering identity recognition and performance/competence.  

These results indicate a systemic problem impacting most engineering disciplines: 

Women and People of Color (and likely other traditionally underserved student groups) lack the 

support and opportunities provided to the men and white students in their disciplines. Finally, the 

large and significant amount of between discipline variance explained by the model indicates 

that the combination of all measured variables does point to meaningful differences between 

disciplines. This may be that individual variables do not explain variation (no main effect 

variation in RQ2), but in combination do explain variation between disciplines. Additional 

research is needed to explore and explain the relationships between these variables and discipline 

differences (see future work below).  
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 The significant variation for engineer:recognition in the multilevel modeling results is 

supported by the significance of the ANOVA and a large number of significant pairwise 

differences in engineer:recognition. With 78 significant differences, meaningful interpretation of 

these pairwise differences requires more detailed analysis than is possible here. Generally, 

significance clustered around geological engineering, materials science and engineering, and 

nuclear engineering. The significance of these clusters may indicate that recognition of another 

professional identity outweighs engineer identity – for instance, geologist for geological or 

physicist for nuclear.  

 As an example, the largest doctorate-granting discipline of mechanical engineering 

(Yoder, 2018) demonstrates some interesting examples of pairwise differences in 

engineering:recognition (Table 8). Mechanical engineering engineering:recognition is 

significantly different from several other disciplines: biomedical (MD 0.347, p = .003), computer 

science (MD 0.429, p = .002), physics (MD 0.861, p = 0.033), environmental (MD 0.469, p = 

.009), geological (MD 1.583, p < .001), materials science (MD 0.633, p < .001), and nuclear 

(MD 0.695, p < .001; Table 8). The differences may reflect the interdisciplinary nature of these 

disciplines with strong non-engineering influences on the discipline's historical development. For 

instance, computer science has generally lower engineer identity, reflecting a discipline that 

developed from and continues to incorporate aspects of information systems/business, 

mathematics, and technology as well as electrical engineering (Bailey et al., 2006). 

 Opportunity structures often mirror established cultural norms and represent ways in 

which the education system enables or disables students to participate and succeed. Disparate 

opportunity structures may influence and support students’ GEI development in unique ways. In 

turn, these cultural and structural influences may contribute to inequality and inequity in GEI 
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reported by Women and minoritized racial/ethnic groups. Significant differences and a large 

amount of explained disciplinary variance (30%) in the engineering domain of GEI support the 

idea that engineering graduate students experience opportunity structures in graduate education 

differently depending upon their engineering discipline.   

Mirroring western cultures, traditional opportunity structures in engineering tend to favor 

white men from higher socioeconomic and well-educated backgrounds (Bancroft, 2018). The 

differences in engineering sub-constructs of recognition and performance/competence highlight 

that traditional opportunity structures do not serve female and racial/ethnic minority students in 

the same ways as their male or white peers. The structures that exist may perpetuate norms of 

recognizing and measuring performance/competence, which values male and white standards of 

academic performance (Pawley, 2019). Structural change is necessary to engage traditionally 

underserved students fully.   

Strong advisor and peer relationships positively influence recognition and 

performance/competence sub-constructs in engineering identity (Perkins et al., 2020). Significant 

variation between disciplines may indicate how advisor and peer influence is applied unevenly 

and inequitably between disciplines, with some disciplines more successful in promoting 

supportive relationships than others (Artiles & Matusovich, 2020). Differences exist between 

Women and men and white students and Students of Color in feeling recognized and 

performance/competence, but not in their engineering interest. This finding indicates the need to 

abandon cultural anecdotes that Women or Students of Color leave due to a lack of interest (e.g., 

McArdle, 2008). Lower recognition and performance/competence scores for Women and 

Students of Color did not significantly vary between disciplines, indicating the differences for 

these groups were consistent across disciplines. Engineering has room to improve equity in 
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recognizing traditionally underserved graduate students and supporting their 

performance/competence. While significant difference occurs at the disciplinary level in the 

engineering domain, the consistent pattern of lower GEI for traditionally underserved students at 

the sub-component level points to inequity that exists across disciplines. 

While the significant results for Women and Students of Color are similar, the issues 

faced are distinct and multifaceted. For example, Hispanic/Latinx students complete STEM 

degrees at higher rates than their Black or African American peers (Sowell et al., 2015). In this 

analysis, the aggregation of the minority racial/ethnic groups complicates the finding that 

minoritized students express different levels of GEI sub-constructs. When analyzed separately, 

Asian students’ GEI sub-constructs were lower, but not significantly so, than other People of 

Color (Table 5). However, Asian student GEI scores were closer to Peers of Color than to their 

white peers.  

Asian students are often not considered a minoritized group in STEM due to the National 

Science Foundation designations of racial/ethnic minority student groups (NSF, 2017). However, 

the Asian demographic marker is problematic, given the number of cultures, ethnicities, 

countries, and geographic areas the term is intended to cover. Further, Asian Women continue to 

be underrepresented, while Asian men are well-represented in engineering (NSB, 2018). When 

students enter spaces in which Asians are not a minority group, the salient distinctions of 

nationality and culture may result in feelings of isolation, minority status, and compound 

stereotypes of Asian Women (Sambamurthy et al., 2016). While well-represented, Asian 

students still bring cultural and social experiences of racism with them into graduate engineering 

education spaces. Asians experience discrimination in the general public and high levels of 

microaggressions in academia (Berk, 2017; Ong et al., 2013).  
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As an interpersonal opportunity structure, the advisor-advisee relationship plays a distinct 

role in graduate student development and success. Therefore, the significant positive correlation 

between advisor relationships and all three engineer sub-constructs should not be surprising. 

Good advisor relationships are a vital support to engineering graduate students as they navigate 

the transition into and through doctoral studies (NASEM, 2018). These relationships reflect the 

socialization of students into graduate and professional roles (Golde, 1998). Indeed, the 

socialization process for graduate students is both gendered and raced, marginalizing students 

who do not fit the mold (Baird 1990; Turner & Thompson 1993).   

Further, these relationships are a primary source of recognition and 

performance/competence evaluations for graduate students. The level of access to an advisor, the 

close working relationship with that advisor, and the advisor’s constructive engagement with 

students’ research experiences strongly influence doctoral persistence (Blume-Kohout, 2017; 

NASEM, 2018). The best advisors allow for student independence while providing consistent 

and constructive advice (Zhao et al., 2007). However, the advisor role may be filled by multiple 

mentors who together contribute to the success of the student (Higgins, 2000). A doctoral 

student’s relationship to their dissertation chair, often the primary advisor, exerts significant 

influence on the completion of their doctoral degree (Bégin & Gérard, 2018; Gittings et al., 

2018). Unfortunately, traditionally underserved students often do not have access to advisors or 

mentors who share their experiences (Sowell et al., 2015), creating a knowledge and experience 

gap advisors need to overcome to facilitate interpersonal opportunity structures. Addressing 

faculty members’ limited knowledge and experiences of traditionally underserved students is a 

mechanism for institutions to alter existing opportunity structures to ensure equity for all 

students. 
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The expected significant relationship between year started in a program and the 

engineering domain sub-construct of performance/competence matches findings that indicate the 

positive development of doctoral student identities through advanced experiences, relationships, 

and clearly defined intentions for the degree (McAlpine & Lucas, 2011). Broadly, existing 

opportunity structures reward the performance/competence of students by socializing doctoral 

students into the inequitable defaults of academic engineering culture. However, we must also 

consider that higher performance/competence scores may represent those who survived their 

program longer and may represent the attrition of students with lower performance/competence 

or identifications (Berdanier et al., 2020).  

Differences in GEI by discipline, gender, and race/ethnicity highlight how opportunity 

structures are inconsistently applied across students, particularly traditionally underserved 

students. We propose that institutions of higher education engage across institutional boundaries 

to create, implement, and evaluate opportunity structures that can better serve traditionally 

underserved students. Through opportunity structures, institutions of higher education can 

engage with traditionally underserved students to facilitate their participation and persistence in 

engineering graduate education. Intervention across all three interactive levels of opportunity 

structures (individual, instructional, and institutional) is necessary to effect lasting change (Gray 

et al., 2018).  

Implications: Addressing Disparities with Opportunity Structures 

Individual opportunity structures are those that enable students to engage successfully 

with faculty, staff, and peers. Discipline-based individual opportunity structures may include the 

norm for social or extra-curricular interaction between advisors and graduate students. Similarly, 

they may promote or discourage student interaction with faculty at discipline conferences. 
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Results suggest that educators should work to ensure that when they facilitate social ties, it is 

done with intention and care to engage all students involved in social interaction. Further, 

students who may not be familiar with or comfortable in the traditional academic structure could 

be actively engaged and supported when developing individual opportunity structures. The 

advisor relationship, gender, and race/ethnicity results suggest that fostering social ties can be 

accomplished through the establishment of mentorship roles that extend beyond those 

traditionally filled by one’s advisor. Having a dedicated mentor early in one’s doctoral program 

may help students express and explore their GEI beyond their primary advisor’s influence 

(Artiles & Matusovich, 2020; NASEM, 2018). Intentional development and explanation of the 

purpose and goals of these mentorship relationships may ensure the active engagement of both 

faculty and students. 

Instructional opportunity structures can encourage students to engage their cultural and 

personal backgrounds in their engineering work if engineering shifts to instructional defaults that 

embrace students' personal and cultural backgrounds (e.g., service-learning and community 

research). By creating these shifts, a broader set of students can receive support (Bosman et al., 

2017; Ricks et al., 2014). Some disciplines may find engaging cultural and personal backgrounds 

more ‘natural’ or that doing so fits more easily within the broader discipline culture. For 

instance, civil or environmental engineering may find incorporating student-identified problems 

easier while covering course material or developing dissertation research topics. In comparison, 

some disciplines may require more effort to incorporate students’ cultural or personal 

backgrounds, such as physics or nuclear engineering. The promotion of other opportunities, such 

as industry engagement, may support competence and interest in engineering (NASEM, 2018).  
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Additionally, instructional practices could intentionally engage students in ways that 

allow them to incorporate their cultural meaning into academic activities. Intentionally engaging 

a diverse curriculum represents an instructional opportunity structure that could support interest 

and performance/competence (Du & Kolmos, 2009; Mejia & Wilson-Lopez, 2015; Wilson-

Lopez et al., 2016). Experiments that intentionally consider gender in diversifying 

representations in the engineering curriculum in project-based learning environments show 

positive impacts on the learning process for both men and Women and aid in the persistence of 

Women in engineering classrooms (Du & Kolmos, 2009). Culturally engaging instructional 

opportunity structures could support GEI sub-constructs of recognition and competence as 

engineers by valuing personal and social identities such as gender and race/ethnicity.   

Societies, conferences, and professional affiliation groups may be in prime positions to 

influence their disciplines as institutions – for example, investigating discipline culture and 

practices to evaluate how practices, assumptions, or norms support men and white people more 

readily than other groups. Similarly, disciplines may perpetuate culture into academic 

departments: engineers within a specific discipline expect their academic department to function 

in specific ways with norms for student-faculty interaction and engagement with students’ 

personal and cultural backgrounds – or rather, the norm to ignore them.  

Traditionally defined institutions (colleges, departments) can also engage in improving 

institutional opportunity structures. Institutional opportunity structures could be changed to allow 

faculty the time required to fulfill their obligations to doctoral students. As demonstrated in this 

research, the advisor relationship is meaningful across GEI domains and sub-constructs as such 

institutions need to provide systematic training and support to allow advisors to be better mentors 

(NASEM, 2018). Mentoring training provided by an institution could allow for engagement in 
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the development of models that can better support traditionally underserved students and address 

gaps in the skills of doctoral advisors (NASEM, 2018). Mentoring workshops for advisors could 

develop new avenues for advisor-doctoral student engagement. 

Other institutional opportunity structures could address the experiences of traditionally 

underserved students within the institution (Kumashiro, 2000). Minority or diversity offices are 

not enough. While they can provide essential and necessary services to the institution, 

engineering departments must not deflect the responsibility for traditionally underserved students 

solely onto these offices. The entirety of the institution needs to engage in efforts to increase the 

success of traditionally underserved students (Jones, 2016; Newman, 2016).  

Institutional opportunity structures exist in ways that are hard to see for those accustomed 

to the academic system and can become embedded in academic cultures and discipline-specific 

practices. Disciplinary differences in GEI indicate some disciplines may be better at addressing 

these inequities than others. Highlighting the exemplary practices of disciplines that have shown 

high levels of success in supporting traditionally underserved students, such as industrial or 

biomedical engineering, serves to model potential change efforts for a broad range of programs, 

professional societies, and national institutions (e.g., Brawner et al., 2012). All institutional 

levels need to support institutional opportunity structures through policy and action to engage a 

more comprehensive group of students to participate and persist in engineering graduate 

education.  

Limitations and Future Work 

 A few limitations to this project should be mentioned. First, the sample population, like 

engineering, is mostly white and male. The GEI construct and conclusions made based on this 

research may not fit well with People of Color, Women, or other traditionally underserved 
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students, and especially for intersectional identities such as Women of Color. Similarly, our data 

does not represent non-binary gender identifying individuals who may experience engineering 

identity development and expression in unique ways. Further research is needed to investigate 

the impact of existing as a traditionally underserved student in engineering on GEI expression 

and development. A focused intersectional analysis would provide the opportunity to more 

deeply explore the intersection of gender, race/ethnicity, and GEI.  

Further, these intersections create an increased burden from inequitable social structures. 

International students face multiple layers of burden, particularly for international students who 

are also Women of Color (Dutta, 2015). Our sample did not allow for including a comparison 

between international and domestic students in our analysis. The intersection between gender, 

race, international, and domestic identifiers reduced the cell sizes for many disciplines to zero, 

resulting in an inability to make any comparisons. Future work would benefit from attention to 

the ways international students experience engineering disciplines differently. 

 While opportunity structures are used as a conceptual framework to understand how 

engineering contributes to identity development, we did not directly measure opportunity 

structures or any proxy variable specific to the opportunity structure constructs. Future research 

would benefit from including direct measures of opportunity structures to determine their impact 

on graduate students and GEI development specifically. Direct measures of opportunity 

structures could then guide improvements in engineering educational structures to better support 

students and the development of GEI. 

Master’s degree-seeking students were not included in this model. The high number of 

engineering Master’s degree-seeking students and degree holders points to the importance of 

investigating this group as an independent set of engineers. The intentions of doctoral work are 
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different from Master’s work (Council of Graduate Schools [CGS], 2013; NASEM, 2018), 

which may lead to a differential meaning of GEI domains and sub-constructs. Future work 

should explore how these students are similar to or different from doctoral students in their 

expression and development of GEI. 

 Additional research is needed to measure the impact of other factors on graduate student 

identity development. For instance, the importance of lab group composition (Crede & Borrego, 

2013; Perkins et al., 2018b), research experience (Bahnson et al., 2019), and the impact of other 

faculty mentors other than academic advisors could guide future analyses. For instance, does a 

strong relationship with a non-advisor mentor serve a similar function in supporting GEI 

development? Research to explore the different impacts of relationships and the quality of those 

relationships will help support our understanding of how faculty can support GEI development. 

 Work on engineering identity and GEI proposes that high engineering identity benefits 

students, increases the likelihood of degree completion, and should be supported by educators 

(Berdanier et al., 2020; Choe & Borrego, 2020; Crede & Borrego, 2013; Godwin, 2016; Godwin 

& Kirn, 2020; Godwin et al., 2016). The work reported here investigates the disciplinary 

differences in GEI with the proposal that disciplinary differences point to opportunity structures 

that may harm traditionally underserved students. We note that variation in GEI may be related 

to differences in disciplinary emphasis. For instance, multidisciplinary fields such as biomedical 

engineering may draw students with a science focus rather than an engineering focus. This type 

of variation may be inherent to the undergraduate identity work of the students and the priorities 

of the discipline. Future work should investigate disciplinary differences in GEI expression while 

controlling for students’ prior experiences (e.g., undergraduate degree, prior research 

experience). Finally, comparisons between all disciplines used in this analysis lack meaning 
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without explicit consideration of disciplinary context and priorities. The high number of 

significant differences limits the amount of meaning-making possible in one discussion. Future 

work can compare smaller groups of disciplines while considering their contexts and priorities to 

investigate specific differences between disciplines in GEI. One option would be to explore 

differences in disciplines that already share overlap in many engineering departments, such as 

computer and electrical or civil and environmental. Another option would be to explore 

differences between disciplines with large differences identified in this work – that is, to explore 

what makes geology, materials, and nuclear different from other disciplines. In addition, future 

work could more directly investigate connections between disparities in engineer:recognition and 

traditionally underserved student participation and degree completion rates by discipline. These 

approaches would also allow for more nuanced and thorough comparisons of where differences 

exist between disciplines, including additional individual-level variables. Future work should 

look at smaller groups of disciplines.  

Conclusions 

 Graduate engineering identity varies between engineering disciplines, reflecting 

differences in opportunity structures for Women and race/ethnicity minority students. ANOVA 

results confirm the significance of differences in engineer recognition identity measures, thereby 

supporting the concept that graduate engineering students develop engineer identity differently 

based on their discipline. Differences in identity development in recognition may reflect the 

disparity in support systems for students equitably engaging in all disciplines. However, the 

ANOVA results do not provide the level of support multilevel modeling does for the indication 

that traditionally underserved students do not receive equitable recognition across disciplines. 

The engineer:recognition sub-construct shows significant variation between disciplines and is 
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significantly influenced by gender, advisor relationship, and racial/ethnic status, explaining 30% 

of the variation between engineering disciplines. The variation indicates that engineering 

graduate students may experience sexism and racism within their engineering education. 

Institutions can use this information to better support the development of strong GEI with 

interventions targeted to their discipline and the needs of their specific subfield. Intentionally 

developed opportunity structures to support traditionally underserved students in their fields 

would improve their experiences and potentially persistence to a degree. The importance of 

advisor relationships indicates the need to develop individual opportunity structures to support 

the advisor-advisee relationship. Doctoral engineering students represent the leaders in their 

fields and fill leadership roles within and beyond academia. Increasing equity at the engineering 

graduate student level will help increase equity in the field at large through improved 

representation of traditionally underserved students. Special attention to improving equity in 

recognition and performance/competence for traditionally underserved students should be a 

priority in response to long-standing calls for increased participation of traditionally underserved 

students in engineering. 
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Supplemental Materials 1 

 

Complete list of graduate engineering identity and advisor relationship items; Responses 1 

Disagree Strongly to 5 Agree Strongly; See Table 2 for Cronbach’s alpha for each domain and 

sub-construct. 

Scientist Items: 

Q: To what extent do you disagree or agree with the following statements: 

(Recognition Items) 

1. I see myself as a SCIENTIST  

2. My department faculty see me as a SCIENTIST 

3. My peers see me as a SCIENTIST 

4. I have had experiences in which I was recognized as a SCIENTIST  

5. I want to be recognized for my contributions to SCIENCE  

6.  My advisor(s) see me as a SCIENTIST  

7. Other scientists see me as a SCIENTIST  

(Interest Items) 

8. I find satisfaction when learning SCIENCE concepts  

9. I am interested in learning SCIENCE concepts  

10. I enjoy learning SCIENCE  

(Performance/Competence Items) 

11. I can overcome setbacks when learning SCIENCE  

12. I am confident that I can understand SCIENCE in class  

13. I am confident that I can understand SCIENCE outside of class  

14. I can perform well when my SCIENCE knowledge is tested (for instance, in exams or 

defenses)  

15. I understand concepts I have studied in SCIENCE 

 

Engineer Items: 

Q: To what extent do you disagree or agree with the following statements: 

(Recognition Items) 

1. I see myself as an ENGINEER 

2. My department faculty see me as an ENGINEER 

3. I have had experiences in which I was recognized as an ENGINEER 

4. Others ask me for help with ENGINEERING 

5. I want to be recognized for my contributions to ENGINEERING 

6. My advisor(s) sees me as an ENGINEER 

7. Other engineers see me as an ENGINEER 

(Interest Items) 

8. I find satisfaction when doing ENGINEERING 

9. I enjoy learning ENGINEERING 

(Performance/Competence Items) 
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10. I am confident I can understand ENGINEERING in class 

11. I am confident I can understand ENGINEERING outside of class 

12. I can perform well when my ENGINEERING knowledge is tested (for instance, in exams 

or defenses) 

13. I understand concepts I have studied in ENGINEERING 

14. I am confident I can apply ENGINEERING to solve problems 

 

Researcher Items: 

Q: To what extent do you disagree or agree to the following statements: 

(Recognition Items) 

1. I see myself as a RESEARCHER 

2. My department faculty see me as a RESEARCHER 

3. My peers see me as a RESEARCHER 

4. I have had experiences in which I was recognized as a RESEARCHER 

5. I want to be recognized for my contributions to RESEARCH 

6. My advisor(s) see me as a RESEARCHER 

7. Other researchers see me as RESEARCHER 

(Interest Items) 

8. I find satisfaction when learning about my RESEARCH topic 

9. I am interested in learning more about how to do RESEARCH 

10. I enjoy conducting RESEARCH 

(Performance/Competence Items) 

11. I find satisfaction when doing RESEARCH 

12. I can publish RESEARCH results in my field 

13. I can present RESEARCH related topics to relevant audiences 

14. I am confident that I can network with other RESEARCHERS  

15. I understand the concepts needed to analyze and interpret data 

16. I am confident that I can design a RESEARCH study 

 

Advisor Relationship Items: 

Q: To what extent do you disagree or agree with the following statements:   

My advisor…  

1.  ...has clearly stated his or her expectations for satisfactory participation in my program 

2.  ...is easy to approach 

3.  ...is knowledgeable about my research 

4.  ...encourages and supports my research 

5.  ...values my work 

6.  ...provides advice in a timely manner 

7.  ... is also my mentor 

8.  ...and I have a positive relationship 
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Supplemental Materials 2  

 

Engineering Disciplines  

 

1. Acoustic Engineering (included in Engineering; Other) 

2. Aerospace Engineering 

3. Agricultural and Biological Engineering 

4. Biomedical Engineering 

5. Chemical and Biomolecular Engineering 

6. Chemical Engineering 

7. Civil and Environmental Engineering 

8. Computer Engineering 

9. Computer Science 

10. Computer Science and Engineering 

11. Electrical & Computer Engineering 

12. Electrical Engineering 

13. Engineering; Other 

14. Engineering Education (included in Engineering; Other) 

15. Engineering Physics 

16. Environmental Engineering 

17. Geo Engineering 

18. Industrial Engineering 

19. Material Science and Engineering 

20. Mechanical Engineering 

21. Nuclear Engineering 

22. Ocean Engineering 

23. Petroleum Engineering 

24. Systems Engineering 
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Chapter 3 

Interacting with Ruling Relations:  

Engineering Graduate Student Experiences of Discrimination and Bias 

Abstract  

Background: The retention of traditionally underserved students remains a problem across 

graduate engineering programs. Women and Men of Color and white Women leave graduate 

programs without their intended degree at higher rates than their white male peers. Experiences 

of discrimination may hinder degree progress for students with minoritized identities.  

Purpose/Hypothesis: This study investigated Women and Men of Color and white Women’s 

experiences of discrimination in graduate engineering programs. 

Design/Methods: Semi-structured qualitative individual interviews explored the experiences of 

doctoral engineering students. Comparative analysis methods uncovered themes derived from 

participants’ experiences of discrimination in engineering graduate education. 

Results: Women and Men of Color and white Women experienced being treated differently by 

peers, faculty, and advisors in settings such as classrooms, offices, and labs. Five themes 

emerged from participant narratives: Talking Matters, Faux Allies, Privileging Practices, Self-

Reflections, Affirmation. A super-ordinate theme illustrates the interaction of the themes in 

student experience: Recognizing and Resisting Ruling Relations. Three significant findings can 

be distilled from the themes and the ruling relations they highlight: (1) marginalized students 

recognize some of the norms and systems that marginalize them; (2) interactions that marginalize 

students are set into the social fabric of engineering and exclude some students while including 

others; and (3) everyday interactions sustain and reproduce the oppressive norms. 

Conclusions: This study offers perspectives that can help engineering graduate education 
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cultivate equitable environments. The implications of this work point to steps necessary to 

improve the graduate engineering environment for marginalized students. 

Keywords: PhD Students, Discrimination, Bias, Gender, Race/Ethnicity 
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Introduction 

 Engineering continues to see significant disparities in race/ethnicity and gender 

representation at the doctoral level due to marginalization, oppression, and exclusion (Bancroft, 

2018; NSF & National Center for Science & Engineering Statistics, 2019). Engineering graduate 

students’ experiences of discrimination, sexism, racism, and microaggressions target students 

based on personal or social characteristics, further perpetuating these disparities. These 

experiences of racism and sexism help explain differences in rates of participation, attrition, and 

degree completion for traditionally underserved students (TUS) in engineering (e.g., Bancroft, 

2018; Burt et al., 2019; Dutta 2015; Hall et al., 2015; McGee, 2016; Miles et al., 2020; NSB, 

2018; O’Meara et al., 2018; Ong et al., 2011; Sowell et al., 2015). This work adds to this 

growing body of literature on the TUS’ experiences in engineering graduate education by 

exploring the racism and sexism that emerge in interpersonal interactions.    

Throughout this work, the term TUS is used to emphasize graduate education’s role in 

propagating and maintaining inequitable systems that marginalize, oppress, and exclude women, 

minoritized racial and ethnic groups, first-generation, sexual and gender minorities, and 

individuals who reside at the intersection of multiple marginalized identities (Bancroft, 2018; 

Banda, 2012; London, Rosenthal, Levy, & Lobel, 2011; Sue et al., 2007). Educational systems, 

as designed and including engineering graduate education, do not serve students equally, 

resulting in additional hurdles for and the suppression of those that are not white male students 

(Hanson, 1996; Pawley, 2019). These educational systems enact ruling relations that are baked 

into institutional practices so securely that programs targeted at reducing racism and sexism do 

little to disrupt or remedy inequitable educational and employment outcomes for minoritized 

groups (Pawley, 2019).  
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O’Meara (2018) describes ruling relations as the “everyday norms, assumptions, logics, 

and social interactions that structure people’s lives” (p. 205). Borrowing this conceptualization 

helps describe the unwritten rules and norms that govern interpersonal relationships in 

engineering graduate education. Further, the ruling relations concept provides a lens to examine 

the norms and assumptions that define, restrict, support, and replicate engineering graduate 

student experiences and interpersonal relationships. We find two ideas useful in framing TUS’ 

experiences of ruling relations in engineering: (1) ruling relations create and support day-to-day 

interactions based upon hierarchically structured doctoral education programs and relationships 

between students and faculty, and (2) ruling relations support the subtle and explicit forms of 

discouragement that obstruct TUS. These challenges are not unique to engineering disciplines, 

but they may undermine engineering's best efforts to be inclusive and effective in building a 

diverse and globally competitive engineering community. 

In this work, the term discrimination highlights active sexism and racism enabled by 

current ruling relations. Discrimination refers to the rights, privileges, expectations, courtesies, 

and access assumed by and granted to white men and denied, withheld, or limited for Women 

and Men of Color, and white Women. While similar, bias represents the distinct concept of 

preference or favoring, either conscious (explicit) or unconscious (implicit), of one group over 

another (Daumeyer et al., 2019). The distinction is necessary to see that discrimination and bias 

may or may not be tied together in a cause-and-effect relationship; instead, both exist in society 

in ways that perpetually influence our actions, stereotypes, and interactions. This research does 

not require the categorization of a specific experience as discriminatory or biased. Our study 

accepts the premise that engineering graduate education contains ruling relations that embody 

norms of behavior and interaction while asking the following question:  
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How do traditionally underserved engineering graduate students experience 

discrimination and social biases in their interpersonal interactions within the 

context of engineering graduate education?  

In more theoretical terms, we accept the insight that ruling relations embedded in the macro-level 

socio-structural hierarchies reflect racist and sexist social norms for interpersonal interactions. 

However, engineering's social organization does not reveal how people experience those 

interpersonal hierarchies at the individual level. To find out how ruling relations impact students’ 

interpersonal interactions requires an investigation of students' lived experiences.  

Background 

Engineering graduate students’ lived experiences provide an opportunity to further 

uncover and identify interpersonal relationship ruling relations that shape experiences with 

discrimination and bias in engineering graduate education. Past engineering graduate education 

research provides rich examples of engineering students’ lived experiences of interpersonal 

relationship discrimination (e.g., Bancroft, 2018; Burt et al., 2019; Miles et al., 2020; O’Meara et 

al., 2018; Wang & Degol, 2017). Along with conversations centered on race and ethnicity, 

research also highlights how commonly accepted interpersonal ruling relations guide and support 

negative assumptions about women’s place in graduate STEM education (Wang & Degol, 2017) 

that undermine factors that predict retention (Dutta, 2015; Robnett, 2016). While these scholars 

did not use ruling relations conceptually, their work offers guidance on what ruling relations may 

exist in graduate engineering education.  

Research investigating ruling relations in STEM (science, technology, engineering, and 

mathematics) departments has shown, “Students experienced isolation and a lack of community, 

an environment that stressed individualism and competition, and hierarchical structures in 
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their STEM departments that made them question whether they belonged and could succeed” 

(O’Meara et al., 2019, p. 205, emphasis added). The same ruling relations may personalize 

discrimination by informing interpersonal interactions and relationships. These experiences of 

isolation, lack of community, individualism, and competition, along with their effects, have been 

documented throughout research on engineering graduate education. 

The ruling relations of isolation and a lack of community define engineering graduate 

education through requirements of total devotion to tasks while devaluing family and 

communities that support TUSs’ interest and pursuit of advanced degrees. Burt and colleagues’ 

(2018, 2019a, 2019b) work with Black men in graduate engineering programs found that Black 

men faced racialized and gendered interactions from peers and faculty, reflecting discrimination 

and bias, often resulting in social isolation. Black men’s experiences illustrated ruling relations 

that allowed disrespectful communication and tolerated discrimination and microaggressions 

(Burt et al., 2018). While creating unsupportive environments, ruling relations foster systems that 

devalue Black men’s assets that benefit persistence in graduate education, including family, 

spiritual/faith community, and undergraduate mentors (Burt, 2019b). Further, these unsupportive 

environments can restrict access to interpersonal social networks and other forms of capital that 

foster identity development and a sense of belonging, two factors that drive persistence 

(Bancroft, 2019; Martin, Miller, & Simmons, 2013; Martin et al., 2013; Yosso, 2005).   

Individualism, competition, and hierarchical structures often emerge through the 

educational defaults of engineering graduate education. The apprenticeship model of doctoral 

education, advisor relationships, and professionalization exemplify these ruling relations 

intended to ensure rigor and development as an advanced engineer. However, the defaults and 

expectations that underlie these models perpetuate unfair treatment, discrimination, and 
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systematic othering of traditionally underserved students. Existing interpersonal advisor ruling 

relations allow disrespectful and micro-aggressive communication styles between advisors and 

Black men advisees (Burt et al., 2020). Ruling relations inform the professional ideals that 

socialize students into norms and expectations for their professional engineering roles and 

relationships (Pawley, 2019; Dryburgh, 1999; Frehill, 2004). Professionalization includes 

ubiquitous biases in evaluations of excellence and professional behavior that mask the less 

obvious expression and interpretation of white male interpersonal relationship norms embedded 

in and enabled by ruling relations (Pawley, 2019; Dryburgh, 1999; Frehill, 2004).  

Research Questions 

Our broad question, “How do traditionally underserved engineering graduate students 

experience discrimination and social biases in their interpersonal interactions within the context 

of engineering graduate education?” guided this project to ask more specific research questions: 

1) How do TUS graduate students experience discrimination and bias? 2) How do student 

experiences uncover ruling relations? and 3) How do the discrimination experiences described 

emerge from the ruling relations that empower educational hierarchies and power differentials 

within academic culture?   

Methods 

As part of a larger research project to develop a gender and race/ethnicity discrimination 

and bias scale, we conducted semi-structured qualitative interviews with graduate engineering 

students. We used comparative analysis to highlight, situate, and specify the ruling relations that 

inform traditionally underserved students’ experiences within engineering graduate education.  

 Engineering graduate students participated in 60-minute qualitative semi-structured 

interviews about their experiences and relationships in graduate school. A social constructivist 
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approach guided the development of the interview protocol and analysis of interviews (Hesse-

Biber, 2017). The data-making process combines the construction of participant narratives in 

interaction with the interviewer and compares and interprets narratives by the research team to 

uncover meaning to identify ruling relations embedded in sexist and racist power distortions 

within engineering. Students’ perceptions of their experiences shape their interpretations of 

behavior and responses to others. Here, the importance is in the students’ memory and 

interpretation of their experiences rather than measuring or defining the ‘objective’ reality. The 

social construction paradigm focuses on the ways participants’ experiences and perceptions 

create their reality (Hesse-Biber, 2017). This paradigm is instrumental in identifying the ways 

TUS are required to construct space for themselves to generate meaning from experiences and 

relationships in a field dominated by white and Asian men.  

Positionality 

 The research team includes experienced qualitative researchers, engineers, gender 

experts, STEM experts, and psychology researchers. The range and depth of expertise on the 

research team provides a rich base upon which to build this research study. The primary 

interviewer, analyst, and first author has extensive interviewing experience and studies equity 

and identity in STEM fields. He is a white, cisgender, gay man. The third author is a white, 

cisgender, senior feminist scholar committed to equity in higher education in STEM, and 

particularly in graduate education. The second and fourth authors are both white males, with the 

fourth author identifying as gay and work in engineering education with a significant focus on 

graduate education. These characteristics undoubtedly influenced the interviews and analysis, 

requiring significant attention to positionality from the whole research team throughout the 

research process. The composition of the research team situates our analysis as not of similar 
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demographic background to the participants in our research. Our position then affords us some 

separation from the lived experience of participants while requiring attention to our different 

perspectives on engineering graduate education and, more broadly, on higher education 

practices. 

 Further, the team consulted with engineers and qualitative experts beyond those on the 

research team with a variety of backgrounds to promote an inclusive analysis process. 

Engineering educators assisted us in situating students' experiences in engineering, specifically 

assisting in disengaging from assumptions based on broader STEM higher education 

expectations. The team acknowledges that their background and experience naturally impact 

their contributions to this research project's completion. We assume that while we attempt to set 

aside existing knowledge about engineering graduate students' experiences, we cannot altogether 

remove ourselves from that knowledge. We approached the project open to new ideas during 

interviews and analysis that may or may not fit with our existing knowledge. The research team 

interrogated and challenged these preconceptions throughout the interview coding and data 

analysis process by articulating preconceived interpretations and challenging them with 

alternative interpretations.  

Data Quality/Trustworthiness  

Making qualitative data requires consistent processes to ensure consistent gathering and 

recording of data (Walther, Sochacka, & Kellam, 2013). Pilot testing of our interview procedure 

and protocol assisted in ensuring our research processes were consistent. Based on pilot 

interviews, the interviewer/first author’s positionality needed elaboration in the introduction of 

the interview (Bahnson, Cass, & Wyer, 2019). Qualitative research benefits from the 

examination of interviewers’ positions in relation to not only the research and analysis, but also 
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in relation to the interview participants (Green, Creswell, Shope, & Clark, 2007; Merriam & 

Tisdell, 2015). Additional detail in the interviewer's introduction explained the interviewer’s 

interest in STEM graduate student experiences due to his husband’s experiences in another 

STEM field (Supplemental Materials 1; Bahnson, Cass, & Wyer, 2019). Pilot testing indicated 

the revised introduction provided the necessary context for participants and increased the rapport 

and trust between the interviewer and participants (Bahnson, Cass, & Wyer, 2019). The revised 

introduction was used for all interviews after the third pilot interview. 

Further, handling the data required attention to process, record keeping, and concept 

tracking to ensure process reliability (Walther, Sochacka, & Kellam, 2013). Drawing on 

extensive interview experience, the interviewer recorded extensive field notes and memos to 

highlight salient narratives and assist in appropriate probing follow-up questions during and 

immediately following each interview. In addition, the interviewer used field notes and memos 

to bracket assumptions and personal responses to the participants’ narratives (Gearing, 2004). 

Field notes and memos were used to explore the context in interviews but were supplemental to 

the data analysis. Debriefing with the research team assisted in maintaining perspective and a 

focus on participants’ experiences. Additional detail about making and handling the qualitative 

data are described in the following sections. 

Procedure 

 Participants in the Grads Project (NSF-DUE #1535453, #1535254), a national survey 

about engineering identity, motivation, and graduate school experiences, volunteered to be 

contacted for additional research (Cass et al., 2018; Perkins et al., 2018a). Eligibility 

requirements for participation included: 1) be at least 18 years old; 2) a Woman or Man of Color 

or a white Woman; 3) currently or recently (less than one year ago) enrolled in a graduate 
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engineering program. Selection variables for participants were based on self-identified 

demographics in the Grads Project dataset. Women and Men of Color and white Women were 

sought as participants since they are more likely to have experienced discrimination and bias in 

graduate school than their white male peers. We included Asian men in the sample to include 

their experiences as a group minoritized in society. Their experiences both being stereotyped as 

model minorities and facing microaggressions even when they are not strictly a minority group 

represent salient discrimination experiences (Sue et al., 2007; Trytten et al., 2012). We focused 

on but did not limit participation to early-career (second year) graduate students to allow for 

participation in future research projects which flow from this initial qualitative project.  

 Participants from the Grads Project received an invitation to participate via email. The 

invitation described the interview as being about experiences in engineering graduate education 

and included a link to a participation survey that included participation information and 

demographic survey items. Participants consented to participate at the end of the recruitment and 

demographic survey, received a consent document, and verbally consented to participation and 

recording of the interview at the beginning of their interview. Pseudonyms are used throughout 

to protect confidentiality. Participants were offered the opportunity to select a pseudonym; for 

those that declined, the authors randomly assigned pseudonyms. Participants from across the 

country were able to participate due to the use of videoconferencing. The first author’s 

Institutional Review Board determined that participation was minimal risk and approved all 

procedures and materials used in the recruitment and interview. 

 The interview protocol developed for this project intentionally generated narratives about 

day-to-day graduate student experiences and employed probes to seek elaborations about the 

people, activities, and places students engage within their graduate program (Supplemental 
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Materials 1). The interview began with day-to-day experiences to allow participants to describe 

their experiences without priming them to discuss discrimination or bias experiences. The team 

developed the protocol through an iterative process and pilot tested it with engineering graduate 

students (Bahnson, Cass, & Wyer, 2019; Bahnson, Wyer, & Cass, 2019). The protocol engages 

participants in thinking about their daily activities, the people around them, and their 

relationships with those people in a day-to-day context. Participants described their typical day, 

and the interviewer asked follow-up questions to clarify relationships and to seek additional 

examples or narratives about the participant’s experiences (e.g., Who is with you when you do 

[activity]?). The interviewer debriefed with the research team regularly throughout the pilot 

phase and periodically during the primary interview phase.  

Participants 

 The participant pool included 30 (n = 7 pilot; n = 23 primary) graduate engineering 

students. We include the pilot participants due to the relatively minor changes in the interview 

protocol between the pilot and the main interview phases (Bahnson, Cass, & Wyer, 2019). The 

change included expanding the positionality of the interviewer in the introduction as described 

previously. Pilot participants are labeled (P) to acknowledge the interview protocol's minor 

differences. On the recruitment survey, participants self-identified their gender identity by 

selecting from 5 options and a write-in option and race/ethnicity by selecting from 8 options and 

a write-in option. Participants included 5 Asian Women, 1 African American woman, 5 

Hispanic/Latina/White-Hispanic Women, 1 North African woman, 10 white Women, 3 Asian 

men, 2 Hispanic/Latino men, 3 Middle Eastern men from across the U.S (Table 1). While Asian 

students typically are not counted as underrepresented in STEM, the documented discriminatory 

experiences of Asian students indicated they are essential for inclusion in our sample (e.g., Sue, 
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2007). In addition, previous work has demonstrated the distinct experiences of white and Asian 

Women (Perkins et al., 2020). In addition, participants indicated their engineering program (e.g., 

Mechanical, Civil), the year they started their Ph.D. program, and if they had completed any 

Ph.D. milestones (i.e., comprehensive exam and dissertation; Table 1). Fifteen identified as 

international students, five as bisexual, and all others as heterosexual, and 19 were in their 

second year, with others ranging from third to seventh. Participants represented twenty-one (21) 

universities and seventeen (17) distinct engineering disciplines. Demographically, the sample 

does not represent the national engineering graduate student population, and instead, it reflects 

TUS focusing on Women and Men of Color and white Women. Some demographic information 

is not connected to participants to protect anonymity.  

Table 1: Participant Demographics 

ID Pseudonym Gender Race/Ethnicity Int’l Engineering Program 

Degree          

Milestones* Year 

P1 Samantha Female Hispanic No Mechanical None Second 

P2 Libby Female Asian Yes BioElectrical None Second 

P3 Kamelia Female Latina No Biomedical None Second 

P4 David Male Asian Yes Computer Science Dissert. Fourth 

P5 Nicole Female White No Construction None Second 

P6 Amanda Female White Yes Biomedical Comp. Third 

P7 Heather Female Asian Yes Textile Dissert. Fourth 

1 Rachel Female White No Mechanical Comp. Second 

2 Melissa Female White No Nuclear None Second 

3 Joshua Male Asian Yes Computer Engineering Comp. Second 

4 Lauren Female White No Petroleum None Second 

5 Dani Female Middle Eastern Yes Mechanical None Second 

6 Megan Female White No Biomedical None Second 

7 Susan Female White No Materials Comp. Second 

8 John Male Asian Yes Electrical Comp. Second 

9 Emmy Female Asian Yes Thermal Comp. Second 

10 Christopher Male Middle Eastern Yes Civil None Second 

11 Amber Female White No Chemical None Second 

12 Vanessa Female Asian No Mechanical None Second 

13 Sara Female Asian Yes Aerospace Comp. Second 

14 Andrew Male Middle Eastern Yes Chemical Comp. Second 

15 Daniel Male Hispanic/White No Biomedical Dissert.  Fifth 

16 Kelly Female White No Materials Science Comp. Second 
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Analysis 

The research team anonymized all unique identifiers in transcribed interviews. 

Transcripts were coded on the Dedoose platform by the research team (Dedoose, 2018). Codes 

were developed inductively, where codes were added for new phenomena as they occurred 

throughout the coding process. The analysis team refined and edited codes as necessary. Phrases, 

sentences, and paragraphs were coded based on the content of the material. All interviews were 

coded by the first author and at least one other team member. The first three interviews coded by 

each team member were reviewed with the team to establish and confirm the consistency of 

coding. The team met weekly for three months to discuss and review questions or concerns with 

coding. 

Analysis using constant comparative techniques led to the development of themes useful 

in our descriptive qualitative analysis. Constant comparative analysis allowed researchers to 

investigate themes through an analysis of individual interview themes and comparison of those 

themes with other interviews (Boeije, 2002; Framt, 2013). Comparing interviews allowed the 

interviewers to discover similarities, generate categories, and identify patterns (Boeije, 2002; 

Tesch, 1996). Our analysis included fragmenting and connecting the texts (Boeije, 2002; Dey, 

1993). Fragmenting identified distinct themes for each interview by breaking the text into 

distinct meaningful pieces outside of the interview context (Boeije, 2002). Connecting balanced 

Table 1: (cont.) 

17 Andrew Male Middle Eastern Yes Mechanical Dissert.  Fifth 

18 Katherine Female White No Environmental None Second 

19 Mary Female Hispanic/White Yes Chemical Comp. Third 

20 James Male Hispanic No Industrial None Fifth 

21 Courtney Female Hispanic Yes Chemical Dissert.  Fourth 

22 Crystal Female African American No Chemical Comp. Sixth 

23 Krista Female Hispanic Yes Chemical None First 

Notes: *None = no degree milestones beyond classwork were completed; Comp. = comprehensive exam completed;  

Dissert. = comprehensive exam and dissertation proposal completed. 
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fragmenting by refocusing analysis on the context of the text and the meaning within the broader 

interview (Boeiji, 2002; Sivesind, 1999).   

Comparing and contrasting interviews formed the basis for categorization, phenomenon 

boundary setting, assigning text to categories, defining, and summarizing categories, and 

identifying evidence counter to the category (Boeije, 2002). Using modified steps identified by 

Boeije (2002) for constant comparative analyses, we first compared text within an interview. 

Then, a comparison of similar experiences between interviews.  

Open coding allowed for codes to emerge from the texts. The first step involved 

categorization, label development, and code definitions for each part of the interviews. After the 

first step, provisional codes distilled from the interview contributed to an initial interpretation of 

the interview and the beginning of the analysis process. Codes changed during the first step to be 

adapted when another interview text exhibited the code, while it expanded the definition of the 

code. This breach of a phenomenon boundary provided new examples and a better understanding 

of codes and categories of codes as required by new text.   

In the second step, assigning texts to categories and comparing texts, codes, and 

categories between interviews allowed us to refine categories and codes further while identifying 

patterns across interviews. Simultaneously, it allowed for identifying text that discounts or 

contradicts patterns identified by the analysis team among other interviews requiring alteration or 

elimination of preliminary patterns. White Women, Women of Color, and Men of Color 

(including Asian men) constituted three comparison groups. Comparing interviews within these 

groups assisted in connecting similar codes and categories across interviews. Connections and 

contradictions developed through research team meetings began our initial identification of 

themes.  
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Comparison between groups refined connections between codes and categories to inform 

themes as consistent or inconsistent across traditionally underserved student groups. The group 

comparison step allowed us to question if groups who experienced discrimination shared in the 

codes, categories, and patterns describe their experiences. In the last step of comparison, material 

from each code, connections, and distinctions between codes helped identify a final set of themes 

and shared experiences in the data and assisted in identifying the consolidated themes in our 

findings. In addition, we compared participants’ experiences and the corresponding codes to 

uncover the ruling relations in effect during the participants’ experiences.   

Finally, we considered how students’ experiences reflected the ruling relations of 

graduate engineering. Through theme comparison and consideration of ruling relations that 

inform student experiences, we were able to identify ruling relations as the enabled or 

perpetuated discrimination within engineering graduate education. The comparison analysis 

focuses our findings on students' experiences in their own words while following themes across 

interviews to describe the range of ruling relations engineering graduate students experienced 

within the thematic scope. 

Findings 

 Participants indicated that discrimination experiences originated from peers, advisors, 

and other faculty and reinforced students’ perceptions of themselves as insiders or outsiders in 

doctoral engineering programs. Participants defined their experiences to include their 

relationship to other people, the frequency of the experience, and the setting where the 

experience happened. However, the ruling relations embedded in the graduate education system 

often were not directly acknowledged in students’ narratives while still shaping participants’ 

experiences. People, frequency, and setting defined the experience for students while the 
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ubiquitous ruling relations remained hidden or, as Smith (1987) puts it, many seemed to remain 

unaware of the broader structural dynamics influencing everyday interactions. 

 Five themes illustrated ruling relations that inform student experiences, and one 

superordinate theme that focuses on the interaction of and resistance to ruling relations in 

students’ experiences. First, Talking Matters included a broad set of experiences relevant to the 

ruling relations that define how others spoke to students, experiences of talking to others, and 

how talking affected their ability to participate fully in engineering spaces. Second, Faux Allies 

highlight the ruling relations that enabled others who purport to be or are assumed to be allies but 

fall short of expectations in enacting allyship. The third theme, Privileging Practices, 

demonstrates practices supported by ruling relations that defined the preferential interpersonal 

and relational access and spaces of being a graduate student. The fourth theme, Affirmation, 

identified experiences of ruling relation violations that enabled student participation or engaged 

students’ engineering identification. In the fifth theme, Self-Reflection, some participants 

discussed previous reflections on their experiences to understand their position in engineering, 

leading them to recognize or question some ruling relations.  

 Self-Reflection leads to the superordinate theme: Recognizing and Resisting Ruling 

Relations. These accounts present participant narratives that describe the struggle and attention 

required to recognize the causes of their experiences and resist the negative influences. Ruling 

relations reinforce each other and require work on the part of minoritized students to recognize 

and resist the ruling relations that harm or hinder their development as engineers. Further, the 

superordinate theme highlighted ruling relations that interweave to perpetuate the oppression of 

Women and Men of Color and white Women in engineering graduate education.  
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1. Talking Matters 

 Participant accounts revealed complex unspoken ruling relations that inform language 

usage, acceptable communication styles, the permissiveness of disrespect, and the 

meaningfulness in the tone of voice that reflect enactment of social relations implicitly defined 

and reinforced by the structure of graduate education. While communication impacts all aspects 

of education, interactions with others represent some of the most striking and salient experiences 

that our participants shared during the interviews. Participants were aware of the pertinence of 

the quality and quantity of communication to their success as engineers. At the same time, they 

could see and hear the distinction between communication styles directed at them and others 

with variation based upon gender and race.   

 Many ruling relations seem to guide talking in graduate education. One repeated 

experience outlined a ruling relation that enabled some people to talk down to others with little 

or no consequence. The repeated experience became an implicit expectation for participants in 

their interactions with other engineers. 

 Heather: He [Class Professor] would discuss complex math with the male students, then 

turn to us [two female students] and then dumb it down like we didn’t understand when he was 

telling the male students. … It made me question if engineering is just for men.  

 Feedback is essential to the development of graduate students, and receiving it, or not, 

has a meaningful impact on students and their perceptions of their place within engineering. One 

ruling relation uncovered represents the necessity of feedback, and importance of agency in who 

gets to define the tone, content, intention, and destructive or constructive content. Participants’ 

consistently experienced feedback in a way that favored men and white people. Participants 

reported a range of feedback experiences from friendly feedback to an absence of feedback. 
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These quotes represent the range of student experiences reported, the variation between advisors, 

and how students recognized when the feedback they received was different from their peers. In 

the first quote, Amanda discussed the difference in feedback quantity and quality from her 

advisor, which she attributed to a difference in interaction style for her compared to her male 

peers.  

Amanda: He treated me differently, he never yelled at me in any way, like he yelled at the 

guys. He wouldn’t get into discussions, or I would say arguments [with the guys], with me, like, 

he would with others in the lab. I thought it was very clear I was treated differently.  

In the next quote, Megan discussed her advisors’ reaction to a request for more feedback and 

how important that interaction is for her progress.  

Megan: He has given me more feedback [recently], and it’s productive feedback. He 

would say, ‘Hey, there is something else you can do to make it better,’ and I really need the 

interaction and more feedback from my advisor and I technically have two advisors, right now, 

one of them is less interactive and doesn’t really respond, but my primary advisor is really 

responsive. 

Other participants recognized a ruling relation that defines professional engineer 

communication styles as impersonal and unfriendly. Further, they recognized and excused 

unfriendly communication styles as a normal and necessary ruling relation for successful 

communication with engineers. The socialization into engineering seemed to include this focus 

on professional communication as impersonal while deemphasizing any personal interaction in 

favor of measurable work outcomes as more valuable than the individuals’ experience in 

education. 
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Lauren: It’s OK. It’s not like friendly or amiable, but it’s very professional. And like when 

we communicate by email, she responds right away. And it’s very efficient and a lot of stuff gets 

done. And she really drives us to do a lot of work and so we’ve like published several papers and 

done a lot of cool research.  

 In the classroom and labs, the ruling relations included norms and expectations for 

interactions embedded with messages of disrespect. In the following example, a participant 

recognized an inappropriate comment by a faculty member and its negative effect on her peers 

while denying any impact on herself. We point this out to emphasize that students note sexist and 

racist comments while not necessarily recognizing the cumulative or indirect impact on their 

professionalization as engineers. 

 Rachel: One of my friends had done a problem very well and he [Professor] told him 

[peer] one day that he was going to be able to have a beautiful, blonde, cute secretary. He got in 

a lot of trouble. There were a lot of complaints to the department. It doesn’t really bother me, but 

I can understand why it would bother other people. 

 The ruling relation that allowed disrespectful communication extended to disrespectful 

peer communication as well. The next examples of talking matters reflect how the students 

interpreted the messages of disrespect as perpetuating the expectation that they did not belong in 

engineering, which exhibits an underlying ruling relation for engineering to conform to white 

male expectations.  

 Megan: I went to office hours once, it was spring and I wore this summer dress. I show 

up and the TA looks at me and he’s like ‘you know this is office hours for this computer science 

class.’ he treated me like I didn’t know math, like I didn’t know basic linear algebra. I was like 

ok, I’ll pretend like that didn’t happen, then I’ll ask my question. The whole interaction was 
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really not comfortable for me, the ‘oh you don’t belong here’ thing, which was kind of weird. 

things like that happen and they kind of eat away at you.  

 Throughout these examples, the way in which others talked to participants mattered to 

them and remained salient memories while demonstrating the norms and expectations of ruling 

relations in engineering. Students’ accounts throughout the following sections echo the 

importance of talking matters and how the theme permeates interactions shaping the identity 

development of graduate engineers. 

2. Faux Allies 

 The second theme we identified represents how students did not reliably find support 

from their advisers and peers, or how the support represents an unintentional insult cloaked as 

support. This theme exposes a ruling relation double standard that allows peers, professors, and 

advisors to avoid supporting TUS. The first quote is from a participant’s description of her male 

principal investigator’s demonstrated allyship and the struggle she had with male peers seeing 

themselves as allies but who were unable to recognize the disrespect she faced from a postdoc in 

their lab. The advisor pushed back on the ruling relation, while male peers failed at resisting the 

norm, and the postdoc reinforces the male norm ruling relation. These experiences revealed to 

her that she could not count on all allies equally to actively help her in negative experiences. 

 Sara: So there are some men who have been allies, but the majority of men I feel like-- 

that I am friends with in this field, they acknowledge that these things are an issue if it comes up. 

But they don’t have, sometimes, the social skills or the critical thinking skills in a situation, in 

real time, to analyze and understand that; hey, this postdoc was talking down to me. 

 For some participants, their advisor represented a prime source of support and advice: 

“we have good, open communication” (Daniel) and “he gives me a lot of advice” (John), while 
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for others, advisors became a source of discouragement: “she shuts down my ideas” (Heather). 

These experiences highlight a ruling relation that allows advisors to determine the amount and 

quality of support and advice provided to advisees. The next example presents Crystal’s response 

to a series of unsupportive comments from her advisor. At a symposium, another attendee 

commented that Crystal was very talented, and Crystal’s advisor replied with a comment about 

Crystal’s experimental failure rate being high. Crystal received the comment as an unsupportive 

and discouraging, public rebuke of her research progress reflecting the advisor’s past race-based 

derogatory comments. The ruling relations inform Crystal’s interpretation and the advisor’s 

response to that interpretation – an assumption that advisors are allowed to make unsupportive 

and microaggressive comments with the burden of identifying and addressing problematic 

communication on students. 

 Crystal: I decided to talk to her about it … that [derogatory] comment. And I asked her, 

“Why did you say that?” And she said, “Well, thank you for bringing this up to me. If you have 

any more issues, please bring them up in the future.” And that day that she told me that she 

brought that up because my project was hard. 

 Participants related experiences with their advisors that reflected the advisor’s research 

priorities rather than the students’ educational priorities. The interpersonal message reinforced a 

ruling relation in which the student’s needs are necessarily subservient to the advisor’s desires. 

The top-down power structure is reinforced and perpetuated in ways counter to the graduate 

student's development as an independent researcher. 

  The last quote in this theme presents an interaction with the interviewer. The interview 

reveals the participant’s experience with the expectation of sexism as a ruling relation in 



  105 

 

engineering. In her account, Women are expected to perform non-engineering tasks that their 

male peers are not required to perform, creating additional burdens for female students.  

 Kamelia: So with my PI’s, like with my bosses, I don’t feel like there’s an issue. I don’t 

think that they are [sigh] I don’t think “oh, they are sexist”. I would like to think that they are 

not. 

Interviewer: Oh wait, accidental sexists? 

Kamelia: [laugh] Yes, yes. Like who is going to order the coffee, or who is going to set the 

meeting, who is going to talk to everyone and let them know what’s going on, who is going to 

figure out where are we going to go? Like those jobs are all Women’s jobs. 

The unintentional or ‘accidental’ sexism reflects society's norms and ruling relations that 

position advisors as powerful figures and Women as helpers. Further, the engineering ruling 

relation that normalizes Women managing social interactions reflects a broader sexist society 

concept of Women as caregivers rather than engineers. 

3. Privileging Practices 

 Some participants related the ways in which particular groups were favored, enacting 

ruling relations that reinforced a social hierarchy of positions for students. Often students 

described their buy-in and complicity in the structure of engineering by normalizing a structure 

from which they may eventually benefit. The ruling relation enacted here reflects the advisor’s 

powerful position to dictate the hierarchy of those around them, thereby influencing others' 

interactions. The following examples demonstrate a keen awareness and tacit support of 

privileging practices that reflect ruling relations of hierarchy and privilege as appropriate or even 

necessary: first, for traditionally well-served students; second, for advanced students; and third, 

for students assigned the priority projects.  
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 Sara: She [advisor] does treat people differently in her lab group. [The students who are 

getting ahead are] straight white men who come from some level of money and privilege or at 

least upper middle class. To her [it’s trivial to be] worried about your monthly stipend because 

you are busy paying off undergraduate loans. People have to explain to her that not everyone 

has these things handed to them. 

In Sara’s quote, she identifies her advisor’s privileged financial position as contributing to 

perpetuating a norm for students to be well supported financially beyond graduate school 

stipends. This example highlights a ruling relation that assumes students receive financial 

support and come from privileged backgrounds before entering engineering. 

 Melissa recognized the privilege older students received when they were invited to her 

advisor’s home to interact both with him and visiting speakers. The importance of social 

interaction and privileged access reflects a ruling relation that allows advisors to give an access 

advantage to some students and not others. 

 Melissa: Yeah [my advisor has] a better relationship with some of the older students . . . 

some students have been invited to his house for dinner and small groups where there’s been a 

speaker that he’s entertained. He invites a few of the students to hang out with them.  

 Daniel discussed examples that illustrate another ruling relation that allows privileging 

practices to trickle down from advisors to favored graduate students to other graduate students. 

He described the impact a “good” project can have on students assigned to it compared to those 

left with less desirable projects. 

 Daniel: In some labs there is favoritism. You’re not necessarily working on a project so 

that you can publish and get done with your dissertation. They have you doing media, like what I 
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have my students help me with. You’re the assistant to the [one] that’s actually getting all the 

projects.  

The ruling relations identified here highlight advisors' acceptance of creating or reinforcing a 

preference or hierarchy within their labs and research groups. The hierarchy too quickly becomes 

based on social relationships rather than ability and merit.  

4. Affirmation: Combating Ruling Relations 

 The affirmation theme is striking because participants’ experiences represented situations 

in which students felt they could easily have been excluded but were included through the 

intentional actions of another. In these experiences, participants felt exceptionally valued and 

included, making the experience especially salient in the ways it diverged from the normal ruling 

relations. The experiences reported here illustrate the positive impact defying harmful ruling 

relations has on student experiences. Further, these examples demonstrate the potential for 

change in ruling relations – individuals can and do resist expectations of privilege and power to 

support those around them. These experiences supported students continued participation in 

engineering when the experience could easily have gone differently. Similarly, some participants 

reported that well-intentioned actors improved over time. These positive interactions left a 

lasting impression on students and actively supported their feelings of belonging and 

development as engineers. Affirmation experiences are examples of positive experiences with 

others conferring in-group status on participants by engaging in specific actions that recognized 

the student’s place within graduate engineering education.  

 Dani: For example, when my advisor introduced me as ‘she’s the one you need to come 

to, if you need some regeneration [help calculating regeneration for a thermodynamics 

problem].’ So, I feel valuable. And like I can do something others need. 
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 Providing support with unambiguous public praise firmly communicates that the student 

belongs and is a valued member of the lab group counter to ruling relations that define the 

student as other or not belonging. The following quote is part of Mary’s discussion of how 

impactful her advisor’s supportive actions were to her starting and continuing her Ph.D. 

Elsewhere in the interview, she specifically commented that she knew this was not ‘normal’ for 

engineering. In these extracted accounts, she recognized that the ruling relations supported male-

dominated practices in engineering while acknowledging her advisor’s transgression from those 

practices to support her. 

 Mary: I found out that I was pregnant when I was about to come back for my PhD, so I 

hadn’t even started yet. So I called him and I said, “I’m pregnant.” And he was very supportive. 

I arrived when I was six months pregnant. [So for] those last three months, I did a lot of lit 

reviews. Then, at the end of the semester, that’s when my son was born, and then that’s when the 

summer came. So we had agreed that I could take the summer off. Then, he hired a lab assistant 

to do my research [experiments] while I was breastfeeding as well.  

 Existing ruling relations support some students more than others. The affirmation theme 

demonstrates that ruling relations can be defied or altered to better support all students. However, 

many of the expectations currently set-in ruling relations require adjustment to eliminate 

expectations of conformation to a white male ideal to succeed. 

5. Self-Reflection: Reflecting on Ruling Relations 

 Participants with experiences of discrimination and bias or who had witnessed 

discrimination and bias shared stories about how they had made sense of their experiences and 

how those experiences influenced their development as engineers. The reflection on experiences 

assisted participants in recognizing ruling relations and enabled meaning-making of their 
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experiences both to understand the experience as discrimination or bias and to move beyond the 

expectations of others in their own development as engineers. Some accepted they might be 

unfairly refused an advanced engineering degree if they spoke-up or resisted the discrimination 

or accommodated the negative experiences by internalizing them. These students questioned and 

intentionally considered their position and sense of belonging in the engineering field. Some self-

reflection may support professional identity development and connect current experiences to 

future goals. However, when self-reflection is in response to identity-based discrimination, it 

revealed a ruling relation that adds an additional burden for TUS to process experiences and 

integrate them into their engineering identities to persist.  

 For example, Emmy struggled to acclimate to a predominantly English-speaking 

environment with little support from peers and faculty. Her struggle reflects a ruling relation that 

assumes students can and required students to work and socialize in a language which may not 

be their first language. With the high proportion of non-US students in engineering, English-

language proficiency is a ruling relation that students may struggle with before they even arrive 

in graduate school. 

 Emmy: Last year when I arrived, my English is pretty bad, because in my country we 

don’t speak English much. So, I have difficulty to make the communication, and there are many 

things I don’t really understand. Then, once I start to understand better and be able to follow the 

conversation, then I feel like -- I become more in and be part of the group more.  

 Other participants related self-reflections that helped them process their self-doubts and 

experiences of racism, sexism, and bias. These participants stepped out of their circumstance to 

recognize the discriminatory nature of the ruling relations they were experiencing and separate 

themselves from internalizing the experience. For instance, Courtney rationalized that she must 
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be doing well enough (despite sexist comments from others) because she had not been removed 

from the program. 

 Courtney: My advisors would have kicked me out a long time ago. So, I just keep 

pushing. And you know, it’s stressful because I have to fight with my head all the time, feeling 

bad, … But if still, they think I cannot make it, then it’s okay because, I know I did my best.  

 Kamelia: They [sexism and racism] don’t affect me on the daily or maybe I’m already so 

apathetic about the racism or sexism that exists. It’s not like I don’t want to talk about it. But it’s 

so obvious of course, my name is [Kamelia’s Latino Last Name] so it’s written on my forehead.  

 Crystal: And I just find that I realized that this life that I live, where everyone gave me the 

benefit of the doubt and saw good in me, is not here [engineering]. And that when people say 

that Black people need to work ten times as hard as everyone else, I never understood that until I 

went through it [in engineering]. ... I am more aware of the cultural biases that are ingrained in 

today’s society. 

Self-reflections illustrated some students’ ability to recognize the ways ruling relations were 

being used against them. The mental and emotional effort required of students who experience 

discrimination, the resilience required to reflect on discrimination experiences, and continue in 

graduate school demonstrates an expectation that requiring TUS to do this extra work is not only 

ok, but appropriate. 

6. Recognizing and Resisting Ruling Relations  

Our final set of quotes represent the superordinate theme of how students recognized the 

impact of discrimination and bias on their development as engineers. In these accounts, the 

ruling relations of engineering (Pawley, 2019) ensnared TUS and increased the difficulties of 

performing the work necessary to continue in engineering graduate education and be recognized 
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as engineering professionals. In reflecting on her discrimination experiences in engineering 

Crystal stated, “I'm learning a lot of these unwritten rules on my own.” Several of these accounts 

included multiple themes in combination in which a student was able to recognize the ways 

ruling relations limited their multi-dimensional identities and agency through messages of 

professional socialization that implicitly and explicitly restricted who can be an engineer and 

what engineering is at the graduate level. Even while recognizing the rules required for success 

in engineering, some of our participants discussed how they resisted the rules. Many students 

covered multiple themes within one statement as they discussed experiences with racism and 

sexism. Below Krista, Katherine, and Sara discuss their experiences that reflect most, if not all, 

of our themes. The following examples demonstrate the interconnectedness experience of ruling 

relations and the impact they have on students, as well as the balance between accommodation 

and resistance.  

Krista – Talking Matters and Privileging Practices  

 In the following extended quote, the ruling relations which empowered male students to 

request work from female peers and the expectation of a hierarchy in the lab members reinforced 

sexist norms for Women. Krista provided an example of a male peer asking her to do work 

typically assigned to an undergraduate lab assistant. She wrestled with his request as reasonable 

in some instances, but less so for others through a hypothetical situation. In the end, she 

identified the pattern for this peer in asking female peers to do his work for him.   

 Interviewer: Give me an example of a task they would ask you to do that would normally 

 be given to an undergrad. 

Krista: Yeah so stuff with [his] projects, like oh can you run like this assay, it’s really 

easy. Or this just happened. [He asks], are you gonna be making particles this weekend, 
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and I honestly don’t know if I will be here this weekend. I might fly out for a funeral 

service... I probably won’t be making particles this weekend. [He says] oh darn it 

because [we’re] I’m going to [nearby city] for this event. So that means I would have to 

make particles for [him] because [he] don’t have enough, while they’re [going to] this 

event. I would never ask someone to do my research on the weekend while I’m out having 

a good time. It’s just a respect thing.  

Interviewer: Have you ever talked to somebody about that? 

Krista: I talk to other people in the lab about it, and [they said] definitely don’t do it. And 

at the beginning I would do the things because it was helping me learn or so I thought, 

but they were tasks that don’t really contribute much to my growth. I think this person 

has tried to get other people to do tasks like this. Specifically, females.   

 The interaction demonstrated the ruling relations that support power-laden hierarchical 

thinking. For instance, the ways that talking matters in interactions between peers in the form of 

what favors are appropriate to ask for, in what situations, and also of whom they should be 

asked. The interconnection also demonstrated the privileging of positions within the lab, as in 

some tasks are undergraduate tasks or tasks to be pawned-off on others when possible. Further, 

Krista identifies this interconnection when she connects her male peer asking female peers to do 

this lower-level work as a pattern. 

Katherine: Talking Matters, Faux Allies, and Privileging Practices 

 Katherine described her relationship with her male lab mates as poor and shared her 

experience trying to work with them, but in the end, changing her office space to reduce her 

interactions with them. Her narrative reflects and connects the ruling relations in the themes of 

Talking Matters, Faux Allies, and Privileging Practices. By asking her to do domestic tasks and 
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menial lab work, her lab mates engaged in talking down to her and demonstrated they did not see 

her as an equal. Later in the quote, Katherine discussed involving her advisor in setting ground 

rules for the lab to try to address inappropriate behavior. The advisor and Katherine both see 

these ground rules as enabling Katherine, however, we see a missed opportunity for the advisor 

to address the lab mates’ inappropriate behavior on behalf of Katherine, demonstrating both a 

Faux Ally and a privileging of the male advisor and male lab mates’ positions within the lab. 

Their position is further privileged when Katherine is the one to change office spaces to distance 

herself from the inappropriate lab mates physically. 

Katherine: I have a poor relationship with my lab mates. I tried very hard to make it work 

the first year and then I realized that being around the lab mates is draining for me 

because they often had me do work for them. So even though I have been able to stand up 

for myself, I still don’t like it, so I moved offices to get away from them. And so I do not 

interact with them very much if at all and my friends in the office are from other labs at 

my institution. 

Interviewer: What happened with your lab mates that you don’t get along with them? 

Katherine: Well, I have two lab mates and so I found myself often being asked to cook 

for them, which I found to be wildly inappropriate, and to mend pants. I’m not kidding 

you, these things happened! And then also in the lab they expected me to be doing the 

general lab things like taking out the trash and like making sure that we pass our 

inspections. So that drove me up the wall. And so, I learned how to say, ‘no that’s 

inappropriate.’ But every time I say that, it doesn’t feel empowering to me, it feels really 

horrible like I’m being a horrible person which I know is not true. So, I stopped going to 
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the office to avoid them, to avoid interacting with them. And then that led up to me 

switching offices. I’m much happier in my new office. (Emphasis Added) 

Interviewer: Do you still share lab space with them like experimental lab space? 

Katherine: Yes, yes, but we have also set some more boundaries there. So we had some 

issues. I guess I should clarify, my adviser just moved to our institution. He’s not a first 

time adviser, but he is building a new lab here. And I arrived at the same time he arrived. 

So getting all of the lab protocol setup was-I mean is contentious and difficult. So we 

share lab space quite well now because we had set boundaries like this stuff is my stuff 

and that-- there’s your stuff and don’t put stuff on my shelf or here or here. But when we 

didn’t have that, there’s a lot of-- there were a lot of issues. But yeah, sharing lab space 

is fine because usually we’re just working on our individual things. 

Sara: Talking Matters, Faux Allies, Privileging Practices, and Self-Reflection  

 Sara related her impressions of experiences involving her male advisor, a male postdoc, 

and male graduate student peers and the ruling relations which required her to engage and 

educate these males while they are not required to educate themselves. In her narrative, she 

demonstrated self-reflection in her interactions with all three sets of people while pointing out 

their privileged positions as males and within the lab hierarchy. The interactions with her 

advisor, postdoc, and peers demonstrate the variety of ways individuals engage in talking that 

matters.  

Sara: My mentor, I know has been supportive in the meeting when the post doc was 

talking down to me, but there’ll be other graduate students or post docs who are my 

friends outside of work and they’re male colleagues. But to them it sort of blows over 

their head and I’ll just say to them, “Did you realize this post doc was talking down to 
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me?” And it requires a very long conversation to explain it. And then they’ll say, “Well, 

I’m sure he didn’t mean it that way.” And I’m like, “No, this is a consistent pattern in 

every interaction I have had with him and every interaction I have observed of him with a 

female.” 

The time and emotional labor invested in educating her peers and continued interactions with 

sexist behaviors reflect a ruling relation that allows sexist behavior from men while requiring 

additional effort from Women. The ruling relation reflects an eternal problem of oppressed 

people – oppressed groups are required to educate their oppressors.  

Findings Summary 

 The accounts of participants in our study are filled with stories that are full of underlying 

racist and sexist dynamics within the ruling relations that systematically privilege some students 

over others. These encounters represent ruling relations that form a social fabric of exclusionary 

practices and inclusionary privileges. For an underserved graduate student, the striving-to-belong 

(to be an in-group member) requires work that white male students do not have to do. Students 

have vivid memories of being dismissed, disregarded, disrespected, and subjected to the 

appropriation of their labor to benefit white male peers in the lab. Even a mentor, who is 

expected to be supportive, can be a “faux ally,” by providing too little praise too late, without 

apologizing. In our study, the constant, pervasive, and variability of insults took a definite toll on 

traditionally underserved graduate students’ sense of well-being because they had to be alert to 

them to protect their identities as innovative and skilled emerging talents. 

 Traditionally underserved engineering graduate students often do not recognize the 

discriminatory aspects of ruling relations embedded in organizational, institutional, and structural 

practices that required them to attend to being accepted and being discounted (Smith, 1987; 
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Smith, 1999). In our study, a few graduate students recognized the discriminatory aspects of 

ruling relations in which they worked and relayed experiences that jarred them out of 

complacency with and conformity to the expectations. Some experiences were so egregious, 

appalling, or blatantly offensive that the experience prompted self-reflection and recognition of 

power dynamics that informed daily interactions. Some participants took this step as an internal 

reflection upon experiences to understand for themselves what the experiences meant, as 

reflected in our Self-Reflections section. Further, a few students reflected on their experiences 

and described the experiences, including some critique of the system or power dynamics 

involved in the Recognizing and Resisting Ruling Relations section. Participants’ encounters 

describe the sustained and reproduced discriminatory set of oppressive ruling relations in 

engineering graduate education. Nonetheless, most participants remained entrenched in the 

system of power and privilege, unable or unwilling to directly acknowledge or openly challenge 

the ruling relations or institutional structures that supported and perpetuated their negative 

experiences.  

Discussion 

 Graduate students shared narratives of deep and nuanced experiences of discrimination 

and bias in their daily interactions that highlighted ruling relations reflecting a white male-

dominated norm in engineering. Through each of the themes, a detailed examination of these 

experiences displayed the often-insidious ways discrimination manifested for students. Though 

these themes resonate with work focused on structural or sociocultural aspects of discrimination 

and bias, which informed our interpretations (e.g., Burt et al., 2018; Chubin, May, & Baboo, 

2005; Pawley, 2019; Smith, 1987; Smith, 1999; Truong, Museus, & McGuire, 2016), our themes 

have emerged from students’ accounts of day-to-day interactions. By this, we mean that 
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students’ recollections included what people said (or did not say), whom they could trust, how 

they saw and navigated through the surrounding and normalized ruling relations, what they 

thought about themselves amid these relations, experiences that contributed to belonging and 

affirmation, and how they balanced their desire to be a privileged insider with limited attention to 

the erasures and accommodations that would be required of them. This insight can be 

summarized by saying that engineering graduate students who are traditionally underserved 

notice what is happening around them and to them. They take special note of incidents that alert 

them to hurtful messages and those who deliver harmful messages. This ever-present attention to 

messages may well be embedded in the institutional structures and ruling relations of graduate 

education more generally. However, we argue that the attention required is especially salient for 

traditionally underserved graduate students in engineering.  

The experiences described by our participants point to ways in which policy and practice 

have failed to make engineering doctoral education equitable (Bahnson et al., in-review; 

Bancroft, 2018; Burt et al., 2018; Burt et al., 2019; McGee, 2016; McGee & Martin, 2011; 

Perkins et al., 2020). The ruling relations of graduate education function as intended to support to 

traditional students; while limiting success and generating differential educational experiences 

for TUS (Pawley, 2019). The doctoral training experience often builds upon the traditional 

apprenticeship model with assumptions of a primary advisor leading and guiding a student 

through the doctoral project (Bégin & Gerard, 2013; Gittings, 2018; NASEM, 2018; Perkins et 

al., 2020; Ro & Loya, 2015; Verdín et al., 2015). In our interviews, we found that this 

assumption is no longer appropriate. Students often worked with peers and faculty members, 

which increased both the opportunities for success and complicated the relationship power 

dynamics at play. The interpersonal relationships required by doctoral education too often ignore 
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or devalue the social and personal identities of students (Bancroft, 2018; Burt et al., 2018; Dutta, 

2015; Martin et al., 2013).  

Throughout the relationships, encounters, and spaces described by our participants, the 

system of ruling relations did not always support their identities and development as engineers. 

The lack of support for social and personal identities is further complicated when balancing 

professional development roles as researchers, teachers, and learners further complicated 

professional identity development (Kajfez, & McNair, 2014). Institutional policy and practice 

were not sufficient or enforced to address the day-to-day interactions that students described, 

experienced, and remembered. Transformation at the institutional level is required to adequately 

address the experiences we have described (Gumpertz et al., 2019). To adequately address these 

power differentials, the engineering community needs to reorganize graduate education to alter 

the ruling relations to serve and support students equitably.  

 We cannot overstate the importance of constructive and supportive communication 

between advisors/mentors and graduate students (Artiles, & Matusovich, 2020; Bahnson et al., 

in-review; Burt et al., 2019; Miles et al., 2020; NASEM, 2018). Our participants shared the 

significant mental and emotional resources absorbed by the interaction with advisors who were 

not seen as allies because of previous communications and lack of affirmations. “Working with 

graduate students requires sensitivity, empathy, and a recognition that they are adults with 

agency over their own career trajectories. Additionally, once graduate students enter graduate 

programs, faculty need to work to support the development and maintenance of their students’ 

identities” (Berdanier et al., 2020, p. 142). Further, the investigations and reports of these 

interactions should provide advisors and graduate students examples to discuss and adjust 

behaviors to better support graduate students (Berdanier et al., 2020).  
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 Similarly, the importance of peer relationships and interactions remains a salient and 

meaningful source of negative and positive application of engineering's ruling relations. 

Research peers’ relationships support engineer identity development (Bahnson et al., 2019; 

Crede & Borrego, 2012; Perkins et al., 2018b). Hierarchies define and apply ruling relations 

inequitably to students across interactions, even those that typically assist in educational or 

research objectives (Burt, 2017). However, peer support provides an opportunity for affirmation 

between peers who perhaps have had similar discrimination and bias experiences.  

 We also observed the immense dedication, resilience, and resistance required of our 

participants to continue their engineering doctoral education. From those that asked for what they 

needed to those who changed research labs (Bahnson, Wyer, & Cass, 2019), participants 

demonstrated their ability to perform more work than their peers to succeed. When oppressed by 

unfair and discriminatory ruling relations, additional mental and emotional labor was required 

for TUS to succeed, as represented by our superordinate theme. 

Practical Implications 

The themes found in our data indicated critical ways in which altered ruling relations 

could especially benefit TUSs. Updating norms for engineering communities to define student 

positions with equal terms, situated within groups of real allies without privileged positions 

could assist in altering ruling relations that are assumed to be a normal part of graduate education 

but that disadvantage TUS. These changes could alter the experience of engineering graduate 

education and could provide support for the development of all students.  

 Here we provide some practical suggestions, questions, and ideas for advisors and other 

leadership to engage in recognizing and resisting ruling relations in engineering graduate 

education. TUS cannot be responsible for deconstructing and rebuilding the system – those with 
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authority should take the negative experiences of TUS seriously and take action to change the 

system, assumptions, and norms that perpetuate discriminatory ruling relations.  

 Expanded training for faculty and students alike that discourages talking down, teaches 

positive mentorship techniques, engages strengths-based evaluations, and models constructive 

communication patterns could alleviate issues identified in our Talking Matters theme (Bilen-

Green, 2015; Cross et al., 2021; Long & Mejia, 2016; Nieto, 2018; Pietri et al., 2019). 

Addressing Talking Matters requires setting aside assumptions about appropriate 

communication and real reflection on how communication happens within engineering graduate 

programs, classrooms, and laboratories. For instance, responding to Sara’s experience of being 

talked down to by a postdoctoral fellow, could have been aided by the advisor taking action at 

multiple levels. Addressing the postdoc directly is a first step, however when the behavior is 

repeated additional reflection and action are required. Advisors should consider why bad 

behavior is occurring in their lab with real reflection on how the advisor interacts with everyone 

else in the lab. Some self-reflection questions could include, “Am I exhibiting this behavior 

when I speak to students (Women, Men of Color or Women of Color)?” or “Who else in my lab 

(program, department, or college) demonstrates this behavior in a way that implies it is 

acceptable?” Advisors should consider that if it happens when the advisor is present, “is it worse 

when the advisor is not present?” The answers to these questions can assist in identifying how 

the ruling relations of communication in engineering are negatively shaping the experiences of 

TUS.  

 The next steps require disrupting the negative communication ruling relations by the 

whole lab, possibly requiring training or information about being an ally to TUS. For instance, 

advisor and lab members could participate in a positive communication workshop or 
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interpersonal communication skills training. Finally, advisors should take time to build the skills 

necessary to talk to their TUS about these experiences. Developing these skills will assist 

advisors in creating an environment where TUS students feel welcome and comfortable 

expressing their concerns and experiences of discrimination. An open environment engages TUS 

and could allow advisors to better understand the frequency, intensity, and consequences of 

discrimination experiences for their TUS lab members.  

 Allyship or cultural awareness training combined with interpersonal communication 

skills will help advisors and students avoid the experiences described in Faux Allies. Students 

often lack access to equity, diversity, and inclusion training (Perez et al., 2019). A welcoming 

environment that supports a diverse group of students is essential to disrupting ruling relations 

about who belongs in engineering. Allyship training can help individuals identify behaviors that 

they may think are supportive but are perceived as unsupportive or ingenuine by others. 

Rewriting the ruling relations about who is expected to demonstrate allyship and how allyship is 

enacted benefits all students, deepening a supportive environment for all students to thrive.  

 Part of effective allyship is in developing and maintaining antiracist and antisexist 

engineering communities. Long (2020) lists 20 actions for anti-racist action in engineering 

education with a focus on undergraduate education. These actions are just as necessary for 

graduate education: for instance, revising graduate curriculums to celebrate Black engineers and 

theorists (Long, 2020). Limited research has begun the work of integrating social justice, but 

much more is needed (Vargas-Ordaez & Haynes, 2020; Foster et al., 2019). Action to generate 

and support allyship alone is not enough. As Harden and Harden-Moore (2017) argue, allyship 

must result in action. Minoritized groups need accomplices who act in antisexist and antiracist 

work to truly move the burden of change away from already oppressed and burdened groups. 
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 Leaders, particularly advisors, should critically consider how they engage Privileging 

Practices. Some privileging is intended to be rewarding, such as celebrating a publication or 

passed exam, recognizing advanced students' skills and experience. However, these practices are 

easy to distribute unevenly, leading to inequality within the lab. For example, advisors should 

consider how social events engage some students and not others while attempting to understand 

the reasons behind differential engagement. Some students may not be comfortable going to a 

bar or private home after hours with coworkers and their boss – how can celebrations occur 

without alienating some students? Some simple solutions would be to celebrate during working 

hours, on campus, when all lab members are expected to be available.  

 Advisors should also critically assess how privilege contributes to the hierarchy within 

the lab setting. What is appropriate for advanced students to ask new students to do? How much 

(if any) authority should advanced students have over other lab members? Perhaps some 

authority is appropriate – training on specific equipment, safety issues, and experience with 

experiments may necessitate some hierarchy and authority within the lab in the advisor’s 

absence. However, these expectations should be clearly defined, and it is the advisor's 

responsibility to ensure advanced students do not abuse their authority. Defining expectations 

mitigates the unspoken expectations and assumptions of ruling relations. Graduate students could 

contribute to identifying what aspects of the power dynamics are appropriate and where power is 

misused within the lab. Open, supportive environments are necessary for students to confront 

inequitable power structures in which they operate.  

 Two aspects of Affirmation can assist in deconstructing ruling relations. First, advisors 

should consider who receives affirmation and how affirmation is communicated to students. 

Participants discussed how meaningful affirmation was to their continued success. Advisors 
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consistently articulating their positive beliefs about students’ abilities, progress, and potential can 

dramatically improve the experience of TUS. Second, creating affirmation as a ruling relation 

within the open, welcoming lab community will encourage peers to support each other and 

strengthen feelings of belongingness, particularly for TUS who may not receive these messages 

from others. 

 Some students described the ways they do much of the work described in these 

implications daily as part of their survival in an oppressive system. Others should recognize the 

time, effort, and mental health implications that grow out of Self-Reflection on discrimination 

experiences and oppressive ruling relations. Training and creating space for engineers to use self-

reflection techniques to meaningfully engage in viewing their social and personal identities in 

their work as engineers could alter ruling relation assumptions of the idealized engineer to foster 

an open, welcoming, and supportive engineering community. If advisors and more students 

participate in self-reflection on their behavior, the assumptions, norms, and expectations that 

perpetuate inequity and oppression, the engineering community can benefit from improved 

communication, open and welcoming environments that encourage and support all people in 

participating and succeeding in engineering. The reflection on experiences assisted participants 

in meaning-making of their experiences both to understand the experience as discrimination or 

bias and to move beyond the expectations of others in their identity development.  

Limitations and Future Work 

This study's value lies in drawing attention to the daily practices that shape TUS’ 

experiences in graduate engineering. Our themes emerged from interviews with 30 students who 

agreed to participate. Their accounts (and our findings) are thus defined by their experiences and 

are not necessarily generalizable to all traditionally underrepresented engineering students. 
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However, the results provide insight into the experiences of some TUS in engineering graduate 

education. We did not explore how sexual identities could have been implicated in distinctions 

between insider-outsider identities. Nor did we ask a comprehensive set of questions to explore 

students’ interest in (or knowledge about) their department or university’s equity and inclusion 

policies or the availability of training opportunities. In most examples, we do not know if the 

faculty and peers in their accounts cared about or repaired the micro-aggressions or subtle insults 

reported in the accounts. We did not explore the complicated and extensive networks of biases 

promoted by cross-national and international histories and customs. However, the narratives do 

capture unique (and yet not unprecedented) insights about engineering graduate education, and 

they are grounded in the voices of our participants. They offer powerful testimony that suggests 

future research areas at the individual, interactional, and institutional levels.  

The narratives and themes may be useful in generating discussion among faculty, 

administrators, and graduate students generally. Specific underserved racial and ethnic minorities 

were not well represented in this data and may face unique experiences based on individuals' 

treatment from a specific background. Additional investigation is needed to uncover the unique 

experiences of discrimination and bias students experience based on intersecting social identities, 

including minoritized racial and ethnic groups and Women, but also gender minorities, sexuality 

minorities, international students, first-generation students, students living with disabilities, and 

students from various socioeconomic backgrounds in engineering graduate education.  

The intersections of oppression described by our participants were pervasive and 

encompassed all these TUS groups. In this work, we considered the impacts of gender and 

race/ethnicity intersections on discrimination and bias experiences. However, the multitude of 

intersecting identities requires more detailed exploration and targeted requirements to fully 



  125 

 

explore the intersections and individuality of underserved student identities. Our results present 

TUS voices and experiences in engineering graduate program, however work focusing on 

specific identity driven experiences must continue to generate change in the educational system. 

Conclusion 

This study offers perspectives that can help engineering graduate education meet its 

ethical and professional commitments to cultivating diverse generations of engineers. There are 

three primary ways findings from our study support critiques of the ruling relations enacted in 

engineering: (1) that engineering graduate students who are traditionally underserved notice what 

is happening around them and to them; (2) that these encounters represent ruling relations that 

form a social fabric of exclusionary practices and inclusionary privileges; and that (3) the 

discrimination revealed by the encounters sustain and reproduce that set of oppressive ruling 

relations. Taken together, our findings suggest opportunities for change in which engineering 

graduate education leadership can disrupt and challenge the habits and behaviors that permit and 

sustain daily insults within peer-to-peer and faculty-to-student interactions. Similarly, faculty 

using their authority to address interpersonal problems as they arise is critical to students 

experiencing harmful ruling relations. Interpersonal interactions and relationships are 

enormously complicated and guided by the unspoken ruling relations of engineering. Too often, 

social identities are seen as, at best, a distraction and, at worst, irrelevant altogether. However, 

social identities play a large part in how individuals perceive and experience the active ruling 

relations in their educational environment. If students are forced to endure the continued burden 

of ruling relations, they will feel as if they do not belong and shut out of engineering. 
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Supplemental Materials 1  

Final Interview Protocol 

Interviewer: Thank you for agreeing to participate in our research project. Before we begin, I 

would like to confirm you are willing to participate and have our conversation video and audio 

recorded. You can withdraw from the research at any time, simply by telling me you would like 

to stop the interview. The recordings will be transcribed and analyzed for themes. Your privacy 

is very important to us and we will protect your confidentiality by using password protected files 

and pseudonyms. In addition, please refrain from naming specific people and places to protect 

third party identities as well as your own. If you do, we will use pseudonyms for everything. Do 

you agree to participate and be recorded? We will not use your name or university in any 

publication of the research. Would you like to choose a pseudonym for yourself and your 

university? 

Let’s begin our conversation. First, let me introduce myself. My name is (NAME) and I am a 

student at North Carolina State University in Applied Social and Community Psychology. I am 

interested in how students experience graduate education and how those experiences influence 

their identities. My interest in STEM graduate education grew from my husband’s experiences as 

a Uruguayan graduate student in cell biology. Do you have any questions for me before I get to 

my questions? 

Engineering Graduate school 

I’d like to start by getting a picture of what it’s like for you to be a graduate student in 

engineering day-to-day. Can you start by telling me what it’s like being a graduate student in 

engineering? 

-          What does a typical day look like for you, what kinds of activities are you engaged in? 

-          Which of those activities are meaningful for you and how? 

-          Who is with you when you do [activity]? 

- How do you relate to them or not relate to them? 

- How do you feel when doing those activities? 

Who is in the lab and your classes with you? 

-          What is your relationship like with that person? (How do you interact?) 

How does being in graduate school make you feel? 
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(Identity) We have talked about your graduate school experiences. I am also curious about how 

you think about engineers. What encouraged you to become an engineer? 

1.     What is your favorite activity when you are not being a graduate student? How would you 

introduce yourself to a new person in that activity? In a different scenario, how would you 

describe yourself, if we were to meet at a party of graduate students, how would you introduce 

yourself? 

a.     How would you introduce yourself to a new engineering faculty member? 

Probe on engineer identity: What does it mean to you to be an engineer? 

Probes: What experiences let you to feel like an engineer? 

How did (experiences/people from section 1) influence your feeling like an engineer? 

Bias – experiences not discussed previously 

Thinking about the demographic survey you completed, what demographic categories are most 

meaningful to you? 

1.     Can you give me an example of a time in engineering grad school when you felt your ideas 

or perspectives were/weren’t especially encouraged? 

2.     Probe for weren’t encouraged: Did you speak to anyone about your experience? (Advisor, 

Peers, program or department staff, counselors?) Who and how did that conversation go? 

3.     Have you found your program to treat all students equally? Why or Why not? 

4.     Have you found engineering as a field to be supportive of all students? Why or Why not? 

5.     What about being supportive of students like you? 

6.     Are there things your university could do to be more supportive? 

1.     What about your program? 

2.     What about your advisor? 

7.     How did your program influence how you think of yourself as an engineer? 

8.     How did your engineering college or university influence how you think of yourself as an 

engineer? 

9.     How did these experiences influence your feelings of being an engineer?  
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Chapter 4 

Discrimination, Identity, and Intentions to Persist in Engineering Graduate Education 

Abstract 

 The retention of traditionally underserved students remains a problem across graduate 

engineering disciplines. Traditionally underserved groups leave graduate programs without their 

intended degree at above-average rates and experience discrimination during their doctoral 

programs. Strong graduate engineering identity predicts intention to complete graduate 

engineering degrees. However, there is little research on the role of students’ experiences with 

discrimination in relation to degree completion intentions. Cross-sectional survey data from a 

national sample of doctoral engineering students were analyzed with structural equation 

modeling (SEM). The Discrimination Experiences in Graduate Engineering (DEGrE) scale and 

the Graduate Engineering Identity (GEI) Scale operationalized discrimination experiences and 

engineering identity. Gender, race and ethnicity identity variables created groups within the SEM 

analyses. Graduate students experience discrimination with a negative influence on their GEI and 

degree completion intentions. This study identifies the impact of discrimination experiences on 

engineering identity and links these impacts to degree completion intentions. The results present 

valuable data for graduate advisors and programs as well as intervention development targeted at 

increasing retention and doctoral degree completion among traditionally underserved groups.  

Keywords: PhD Students, Discrimination, Gender, Race/Ethnicity 
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Introduction 

Marginalized students including American Indian, Alaska Native, Black, African 

American, Hispanic, Latino/Latina/Latinx, Spanish origin, Middle Eastern, North African, 

Native Hawaiian, Pacific Islander women and men, and those from more than one of these 

backgrounds and white women remain underrepresented among engineering doctoral degree 

holders (NSF, 2018; NASEM, 2019; Yoder, 2018). Increasing representation at the graduate 

degree level improves the resources available to the next generation of engineering students, 

increases opportunities for the individual and community, and can bring attention to 

marginalized engineering questions (Chubin et al., 2005; Lundy-Wagner et al., 2014). Lower 

student retention and degree completion rates partially explain continued differences, despite 

increased recruitment of underrepresented groups into engineering graduate programs (NSF, 

2018; NASEM, 2019). Discrimination within engineering graduate education contributes to 

students’ decisions to leave engineering (Bahnson et al., in-press; Burt et al., 2018, Burt et al., 

2019a; Burt et al., 2019b). one potential mechanism of influence is through engineering identity. 

Graduate engineering identity relates to degree completion intentions and may be negatively 

affected by discrimination experiences. Engineering identity represents an individual’s sense of 

belonging to a broader group of engineers and may provide clues to improving participation and 

retention of traditionally underserved and underrepresented students in engineering graduate 

education (Rodriquez et al., 2018). This work aims to integrate the research lines to explore the 

impact of discrimination and engineering identity together as predictors of degree completion 

intentions. 
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Graduate Engineering Identity 

In this work, we focus on engineering identity as a set of self-beliefs that identify oneself 

as belonging in engineering. The concept of engineering identity was developed to aid the 

investigation of engineering undergraduate attrition, persistence to degree, and career choice, 

among other research topics. Engineering identity represents the degree to which individuals see 

themselves as belonging to a broader engineering community (Godwin, 2016; Rodriguez et al., 

2018). Strong undergraduate engineering identity has been tied to degree persistence (completion 

of an undergraduate degree) and intention to choose engineering as a career (Godwin et al., 

2016; Rodriguez et al., 2018). Strong engineering identity can buffer feelings of isolation and not 

belonging (Verdín et al., 2018).  

Kirn and associates adapted undergraduate engineering identity constructs based on 

qualitative and survey research to better represent graduate engineering identity (GEI; Cass et al., 

2017; Perkins et al., 2019). While maintaining the sub-constructs of recognition, interest, and 

performance/competence, the domains identified graduate level focus on developing 

researcher/scientist identities in combination with engineer identity (Perkins et al., 2018). The 

sub-constructs represent ways in which students are made to feel they belong and can identify as 

in-group members with engineering experts. Recognition represents ways faculty and peers 

recognize the student as being an engineer. Interest indicates the students' desire to participate in 

aspects of engineering. The ability to complete tasks and confidence in one’s ability to complete 

tasks is represented by the sub-construct performance/competence. (Perkins et al., 2017; Perkins 

et al., 2018a). GEI represents how students see themselves as part of an engineering community 

with advanced degrees, knowledge, skills, and research ability to solve complex engineering 

problems (Cass et al., 2017; Perkins et al., 2019). 
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Stronger engineering identity develops from factors that signal membership in the 

engineering community: research advisor and peer relationships (Bahnson et al., in-press; 

Perkins et al., 2020), research experience (Bahnson et al., 2019; Borrego et al., 2017;), and 

research lab experiences and peers (Burt, 2017; Crede & Borrego, 2012; Perkins et al. 2019c).  

Graduate education experiences support engineering in-group membership and GEI 

development. Peer and research advisor attitudes positively influence the development of in-

group engineering identity (Borrego et al., 2017; Perkins et al., 2020). Research lab composition 

and size influence identity development through interactions, communication, resource access, 

and the research lab advisor (Crede & Borrego, 2012; Perkins et al., 2019c). Research experience 

and belonging to a research lab positively influence identification as an engineer (Bahnson et al., 

2019). Courses, internships, and research in graduate education contribute to engineering 

interest, competence, and recognition, key components of graduate engineering in-group 

identification (Choe & Borrego, 2019).  

Engaging the GEI framework provides the concepts necessary to explore factors that can 

contribute to and detract from the benefits of solid identification with the engineering 

community. Identified influences can then provide guidance for advancing participation, 

persistence, and the quality of experience for traditionally underserved students in advanced 

engineering. Qualitative evidence suggests one negative factor for GEI remains discrimination 

experiences within graduate engineering programs (Bahnson et al., in review; Berdanier et al., 

2020). 

Discrimination: Barriers to strong GEI development  

Qualitative research demonstrates that graduate students experience a range of 

discrimination and microaggressions within engineering graduate education. Interviews with 
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Black men at research-intensive engineering programs showed Black graduate students 

experienced racialized and gendered expectations from faculty and peers (Burt et al., 2018; Burt 

et al., 2019a, 2019b; Ridgeway et al., 2018). Advisor relationships included microaggressions 

and reflected unsupportive environments that perpetuated structural and social inequities (Burt et 

al., 2019a).  

Discrimination can cause marginalized students to see engineering as unwelcoming and 

unsupportive (Bahnson et al., in review; Burt et al., 2018; Logel et al., 2009; Ramsey et al., 

2013). When students experience discrimination, it may reduce their sense of belonging, 

increasing the likelihood they leave engineering and undercutting growing recruitment initiatives 

(Berdanier et al., 2020; Ehrenbert et al., 2007; Sowell et al., 2015). Similarly, discrimination may 

reduce students’ identity as engineers, further increasing the risk of attrition (Bahnson et al., in-

press).  

The predominance of unsupportive white environments requires counterspaces in which 

Black engineering graduate students can find support (Thomas & Coley, 2021). Counterspaces 

support educational goals while supporting the whole of the individual, valuing Black identities 

within professional, religious, community, academic, and social settings (Thomas & Coley, 

2021). When unsupportive environments isolate students, students are more likely to leave 

doctoral education programs (Dutta, 2016).  

Similarly, traditionally underserved women experience delegitimization of their 

credibility, exclusion and isolation, tokenization, and pressure to conform to cultural norms 

which do not align with their experiences and identities (Bahnson et al., in review; Wilkins-Yel 

et al., 2019). Traditionally underserved report more unfair treatment experiences than their white 

peers from research advisors, faculty, and peers in engineering doctoral programs (Bahnson et 
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al., 2021). The social capital taken for granted by white and male peers often remains unavailable 

to Hispanic and Latina women limiting the breadth and depth of resources to support their 

development as engineering students (Martin et al., 2013). When available and utilized, 

institutional support systems can assist in filling gaps in social capital, facilitating successful 

student development (Martin et al., 2013). Further, a lack of research on intersectional identities 

(race/ethnicity and sex), particularly at the graduate student level, restricts the information and 

conclusions drawn from existing data (Ross et al., 2015).  

 Personal and social/relational factors influence minoritized students’ continued 

participation in graduate education (Curry & DeBoer, 2020). Particularly, identity development, 

perception of support, and experience of stereotypes, bias, discrimination, and faculty/advisor 

relationships play critical roles in marginalized students’ continued participation (Curry & 

DeBoer, 2020). Students experience discrimination as barriers to their identity development as an 

engineer. These experiences limit the benefits of graduate education to incorporate engineers 

from a broader range of backgrounds into a community of advanced engineers.  

Current Study 

 The current study seeks to expand on existing qualitative research and general STEM 

research to investigate the impact discrimination experiences have on engineering graduate 

students’ doctoral degree completion intentions. Our broad research question asks, How does 

engineering identity mediate discrimination experiences to predict doctoral degree 

completion intentions? Figure 1 illustrates our theoretical sequence of influence.  
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Figure 1. Proposed Sequence of Influence 

Minoritized racial, ethnic, and gender identity students experience discrimination that hinders 

successful graduate engineering identity development, thereby diminishing degree completion 

intentions. To test this, we seek to answer the following research questions (RQs): 

RQ1. Do discrimination experiences negatively impact graduate engineering identity and degree 

completion intentions? 

RQ1a. Which discrimination experiences impact specific graduate engineering identity 

sub-constructs to impact degree completion intentions negatively? 

Hypotheses 

 H1. Discrimination experiences negatively impact graduate engineering identity 

development. 

 H2. Discrimination experiences negatively impact degree completion intentions. 

 H3. The GEI sub-constructs researcher:interest and researcher:performance/competence 

will significantly predict degree completion intentions. 

 H4. GEI sub-constructs will mediate the relationship between discrimination experiences 

and degree completion intentions.  
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Method 

Procedures 

Engineering graduate students from across the U.S. participated in a survey sent to 

graduate program directors or department chairs via email. A list of doctoral-granting 

engineering programs compiled from three years of data from the National Science Foundation’s 

Survey of Earned Doctorates (NSF, 2020). The use of three years of data allowed the inclusion 

of smaller programs that did not have graduates every year. The resulting population included 

244 institutions with 1,374 doctorate-granting engineering programs. We chose to sample 

engineering programs based on population proportion in four criteria 1) U.S. state, 2) 

engineering discipline (i.e., biomedical, industrial), and 3 & 4) size of the program and 

engineering college. We used the number of doctorates awarded between 2014 and 2017 as our 

program and college size measure. The research team created categories to represent one-third of 

the sample for program size by the number of doctorates awarded by that program: small (1-6), 

medium (7-19), or large (19-225). Similarly, based on the number of doctorates awarded, three 

groups for engineering college represented one-third of the sample: small (1-26), medium (27-

114), and large (115-992). 

We used a random number generator to select programs into the sample to match the 

population proportion criteria. We then compared the sample to the population descriptive 

statistics to identify and correct an under or over-representation in the sample. Across the four 

criteria, none were allowed to be over or underrepresented by more than one program. In 

addition, purposive sampling targeted Hispanic Serving Institutions, Historically Black Colleges 

and Universities, and Pacific-Islander serving institutions to increase the representation of 

historically marginalized student voices. 



  148 

 

 The program chair or graduate program director for each program was identified from 

university websites. The program representative received up to three email requests to distribute 

the survey to their graduate students. If we received no reply from the representative and no 

responses from that program were recorded, the program was replaced with a matched program. 

A total of 913 engineering doctoral students participated, representing 113 universities.  

Participants 

Table 1: Demographics 

Participant-reported gender identity and race/ethnicity 

Race/Ethnicity n (% of Total) 
Women  Men 

Another Gender 

Identity 
Total 

n (%) n 

American Indian or Alaska 

Native 
1 (17) 5 (83) 0 6 

Asian 99 (36) 174 (64) 0 273 

Black or African American 5 (19) 22 (81) 0 27 

Middle Eastern or Native 

African 
40 (45) 46 (52) 3 (3) 89 

Native Hawaiian or Other 

Pacific Islander 
0 0 0 0 

White 152 (42) 202 (56) 4 (1) 358 

Hispanic, Latino, or Spanish 

origin 
24 (56) 16 (37) 3 (2) 43 

Multiple Selections; Another 

Race/Ethnicity Not Listed 
1 (8) 11 (85) 1 (1) 13 

Total 322 (40) 476 (59) 11 (1) 809 

Notes: Participants could select multiple gender identities, races or ethnicities. 104 

participants did not respond to either or both of race/ethnicity or gender identity items. 

 

We included Asian and Hispanic/Latino white-identified men in our sample as members 

of marginalized groups. White-identifying Hispanic/Latino men are included due to their 

increased experiences of ethnicity-based discrimination in engineering and U.S. society (e.g., 

Martin et al., 2013; Lee et al., 2019). Similarly, Asian men are included due to the documented 

model-minority stereotypes and microaggressions Asian men experience in engineering and 
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society despite being well-represented in engineering compared to U.S. society (Sue et al., 2007; 

Yoder, 2018). 

We included participants who completed at least 50% of the survey items (n = 913). The 

sample includes varied representation at the intersection of gender and race/ethnicity identities 

(Table 1). Other demographic characteristics of the sample demonstrate the representation of a 

wide range of students: sexual minorities (n = 186), students originating outside of the U.S. (n = 

362), and live with a disability (n = 264). 

Measures 

All items in each scale are provided in Appendix 1. The mean of items for each construct 

represents the operationalized variables used in the following analyses. Internal reliability 

measured by Cronbach’s alpha coefficient are presented for each scale in the tables below. Our 

criteria for alpha levels were as follows: greater than .9 was excellent, .8 to .9 good, .7 to .8 

acceptable, and below .7 questionable or unacceptable (George & Mallery 2003).  

 Demographic Items. Participants identified their race or ethnicity by selecting from one 

or more of 8 categories or completing a write-in option: American Indian or Alaska Native (n = 

6); Asian (n = 273); Black or African American (n = 27); Hispanic, Latino/Latina/Latinx, or 

Spanish origin (n = 43); Middle Eastern or North African (n = 89); Native Hawaiian or Other 

Pacific Islander (n = 0); White (n = 358); multiple selections or another race or ethnicity not 

listed above (n = 13). Participants indicated sex/gender identity by selecting one or more of 7 

options or by completing a write-in option: female (n = 322), male (n = 476), genderqueer (n = 

7), agender (n = 2), transgender (n = 0), cisgender (n = 0), a gender not listed (n =3).  

 The Discrimination in Engineering Graduate Education (DEGrE) Scale: The DEGrE 

Scale was developed as part of a larger project investigating experiences of discrimination in 
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engineering graduate education (Bahnson et al., in development; Bahnson et al., in review). 

Qualitative interviews, existing discrimination scales, and pilot testing informed item 

development and revisions. The DEGrE Scale measures race and sex-based discrimination 

experiences in engineering-specific spaces, relationships, and practices (Bahnson et al., in 

development). The DEGrE Scale measures six constructs: Lab Peers, Lab Faculty, Participation, 

Sexism, Faculty, and Advisor Racism. Each construct represents an integral part of the graduate 

education experience identified in qualitative research (Bahnson et al., in review; Burt et al., 

2019a, 2019b). For items focused on research advisor, participants were prompted: For the 

following questions, consider your advisor to be your primary research or dissertation advisor 

whom you work with most frequently. 
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Table 2: DEGrE Scale Constructs 

DEGrE 

Construct 

Number 

of Items 
Cronbach’s Alpha Definition Example Item 

  All 
URM 

Women 

Asian 

Women 

White 

Women 

URM 

Men 

Asian 

Men 

White 

Men 
  

Lab Peers 3 0.946 0.744 0.704 0.819 0.782 0.624 0.691 
Treatment from 

lab members 

I am treated fairly 

by my peers in my 

lab. 

Lab Faculty 4 0.915 0.898 0.910 0.896 0.86 0.833 0.912 

Advisors and 

Faculty treat 

students fairly 

in the lab. 

In the lab, my 

advisor treats 

students equally. 

Participation 6 0.886 0.920 0.915 0.949 0.950 0.934 0.960 

Feeling racism 

or sexism or 

excluded from 

engineering  

My experiences of 

racism make me 

feel like I don't 

belong in 

engineering. 

Sexism 5 0.910 0.905 0.889 0.882 0.891 0.881 0.906 

Experiencing 

sexism in 

engineering 

I hear sexist 

comments every 

semester.  

Faculty 6 0.731 0.928 0.908 0.926 0.902 0.890 0.918 
Faculty treat 

students fairly. 

In class, all faculty 

treat students 

equally. 

Advisor 

Racism 
2 0.680 0.744 0.550 0.816 0.555 0.755 0.630 

Advisors treat 

students the 

same based on 

race or 

ethnicity. 

My advisor 

respects students 

from different 

racial and ethnic 

backgrounds the 

same. 

 

Similarly, for other faculty items: For the following statements, consider faculty to be any 

faculty with whom you interact(ed) other than your primary advisor. Finally, for research lab 

peer items: The following statements are about the primary research lab where you conduct 

research for your advisor, faculty, or dissertation. Participants indicated agreement with the items 

on a scale from Strongly Disagree (1) to Strongly Agree (7). Fourteen items were reverse coded. 

Overall, Cronbach’s coefficients indicate excellent internal reliability, with some constructs 

exhibiting acceptable internal reliability (α between .680 and .946; Table 2). The mean of 

construct-specific items provides six operationalized variables representing a range of 

discrimination experiences in engineering graduate education. Table 2 includes construct 

descriptions and example items.  
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Table 3: Graduate Engineering Identity Scale 

Number of items, Cronbach’s alpha, and examples for each domain and sub-

component scale 

Identity Domain 
Number 

of Items 

Cronbach’s 

Alpha 
Example Items 

Identity Sub-component    

Engineer 14  I see myself as an ENGINEER. 

engineer:performance-

competence 
6 .901 

I am confident I can understand 

ENGINEERING outside of class. 

engineer:interest 3 .908 I enjoy learning ENGINEERING. 

engineer:recognition 5 .917 My advisor(s) sees me as an ENGINEER. 

Researcher 16  I see myself as a RESEARCHER. 

researcher:performance-

competence 
5 .875 

I am confident that I can design a 

RESEARCH study. 

researcher:interest 4 .904 
I find satisfaction when doing 

RESEARCH. 

researcher:recognition 7 .932 
I want to be recognized for my 

contributions to RESEARCH. 

 

Graduate Engineering Identity Scale: The scale measures identity across two primary 

domains (researcher and engineer) with three sub-constructs (recognition, interest, and 

performance/competence) for each domain (Cass et al., 2018; Perkins et al., 2018). The 

researcher and engineer domain sub-constructs operationalize GEI in these analyses providing 

six variables to represent portions of identity.  

The Graduate Engineering Identity Scale’s researcher and engineer domains included 33 

items with the prompt: To what extent do you agree or disagree with the following statements: 

(Bahnson et al., in-press). Participants rated each item on a 5-point Likert-type scale from 

Strongly Disagree (1) to Strongly Agree (5) with no reverse coded items. Each sub-construct 

demonstrates very good or excellent internal reliability with Cronbach’s alpha between .875 and 

.932 (Table 3).  

Degree Completion Intentions: Intentions to complete a degree was measured with three 

items (I will continue my Ph.D. program for the foreseeable future; Completing my Ph.D. is 

important to me; I intend to complete my Ph.D. at my current university). Participants indicated 
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agreement with the items on a scale from Strongly Disagree (1) to Strongly Agree (7). The mean 

of these items was used as the operationalization of degree completion intentions. The scale 

exhibits good internal reliability (α = .875) and face validity.  

Analyses 

We conducted all descriptive and mean comparison analyses in SPSS 26.0. Table 4 

presents the means and standard deviations for DEGrE and GEI variables. Multivariate analysis 

of variance (MANOVA) analyzed differences in group means for race and ethnicity – gender 

intersections on DEGrE factors and GEI sub-constructs.  

 

Figure 2. SEM tested. 

We used STATA 17 to test the proposed structural equation model (Figure 2). We used 

maximum likelihood with missing data and included clusters for engineering discipline due to 

discipline differences in GEI (Bahnson et al., in-press). The model connected all DEGrE 

constructs to all GEI sub-constructs. All DEGrE constructs and GEI sub-constructs are then 

connected to degree completion. A binary variable of US citizen or permanent resident (0) and 

all international students (1) was connected to degree completion to control for increased degree 

completion for international engineering graduate students. We conducted multiple group 
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analyses with race/ethnicity and gender intersections to create groups based on representation in 

engineering. We separated white, Asian, and URM (American Indian, Alaska Native, Black, 

African American, Hispanic, Latino/Latina/Latinx, Spanish origin, Middle Eastern, North 

African, Native Hawaiian, Pacific Islander) race/ethnicity identities represent groups based upon 

National Science Foundation definitions of well and underrepresented groups in engineering. 

Then, we split each group by gender identity to generate six groups: URM women, Asian 

women, white women, URM men, Asian men, and white men. In postestimation tests, we 

compared indirect effects (UCLAa, 2021; Preacher & Hayes, 2008) and group differences 

(UCLAb, 2021) to identify which coefficients meaningfully impacted degree completion 

intentions. 

Table 4. Mean and (Standard Deviation) 
 DEGrE Factor Graduate Engineering Identity 

Group 
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White 

Men 
2.317 

(1.901) 

2.345 

(1.223) 

2.081 

(1.287) 

3.240 

(1.574) 

2.077 

(1.154) 

2.108 

(1.334) 

4.201 

(0.74) 

4.374 

(0.745) 

4.278 

(0.668) 

4.194 

(0.776) 

4.242 

(0.846) 

4.108 

(0.695) 

Asian 

Men 
1.660 

(1.023) 

2.011 

(1.078) 

2.010 

(1.186) 

2.477 

(0.976) 

2.140 

(1.108) 

2.497 

(1.853) 

4.324 

(0.675) 

4.501 

(0.658) 

4.340 

(0.682) 

4.067 

(1.034) 

4.182 

(0.996) 

4.073 

(0.907) 

URM 

Men 
1.941 

(1.384) 

2.211 

(1.197) 

2.142 

(1.275) 

2.833 

(1.266) 

2.119 

(1.220) 

2.261 

(1.496) 

4.253 

(0.771) 

4.440 

(0.777) 

4.438 

(0.615) 

4.129 

(0.900) 

4.224 

(0.934) 

4.187 

(0.780) 

White 

Women 
2.606 

(1.702) 

2.680 

(1.343) 

2.497 

(1.529) 

4.116 

(1.402) 

2.405 

(1.292) 

2.280 

(1.535) 

3.929 

(0.807) 

4.153 

(0.859) 

3.966 

(0.800) 

4.098 

(0.834) 

4.221 

(0.932) 

4.044 

(0.767) 

Asian 

Women 
1.763 

(1.046) 

2.081 

(1.104) 

2.089 

(1.439) 

2.913 

(1.298) 

2.179 

(1.182) 

2.419 

(1.66) 

4.205 

(0.763) 

4.341 

(0.813) 

4.271 

(0.643) 

4.241 

(0.719) 

4.326 

(0.711) 

4.102 

(0.732) 

URM 

Women 
2.254 

(1.390) 

2.267 

(1.202) 

2.214 

(1.362) 

3.503 

(1.436) 

2.265 

(1.182) 

2.398 

(1.726) 

4.086 

(0.687) 

4.394 

(0.697) 

4.169 

(0.658) 

4.144 

(0.763) 

4.357 

(0.793) 

4.145 

(0.625) 

All 
2.107 

(1.539) 

2.277 

(1.215) 

2.161 

(1.339) 

3.152 

(1.443) 

2.179 

(1.19) 

2.299 

(1.579) 

4.177 

(0.752) 

4.371 

(0.765) 

4.254 

(0.697) 

4.142 

(0.856) 

4.243 

(0.890) 

4.107 

(0.764) 
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Results  

MANOVA demonstrated significant differences in the group means for DEGrE 

constructs based on the groups of race and ethnicity intersections of gender (Pillai’sTrace = 

0.210, F (30, 4430) = 6.472, p < .001, η2 = .042) with all constructs individually significant 

except for Lab Peers and Advisor Racism (Table 5). Table 5 provides all significant groups 

differences for DEGrE Scale constructs. Significant differences in DEGrE mean scores exist 

across the DEGrE construct and between all six intersectional race or ethnicity and gender 

groups (Table 5). These differences demonstrate the importance of conducting the SEM 

analyses, including the six intersectional groups. 

GEI sub-constructs were also significantly different by group (Pillai’s Trace – 0.092, 

F(788, 3960) = -2.475, p < .001, η2 = .018) with only engineer domain sub-constructs 

significantly different by group (Table 6). Table 6 shows all significant sub-construct differences 

by the group. Pairwise comparisons show white women scored significantly lower than the 

groups of men on all three engineer sub-constructs (Table 6). Further, URM Women scored 

lower on engineer:performance/competence than URM Men. The mean differences provide 

insight and assist in interpreting the structural equation models. The structural equation models 

provide deeper insight into the relationships between discrimination, GEI, and degree 

completion. 
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Table 5. MANOVA DEGrE Scale Constructs Significant Group Mean Comparisons 

DEGrE 

Construct Group A Group B 

Mean 

Difference SE p 

95% Confidence 

Interval 

LB UB 

Advisor Racism White Men Asian Men -.3856* 0.15933 0.016 -0.6983 -0.0729 

Advisor Racism Asian Men White Men .3856* 0.15933 0.016 0.0729 0.6983 

Faculty Asian Men White Women -.6842* 0.13481 0.000 -0.9488 -0.4196 

Faculty White Women Asian Men .6842* 0.13481 0.000 0.4196 0.9488 

Faculty White Women Asian Women .6017* 0.15929 0.000 0.2891 0.9143 

Faculty Asian Women White Women -.6017* 0.15929 0.000 -0.9143 -0.2891 

Faculty URM Men White Women -.4703* 0.13481 0.001 -0.7349 -0.2057 

Faculty White Women URM Men .4703* 0.13481 0.001 0.2057 0.7349 

Faculty White Men Asian Men .3474* 0.12162 0.004 0.1087 0.5861 

Faculty Asian Men White Men -.3474* 0.12162 0.004 -0.5861 -0.1087 

Faculty White Men White Women -.3368* 0.12644 0.008 -0.5849 -0.0886 

Faculty White Women White Men .3368* 0.12644 0.008 0.0886 0.5849 

Faculty White Women URM Women .4162* 0.16454 0.012 0.0932 0.7391 

Faculty URM Women White Women -.4162* 0.16454 0.012 -0.7391 -0.0932 

Lab Faculty Asian Men White Women -.4864* 0.14947 0.001 -0.7797 -0.1930 

Lab Faculty White Women Asian Men .4864* 0.14947 0.001 0.1930 0.7797 

Lab Faculty White Men White Women -.4217* 0.14019 0.003 -0.6968 -0.1465 

Lab Faculty White Women White Men .4217* 0.14019 0.003 0.1465 0.6968 

Lab Faculty URM Men White Women -.3893* 0.14947 0.009 -0.6826 -0.0959 

Lab Faculty White Women URM Men .3893* 0.14947 0.009 0.0959 0.6826 

Lab Faculty White Women Asian Women .4233* 0.17660 0.017 0.0767 0.7699 

Lab Faculty Asian Women White Women -.4233* 0.17660 0.017 -0.7699 -0.0767 

Lab Peers White Men White Women -.3234* 0.12497 0.010 -0.5687 -0.0781 

Lab Peers White Women White Men .3234* 0.12497 0.010 0.0781 0.5687 

Lab Peers URM Men White Women -.3167* 0.13325 0.018 -0.5782 -0.0552 

Lab Peers White Women URM Men .3167* 0.13325 0.018 0.0552 0.5782 

Lab Peers Asian Men White Women -.2637* 0.13325 0.048 -0.5253 -0.0022 

Lab Peers White Women Asian Men .2637* 0.13325 0.048 0.0022 0.5253 

Participation Asian Men White Women -.9524* 0.16919 0.000 -1.2844 -0.6203 

Participation White Women Asian Men .9524* 0.16919 0.000 0.6203 1.2844 

Participation White Men Asian Men .6607* 0.15263 0.000 0.3612 0.9603 

Participation Asian Men White Men -.6607* 0.15263 0.000 -0.9603 -0.3612 

Participation White Women Asian Women .8493* 0.19990 0.000 0.4570 1.2417 

Participation Asian Women White Women -.8493* 0.19990 0.000 -1.2417 -0.4570 

Participation URM Men White Women -.6714* 0.16919 0.000 -1.0034 -0.3393 

Participation White Women URM Men .6714* 0.16919 0.000 0.3393 1.0034 

Participation White Men Asian Women .5577* 0.18610 0.003 0.1925 0.9229 

Participation Asian Women White Men -.5577* 0.18610 0.003 -0.9229 -0.1925 

Participation Asian Men URM Women -.5932* 0.20188 0.003 -0.9894 -0.1970 

Participation URM Women Asian Men .5932* 0.20188 0.003 0.1970 0.9894 

Participation White Men URM Men .3797* 0.15263 0.013 0.0802 0.6793 
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Table 5. (cont.) 
Participation URM Men White Men -.3797* 0.15263 0.013 -0.6793 -0.0802 

Participation Asian Women URM Women -.4902* 0.22823 0.032 -0.9382 -0.0423 

Participation URM Women Asian Women .4902* 0.22823 0.032 0.0423 0.9382 

Sexism Asian Men White Women -1.6361* 0.15092 0.000 -1.9323 -1.3399 

Sexism White Women Asian Men 1.6361* 0.15092 0.000 1.3399 1.9323 

Sexism URM Men White Women -1.3144* 0.15092 0.000 -1.6106 -1.0182 

Sexism White Women URM Men 1.3144* 0.15092 0.000 1.0182 1.6106 

Sexism White Women Asian Women 1.2258* 0.17832 0.000 0.8758 1.5758 

Sexism Asian Women White Women -1.2258* 0.17832 0.000 -1.5758 -0.8758 

Sexism White Men White Women -.8842* 0.14155 0.000 -1.1620 -0.6064 

Sexism White Women White Men .8842* 0.14155 0.000 0.6064 1.1620 

Sexism Asian Men URM Women -1.0221* 0.18008 0.000 -1.3756 -0.6687 

Sexism URM Women Asian Men 1.0221* 0.18008 0.000 0.6687 1.3756 

Sexism White Men Asian Men .7519* 0.13615 0.000 0.4847 1.0191 

Sexism Asian Men White Men -.7519* 0.13615 0.000 -1.0191 -0.4847 

Sexism URM Men URM Women -.7005* 0.18008 0.000 -1.0539 -0.3470 

Sexism URM Women URM Men .7005* 0.18008 0.000 0.3470 1.0539 

Sexism White Women URM Women .6139* 0.18420 0.001 0.2524 0.9755 

Sexism URM Women White Women -.6139* 0.18420 0.001 -0.9755 -0.2524 

Sexism White Men URM Men .4302* 0.13615 0.002 0.1630 0.6974 

Sexism URM Men White Men -.4302* 0.13615 0.002 -0.6974 -0.1630 

Sexism Asian Women URM Women -.6118* 0.20359 0.003 -1.0114 -0.2123 

Sexism URM Women Asian Women .6118* 0.20359 0.003 0.2123 1.0114 

Sexism Asian Men Asia Women -.4103* 0.17406 0.019 -0.7519 -0.0686 

Sexism Asian Women Asian Men .4103* 0.17406 0.019 0.0686 0.7519 

Sexism Asian Men URM Men -.3217* 0.14587 0.028 -0.6080 -0.0354 

Sexism URM Men Asian Men .3217* 0.14587 0.028 0.0354 0.6080 

Sexism White Men Asian Women .3416* 0.16600 0.040 0.0158 0.6674 

Sexism Asian Women White Men -.3416* 0.16600 0.040 -0.6674 -0.0158 

 

  



  158 

 

Table 6. GEI MANOVA Significant Group Mean Differences 

Dependent Variable 
Group A Group B 

Mean 

Difference 
SE p 

95% Confidence 

Interval 

  
          

Lower 

Bound 

Upper 

Bound 

Engineering:Rec 
White 

Women 

URM 

Men 
-.4333* 0.08971 < .001 -0.6896 -0.1771 

Engineering:Rec 
White 

Women 

Asian 

Men 
-.3743* 0.08143 < .001 -0.607 -0.1417 

Engineering:Perf/Comp 
White 

Women 

URM 

Men 
-.5433* 0.08437 < .001 -0.7843 -0.3023 

Engineering:Perf/Comp 
White 

Women 

White 

Men 
-.3420* 0.07301 < .001 -0.5506 -0.1335 

Engineering:Perf/Comp 
White 

Women 

Asian 

Men 
-.3595* 0.07659 < .001 -0.5783 -0.1407 

Engineering:Rec 
White 

Women 

White 

Men 
-.2985* 0.07763 0.002 -0.5203 -0.0768 

Engineer:Interest 
White 

Women 

Asian 

Men 
-.3243* 0.0855 0.002 -0.5685 -0.08 

Engineer:Interest 
White 

Women 

URM 

Men 
-.3459* 0.09419 0.003 -0.6149 -0.0768 

Engineering:Perf/Comp 
URM 

Women 

URM 

Men 
-.3588* 0.09925 0.004 -0.6423 -0.0752 

Engineering:Perf/Comp 
White 

Women 

Asian 

Women 
-.2778* 0.09035 0.026 -0.5359 -0.0197 

 

Structural Equation Model – General 

The model significantly predicted degree completion intentions. Missing data limited the 

model fit indices: standardized root mean squared residual (SRMR) indicated good fit (SRMR < 

.08; Hu & Bentler, 1999) coefficient of determination (CD) demonstrated meaningful 

explanation of variation for the model (Table 7). The model as a whole fit will and explained 

31% of the variance in the model. Race/ethnicity-gender group model fit was assessed and 

demonstrated meaningful differences between groups in model fit (SRMR), and variation 

explained (CD).  
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Table 7. SEM Fit Statistics by Group 

Group SRMR 
Coefficient of 

Determination 

All  .004 0.312 

URM Women  .012 0.584 

Asian Women  .027 0.463 

White Women  .006 0.550 

URM Men  .026 0.553 

Asian Men .021 0.575 

White Men .006 0.359 

 

Table 8. Significant Direct Effect Coefficients for Structural Equation Model. 

Dependent Independent       

 
Group Standardized 

Coefficient 
S.E. z p 

95% conf. 

interval 

  LB UB 

EngRec  Participation 
      

 White Women 0.128 0.043 2.960 0.003 0.043 0.212 

EngRec  Faculty --      

EngRec  Lab Faculty 
      

 Asian Men -0.146 0.056 -2.610 0.009 -0.255 -0.036 

EngRec  Sexism --      

EngRec  Lab Peers 
      

 White Men -0.159 0.055 -2.890 0.004 -0.266 -0.051 

 Asian Women -0.200 0.086 -2.320 0.020 -0.369 -0.031 

EngRec  Advisor 
      

 Asian Women 0.139 0.043 3.260 0.001 0.055 0.223 

EngInt Participation 
      

 URM Men -0.233 0.117 -1.980 0.047 -0.463 -0.003 

 White Women 0.136 0.041 3.300 0.001 0.055 0.216 

EngInt Faculty 
      

 URM Men -0.099 0.041 -2.420 0.016 -0.179 -0.019 

 URM Women -0.200 0.079 -2.520 0.012 -0.356 -0.044 

EngInt Lab Faculty 
      

 URM Men -0.061 0.031 -1.980 0.048 -0.121 -0.001 

 White Women -0.101 0.045 -2.260 0.024 -0.189 -0.013 

EngInt Sexism 
      

 White Women -0.186 0.035 -5.290 < .001 -0.255 -0.117 

EngInt Lab Peers 
      

 Asian Women -0.193 0.097 -2.000 0.046 -0.383 -0.004 

EngInt Advisor 
      

 Asian Women 0.162 0.050 3.230 0.001 0.064 0.261 

EngPC Participation 
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Table 8. (cont.) 

 White Women 0.140 0.038 3.670 < .001 0.065 0.216 

EngPC Faculty 
      

 URM Men -0.103 0.030 -3.410 0.001 -0.162 -0.044 

 White Women -0.109 0.049 -2.220 0.027 -0.205 -0.013 

EngPC Lab Faculty 
      

 Asian Men -0.084 0.042 -2.000 0.045 -0.166 -0.002 

 White Women -0.105 0.047 -2.260 0.024 -0.197 -0.014 

 URM Men -0.122 0.027 -4.590 < .001 -0.174 -0.070 

EngPC Sexism --      

EngPC Lab Peers 
      

 White Men -0.127 0.039 -3.260 0.001 -0.204 -0.051 

 Asian Men -0.152 0.062 -2.440 0.015 -0.274 -0.030 

EngPC Advisor --      

ResRec Participation --      

ResRec Faculty --      

ResRec Lab Faculty 
      

 Asian Men -0.142 0.065 -2.200 0.028 -0.269 -0.015 

ResRec Sexism --      

ResRec Lab Peers 
      

 White Men -0.174 0.037 -4.740 < .001 -0.246 -0.102 

 Asian Men -0.275 0.120 -2.290 0.022 -0.509 -0.040 

 White Women -0.228 0.072 -3.160 0.002 -0.369 -0.087 

ResRec Advisor 
      

 White Men -0.177 0.044 -4.030 < .001 -0.263 -0.091 

ResInt Participation --      

ResInt Faculty 
      

 White Women -0.143 0.053 -2.720 0.007 -0.246 -0.040 

 URM Women -0.250 0.063 -3.990 < .001 -0.373 -0.127 

ResInt Lab Faculty 
      

 URM Men -0.207 0.075 -2.780 0.005 -0.353 -0.061 

ResInt Sexism --      

ResInt Lab Peers --      

ResInt Advisor 
      

 White Men -0.157 0.051 -3.070 0.002 -0.258 -0.057 

ResPC Participation --      

ResPC Faculty 
      

 URM Women -0.132 0.041 -3.210 0.001 -0.213 -0.052 

ResPC Lab Faculty 
      

 URM Men -0.267 0.087 -3.070 0.002 -0.438 -0.097 

ResPC Sexism --      

ResPC Lab Peers 
      

 White Men -0.096 0.045 -2.130 0.033 -0.184 -0.008 

 White Women -0.086 0.023 -3.730 < .001 -0.132 -0.041 

ResPC Advisor 
      

 White Men -0.101 0.051 -1.970 0.049 -0.201 -0.001 
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Table 8. (cont.) 

DegComp EngRec 
      

 White Women 0.224 0.087 2.590 0.010 0.055 0.394 

DegComp EngInt 
      

 URM Women 0.295 0.105 2.800 0.005 0.089 0.501 

DegComp EngPC 
      

 URM Women -0.378 0.177 -2.140 0.033 -0.726 -0.031 

DegComp ResRec 
      

 White Men 0.307 0.136 2.250 0.024 0.040 0.574 

 URM Men 0.369 0.121 3.050 0.002 0.132 0.607 

 White Women 0.274 0.103 2.660 0.008 0.072 0.476 

DegComp ResInt 
      

 Asian Men 0.318 0.098 3.230 0.001 0.125 0.511 

 Asian Women 0.424 0.070 6.060 < .001 0.287 0.561 

DegComp ResPC 
      

 Asian Men 0.330 0.135 2.450 0.014 0.066 0.593 

DegComp Participation --      

DegComp Faculty 
      

 Asian Women 0.199 0.048 4.190 < .001 0.106 0.292 

DegComp LabFaculty 
      

 URM Women 0.159 0.040 4.030 < .001 0.082 0.237 

DegComp Sexism --      

DegComp Lab Peers 
      

 Asian Men -0.214 0.063 -3.370 0.001 -0.338 -0.089 

 URM Women 0.197 0.069 2.870 0.004 0.063 0.332 

DegComp Advisor 
      

 Asian Men -0.159 0.040 -3.990 < .001 -0.237 -0.081 

DegComp 
U.S./ 

International 
      

 White Men -0.007 0.002 -4.020 < .001 -0.010 -0.004 

 White Women 0.487 0.204 2.380 0.017 0.087 0.887 

  URM Women -0.330 0.141 -2.340 0.019 -0.606 -0.054 

Note: Group definitions 1 – white men, 2 – Asian men, 3 – URM men, 4 – white 

women, 5 – Asian women, URM women; Complete coefficient table available upon 

request; DegComp -degree completion intention; GEI sub-constructs are abbreviated 

res – researcher, eng – engineer, rec – recognition, int – interest, PC – 

performance/competence. 
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Table 9. SEM Significant Indirect Effects 

Indirect effects 
Standardized 

Coefficient 
S.E. z p 

95% conf. 

interval 

Degree Completion 

intentions 
LB UB 

Participation --      

Faculty --      

White Women -0.101 0.041 -2.48 0.013 -0.18 -0.021 

Lab Faculty --      

Sexism --      

Lab Peers --      

Advisor --      

White Men -0.0839 0.025 -3.41 0.001 -0.132 -0.036 

Asian Women 0.04 0.018 2.26 0.024 0.005 0.075 

Note: Group definitions 1 – white men, 2 – Asian men, 3 – URM men, 4 – white 

women, 5 – Asian women, URM women; Complete coefficient table available upon 

request. 

 

Group SEM Direct and Indirect Effects 

 

 Across groups, DEGrE constructs significantly related to GEI sub-constructs and degree 

completion intentions (Table 8). The differences between groups come both from the difference 

in which DEGrE constructs significantly predicted which GEI sub-constructs and the connection 

to degree completion intentions. In addition, the significance and direction of influence vary 

between groups. Some indirect effects were also significant within the model (Table 9). 

URM Women  

 For American Indian, Alaska Native, Black, African American, Hispanic, 

Latino/Latina/Latinx, Spanish origin, Middle Eastern, North African, Native Hawaiian, Pacific 

Islander, and women with more than one of these backgrounds, the DEGrE construct Faculty 

significantly related to research:performance/competence, research:interest, and 

engineer:interest. Higher scores demonstrate more unfair treatment from faculty related to lower 

GEI sub-construct scores. Engineer:performance/competence negatively related to degree 
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completion intentions. Women from the U.S. scored higher on degree completion intentions than 

international students.  

Asian Women  

 For Asian Women, the Lab Peers construct negatively related to engineer:recognition 

and engineer:interest. The Faculty negatively related to engineer:recognition. Advisor Racism 

positively related to engineer:recognition and engineer:interest. Faculty directly, positively 

predicted degree completion. 

White Women 

 The white women group demonstrated more significant paths than the other five groups. 

Lab Peers negatively related to research:performance/competence and research:recognition. 

Lab Faculty negatively linked to engineer:performance/competence and engineer:interest. 

Participation related positively to all three engineer sub-constructs. The Sexism construct related 

negatively to engineer:interest. The Faculty construct negatively related to research:interest, 

engineer:recognition, and engineer:performance/competence and indirectly to degree 

completion. Research:recognition, research:interest, and engineer:recognition linked directly to 

degree completion intentions. International white women scored higher for degree completion 

intentions. 

URM Men  

 For American Indian, Alaska Native, Black, African American, Hispanic, 

Latino/Latina/Latinx, Spanish origin, Middle Eastern, North African, Native Hawaiian, Pacific 

Islander, and men with more than one of these backgrounds, Lab Faculty negatively related to 

research:performance/competence, research:interest, engineer:performance/competence, and 

engineer:interest. Participation related negatively to engineer:interest. The Faculty construct 



  164 

 

negatively related to engineer:performance/competence and engineer:interest. 

Research:recognition positively related to degree completion. 

Asian Men  

 For Asian men, Lab Peers negatively related to research:recognition, and 

engineer:performance/competence. Lab Faculty negatively related to research:recognition, 

engineer:recognition, and engineer:performance/competence. Lab Peers and Advisor Racism 

linked directly and negatively related to degree completion intentions. 

Research:performance/competence and research:interest directly and positively related to 

degree completion intentions. 

White Men 

 For white men, Lab Peers negatively related to research:performance/competence, 

research:recognition, engineer:recognition, and engineer:performance/competence. Advisor 

Racism related negatively to research:performance/competence, research:recognition, 

research:interest, and indirectly to degree completion. Research:recognition positively related to 

degree completion. US white men scored higher for degree completion intentions. The model 

explained the least amount of variation in constructs for white men compared to other groups 

(Table 7).  

Discussion 

 American Indian, Alaska Native, Black, African American, Hispanic, 

Latino/Latina/Latinx, Spanish origin, Middle Eastern, North African, Native Hawaiian, Pacific 

Islander, and women and men and those with more than one of these backgrounds have shared 

discrimination experiences in engineering graduate education through qualitative research 

(Bahnson et al., in-press; Burt et al., 2019a; Dutta, 2015, 2016). Our national sample of graduate 
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engineering students demonstrated that discrimination experiences negatively impact GEI and 

degree completion intentions. Engineering programs need to proactively assess and address 

discrimination as necessary in increasing the participation and persistence of marginalized 

students in engineering graduate programs. 

 Differences between intersectional groups call into question assumptions about 

international students' increased likelihood of completing graduate engineering degrees. The 

positive, negative, and null findings across groups demonstrate the connection between 

international students and degree completion to be much more complicated. Specifically, 

international URM women may require more support than previously recognized (Dutta, 2015).  

Discrimination Experiences Limit Engineering Identity Development. 

Discrimination experiences in engineering graduate education interfere with identity 

development (Bahnson et al., in review; Burt et al., 2018). Our findings support the qualitative 

research that students with minoritized identities experience discrimination in engineering and 

that these experiences hinder their identity development as engineers. Discrimination 

experiences with advisors, faculty, and peers negatively impact students’ participation in 

graduate engineering by diminishing identity as an engineer. While not completely supported, 

the results provide some support our first hypothesis that discrimination experiences negatively 

impinge GEI development. Similarly, our second hypothesis received mixed support dependent 

on group: most groups had direct or indirect association between discrimination and degree 

completion intentions. Group differences complicate the support for these hypotheses and require 

specific discussion.  

 For some groups, the negative coefficients between DEGrE constructs and GEI sub-

constructs indicate the negative impact discrimination experiences have on GEI development and 
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degree completion intentions supporting existing literature around negative impacts of 

discrimination on educational outcomes (e.g., Holloway & Varner, 2021; Montoro et al., 2021). 

For other groups such as white and Asian men with lower DEGrE scores, negative coefficients 

between DEGrE constructs and GEI sub-constructs instead point to the benefits some students 

have from experiencing less discrimination. For these students, lack of discrimination 

experiences does not interfere with GEI development and may even support GEI development at 

the expense of other students. These findings, to an extent, are self-explanatory: 1) 

discrimination is bad for women, marginalized groups, and their intersections and; 2) white 

students and men receive benefits based on discrimination against others. Less apparent are the 

positive coefficients between DEGrE constructs and GEI sub-constructs, which we explore 

below. 

 For URM Women, an unexpected result provides a valuable insight: the negative relation 

between engineer:performance/competence and degree completion. Generally, strong confidence 

in engineering abilities should support or at least not interfere with degree completion intentions. 

URM Women did not score significantly lower on engineer:performance/competence than other 

groups, except URM Men. The lack of benefit from engineering competence points to the 

importance of the factors working against URM Women to suppress degree completion 

intentions. The positive relationship of the Lab Peers and Lab Faculty constructs to degree 

completion suggests that when peers and faculty treat students ‘the same’ URM women do not 

benefit in a boost to GEI or degree completion intentions. That is to say, the relationships and 

systems in engineering that support white students and men do not benefit URM women. These 

findings directly support the need to shift the default in engineering away from white men to 
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alter the systems, culture, and practices in engineering to better support the development of all 

students (Pawley, 2013). 

 Similarly, Asian women had positive coefficients between Advisor Racism to 

engineer:recognition and engineer:interest. The positive coefficients indicated Asian women do 

not benefit from advisors treating students ‘the same.’ This relationship exists despite these 

variables not being significantly different from other groups. The direct positive coefficient 

between Faculty and degree completion indicates the experiences of unfair treatment from 

faculty are particularly detrimental to Asian women’s degree completion intentions.      

 For the white women group, positive coefficients between the participation and engineer 

sub-constructs present a complicated question. Increased feelings of not belonging in engineering 

in the Participation factor should relate to lower engineer sub-constructs. However, these positive 

coefficients are balanced by negative coefficients from the Lab Faculty, Sexism, and Faculty 

constructs. The relationship between discrimination and GEI for white women then is more 

complicated, pointing to some benefit white women may have in white-dominated spaces while 

at the same time experiencing discrimination based on sexism and misogyny prevalent in spaces 

dominated by men.  

The significant group differences between white women the URM men and Asian men 

groups further illustrate the differences in discrimination based on gender and race or ethnicity. 

White women reported lower GEI sub-constructs than both URM men and Asian men, indicating 

URM and Asian men receive some benefit from misogynistic norms in identity development. 

URM men and Asian men demonstrated the expected negative coefficients between DEGrE 

constructs and GEI sub-constructs, demonstrating the negative impact discrimination experiences 
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have on GEI development and degree completion intentions. While gender-based discrimination 

such as the Sexism construct does not directly impact GEI or degree completion for these groups.  

 The model demonstrates that discrimination and identity development have less impact 

on their decisions to complete the engineering degree for white men. White men benefit from the 

current educational structure. They are more likely to find support and opportunities that do not 

require engineering identity development while also not being required to overcome roadblocks 

created by discrimination. Specifically, the direct and indirect negative coefficients between Lab 

Peers and Advisor Racism to degree completion intentions functions similarly to findings for 

URM and Asian women, but with a more sinister meaning: when advisors and peers treat 

students ‘the same’ white men do not benefit in their degree completion intentions.  

Graduate Engineering Identity and Degree Completion Intentions 

Multiple facets of graduate engineering identity development demonstrate the 

interconnected nature of factors that influence student attrition (Berdanier et al., 2020). 

Berdanier and colleagues (2020) identified advisor roles, student support networks, and student 

perceptions of how others perceive them as contributing factors to attrition from graduate 

engineering programs. These factors contribute to the recognition sub-constructs of GEI. 

Similarly, student perception of cost, goals, and quality of life and work imply connections to the 

interest sub-construct of GEI (Berdanier et al., 2020). These factors mirror our findings in the 

importance of interest and recognition sub-constructs to persistence to degree intentions.  

In this study, we find support with Asian men for the second hypothesis that GEI sub-

constructs of researcher:interest and researcher:performance/comptence predict degree 

completion intentions. We found that for other groups different sub-constructs of graduate 

engineering identity support intentions to complete a Ph.D. degree with the effects specific to 
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specific groups. Similar findings in qualitative work and undergraduate students suggested the 

importance of supporting engineering identity development across educational levels (Choe & 

Borrego, 2020; Godwin, 2016; Rodriguez, Lu & Bartlett, 2018). Here, we have identified the 

researcher sub-constructs of GEI as important predictors of degree completion intentions for men 

and white women while the engineer sub-constructs held influence for white and URM women. 

However, for Asian women, GEI did not significantly related to their degree completion 

intentions. Our fourth hypothesis that GEI sub-constructs mediate discrimination experiences 

and degree completion intentions found little support in this data. The significant in-direct effects 

for white participants suggest some mediation for these groups. However, for other groups GEI 

may play some role in buffering discrimination, but significant mediation was not found. Any 

mediation effect for Asian women and men, and URM women groups may be overpowered by 

direct effects identified between discrimination experiences and degree completion intentions. 

The importance of these aspects for degree completion builds upon evidence of importance of 

other GEI aspects in supporting graduate engineering students. The implication follows then, that 

supporting students in developing their identities as engineers is one avenue to improve 

participation, persistence, and increased representation of minoritized groups in advanced 

engineering positions in academia and professional engineering. 

Implications 

The reported research connects discrimination experiences to identity development and 

intention to complete the doctoral degree. The implications for graduate programs are real - 

discrimination experiences harm graduate students and increase the likelihood they will not 

complete their degree. Programs must take steps to eliminate discrimination actively and 

proactively from their programs to protect students, create a fair and empowering educational 
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environment without waiting for discrimination experiences to be reported. To this end, we 

suggest several possible steps that engineering colleges could take to assess how well they are 

meeting goals to eliminate discrimination. 

Proactively Assessing Student Experiences 

To begin, engineering colleges can conduct climate surveys and include items from the 

DEGrE Scale. These surveys can indicate the faculty, programs, departments, and areas of 

particular need that exist within their educational settings and systems. Special attention needs to 

be paid to the importance of anonymity for students. Students need transparent anonymity to 

alleviate concerns for relationships with research advisors, faculty, and peer graduate students. 

Questions asked in a survey should not seek information that would identify or could be used to 

identify students based on their responses. Beginning with clear expectations for the use of the 

survey data will benefit students most. These should include transparency on the results, how 

results will be used, and how students can contribute to implementing change based on the 

results.  

Value Differences in Student Motivation 

Students from traditionally underserved groups may come to engineering for different 

reasons, for instance, interest in local community problems (Bosman et al., 2017; Ricks et al., 

2014). Identifying differences, respecting them, and integrating them into class and research 

projects represents a major way to improve the integration of students from other backgrounds. 

Flexibility in assignments, group work, design, practice, and tinkering enables students to inject 

their motivation to seek engineering education (Cech et al., 2011). Further, these different 

motivations may direct students to different career goals, whether in industry, entrepreneurship, 

or academia advisors and faculty should ensure that mentorship and guidance are tailored to the 
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individual’s goals and intentions to use their engineering degree (Bahnson et al., in review; Choe 

& Borrego, 2020).  

Support systems may be different as well (Burt et al., 2019b). Students from some 

backgrounds may expect to spend more time with family, religious, or community support 

systems rather than solely in research peers and graduate mentors. While these may seem 

unrelated to graduate education, many students may benefit from connections to familiar 

communities and social interactions in which they are not an outsider or under social pressure to 

conform to a set of expectations that may be unfamiliar to them (Bahnson et al., in review).  

Systematically Train Students to Work in Teams with Heterogeneous Backgrounds 

 Much of STEM, including engineering, increasingly uses interdisciplinary science and 

research to develop new and innovative solutions to increasingly complex problems. The trend 

toward interdisciplinary collaboration calls for doctoral students to graduate with practice and 

experience working with multiple groups with diverse skills and knowledge. Engineering 

education can support students by reducing or eliminating competition between peers and 

research groups. Fostering cooperation and collaboration within and between research groups 

will serve students while generating a culture of mutual respect and support.  

Proactively Address Discrimination  

Finally, the engineering community needs to take steps to address discrimination in 

engineering graduate education proactively. In addition to existing anti-discrimination training, 

institutions should incorporate anti-racism and anti-sexism training for faculty, advisors, and 

peer graduate students who inhabit majority identities. Expanded training can engage participants 

to counteract structural discrimination while helping individuals see ways they can contribute to 

a just and equitable engineering community. Further, training graduate students to identify and 
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disrupt discrimination and cultivate anti-racist and anti-sexist behavior, inclusive practices, and 

communication will help foster constructive participation in the multi-faceted research groups of 

the future.  

Conclusions 

Marginalized students experience discrimination in engineering graduate education that 

contributes to lower engineering identity and degree completion intentions. To make lasting 

change, increase participation, improve student experiences, and increase persistence to degree, 

engineering educators must eliminate structural and cultural racism and sexism that enables 

discrimination in engineering education practice. While existing interventions are helpful, 

additional work is needed to positively impact the experience of Women and Men of Color in 

engineering graduate education. 
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Appendix 1 

Graduate Engineering Identity Scale: 

GEI Scale Items 

Q10.1 To what extent do you agree or disagree with the following statements: 
Item 

Number Item Domain Sub-construct 

Q10.1.1 I see myself as an ENGINEER  Engineer Recognition 

Q10.1.2 My family sees me as an ENGINEER  Engineer Recognition 

Q10.1.3 My department faculty see me as an ENGINEER Engineer Recognition 

Q10.1.4 My peers see me as an ENGINEER Engineer Recognition 

Q10.1.5 

I have had experiences in which I was recognized as an 

ENGINEER  Engineer Recognition 

Q10.1.6 Others ask me for help with ENGINEERING  Engineer Recognition 

Q10.1.7 I want to be recognized for my contributions to ENGINEERING  Engineer Recognition 

Q10.1.8 My advisor sees me as an ENGINEER  Engineer Recognition 

Q10.1.9 Other engineers see me as an ENGINEER  Engineer Recognition 

Q10.1.10 I find satisfaction when doing ENGINEERING Engineer Interest 

Q10.1.11 I am interested in learning more about ENGINEERING Engineer Interest 

Q10.1.12 I enjoy learning ENGINEERING  Engineer Interest 

Q10.1.13 I can overcome setbacks when doing ENGINEERING  Engineer Perfor/Comp 

Q10.1.14 I am confident I can understand ENGINEERING in class  Engineer Perfor/Comp 

Q10.1.15 I am confident I can understand ENGINEERING outside of class  Engineer Perfor/Comp 

Q10.1.16 

I can perform well when my ENGINEERING knowledge is 

tested (for instance, in exams or defenses)  Engineer Perfor/Comp 

Q10.1.17 I understand concepts I have studied in ENGINEERING  Engineer Perfor/Comp 

Q10.1.18 I am confident I can apply ENGINEERING to solve problems  Engineer Perfor/Comp 

Q10.2.1 I see myself as a RESEARCHER  Researcher Recognition 

Q10.2.2 My department faculty see me as a RESEARCHER  Researcher Recognition 

Q10.2.3 My peers see me as a RESEARCHER  Researcher Recognition 

Q10.2.4 

I have had experiences in which I was recognized as a 

RESEARCHER Researcher Recognition 

Q10.2.5 I want to be recognized for my contributions to RESEARCH  Researcher Recognition 

Q10.2.6 My advisor(s) see me as a RESEARCHER  Researcher Recognition 

Q10.2.7 Other researchers see me as a RESEARCHER  Researcher Recognition 

Q10.2.8 I find satisfaction when learning about my RESEARCH topic  Researcher Interest 

Q10.2.9 I am interested in learning more about how to do RESEARCH  Researcher Interest 

Q10.2.10 I enjoy conducting RESEARCH  Researcher Interest 

Q10.2.11 I find satisfaction when doing RESEARCH Researcher Perfor/Comp 

Q10.2.12 I can publish research results in my field Researcher Perfor/Comp 

Q10.2.13 I can present research related topics to relevant audiences  Researcher Perfor/Comp 

Q10.2.14 I am confident that I can network with other researchers  Researcher Perfor/Comp 

Q10.2.15 I understand the concepts needed to analyze and interpret data  Researcher Perfor/Comp 

Q10.2.16 I am confident that I can design a RESEARCH study Researcher Perfor/Comp 
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 Discrimination in Engineering Graduate Education Scale: 

DEGrE Scale Items 

Instruction 

Item 

Number Item 

Reverse 

Score Factor 

For the following 

questions, 

consider your 

advisor to be your 

primary research 

or dissertation 

advisor who you 

work with most 

frequently: To 

what extent do 

you disagree or 

agree with the 

following 

statements: 

Q3.1.1 My advisor abuses their authority over me.   Lab Equity 

Q3.1.2 

My advisor asks me to do work for them 

outside of the lab/class such as cooking or 

cleaning.  

 Belonging 

Q3.1.3 

My advisor does not believe me when I 

provide them with information on 

engineering topics. 

 Lab Equity 

Q3.1.4 

In my experience, my advisor treats 

students of different races/ethnicities the 

same.  

R Advisor Respect 

Q3.1.5 

My advisor respects students from 

different racial and ethnic backgrounds the 

same.  

R Advisor Respect 

Q3.1.6 
I am comfortable discussing engineering or 

technical topics with my advisor.  
R Advisor Respect 

Q3.1.7 
I am comfortable discussing personal 

topics with my advisor.  
R Advisor Respect 

Q3.1.8 I have been threatened by my advisor.    Belonging 

For the following 

statements, 

consider faculty to 

be any faculty 

with whom you 

interact(ed) other 

than your primary 

advisor. 

Q4.1.1 
In class, faculty answer my questions with 

respect.  
R Faculty Respect 

Q4.1.2 In class, all faculty treat students equally.  R Faculty Respect 

Q4.1.3 
In class, all faculty are respectful of 

different races and ethnicities.  
R Faculty Respect 

Q4.1.4 
In class, faculty never talk down to 

students.  
R Faculty Respect 

Q4.1.5 
In my experience, faculty treat students of 

different races/ethnicities the same.  
R Faculty Respect 

Q4.1.6 
Faculty respect students from different 

racial and ethnic backgrounds the same.  
R Faculty Respect 

Q4.1.7 
In class, my peers try to exert authority 

over me because of my gender.  
  Sexism 

The following 

statements are 

about the primary 

research lab 

where you 

conduct research 

for your advisor, 

faculty, or 

dissertation. 

Q5.1.1 
In the lab, my advisor treats students 

equally.  
R Lab Equity 

Q5.1.2 
In the lab, my advisor never talks down to 

students.  
R Lab Equity 

Q5.1.3 
I am treated fairly by my advisor in my 

lab.  
R Lab Equity 

Q5.1.4 In the lab, faculty treat students equally.  R Lab Equity 

Q5.1.5 
In the lab, peers answer my questions with 

respect. 
R Peer Respect 

Q5.1.6 I am treated fairly by my peers in my lab.  R Peer Respect 

Q5.1.7 

In my lab, my peers do not believe me 

when I provide them with information on 

engineering topics.  

  Peer Respect 

Q5.1.8 
In my lab, my peers try to exert authority 

over me because of my gender.  
  Peer Respect 
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DEGrE Scale Items (cont.) 

To what extent do 

you disagree or 

agree with the 

following 

statements: 

Q6.1.1 I hear racist comments every week.   Belonging 

Q6.1.2 
Experiences of racism have made me 

consider leaving engineering.  
 Belonging 

Q6.1.3 
My experiences of racism make me feel 

like I don't belong in engineering.  
 Belonging 

Q6.1.4 

I don't participate in social events 

associated with my graduate program 

because of racism.  

 Belonging 

Q6.1.5 

I don't participate in academic events 

associated with my graduate program 

because of racism.  

  Belonging 

To what extent do 

you disagree or 

agree with the 

following 

statements: 

Q6.2.1 
I hear comments that degrade women 

every week.  
 Sexism 

Q6.2.2 
Experiences of sexism have made me 

consider leaving engineering.  
 Sexism 

Q6.2.3 
My experiences of sexism make me feel 

like I don't belong in engineering.  
 Sexism 

Q6.2.4 

I don't participate in social events 

associated with my graduate program 

because of sexism  

 Belonging 

Q6.2.5 

I don't participate in academic events 

associated with my graduate program 

because of sexism.  

 Belonging 

Q6.2.6 

It is common for a female graduate student 

to present an idea and get no response, and 

then for a male student to present the same 

idea and be acknowledged.  

 Sexism 

Q6.2.7 I hear sexist comments every semester.    Sexism 

 

Degree Completion Intentions: 

I will continue my Ph.D. program for the foreseeable future.  

Completing my Ph.D. is important to me. 

I intend to complete my Ph.D. at my current university. 
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Chapter 5: Discussion and Conclusion 

 Throughout this project, the importance of identifying the ways discrimination negatively 

impacts graduate engineering identity development and degree completion has been a theme. In 

addition, demonstrating students’ discrimination experiences helps to define the problems facing 

the engineering community, engineering education faculty, and institutions. This dissertation 

explored three major questions: 1) variation in GEI; 2) discrimination experiences in graduate 

education; and 3) discrimination experiences, GEI, and degree completion intentions. Below is a 

findings summary that condenses the knowledge gained from the research project thus far. Each 

research project has implications for engineering graduate education that are synthesized and 

broadened here. The project to date succeeds in answering the general questions of the research 

program. However, some limitations require acknowledgment need to be acknowledged, even as 

they point toward important future research directions to continue this critical work. 

Findings Summary 

 Engineering graduate students develop graduate engineering identity (GEI) as they 

progress to degree. GEI development varies between students and engineering disciplines. The 

variation between students is significantly predicted by minoritized racial and ethnic groups and 

gender. However, the variation between disciplines is not affected by minoritized racial and 

ethnic groups or gender, indicating consistent negative experiences across disciplines. Variation 

in GEI based on race and ethnicity identity and gender were explored to clarify the impacts 

preventing strong GEI development for some students. 

 In qualitative research, students described discrimination experiences that illuminated the 

ruling relations active in engineering graduate education. The ruling relations in engineering 

reflect the broader culture and enable discrimination based on racist and sexist cultures. The 
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Black and African American women and men, Latinas and Latinos, Asian women and men, and 

white women who participated in interviews experienced treatment different from their peers in 

classrooms, offices, and research labs from peers, faculty, and advisors. Across interviews, 

participant narratives highlighted the ways ruling relations shaped their experiences.  

We identified five themes of ruling relations: Talking Matters, Faux Allies, Privileging 

Practices, Self-Reflections, Affirmation. In addition, the super-ordinate theme identified cross-

cutting connections between other themes: Recognizing and Resisting Ruling Relations. While 

Affirmation and Self-Reflection represent positive ruling relations or, at least, may have positive 

aspects, the themes and narratives around race, ethnicity, and gender in our interviews 

predominantly reflected on the negative impacts of discrimination engineering graduate students 

experienced regularly. Based on participant narratives and our analysis, we distilled three 

findings: “(1) marginalized students recognize some of the norms and systems that marginalize 

them; (2) interactions that marginalize students are set into the social fabric of engineering and 

include excluding some students while including others; and (3) everyday interactions sustain 

and reproduce the oppressive norms” (Bahnson et al., in-review, p. 1).  

 Based on the qualitative findings and existing discrimination scales, we developed the 

Discrimination in Engineering Graduate Education (DEGrE) Scale. Cognitive interviews, pilot 

surveys, exploratory factor analysis, and confirmatory factor analysis refined and tested the 

validity and reliability of the Scale (Bahnson et al., in progress). The resulting scale uses 26 

items to ask about peers, faculty, advisors, and different spaces, including classes and research 

labs. The six constructs measure the discrimination experiences of graduate engineering students. 

The mean of construct items provided six operationalized discrimination experience variables. 
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The Scale and engineering identity and demographic items were distributed to a national sample 

of graduate engineering programs. 

 With the resulting national sample of engineering doctoral students, a structural equation 

model tested the mediation of discrimination experiences by graduate engineering identity and 

their impact on degree completion intentions. The model tested the effects on six groups based 

on race, ethnicity, and gender. The results demonstrate that discrimination experiences and the 

lack of them predicted lower engineering identity and degree completion intentions. In particular, 

treating students ‘the same’ does not increase the engineering identity or degree completion 

intentions of marginalized students. Instead, treating students the same applies the already 

discriminatory ruling relations to students that already experience discrimination in other ways 

and from other sources.  

 Across the specific projects, we demonstrated the need for systemic and institutional 

change. Student experiences and quantitative analyses highlight multiple avenues to improve 

student experiences, thereby increasing student persistence and degree completion from 

marginalized groups. While valuable individually, connections across the project provide some 

broader insights for institutional change. 

Institutional Directions for Change 

 Throughout this project, the idea of opportunity structures informs how I have thought 

about needed changes in engineering graduate education. While explicitly addressed in Chapter 

2, I find the model a valuable tool to describe the implications and changes those institutions can 

implement. While the first two categories imply individual action on the part of faculty and 

students, change instituted and facilitated by institutional action provides the systematic change 

that can improve marginalized student experiences, persistence, and choice of engineering. 
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Individual Action 

 Higher education institutions provide significant training to students and faculty to ensure 

compliance with research standards, non-discrimination laws, and ethics. While some training 

includes anti-discrimination, improved and expanded training will enable faculty and peer 

graduate students to recognize and change their behaviors that contribute to discriminatory 

environments. For instance, training for advisors, mentors, and peer graduate students should 

include effective anti-sexist and anti-racist communication, constructive feedback, and how to 

engage strengths-based development to support students. For current faculty, training should 

reinforce the need to not perpetuate their own negative and harm-filled graduate experiences 

onto the next generation of doctoral students. Current expectations often assume faculty know 

the best ways to advise and mentor students while ignoring that they may have never 

experienced positive mentor relationships. Similarly, graduate students should be trained to 

reduce peer discrimination and prepare white students for the heterogeneous workplaces they are 

bound to inhabit. 

 Training should inform faculty about habits or plans that they assume to be positive or at 

least not harmful. For instance, rewarding good work with good projects or authoritative 

positions within a research lab may seem beneficial and harmless to many faculty. However, too 

often, these kinds of rewards go to students unfairly and not recognizing the contributions of 

marginalized students equitably. Similarly, social engagements that are offered to students based 

on undefined criteria may reflect systems of discrimination that lead to the exclusion and 

isolation of some students.  

 Additionally, institutional support for improved self-reflection and interpersonal 

communication will benefit all students by improving the environment and ability of faculty to 
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engage with students constructively. Without institutional support, improving these skills 

remains at the individual faculty member’s discretion while competing with the many other 

demands of faculty. Institutional support could come from the training provided at hiring, as part 

of tenure and promotion, or enabled by protected time.   

Individual Action Steps 

1. Engage in anti-racist and anti-sexist education training. 

2. Evaluate assumptions about relationships with students and faculty to ensure 

equitable support. 

3. Ask students about their goals and needs from their relationships with faculty and 

advisors. 

Instructional Engagement  

 Institutions need to facilitate training for current faculty as well as provide training to 

graduate students to assist them in shifting instructional practices. While faculty maintain control 

over instructional practices, providing tools to assist faculty in adapting their instructional 

practices could provide long-term and lasting change for marginalized students' experiences. 

Instructional practices that engage students’ personal and cultural backgrounds and those that 

allow for various motivations and intentions for graduate study allow for a greater number of 

students to feel included and engaged in their studies.  

 While general inclusive instruction practices can help, integrating social justice-informed 

educational practices may better reduce the discrimination experiences for graduate students. For 

instance, Long (2020) provides 20 actions for engineering educators to engage in anti-racist 

practices. Social justice practices need to be implemented beyond the classroom in lab-based 

research spaces common in engineering. While advanced students may provide some oversite, 
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training, and mentorship for newer graduate and undergraduate students, hierarchical practices 

within labs easily create inequity and perpetuate discrimination in research labs. The 

instructional practices in the lab must reflect equity and engagement of students in ways that 

value and support minoritized groups. The unintentional privileging of some students too quickly 

becomes reflective of discriminatory cultures and perpetuates cultural inequality. Instructional 

practices that clearly define a (necessary) hierarchy, how privileges are earned, and why these 

are necessary or important for student development will help faculty apply them equitably while 

also providing a clear roadmap for students to achieve affirmation from their mentors, advisors, 

and faculty. 

 Finally, instructional opportunities are needed to train students to work in heterogeneous 

teams. With interdisciplinary teams, international employment, and a diversifying workforce, 

engineers are required to work with a wide variety of people. When students do not value 

diversity and lack the interpersonal tools to work with those of different backgrounds 

successfully, they join a workforce in which they are not prepared to function. Institutions must 

provide the instruction students need to better engage with others of different backgrounds. 

Instructional Actions Steps 

 1. Engage in anti-racist and anti-sexist education practices in the classroom, lab, and 

 office spaces. 

 2. Evaluate assumptions about why, how, and who completes specific tasks within lab 

 research groups. 

 3. Specify and monitor interactions between graduate students while modeling equitable 

 treatment that supports individuals rather than assuming student needs. 
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Institutional Practices 

 While the previous two sections are framed as institutional actions to enable individual 

and instructional opportunity structures, the following goes further to identify institutional 

changes needed to improve equity and eliminate discrimination. The first step for institutions 

requires internal assessment and measurement of student experiences, attrition measurement, and 

intentional engagement at every level to eliminate discrimination. Realistic recognition of 

discriminatory cultures allows change and an opportunity to address discriminatory practices and 

policies proactively.  

 Beyond supporting individual and instructional change, institutions can provide support 

systems tailored to student needs. Student experiences and needs vary between groups requiring 

solutions and support specific to the student. Particularly, ensuring support for the variety of 

motivations and career intentions of engineering graduate students provides significant support 

for students who do not fit outdated definitions of who and what engineering is or should be. 

 Support systems that enable students to report discrimination experiences and find 

resources to help them without judgment or fear of reprisal are necessary. The power structures 

of academia too often allow assumptions of power over a student’s future, resulting in students 

who feel reporting discrimination is tantamount to abandoning their graduate degrees. Systems 

should then proactively and transparently address discrimination experiences.  

Institutional Action Steps 

1. Create systems for faculty and students to gain experience, knowledge, and practice 

in recognizing and countering discriminatory behaviors and practices. 

2. Require anti-racism and anti-sexism training for classrooms and labs. 
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3. Facilitate reporting and addressing discrimination with financial support and robust 

systems that protect students from financial and educational retribution. 

Project Limitations 

 Overall, the project and resulting products generated significant contributions to 

engineering education, psychology, and higher education. However, some limitations of the 

project as a whole research program require acknowledgment as limits for the results. 

 Throughout the project and emphasized in each chapter, the researchers’ positionality and 

motivations have been thoughtfully and consistently part of the project. Positionality remains a 

limitation of the project. Most researchers throughout the project identify as white, and several 

key researchers as male. While maintaining white and male privilege at the forefront of our 

research, we have not had the lived experiences of our participants or the population of students 

we seek to help. Increased inclusion, participation, and leadership of women and men from 

minoritized backgrounds could have strengthened the project by enriching the research scope, 

questions, analyses, interpretations, conclusions, and implications. 

 Despite repeated attempts to engage students from traditionally marginalized 

backgrounds, the samples throughout the project reflected the whiteness and maleness of 

engineering. While we attempted to accurately represent our limited samples of American 

Indian, Alaska Native, Asian, Black, African American, Hispanic, Latino, Latina, Latinx, others 

of Spanish origin, Middle Eastern, North African, Native Hawaiian, or Pacific Islander, and other 

minoritized groups, statistical analyses required grouping participants beyond their race or 

ethnicity identities to achieve the required statistical sample size. While imperfect, the practice 

allowed the research project to produce some results.  
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 Finally, the project proposes alterations to the existing culture and practices of 

engineering graduate education without directly assessing or measuring microsystem or 

mesosystem variables. The project relies on individual experiences to identify and evaluate the 

systems that shape student experiences. Data that directly measures policies, practices, norms, 

and interpersonal relationships would provide more specific and direct recommendations to 

improve student experiences and persistence. 

Future Research 

 Future research would benefit from an expanded research team. Beyond those conducting 

research, including more voices from marginalized groups in advisory roles may increase our 

ability to see past assumptions and previous experience with students’ current issues. Expanded 

connections in the engineering community could improve our ability to engage participants from 

a more comprehensive set of backgrounds. The participation of students with disparate 

experiences is essential to identifying the many ways in which systems and structures can be 

adjusted to improve the experience, participation, and persistence of students.  

 Research targeted to engage specific groups who experience unique discrimination 

experiences would contribute to the overall project. Dr. Brian Burt’s work represents one 

successful project in this avenue (e.g., Burt et al., 2020). Focusing on Black men, Burt and his 

colleagues identified specific and unique experiences that negatively impacted Black men and 

opportunities to address those experiences that do not directly apply to Black women. Future 

research could engage intersectional groups across various identity intersections to better 

understand the unique discrimination experiences of marginalized students.  

 The DEGrE Scale provides a valuable tool to uncover differences in intersectional 

identities, such as those differences between underrepresented minority, Asian, and white women 
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in Chapter 4. However, refinements to the Scale could significantly expand and improve the 

Scale’s usefulness, validity, and reliability. For instance, items focusing on discrimination 

experiences outside of the university, spotlighting, and responses to discrimination were 

eliminated during pilot testing and exploratory factor analyses. Additional qualitative research 

could provide valuable insights into how these issues could be better captured in the DEGrE 

Scale. 

 Similarly, subscales for intersectional identities may better measure discrimination 

experiences. For instance, a subscale with items specifically for Black women, Asian women, or 

Queer women could assist in identifying experiences that primarily impact these groups. While a 

subscale of this sort may be developed to address a broader range of intersecting identities, initial 

qualitative and exploratory quantitative research should intentionally engage specific identity 

intersections to ensure validity before attempting to generalize to more than one group. Subscales 

of this sort could also improve usability for programs or institutions which find specific groups 

leaving at higher rates than others. 

 Students leaving or attriting from graduate education is nothing new. However, much 

research focuses solely on the number of students who attrit or on degree completion intentions, 

with a few exceptions. Geven and colleagues’ (2018) work provides insights into opportunities to 

increase graduate degree completion focused on students’ support systems. Similarly, Kniola 

(2012) described the need for transformative graduate education that fundamentally changes how 

graduate students are taught to increase retention. Within engineering, Dr. Catherine Berdanier’s 

work on attrition in engineering graduate education represents the exception (e.g., Berdanier et 

al., 2020). Berdanier and colleagues use qualitative research to identify risks for attrition with 

students still enrolled and those who have already left. A valuable future research opportunity 
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combines these models in a longitudinal research paradigm. Longitudinal mixed-methods 

research provides more robust evidence for the reasons students leave and may better identify 

pre-attrition risk points to prevent attrition.  

 While valuable and informative, the existing research provides suggestions for 

improvements rather than a structured intervention to dismantle and disable discriminatory 

policies, practices, and structures within engineering graduate education. Discrimination 

interventions have a long and problematic history, particularly when attempting to reduce 

individual behaviors of discrimination. The results of this and similar work should instead focus 

on the institutions of (engineering) higher education to improve student experiences and 

persistence. As mentioned previously, data on programs and institutions themselves would 

greatly benefit from an intervention developed from and based upon student experiences of 

discrimination. The recommendations provided based on this project begin to offer options that 

move in this direction. However, a systematic, intentional, and researched intervention program 

could provide more comprehensive recommendations for lasting change for programs and 

institutions.  

Conclusion 

 American Indian, Alaska Native, Asian, Black, African American, Hispanic, Latino, 

Latina, Latinx, others of Spanish origin, Middle Eastern, North African, Native Hawaiian, or 

Pacific Islander, and students from more than one of these groups deserve equitable opportunity 

to succeed, prosper, and contribute to the society by earning graduate engineering degrees. The 

higher education system must recognize and alter the systems, practices, and policies that 

disenfranchise and marginalize students from these backgrounds. While representation is 

necessary, the opportunities denied to students who experience discrimination while pursuing an 
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engineering graduate degree present long-term oppression and continued disenfranchisement of 

these groups in broader U.S. society. By addressing discrimination in engineering graduate 

education, the engineering community has an opportunity to improve access to the success and 

opportunities afforded by a graduate engineering degree. 
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