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Historically Marginalized Engineering Doctoral Students’ Motivation and
Socialization in Graduate Education

Natali Carolina Huggins de Murzi
ABSTRACT

Doctoral education in the U.S. is essential to cultivating professionals, scientists, and
researchers capable of advancing and contributing to national goals. However, the engineering
field warrants diversification to respond to global, social, and demographic demands. It is
necessary to support students from historically marginalized backgrounds by acknowledging
their unique experiences and encouraging them to activate their agency while faculty and
institutional leaders work toward dismantling systemic barriers. Such practices may aid
historically marginalized students in completing their degrees which will contribute to reduced
attrition rates, time to degree, and degree completion.

Over the past 10 years, Blacks and African Americans, Hispanic and Latinx people, and
Native Americans and Indigenous people have demonstrated steady growth in doctoral education
in engineering, despite several challenges and systemic barriers encountered during their doctoral
journey. Even though they are growing in the field, attrition rates, time to degree, and degree
completion remain an issue. Higher education researchers, workforce stakeholders, and
educational organizations have been focusing on diversifying the STEM fields. Still, little
attention has focused on the psychosocial elements that influence historically marginalized
doctoral students' academic journeys. For example, research shows historically marginalized
doctoral students encounter various challenges in doctoral education such as isolation, tokenism,
and microaggression among others. To this end, it is essential to understand historically
marginalized doctoral students’ motivation and experiences in doctoral engineering education to
identify strategies for mitigating these challenges as well as increase degree completion and
decrease the time to degree.

Guided by the situated expectancy-value theory and the graduate socialization
framework, this dissertation consists of two manuscripts. The first manuscript is a qualitative
holistic single case study that explores Latinx students’ motivations to pursue a doctoral degree
in engineering by investigating the following question: What values motivate Latinx students to
pursue a doctoral degree in engineering? The second manuscript applies transcendental
phenomenology to explore historically marginalized engineering doctoral students’ socialization
experiences by considering the following question: How do historically marginalized doctoral
engineering students perceive their socialization experiences?

The data sources for both manuscripts consist of interviews and surveys from participants
in a research boot camp conducted between 2017-2021 from a larger national science foundation
(NSF) funded project named the Dissertation Institute (DI). These studies are significant because
they will provide implications for students who identify as members of these populations,
research, practice, and policy concerning historically marginalized doctoral students'
socialization experiences in engineering. Findings from the first study revealed that Latinx
student motivation to pursue and persist in engineering doctoral degrees contained different
subjective task values from SEVT and was influenced by educational and research experiences,
role model interactions, and socio-cultural values. The second manuscript unearthed that
students' socialization occurs in progressive, sequential, and connected stages. Each stage



indicates students' development, even with the possible recurrence of previous stages depending
on the challenges tied to systemic issues. Both manuscripts uncovered motivation and
socialization vary from person to person contemplating various dimensions, and they are
interconnected and influence students' journeys. In addition, the engineering context impacts
both elements with respect to funding sources, research emphasis, and the persistent White male
normative culture.
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GENERAL AUDIENCE ABSTRACT

Black and African Americans, Hispanic and Latinx, and Native Americans and
Indigenous people have made significant contributions to doctoral education and the engineering
field. Still, their representation in these contexts does not align with social, cultural, and political
realities. Often these populations leave their doctoral programs or take longer to complete their
degrees. Substantial academic research has investigated the challenges in doctoral education
experienced by these populations. Still, little research focuses on their motivation to pursue or
persist in these fields despite their lack of representation and socialization experiences. This
dissertation focused on those elements and encompassed two studies in the engineering doctoral
context that sought to answer the following questions: 1) What values motivate Latinx students
to pursue a doctoral degree in engineering? 2) How do historically marginalized doctoral
engineering students perceive their socialization experiences? The results from the first study
showed Latinx students' motivation to pursue a doctoral degree in engineering matched their
sense of self, and the attainment value represents it, as they considered completing an
engineering Ph.D. will help accomplish their future academic and professional goals. Also, the
importance of family and community drives their desire to earn a doctoral degree and retribute
and help others in the future by being a role model. The second study evidenced that students'
socialization is represented by progressive, sequential, and connected stages. The student's
advancement in these stages and the ways they navigate various challenges indicated students'
development. Combined, both studies demonstrated motivation and socialization vary from
person to person, contemplating multiple dimensions, and are interconnected and influence
students' journeys.
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Chapter 1. Engineering Doctoral Education for Minoritized Students

Introduction

Doctoral education in science, technology, engineering, and mathematics (STEM) fields
contributes to the United States’ (U.S.) national goals, global competency, advancement in
technology, economic and cultural progress (Institute of Medicine, 2011; National Academies of
Sciences, Engineering, and Medicine, 2018; National Science Board, National Science
Foundation, 2019). In addition, doctoral education contributes to the human talent pool, enabling
participants to create and share knowledge, propose innovative solutions, advance research, and
prepare the next generation of scientists and engineers (National Science Board, National
Science Foundation, 2019).

Practitioners in STEM fields need to be prepared to solve complex issues, convey
different perspectives, and keep up with demographic realities (Institute of Medicine, 2011). The
social and political context demands supporting students from underrepresented backgrounds to
promote various perspectives, provide suitable responses to different scenarios, and advance
STEM fields (National Academies of Sciences, Engineering, and Medicine, 2018). A critical
issue in the STEM fields’ workforce is the underrepresentation of women and racial minorities,
indicating a lack of diversity that may impact U.S. innovation and global competency (National
Science Board, National Science Foundation, 2019).

In the past few years, diverse workforces, organizations, and higher education researchers
in the U.S. have been focusing on increasing the participation of minoritized students,

particularly women, African Americans, American Indians, and Latinos, in doctoral programs in



STEM. For example, the National Science Foundation’s Alliances for Graduate Education and
the Professoriate (AGEP) and the Council of Graduate Schools (CGS) have made efforts to
address attrition and degree completion among these populations (Sowell et al., 2015). However,
their participation is still meager when compared to that of other student populations.

Doctorates awarded to minoritized students in the U.S. over the past 10 years have
slightly increased. However, there is a significant disparity between the percentages of doctorates
in engineering awarded to Whites (68.6%), and Asians (16.9%) and doctorates awarded to
American Indians or Alaska Natives (0.2%), African Americans (4.2%), and Hispanics or
Latinos (7.2%) (National Center for Science and Engineering Statistics, & National Science
Foundation, 2019)

Research suggests that African American and Latino doctoral students take longer to
complete their doctoral program or leave the program between the first two years (Okahana et
al., 2016; Sowell et al., 2015). Efforts to diversify student demographics, including different
racial, ethnic, and gender groups, are not enough to promote degree completion and reduce
attrition rates. It is necessary to understand minoritized populations’ motivation to pursue
graduate education and their experiences during degree completion (Wendler et al., 2010).
Statement of the Problem

Within the STEM fields, engineering particularly needs diversification and contributions
from women, African Americans, American Indians, and Latinos, and therefore efforts to reduce
attrition rates and time to degree are necessary. Equally important is to understand why attrition
rates and time to degree are higher for these populations. The Doctoral Initiative on Minority
Attrition and Completion (DIMAC), a project funded by the National Science Foundation and

conducted by the Council of Graduate School (CGS), exposed three significant challenges for



minoritized doctoral students: 1) advisor-advisee relationships, 2) understanding Ph.D.
expectations, and 3) social interactions. Besides these significant challenges, this publication
highlighted personal factors influencing persistence, including motivation and non-financial
support.

Other graduate education studies emphasized the influence of race/ethnicity, gender, and
field in students’ persistence, time-to-degree, and completion rates. (Austin et al., 2010; Gardner
& Barnes, 2007; Sowell et al., 2015). Specific to doctoral education, various studies focused on
minoritized students' racial experiences and their agency in navigating academic programs. For
example, Felder et al. (2014) explored students' racial socialization and the influence of race in
faculty relationships at the doctoral level, while Azizova and Felder (2017) investigated doctoral
students' making-meaning process in their racial and ethnic graduate socialization and student
agency development. Both studies contextualize how racial experiences might hinder or promote
degree completion and academic identity, and the importance of student agency to understanding
the influence of race in their journey.

Recent studies focused on aspects such as students’ previous experiences, institutional
context, diversity, equity and inclusion (DEI), race, gender, and field (Amelink & Edwards,
2020; Griffin et al., 2020; Patterson et al., 2017; Perez et al., 2020; Ramirez, 2017; Twale et al.,
2016; Winkle-Wagner et al., 2020) and the challenges that minoritized doctoral students likely
experience such as isolation (Gardner & Holley, 2011; Gay, 2004; Phelps-Ward, 2020), tokenism
and exclusion (Amelink & Edwards, 2020), inequality (Ramirez, 2014; Winkle-Wagner et al.,
2020), lack of personal support (Okahana et al., 2016), racial stereotyping (Azizova & Felder,
2017; McGee et al., 2016; Petrease Felder et al., 2014) show that progress toward degree

completion can be more challenging for historically marginalized students (Ramirez, 2017).



Additionally, previous studies argued that doctoral students’ socialization experiences are
different from student to student and highlighted the influence of the field and program in those
experiences and the student career goals (Austin et al., 2010). Some studies are specific to
engineering (Amelink & Edwards, 2020; Burt et al., 2019; Mcgee et al., 2019), providing context
about the field and the student's experiences. For example, Amelink and Edwards (2020) focused
on master's and Ph.D. students' socialization experiences in engineering. They noted that
graduate engineering and faculty are not diverse and do not reflect the U.S. population. This
study provided insights into the socialization of minoritized graduate students in engineering
programs and their motivations and challenges. Similarly, Burt et al. (2019) pointed out the low
representation of Black students in engineering and how that representation extends to faculty. In
addition, Black students in engineering usually struggle to find mentors and advisors who share
similar backgrounds. In McGee et al.’s (2019) study, including minoritized and non-minoritized
students, participants discussed factors that contributed to their decisions not to pursue an
academic career. Their study demonstrated that the hidden curriculum, academic culture, sense
of belonging, faculty and student relationship, personal identities, and students' informal and
formal socialization in the engineering field influenced their career decisions.

Additionally, various studies have focused on understanding programs and personal
factors influencing minoritized students’ persistence and attrition at the graduate level (Artiles &
Matusovich, 2020; Berdanier et al., 2020; Burt et al., 2019; Dortch, 2016; McGee et al., 2016;
National Academies of Sciences, Engineering, and Medicine, 2018; Sowell et al., 2015). A vital
personal factor that needs to be explored is minoritized students' motivation to pursue and persist
in a doctoral program. In the field of engineering, various research has explored motivation at

different levels. Matusovich et al. (2010) explored undergraduate engineering students'



motivation to choose and persist in engineering majors. Borrego et al. (2018) investigated the
factors influencing students' perceptions of graduate education and how they influenced their
future intention to enroll or not in a master’s or a Ph.D. program, and London et al. (2014)
explored engineering Ph.D. holders' motivation to pursue a Ph.D. and their perception of its
added value in their career. Given the prior research on doctoral education, the engineering field,
and minoritized students' experiences, it seems appropriate to investigate such students’
motivation to pursue and persist in a doctoral engineering program, their socialization
experiences, and the influence of these factors on their future academic careers. As motivation is
a personal factor influenced by context, background, and individual goals, it is essential to
explore motivation by disaggregating historically marginalized populations by ethnic group, in
this case, Latinx students. Additionally, this study ultimately contributes to understanding the
experiences of minoritized doctoral students in the engineering context.
Purpose of the Study

The purpose of this study is to understand elements that motivate Latinx students to
pursue an engineering doctoral degree and explore minorized doctoral students' socialization
experiences in engineering, specifically focusing on the students' perceptions of their
socialization experiences and how the socialization experiences influence their future academic
careers.

This study consists of two manuscripts. Each of the two manuscripts is part of a larger
NSF-funded project, grant # 1723314, which focuses on understanding motivational factors
influencing minoritized students' Ph.D. progress. This project includes a boot-camp intervention

named the Dissertation Institute (DI) to provide students with motivational and practical



strategies to advance their dissertation and complete their degrees. Both manuscripts used data
collected during the DI between 2017 to 2021.

The first manuscript explores Latinx students' motivation to pursue a doctoral degree in
engineering. Thus, the proposed research question: What values motivate Latinx students to
pursue a doctoral degree in engineering? To answer this question, | conducted a qualitative study
using Eccles' situated expectancy-value theory (SEVT) as a framework, specifically focusing on
subjective task values. (J. Eccles & Wigfield, 2020)

The second manuscript investigates minorized doctoral students' socialization
experiences in engineering programs and how their socialization experiences influence their
academic journey. The research question that undergirded this study was: 1) How do minoritized
doctoral engineering students perceive their socialization experiences? To answer this question, |
conducted a qualitative study using the revised graduate socialization framework by Weidman
and DeAngelo (2020) as a lens to describe graduate students' experiences in the contexts where
they interact. Table 1 summarizes the manuscript purposes, data sources, and questions.

Table 1

Summary of Manuscript Purpose and Research Questions

Manuscript Purpose Research Question Data Source Methodology

Exp_lore_ Latinx student’s What values motivate Latinx DI interviews
motivation to pursue a and survey

1 : students to pursue a doctoral Case Study
doctoral degree in dearee in enineering? from 2017 to
engineering g g gr 2021
E:F}Iﬁg:rm'ngggﬁgl How do minoritized doctoral Dl interviews

2 g 9 engineering students perceive from 2017 to Phenomenology

student socialization

. their socialization experiences? 2021
experiences



Theoretical Frameworks
This study focused on graduate student motivation and socialization. The American

Psychological Association (2020) defines motivation as “the impetus that gives purpose or
direction to behavior and operates in humans at a conscious or unconscious level. ” (Motivation,
nd.) In the field of education, several theoretical frameworks guide motivation research, focusing
on various aspects such as beliefs, values, and goals, and informing theories focusing on
expectancy, reasons for engagement, expectancy-values, and cognition (J. S. Eccles & Wigfield,
2002). Existing research in engineering education explores motivation, but there is a need to link
this research to a motivational theoretical approach (Brown et al., 2015). For the purpose of this
study, I selected situated expectancy value theory (SEVT) to guide my research. SEVT has been
extensively used to understand career choices and preferences between fields specifically for
women (Battle & Wigfield 2003) affirming expectancy and values vital role in motivation and
decision to engage.

Socialization is the process where individuals understand, learn, and acquire skills,
norms, values, and knowledge to become members in groups and organizations (Merton, 1968).
According to (Tierney, 1997) “socialization involves a give-and-take where new individuals
make sense of an organization through their own unique backgrounds and the current context in
which the organization resides” (p. 6). This definition provides a perspective to consider within
the context of engineering doctoral education and minoritized students’ experiences. I used the
revised graduate socialization framework to guide my second manuscript because it unpacks the
ways graduate students are socialized and the different aspects to consider.
Situated expectancy value theory (SEVT)

According to Eccles and Wigfield (2020), SEVT focuses on beliefs and values

influencing choices and persistence. SEVT is a dynamic model impacted by social, cultural, and
7



individual contexts that change depending on the situation, experience, and individualized values
and expectancy. For my study, | focused specifically on subjective task values to understand
Latinx aspirations and perspectives on the importance of engaging in an engineering doctoral
degree. Subject task values are comprised of four categories: attainment, utility, interest, and
cost. 1) Attainment refers to self-perception matching the activity performed; 2) utility is related
to the direct or indirect importance of performing the activity; 3) interest relates to the enjoyment
of performing the activity; and 4) cost is the effort needed to succeed in the activity, or the
consequences of failure (J. Eccles & Wigfield, 2020; Wigfield & Klauda, 2016).

Revised graduate socialization framework

For the purpose of this study, | used the revised graduate socialization framework by
Weidman and DeAngelo (2020) to describe graduate students’ experiences in the context where
they interact. This framework includes premises from structuration theory and social structure
that acknowledge human agency and how an individual entering the system influences and
changes social structures (Weidman & DeAngelo, 2020), acknowledging participants’
background and individual variables such as agency, social economic status (SES), race,
ethnicity, gender identity, and nationality. It also considers social and cultural capital influenced
by the assets that everyone brings into higher education institutions and the capital generated by
students’ social interaction within and outside the institution.

This framework entails four interactive stages: anticipatory, formal, informal, and
personal, as stated by Weidman (2001), and four core elements for each stage: knowledge
acquisition, investment, involvement, and engagement. Knowledge acquisition refers to the
students’ ways of obtaining information about the program and their progress. Investment refers

to commitments and tradeoffs to advance through each stage in their program. Involvement



refers to students’ participation. Engagement refers to students’ agency to embrace or not the
academic program. The authors recognized that socialization stages are not fixed. Instead, the
stages are permeable and can be repeated.

Significance of the Study

This research contributes to knowledge about doctoral education in the engineering field
in four significant ways. First, this research explores motivational values in Latinx students’
decisions to pursue a doctoral program. | contend that better support and offering the right
opportunities to doctoral students are essential to understand which values and why they decided
to start a program and how programs and faculty might enhance or constrain their motivation and
promote persistence and degree completion. As motivation varies from person to person, and it is
influenced by context, background, and individual goals, it is essential to understand motivation
values considering certain traits such as race and ethnicity.

Second, this study describes how minoritized students’ socialization experiences are
different from those of their White peers from the students' point of view. The findings may
provide insights for other minoritized students in the doctoral education journey. They could
demonstrate underlying beliefs about challenges linked to doctoral education in general while
acknowledging that some of those challenges are influenced by students' gender, race,
background, and field. Exposing these socialization experiences from minoritized students'
perspectives can create awareness for White peers, faculty, and staff and promote empathy and
the willingness to support minoritized students.

Third, doctoral programs, faculty, advisors, and other organizations can use this study's
insights to understand how motivation and socialization influence Latinx and historically

marginalized students' engagement in an academic career and other professional goals. These



insights can create and improve internal mechanisms and policies to encourage students'
persistence, degree completion, and motivation to pursue academic and professional goals.

Finally, this study expands on the existing literature about motivation and socialization in
doctoral education by exploring minoritized students in the engineering field. The findings also
provide insights into improving motivation and socialization experiences for minoritized doctoral
students in engineering. They might enhance the representation of this population in doctoral
engineering programs. Accordingly, more representation may provide more role models and
motivation for future generations to pursue engineering, and by extension, contribute to the
diversification and strengthening of the engineering field.

Positionality and Philosophical Perspective

Before | came to the U.S., when living in Venezuela, my home country, the social
identity that influenced my thinking was my gender. Being a woman in my country involves
particular challenges and biases about what a woman can or should do. Even having “equal
rights by national laws, it seemed that | needed to defend simple things like sibling rights and
responsibilities based on gender in typical family dynamics. I grew up thinking | could do the
same and more than men, but as with many women in my country, discrimination based on
gender was common.

My professional experience in higher education as an auditor helped me understand the
importance of evaluation to comprehend what is or is not working and what needs to be
improved. | became familiar with data collection, analysis, reporting, and proposing
recommendations. All my reports were required to be supported by extensive evidence, and my
recommendations needed to align with internal policies, regulations, and national laws. To better

understand the evaluation process, | had to conduct interviews with different people. Sometimes
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their testimonies were straightforward, and other times they revealed situations and scenarios
about other problems. Because of my work's nature and the goals proposed in each audit, | had to
leave out testimonies because they were not "objective™ enough for an audit report.

Still, a part of me knew these interviews explained the root of institutional problems.
There was no room to give voice to the employees and amplify their challenges and barriers in
my work. | needed to review a process, a financial statement, a department, and nothing else. I
started to feel frustrated because no real change was going to come from my work. There was a
disconnection between the policies and the reality. In the end, students were paying the
consequences. The institution needed to serve the students, which was not the case.

My experiences in the U.S., specifically my experience as a graduate student, made me
aware of other identities and their intersectionality. | became part of a minoritized population.
For me, honestly it was shocking, coming from a country where | was in a position of privilege,
there was no discrimination based on my skin color or social economic status. | was only aware
of gender discrimination. Now | had to embrace my gender, age, race, ethnicity, language, and
citizenship status and understand that these identities would involve challenges and barriers in
this country. | started to question myself about my unawareness around inequalities and
discrimination based on social identities. I did not know or understand the context and reality of
discrimination, racism, sexism, and classism in the U.S. | took a critical race theory course, and it
helped me understand systemic racism and the truth behind it. I had to admit that | was
privileged in my country and had not been aware of other people's struggles around me.

Another aspect that influenced my thinking was my experiences learning how to navigate
graduate education, and specifically a Ph.D. program. Everything was so different from my

undergraduate and master's education. | started to understand that a Ph.D. is not just taking
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courses. It is a whole process that includes people beyond your classroom, beyond your program,
and even beyond your university. This entire process requires interaction, integration, and
learning from your institution, faculty, peers, professional association, and more. | brought my
background and identities to all these interactions without knowing if 1 would fit or if others
would understand my identities.

Based on all those experiences, | subscribe to qualitative methods using constructivism
and a transformative worldview to guide my research. I believe qualitative methods help me as a
researcher to understand the experiences of others, explore their interactions, and amplify their
voice.

Creswell (2014) defined a constructivist worldview as the understanding of personal
views, their interactions with others, and the influences of their values, beliefs, and assumptions
on meaning-making, and a transformative worldview as understanding the changes and influence
needed in different dimensions to defy social oppression. The constructivist worldview relates to
my interest in knowing participants' context and the way they navigated historical and cultural
realities. The transformative worldview relates to my interest in enacting changes based on
understanding the experiences by proposing policies and recommendations to promote equity
and inclusion of marginalized groups based on their identities.

This research approach brings together some of my experiences and finds the right
balance between objectivity, humanity, and change. | will be delighted if my research creates a
bridge and helps graduate programs and universities to consider the reality of minoritized
students and promote culture and policies to allow them to move forward. My fear about
research is creating the wrong interpretation of my participants’ testimonies based on my own

identities and biases.
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For my dissertation, the main topic is to understand the Ph.D. experiences of minoritized
students, their motivation to pursue and complete a Ph.D. in engineering. This topic is important
because | think representation, equal opportunities, and the sense of belonging matter. In my
country, it was easy for me to believe that | could access and succeed in the higher education
system because in college and on the job market, most people looked like me. During my
undergrad and master's, | never had to think about fitting in or making others understand my
culture, race, and background. The challenges that | faced were the challenges that every woman
faced for being in a society where is common sexism and gender discrimination.

My experiences in this country are different. As minoritized students, we encounter
challenges and barriers that constrain our success in higher education, and we have to deal with a
system that is not created for us. If we understand and create awareness about these challenges, it
is more feasible to enact changes through recommendations, support mechanisms, and policies.
Furthermore, if the success of minoritized populations in higher education increases, we will
impact the generation to come because they will find representation and support.

Definition of Terms

The following terms appear repeatedly in this document. These definitions provide clarity
based on the context of my study.

1. Dissertation Institute (DI): The Dissertation Institute is a five-year project comprising

a yearly one-week workshops for underrepresented minority students pursuing a Ph.D.

in engineering who are in the final phases of their Ph.D.

2. Field: A branch of knowledge. In this proposal, this term shall be used for

science, engineering, and math individually; each of these would constitute a

single field.
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3. Latinx: A person of Latin American origin or descent (used as a gender-neutral or
nonbinary alternative to Latino or Latina).
4. Minoritized: Term to highlight underrepresentation and subordination of a group by
social institutions based on their race, ethnicity, and gender (Harper, 2012).
5. Historically marginalized students: | use this term interchangeable with minoritized
based on Harper (2012) definition.
6. Program: An organizational unit that houses students. Traditionally, it is in this
unit where course planning and milestones are planned, leading to a particular degree or
certificate.
7. Underrepresented Minority (URM): A term used by the NSF when referring to
representation of certain groups of people in science and engineering (S&E) education
and employment whose representation differs from their representation in the U.S.
population. Specifically, this term refers to women, persons with disabilities, and three
racial and ethnic groups—Blacks, Hispanics, and American Indians or Alaska Natives
8. White peers: To refer to other students at the same level who are not underrepresented
or subordinated based on their race and ethnicity
In summary, in this chapter, | discussed the influence and challenges of doctoral
graduates in STEM and the importance of enhancing the representation of minoritized
populations for the engineering field and the national interest. Despite efforts made to support
this population in doctoral education, attrition rates and time to degree are still dramatically
higher for them than for other groups. Other research has focused on understanding the
challenges encountered by this population while attending graduate education, and socialization

has become a typical lens. Still, few studies have focused specifically on understanding the
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motivation of this group in the first place and how their socialization experiences might be
different than those of the majority in the engineering field. This chapter concludes by presenting
the theoretical frameworks used and the significance of my study.

This dissertation is organized in four chapters:1) chapter one is an introduction to the
landscape of doctoral education in the U.S. and minoritized students; 2) chapter two describes
the study investigating Latinx students’ motivation to pursue a doctoral degree in engineering,
using theoretical perspectives from the situated expectancy-value theory (SEVT) and subjective
task values; 3) chapter three comprises the study exploring minoritized socialization experiences
while pursuing doctoral degrees in engineering; 4) chapter four provides implications for policy,
practice, and theory. Additionally, it offers recommendations for future research. I conclude the
chapter with a conclusion statement about minoritized doctoral engineering students' motivation

and socialization experiences.

15



Chapter 2. Manuscript one
Latinx Students' Motivation-Related and Perceived Value of Pursuing a Doctoral Degree in
Engineering
Introduction

In the United States (U.S), the Latinx population has been growing faster than any other
ethnic group. This group grew by 23% between 2010 and 2020 (U.S. Census Bureau, 2021) and
it is expected to comprise 29% of the total U.S. population by 2050 (Passel & Cohn, 2008). The
U.S. government has acknowledged the importance and positive impact of the Latinx
community, the systemic barriers hindering Latinx access to education, and the government’s
willingness to support Latinx people in achieving their dreams (Biden, 2021).

In conjunction with the national government, the science, technology, engineering, and
mathematics (STEM) workforce has expressed a need to diversify the population of individuals
who hold graduate-level degrees. This need is predicated on the presumed benefits of having an
educated group who can contribute to diversity of thought and innovations in research and
technology. (National Academies of Sciences, Engineering, and Medicine, 2018). However,
there is a significant disparity in Latinx degree attainment when compared with the White
population. For example, in 2019, Latinx engineering doctorates represented just 7.2% while
White and Asians represented 68.6% and 16.9%, respectively (National Center for Science and
Engineering Statistics, & National Science Foundation, 2019).

Considerable research has focused on understanding historically marginalized and Latinx
students’ academic journey, programs, and personal factors influencing their persistence, time to

degree, and attrition at the graduate level (Blockett et al., 2016; Griffin et al., 2020; Twale et al.,
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2016; Winkle-Wagner et al., 2020). Research about Latinx students encompassed K-16 and
extended to doctoral education. Various studies centered on personal factors influencing
historically marginalized students’ decisions to pursue a doctoral engineering program and either
persist or leave before completion (Artiles & Matusovich, 2020; London et al., 2014;
Mosyjowski et al., 2017).

The aforementioned studies highlighted the importance of exploring motivation and
found that motivation varies from person to person and is influenced by context, background,
and individuals’ goals. However, there is a gap in research focusing on motivational values of
specific ethnic groups among historically marginalized populations. If we acknowledge that
personal characteristics and ethnicity influence motivation, exploring Latinx motivation as a
subjective factor is essential. Understanding students’ motivation for pursuing and persisting in a
doctoral engineering program can inform programs and faculty about how to offer the proper
support for this population and uplift their persistence.

Thus, | contend that to better support Latinx students pursuing engineering doctoral
degrees | need to explore first the values that motivated them to decide to start a doctoral
program. To do so, I examined students’ motivation using situated expectancy-value theory
(SEVT) (Eccles & Wigfield, 2020), specifically subjective task values. Therefore, the purpose of
this qualitative holistic single case study is to understand Latinx students’ choices and the
individual value to them of getting a doctoral degree. This study aims to address the following
research question:

RQ: What values motivate Latinx students to pursue a doctoral degree in engineering?

The primary data source for this study was 12 interviews conducted between 2017 and

2021 with Latinx doctoral students participating in a National Science Foundation (NSF)-funded

17



project named the Dissertation Institute (DI). The DI aims to explore and understand the factors
that enhance or detract from historically marginalized doctoral students' degree progress and
provide students with motivational and practical strategies to advance their dissertations and
complete their degrees.

The findings from this research provided insights for faculty, advisors, mentors, and
Ph.D. programs about Latinx students' motivation and their perceived value of pursuing doctoral
education. Understanding their beliefs illuminated better ways to support their journey and offer
the opportunities needed to persist and succeed in doctoral education. This study expands on the
existing literature about doctoral education by exploring Latinx students’ motivation to pursue
engineering doctorates.

Literature Review

To understand the research landscape regarding Latinx students’ motivation to pursue a
doctoral program in engineering, | summarize the literature regarding Latinx student journeys in
the education system, including their challenges, shared values, and traits. Next, | detail previous
scholarship about the engineering field and motivation to pursue engineering at different levels.
Finally, I present the theoretical framework and how other studies have used this framework.
Educational Experiences of Latinx Students

Extensive research has focused on the Latinx population’s journey in the education
system through K-16 (Castellanos & Gloria, 2006; Garcia et al., 2020; Huber, 2006; Santiago et
al., 2019; Schueths & Carranza, 2012; Sélorzano et al., 2016; Yosso et al., 2009), graduate
(Castellanos & Gloria, 2006; Garcia et al., 2020; Gonzéalez, 2006; E. Ramirez, 2014, 2017; E. G.
Ramirez, 2007), and postgraduate career paths (Espino et al., 2010; Kamimura-Jimenez &

Gonzalez, 2018; Mendez et al., 2021). The Latinx educational pathway is hindered by several
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challenges linked to systemic racism, sexism, and socio-economic inequalities embedded in the
educational system at all levels (E. Ramirez, 2014, 2017; Schueths & Carranza, 2012). Some of
these challenges include racial microaggressions (E. Ramirez, 2014; Yosso et al., 2009),
economic and family responsibilities (Espino, 2016; Schueths & Carranza, 2012), lack of role
models (Rincén & Rodriguez, 2020; Schueths & Carranza, 2012), and acculturation (Gonzélez,
2006; E. Ramirez, 2017).

At the same time, special attention has been given to research examining Latinx
students’ underrepresentation in STEM fields, including topics such as: 1) STEM identity
development (Rincén & Rodriguez, 2020; Ruiz, 2013); 2) intersectionality and STEM pathways
(Rincén & Lane, 2017); 3) Latinx pathways in engineering, including the influence of culture,
family, and teachers from early stages (Aguirre et al., 2020; Arellano et al., 2018; Denton &
Borrego, 2021; Mein et al., 2018); 4) Latinx cultural capital and impact in the engineering field
(Samuelson & Litzler, 2016); 5) Latinx decisions about graduate education (E. Ramirez, 2013;
Cuellar and Gonzales, 2021); and 6) Latinx career paths in STEM (Mendez et al., 2021).

Although there is not extensive research specifically concerning Latinx motivation, some
of the studies mentioned above addressed this aspect in a certain way. For example, Mein et al
(2018) stated that adults, parents, and teachers play a significant role in students’ decisions to
pursue STEM as they influence Latinx STEM identity. Several studies highlighted Latino culture
regarding helping the community and their sense of family responsibility as motivation to choose
the STEM field (Mein et al., 2018; Rincon & Rodriguez, 2020; Samuelson & Litzler, 2016).
Along the same lines, research from Aguirre et al. (2020) and Mendez et al. (2021) stated that
Latinx decisions to pursue and persist in STEM are motivated by having the opportunity to

improve personal and family economic status, be a role model for other family members and
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siblings and prove to other Latinx that it is possible to achieve a career in STEM (Aguirre et al.

2020; Mendez et al., 2021).

Research by Ramirez (2013), Rincén and Rodriguez (2020) and Mendez et al. (2021).
highlighted the role of family for Latinx in different ways. For example, in Ramirez (2013)
family drove some Latino/a decision about choosing their institution for graduate education

based on its proximity to home (Ramirez, 2013) while Rincén and Rodriguez (2020)

contemplated family as a positive cultural asset supporting Latinx STEM journey at a social and

emotional level. In the case of Mendez et al. (2021) participants look for Latinx organizations
based on their need to have a “family” sense of support, encouragement, with people sharing
similar backgrounds and success in STEM fields.

These studies reinstated familism as a Latinx characteristic that tends to put family
interest over their interests. Therefore, their motivation often relates to their need to help their
immediate family, extended family, and community. In light of this research, major
consideration should be given to shared sociocultural factors including the role of family and
familism values as it significantly influences Latinx STEM journey. Hence, there is a gap in
research exploring the aforementioned factors while investigating specifically Latinx student
motivation to pursue doctoral engineering programs. Additionally, some doctoral-level studies
fail to account for different ethnic groups. Instead, most studies grouped all historically
marginalized populations under the same umbrella, despite the differences between people of
various ethnicities. To address this limitation, the current research focused on Latinx students

and aimed to acknowledge their unique traits.
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Engineering Field and Motivation

There is extensive research related to motivation, persistence, and attrition in the
engineering field at the undergraduate (Borrego et al., 2018; Matusovich et al., 2010), graduate
(Artiles & Matusovich, 2020; Berdanier et al., 2020; McGee et al., 2016; Mosyjowski et al.,
2017), and professional levels (London et al., 2014; Mosyjowski et al., 2017). These studies
have different purposes, theoretical underpinnings, and research approaches. However, their
focus on engineering provides a better perspective on the field and students’ experiences. Indeed,
these studies demonstrate that engineering has a particular context. For example, engineering
offers a varied array of funding and fellowship opportunities (Berdanier et al., 2020; London et
al., 2014), and degree holders can pursue diverse career paths (Borrego et al., 2018; London et
al., 2014; Matusovich et al., 2010; McGee et al., 2016; Mendez et al., 2021), have financial
opportunities (Matusovich et al., 2010), and gain technical expertise and become competitive
candidates in the job market (London et al., 2014). Besides this encouraging context, becoming
an engineer requires effort, time, and commitment, especially at the doctoral level (Berdanier et
al., 2020; London et al., 2014; Matusovich et al., 2010; Mosyjowski et al., 2017). These specific
features might influence students’ motivation and are worth noting.

Specific to motivation, research by Matusovich et al. (2010) explored undergraduate
engineering students’ motivation to choose and persist in engineering majors. They conducted a
four-year, qualitative case study using longitudinal interviews and informal conversations with
11 engineering students (five men and six women). They self-identified their racial and ethnic
identities as follows: White (1), Caucasian (4), Caucasian/Part Caribbean (1), Hispanic (2),
Chinese/Caucasian (1), Asian American (1), and Half Native/Half White (1). The researchers

used motivation theory, specifically Eccles's expectancy-value theory, and the constructs of
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subjective task values (attainment, utility, interest, and cost). Their findings revealed that
attainment value was prominent over the other constructs in some cases, influencing student
sense of self as engineers and their degree choice and persistence. Similarly, the authors found
that students' motivation to persist in engineering is a combination of values and beliefs. Having
one value does not mean excluding others. In the case of students whose personal identities are
consistent with their engineering identities (high attainment value), the student tended to express
more enjoyment (high-interest value) during their degree and low effort (cost) to complete it.
Students whose personal identities were not consistent with their engineering identities (low
attainment value) tended to see their journey as more complex and less rewarding (high cost and
low interest). They persisted because they believe engineering will be helpful in their future
(high utility value) (Matusovich et al., 2010). A noteworthy finding in this study is the low
attainment value for women and minoritized students. This finding revealed the possibility of
gendered and racialized patterns in students' motivation. Matusovich et al. (2010) recommended
promoting attainment values among engineering students by offering a broader view of engineers
and connecting students' identity with engineering identity. This study set a precedent regarding
the importance of studying other socializers influencing values and beliefs (background, race,
gender, family, peers, ethnic).

At the doctoral level, London et al. (2014) conducted a qualitative study to explore
engineering Ph.D. holders' motivation to pursue a Ph.D. and their perception of their career's
added value. Therefore, this qualitative study uses the perspective of Ph.D. holders about
motivation and added value instead of the perspectives of current or prospective students, but it
is specific to the engineering field. Participants consisted of 40 Ph.D. holders working in

academia or industry; their gender breakdown was 29 men and 11 women, and their work
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experience ranged from five years to more than 20 years. The authors segregated their findings
into motivation themes and added value themes. The results related to motivation included 1)
participants’ career aspiration (become a professor, expertise in technical subjects), 2) graduate
school motivational aspects (funding, research, and completing milestone), 3) influence to obtain
a Ph.D. (mentorship, family, and professors), and intrinsic motivation (passion and personal
interest) (London et al., 2014). The motivation themes slightly differed depending on the Ph.D.
holders' occupation. For example, participants in the academic field were motivated to obtain
their Ph.D. based on their desire to become a professor. In contrast, participants in industry
primary motivation was to become an expert in technical aspects. Likewise, the added value
theme differs depending on participants’ occupation, individual career goals, financial and
professional opportunities after graduation, prestige, confidence, knowledge, and acquired skills.
This study's implications and recommendations focus on mentoring and student motivation
before students pursue a Ph.D., improving doctoral recruitment by understanding motivation,
considering the value-added connected to prospective students' goals, and explaining the
different career paths and opportunities after graduation (London et al., 2014).

Specific to Latinx doctoral students, a longitudinal study by Cuellar and Gonzales (2021)
explored the changes on Latinx undergraduate aspirations for graduate education and the factors
impacting those changes. This study uncovered STEM undergrad students were less likely to
have an interest in pursuing a Phd/EdD. However, their interest increased for students involved
in research opportunities, those who held a higher college GPA, and for those having mentoring
relationships with faculty. Along the same lines, first-generation Latinx students described some
professors influencing their decision to pursue a Ph.D. as they served as institutional agents and

empowerment sources. For example, some professors had the experiential knowledge to help
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students navigate the Ph.D. application process, while faculty of color stringent their social ties
and the empowerment of others like them achieving doctoral education (Bafiuelos & Flores,
2021). All these studies account either for field, degree level, or population, but any of those
account engineering, doctoral level and Latinx, the combination of aspects that this research
sought to address.
Theoretical Framework

This study is grounded in situated expectancy-value theory (SEVT) (Eccles & Wigfield,
2020). The SEVT origins came from the expectancy-value (EVT), a model created to understand
students’ achievements and decisions in mathematics (Eccles et al., 1983) and most recently has
been extensively used in research exploring motivation about career choices, women’s gendered
values, career, and graduate education orientation, including in the STEM field (Battle &
Wigfield, 2003; Dicke et al., 2019; Eccles, 1987). Eccles and Wigfield (2020) refocused EVT to
SEVT to reiterate the framework as a dynamic and cyclical model. They considered that
sociocultural and social cognitive perspectives influence personal choices and aspirations. The
model accounts for cultural and individual contexts, including gender, race, and ethnicity, while
considering motivation changes depending on personal experiences and individualized ranks of
values and expectancy (a visual representation SEVT can be found in Eccles and Wigfield, 2020)

According to the authors, individuals’ choice to engage and persist in an activity are
founded in personal beliefs about the ability to succeed and the subjective task value (STV), or
the importance to individuals of achieving a goal (Eccles et al., 1983). | focused on the STV
constructs for this study to guide my analysis based on my interest in understanding Latinx
students’ motivational values to pursue engineering doctoral programs. The STV constructs

(attainment, interest, utility, and cost) are the concepts used to frame my research. Attainment
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value refers to the importance to an individual of performing satisfactorily in the task and how
the task aligns with their self-concept. Interest value is linked to individual satisfaction in doing
the task. Utility value refers to the importance of pursuing the task for the individual’s future.
Cost is the effort, time, and investment in success or failure in the task (Eccles, 2005).

In the engineering field, researchers have used this framework to understand the
motivation to engage and persist at the undergraduate and graduate levels (Artiles & Matusovich,
2020; Berdanier et al., 2020; Matusovich et al., 2010). For example, Artiles and Matusovich’s
(2020) qualitative research explored the alignment between historically marginalized engineering
doctoral students' motivations and their advisors’ opportunities. They situated this qualitative
study in Eccles' expectancy-value theory and Bandura's social cognitive theory. Specifically,
they used four categories of subjective task value (interest, attainment, utility, and cost) and four
self-efficacy categories (mastery experiences, vicarious experiences, verbal persuasion, and
physiological reactions). In addition, the researchers conducted a single focus group. The six
participants were historically marginalized engineering doctoral students (one male, five female)
(two Black/African American, two Latino/Hispanic, one Asian American, one Caucasian) in
their proposal or writing dissertation stage. Finally, they conducted individual interviews with
three faculty members (three male) (two White, one Latino) serving as advisors at different
research-intensive universities. Significant findings were: 1) a mismatch between students and
faculty motivation values influencing students' engagement and opportunities offered; 2)
students tend to engage in their Ph.D. based on personal value (attainment values); 3)
faculty/advisors offered opportunities to the students based on the opportunities’ usefulness
rather than the students’ personal value; 4) faculty/advisors and students had similar beliefs about

students' self-efficacy; 5) the combination of different self-efficacy constructs strengthened
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students' expectancy-value of completing their Ph.D. (Artiles & Matusovich, 2020). The authors
recommended promoting open conversations between students and advisors to align students'
values and the opportunities presented to them to enhance degree completion and a sense of
belonging. This study did not focus on the students' motivation to pursue doctoral engineering.
However, it contributes to research on graduate education, doctoral advising relationships, the
disciplinary context of engineering, and the students' historically marginalized identities. Their
findings can help faculty and students catalyze degree completion, a sense of belonging in
academia, and a future career plan.

Another example of research about motivation in the doctoral engineering field is the
study by Mosyjowski et al. (2017). This quantitative study investigated engineering doctoral
students' motivation to pursue graduate education by comparing returners (students pursuing a
Ph.D. with professional experience and a five-year gap after undergrad) and direct pathway
(students enrolling in PhD. directly from undergrad) students. The authors analyzed graduate
student experiences and motivations survey (GSEMS) responses from 426 doctoral engineering
students from 61 universities across the U.S. Of those 426 students, 179 were returners, 297 were
direct-pathway, 35% were female, 14% were URM students, 10% were part-time students, and
94% attended research-intensive universities. The analysis included a factor analysis in
determining the expectancy of success, values, and cost associated with the students’ motivation
and regression analysis to compare those values and costs. Their results evidenced three
motivation values and various types of cost congruent with Eccles' expectancy-value theory.
They found returners and direct-pathway students had three motivation factors: 1) academic
interest, 2) attainment, 3) career utility, and three types of cost: 1) academic, 2) financial, 3)

balance. Returners had higher levels of cost in the three categories when compared with direct-

26



pathway students. This difference might suggest greater challenges and barriers for this student
population. The motivational factor was similar for both groups. Certain variables such as age,
marital status, gender, race, and future goals influenced the presence of one factor over the other.
For example, women had higher attainment values than men, and minoritized students had
higher interest values than their majority peers. Although this study did not consider minoritized
traits like gender and race, its results showed that women and URM students had higher costs
when attending an engineering Ph.D. program. This finding emphasizes the importance of
further research about motivation and challenges encountered by historically marginalized
populations. Despite using a different method than my intended method, this study is situated in
a doctoral engineering context and explores motivation based on Eccles' EVT framework.

Furthermore, relevant literature about the Latinx student journeys illuminated challenges,
barriers, and specific traits and values essential for my analysis. The body of research in
engineering serves as a foundation for understanding certain features of the field and their
possible influence on the students’ motivation to choose engineering as an academic and career
path. After close consideration of the SETV framework and its applicability in various types of
research, it seems reasonable to prefer the STV constructs to conduct my analysis and answer my
research question: What values motivate Latinx students to pursue a doctoral degree in
engineering? This research will extend the scholarship in this area and fill a gap in the literature
related to Latinx students’ motivation to pursue doctoral degrees in engineering.

Methods

This qualitative holistic single case study is framed by the SEVT model and guided by

case study methodology. A case study is an “empirical inquiry that investigates a contemporary

phenomenon within its real-life context when the boundaries between the phenomenon and
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context are not clearly evident” (Yin, 2003) (p. 23). The holistic approach considers the context
and the relationship with the phenomenon. Special circumstances lead to a case study
methodology (Yin, 2009), such as:

1. The research question is typically explanatory, exploratory, or descriptive.

2. The investigator does not have methods to control the research site and participants.

3. The phenomenon being considered is contemporary, and the context is real life.

My study meets these conditions as the research question is: What values motivate Latinx
students to pursue a doctoral degree in engineering? It is exploratory, the students’ participation
in the interviews was voluntary, and their experiences were contemporarily related to their real
life. With this in mind, the unit of analysis in this study is several individuals sharing the Latinx
ethnicity attending to the DI to find help to finish their program. The case is the motivational
values to pursue a doctoral engineering program.

Various fields such as psychology, social science, and business use case study
methodology for their research (Yin, 2003). Several studies using SEVT to explore motivation,
persistence, and attritions selected the case study approach as a guideline for research in the
engineering field (Artiles & Matusovich, 2020; Matusovich et al., 2010). For example,
Matusovich et al. (2010) explored undergrad engineering students' motivation to choose and
persist in engineering majors. At the doctoral level, Artiles and Matusovich (2020) explored
historically marginalized engineering doctoral students' motivational beliefs and values aligned

with advisors’ perceptions and the opportunities offered during doctoral programs.
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Data Origin and Context

The Dissertation Institute (DI) is a five-year project funded by the National Science
Foundation (NSF). The DI was created by researchers from different universities across the U.S.
and focuses on supporting historically marginalized doctoral students in engineering during their
dissertation process. Besides providing students with motivational and practical strategies to
advance their dissertations and complete their degrees, researchers aim to explore and understand
the factors enhancing or detracting from degree progress (Cruz et al., 2018, Cruz et al., 2019).
The DI minoritized graduate student participants were: 1) a U.S. citizen or permanent resident; 2)
self-identified as a minoritized student in a doctoral engineering program and 3) at the
dissertation or proposal stage. The institute encouraged participants across the U.S. to apply. The
project offered the selected participants funding to cover travel, lodging, meals, and material.

The DI between 2017 and 2019 was hosted during summers at a research university. The
institute was held for one week and involved a series of workshops and structured writing time.
Participants were convened in large conference rooms for half of the day for workshops. The rest
of the day, they had structured writing time to advance their proposal or dissertation and apply
the advice offered in the workshops. The institute offered ten workshops, including subjects such
as time management, writing mechanics, preparation for the dissertation defense, mental health,
and general aspects expected during and after Ph.D. completion.

In addition to the workshops and structured writing time, researchers collected data to
understand the students’ experiences further. Researchers conducted observations, focus groups,
surveys, and interviews. Due to the COVID-19 pandemic, the 2020 and 2021 DI held sessions

remotely. Students participated in a series of workshops with similar content as previous years,
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structure writing time, and data collection. The interviews used for this study were part of the
data collected by researchers working for the Dissertation Institute between 2017-2021.
Data Collection

The interview in the DI was optional. The students filled out a pre-survey before the DI
started that had a question asking if they wanted to participate in an interview for research. The
students decided if they wanted to participate or not. The protocol had open-ended questions
(See Appendix A) intended to stimulate responses describing their experiences and motivation to
pursue a doctoral degree in engineering. Examples of the questions included in the protocol
were: “What led to your decision to pursue a PhD?”, “How did you choose where to get your
PhD? How did you choose the institution?”’, and “What were your expectations about the PhD
when you began?” Each interview lasted approximately one hour and was audio-recorded and
transcribed by REV, an artificial intelligence service recognizing speech to text verbatim, for
ease of analysis.

Another data source used for this study consisted of survey Likert questions responded by
participants during and after the DI. For a set of questions, participants answered how true each
statement was with the scales: definitely true, probably true, neither true nor false, probably
false, definitely false. Some of the statements included: 1) It is important for me to complete my
PhD, 2) I find working on my PhD research is interesting, 3) the amount of effort it takes to
complete the PhD is worthwhile to me, 4) my PhD will be useful for what I want to do after |

graduate. See Details in appendix B
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Participants

Participants for this study were self-identified as Hispanic or Latino engineering doctoral

students attending the DI between 2017-2021. The researchers recruited participants during the

DI, the research team asked for their voluntary participation, and the interviews were conducted

after participant written consent was included in the project's IRB. The sample included all of the

participants who self-identified Hispano/Latino engineering doctoral students between 2017 and

2021. The total consisted of 12 participants. Table 1 presents demographics details and other

participant information.

Table 1

Participants’ demographics

DI First Prior Years
Pseudonym . Race Ethnicity | Gender | Graduate in Stage
Year | Generation -
Education PhD
Sara 2021 N White H'Spaf"c Female None 4 Dissertation
or Latino
Gonzalo 2021 N White H'Spa'.“c Male Master 5 Dissertation
or Latino
Gregorio | 2021 Y White | Hispanic v, None 2 | Proposal
or Latino
Rafael 2020 Y White Hispanic Male None 7 Proposal
or Latino
Cesar 2020 Y Other H'Spaf"c Male None 7 Dissertation
or Latino
Adriana 2019 Y White H'Spa’."c Female None 4 Dissertation
or Latino
Alicia 2019 Y Mexu;an H|spar_1|c Female None 2 Proposal
American | or Latino
Victor 2018 Y Puerto | Hispanic | .0 MS 3 | Proposal
Rican or Latino
Olga 2018 Y White H'Spa'.“c Female MS 2 Proposal
or Latino
Jesica 2018 Y Other Hlspar_nc Female None 4 Proposal
or Latino
Alba 2018 N White Hlspar_uc Female None 3 Proposal
or Latino
Maria 2017 N Pgerto H'Spaf"c Female MS 5 Dissertation
Rican or Latino
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Table 1 presents the participants' information. | selected pseudonyms to protect their
confidentiality. The first-generation column differentiated participants who were the first in their
family to complete a college degree from those who were not. In the prior graduate education
column, I identified the participants entering the doctoral program directly from undergrad and
those who had previously pursued a master's degree. Another category is related to the year in
the Ph.D., stage (proposal or dissertation), and specific program.

Data Analysis

Using a constructivist worldview, | analyzed the interviews focusing on students'
motivational values in two coding cycles. For the first cycle of coding, I used structural coding as
explained by Saldana (2013). First, I listened to the recordings, read the transcripts, and took
notes about important passages to understand the participants' motivational values. Then, |
labeled concepts in the interviews based on participants’ responses and the conceptual terms
presented in the SEVT model. Specifically, | considered the research question What values
motivate Latinx students to pursue a doctoral degree in engineering? and the appearance of
topics related to the definition of the subjective task value (STV) constructs: attainment, interest,
utility, and cost in the data. | gave equal importance to the participants’ actual words and phrases
and the subjective task values constructs noted in SEVT. This process aided in generating a
codebook that | loaded into Dedoose, a cross-platform computer application to conduct my
second cycle of coding. The codebook entailed the codes, definitions or descriptions, and sample

quotes (see Table 2).
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Table 2

Structural codes list

Code Operationalization Sample Quotes
Aspirations Quotes relating to hopes of achieving “This is my dream, but then
something as time went by and then
meeting my college
professors then I realized you
can do this”
Funding Quotes about financial resources to pursue a = “I'm going to go with this one
Ph.D. that's funding me."” Yeah, it
was kind of a no-brainer”
Family Quotes about family background or family ~ “Why do I want to complete

Career goals

Enjoyment

Time and
energy

influencing their Ph.D.

Quotes about professional opportunities
after their Ph.D.

Quotes relating to satisfaction about doing
an activity close to their Ph.D.

Quotes about the investment or effort
related to the Ph.D.

it? 1 think my primary
motivation is my family”

“Well, essentially, I wanted
to, become a professor”

“I enjoyed doing, you know,
research, so that was the
thing that I knew within the
PhD I would continue doing”

‘I've spent so much time and
energy on it, it's so close you
can smell it might as well
finish it too
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For the second cycle, | used pattern coding, as explained by Saldana (2013). | created
themes based on codes, commonalities, and intersections based on my prior coding list and the
connection with the SEVT constructs. For example, excerpts related to the code time and energy
and funding were group and identified with the SEVT construct “Cost”. At the end of the
analysis process, | exported the information from Dedoose to an Excel sheet with excerpts from
the interviews based on the coding process to organize by filters, codes, or any specific
characteristic. | continually supported my analysis using the framework's premises and used
analytic memaos, including reflections about the process, exploring patterns within and between
participants, and cross-references from participants' pre-surveys Table 3 presents examples of the

pattern codes linked to SEVT constructs.
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Table 3

SEVT Codes

Subjective  Literature Definition Definition for the Study Data supporting the code

Task Value (Eccles, 2005)

Codes

Attainment  Individual’s importance  Refers to student motivation “I'm not just getting the
of performing based on identifying PhD just because I want it,
satisfactory in the task themselves as Ph.D. in or have a piece of paper
and how the task aligns  engineering, professors, that says it, or people call
with their self-concept experts in the field me doctor, but because of

the opportunities that will
open for me afterwards, if 1
want to be a professor in
academia.”’

Interest Individual satisfaction Student motivation based on 7 liked biology. I would
by doing the task the enjoyment while pursuing  say definitely that was, you

their degree and the activities  know, that's the most
encompassed and required to  important aspect, just the
complete a Ph.D. program. learning”

For example, enjoyment

while conducting research.

Utility The importance of Utility refers to students' “I'want to set an example,
pursing the task for the = motivation based on the kind of be a similar role
individual's future future value or degree model and influence other

usefulness for their career people, as well”
path, recognition, and

validation, taking

opportunities often seen as

privileged for others in their

population, and supporting

and helping the family as well

as their community

Cost The effort, time and Cost links to different “Oh my god, I have worked
investment of success or  elements as time, effort, so hard for this PhD. [ had
failure in the task finance and the implication not slept ... I have not had a

for them and others if they do  good vacation. So, it's like,
not finish their degree. I'want to finish”
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Analysis for quantitative data included descriptive statistics of the survey likert questions

to find the mean for each survey item responses. Each likert survey had assigned a number for

statistical analysis purposes, where definitely true represented number one and definitely false

represented number 5.

After finding the mean, each generalized item towards motivational statements were
linked to SEVT constructs. The survey data were used in a supporting role with interviews as

the primary data. Table 4 presents some examples of survey items and the SEVT construct

attached.

Table 4

Survey items and SEVT operationalization

Survey item Subjective Task Value
Constructs
| feel that being successful in my PhD is important. Attainment

me from doing other things | would like to do.

In general, | find working on my PhD research is Interest
interesting.

My PhD will be useful for what I want to do after | Utility
graduate

The amount of time | spend working on my PhD keeps | Cost
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Trustworthiness
I used multiple techniques to ensure credibility of the study’s analysis. I used peer

debriefing of my codes and themes to make sure they were congruent (Miles et al., 2018). | also
shared my themes and findings with other researchers familiar with the DI. Lastly, | used
triangulation with other sources of data such as participants’ pre-surveys to corroborate the
alignment or not with participants responses to open ended questions and with the
conceptualization of SEVT constructs in this study (Miles et al., 2018)
Limitations

My study’s first limitation relates to data collection. I did not conduct any of the
interviews and did not have any encounters with the participants, although I had the opportunity
to work closely with the researchers in charge of data collection, including participants’ selection
and interview process. Additionally, the researchers explained in detail the DI’s context, goals,
and workshops. In 2021, | had the opportunity to collaborate and be present in the DI workshops
and participated in different research activities linked to the project. Not conducting the
interview did not allow me to interpret signals and have the opportunity to ask follow-up
questions to seek clarification for a better understanding of participants' responses. A way to
mitigate this limitation during data analysis was listening to interview recordings and transcript
reading to engage deeper with participants' statements. By listening to participants' tone of voice,
| was able to get a sense of participants' verbal behaviors allowing me to reflect on interview
responses.

A second limitation of this study was the data did not take into account participants’

sexual orientation and disability status. Although pre survey information included preferred
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pronouns and disabilities status, there were no questions on the survey or interview protocol that
inquired about the role these identities played in their educational experiences.

Third, in 2020 and 2021, the global pandemic disrupted the instructional format of the
DI. The bootcamp was online, and the participant interviews also took place virtually. Besides
the global pandemic, a racial reckoning took place in the US that may have negatively impacted
the participants’ state of mind and the information shared during their interviews.

Findings

This work explored Latinx motivation to pursue an engineering doctoral degree, and
aimed to answer the research question: What values motivate Latinx students to pursue a
doctoral degree in engineering? Specifically, I considered the situated expectancy-value theory
(SETV) framework and the subjective task value constructs (attainment, utility, interest, and
cost) while paying close attention to Latinx values from cultural and social contexts. The
findings evidenced four themes: 1) Each subjective task value is represented; 2) Motivation is a
combination of subjective task values; 3) Latinx socio-cultural values influence motivation 4)
Role models and research experiences enhance subjective task values. The first theme evidenced
Latinx engineering doctoral motivation contained all the subjective task values constructs, with
attainment and utility values as most predominant. The second theme refers to the various
instances where students' motivation values overlapped, demonstrating that the participants'
motivation in this study is a combination of value constructs. The third theme evidenced Latinx
sociocultural values, as familism and collectivism, drove participants’ motivation. For example,
multiple participants' motivation was connected to the value of family and community. They also
believed that having a doctoral degree might bring positive outcomes to help others in the future.

Lastly, role models and research experiences refer to participant’s previous interactions and
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educational experiences. These interactions allowed participants to relate with role models, thus
students’ attainment and interest value was strengthened. Additionally, research engagement
influenced participants' interest value. Consequently, these experiences impacted students’
motivation. Importantly, the generalized survey responses about participants' aptitude towards
motivational statements are congruent with the SEVT constructs from interview responses.
Representative Subjective Task Values

In this study, all participants showed at least one of the subjective task values constructs
(attainment, utility, interest, and cost) in their motivation. Hence, each value is represented, and
Attainment and utility values were most predominant.

Attainment Value

Attainment value refers to the importance of performing satisfactorily in the task and how
the task aligns with their self-concept. For this study, attainment is operationalized as students’
motivation based on identifying themselves as Ph.D. holders in engineering, professors, and
experts in the field.

Almost all participants showed attainment value, as they acknowledged that pursuing a
doctoral degree in engineering is essential for them, and it is consistent with their sense of self.
In some instances, participants expressed becoming a Ph.D. in engineering was something they
wanted to do since they were young, or something expected from them. For example, Gonzalo,
he had the perception about getting a Ph.D. as something normal and expected from him:

So initially my decision to pursue a Ph.D. [was because] it had kind of been in my

atmosphere (...) My dad has a PhD, so I always thought that's just a normal thing you do,

you study in and at some point, you keep studying.
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In this case, having a close role model as a Ph.D. likely gave Gonzalo confidence about
pursuing a doctoral degree, and an understanding about what doctoral education entitles.

Alba’s and Cesar’s notions of pursuing a Ph.D. was in their mind from early stages in
life. By undergrad, they recognized pursuing a Ph.D. could become possible.

| always wanted to since undergrad. It started in Brazil, my mom was a teacher and

principal. School has always been important since | was little so when | started undergrad

and | saw that was a possibility | already started thinking about it. (Alba)

Before | started grad school, I knew | wanted to do grad school. I didn't know why, per

se, but | really liked to sit and explain complex things to people. So that mentorship and

teaching aspect of being a faculty member drives me to need a PhD, which makes me

want to finish (Cesar)

Similarly, Alicia shared pursuing a Ph.D. was always in her mind. Thus, she always tried
to find the way to fulfill her dream.

Life did happen. I just took classes as time and money permitted and the Ph.D. goal it

was still a goal. | felt like 1 was doing it for my own self instead of taking up painting or

any other cool great thing (...) I mean throughout all my bachelor’s I did think yeah it

would be great to get the PhD, but this was when it became real. So as far as pursuing a

PhD, it's been I've thought about it for a long time.
Alicia reflected even having adversities in her life, she recognized pursuing a Ph.D. was
important for herself.

The survey interval data analysis (Table 4) confirmed the prominence of attainment value
as the average scores were high for all three questions related to personal importance. The

qualitative data offer a nuance regarding the sources of personal importance.
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Table 4

Survey interval data analysis attainment value

Survey Statement

Average Scale

degree

I feel that being successful in my PhD is important Definitely True
It is important for me to complete my PhD Definitely True
It is important to me to be good at the skills needed to complete a PhD Definitely True

In sum, participants’ motivation to pursue a doctoral degree in engineering based on the

attainment value reflected their desire and importance to become a Ph.D. This desire was present

from early stages in their life and it was intensified during their undergraduate education.

Utility Value

Utility value refers to the importance of pursuing the task for the individual's future. In

this research, participants' motivation related to utility relates to students' perceptions of degree

future value or usefulness. In this sense, participants perceived their degree would allow them to

pursue a particular career path or give them recognition or validation. For example, Maria stated

part of her motivation to become a Ph.D. connected to career opportunities.

I am not just getting the PhD just because | want it, or have a piece of paper that says it,

or people call me doctor, but because of the opportunities that will open for me

afterwards, if I want to be a professor in academia. Or if I want to end up, directing my

own research lab, | need those skills and the PhD has given me those skills

Likewise, Rafael shared the motivation to pursue and persist in the Ph.D. relates to the

future job opportunities. “The jobs that | wanted or the ones that looked exciting were ones that

required a PhD, I’'m going to get my PhD so I can have a job that I enjoy” This participant also

41



believed having a doctoral degree will provide him the knowledge and the validation necessary
to be considered in academia.

If you want to make people aware of something, they have to respect this other aspect of

you first before you can convince them of anything else. So, if | didn't need that, | would

not be doing the PhD.

Cesar also perceived having a Ph.D., will be useful for the job market “I truly believe that
the PhD has something to offer me. The jobs that could come out of it. To be honest, | feel like
it's a lot of promises” Both participants perceived their degree will be valuable and useful in the
future.

Participants’ survey responses aligned with the conceptualization of utility value in this
study. Specifically, participants definitely considered having a Ph.D. will be useful in the future
and it is probably useful in their daily life. The interviews clearly showed having a Ph.D. would
allow them to pursue a particular career path or give them recognition or validation, especially if
we considered how important it is for these participants to be a role model for their family and
community though each participant may not have recognized the question at daily level. Table 5

shows the interval data analysis for the item related to utility value.
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Table 5

Survey interval data analysis utility value

Survey Statement Average Scale
My PhD will be useful in my daily life. Probably True
My PhD will be useful for what I want to do after I graduate Definitely True

Ultimately, participants found having a Ph.D. in engineering will open doors for future
career goal, and also will provide them with the knowledge and validation they considered
necessary in academia.

Interest Value

Interest value is linked to individual satisfaction in doing the task. For this study, interest
value considers student motivation based on the activities' enjoyment encompassed and required
to complete a Ph.D. program. Not all participants in this study demonstrated interest value while
pursuing their degree. However, the interest value was related to enjoying the research.

Adriana and Maria recognized research enjoyment “I do like research. I'm still enjoying
it even with ups and downs and everything.” Similarly, Maria stated, “I enjoyed doing research,
so that was the thing that | knew within the PhD | would continue doing.” Her statement also
reflected on the idea about one of many activities involved in pursuing a Ph.D.

Cesar's interest value was around getting an understanding about a subject and furthering
his knowledge in a specific area. He stated, "My interest is in mechanics, | want to try to figure
out how (...) and | want to be able to study that.” I really like to sit and explain complex things to
people.” As Cesar notes, his interests go beyond furthering his knowledge, but a desire to explain

to others. Indeed, this realization about having the knowledge and being able to explain to others
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reflected the enjoyment he expected to experience while pursuing the doctoral degree and

demonstrates the operationalization of the SEVT interest value for this study. Congruent with

participants' responses, the survey also reflects Latinx enjoyment link with research and their

dissertation subject. Table 6 shows the interval data analysis for the item related to interest value.

Table 6

Survey interval data analysis interest value

Survey Statement

Average Scale

In general, I find working on my PhD research is interesting

Definitely True

[ like the subject of my dissertation Definitely True

In sum, performing research, furthering knowledge, and pursuing their dissertation topic
represented satisfaction and enjoyment for Latinx in this study.

Cost Value

Cost value relates to the effort, time, and investment of success or failure in the task. For
this study, cost value operationalization links to different elements that might enhance or hinder
student motivation, including finance, time, and effort. The cost value in this study includes a)
the time and effort involved in the activity, b) the financial aspect of doing a Ph.D., and c) the
significance and impact on them and others. This study acknowledges that participants in this
study are historically marginalized students, and they encountered systemic issues and other
challenges that might represent cost value during their journey. However, this study evaluated
the cost value associated with the students' starting and ending point.

Thus, several participants affirmed the reason to complete their Ph.D. is related to the

time and effort invested. Adriana, recognized her progress and how close she is to completion,
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not finishing will represent losing the four years spent in her program. “Right now, it's like I'm s0
far along, it's just like I need to do it. If not, it's just a waste of four years because I'm in my
fourth year, so I'm almost done.” Likewise, Gonzalo acknowledged he is almost done, and he
had invested time and energy in his program. “I've spent so much time and energy on it, it's so
close you can smell it might as well finish it too.” Other participants as Adriana and Gonzalo,
motivation to complete was around cost value, and it was represented by the time and effort
invested during their program.

Some participants showed cost value centered on funding. The opportunity to have
funding and not have to pay from personal funds represented a positive cost value in students’
motivation. Adriana mentioned having funding influenced their decision about which institution
to attend for the Ph.D.,

Mine was kind of easy. I think I applied to five or six places, and then I got into two.

Then | went to the interview process and one of them was fully funding me, and then the

other one was like, "Well, you got in, but we don't have money for you right now." It was

kind of easy, "okay, I'm going to go with this one that's funding me." It was kind of a no-
brainer. I didn't have to really pick and choose, | guess, but it worked out.

Sara also shared having funding was definitive to pursue her Ph.D. Her statement also
reflected on utility and interest values. Having a Ph.D. will help her find the kind of jobs that she
desires, and she also valued the research component embedded in doctoral education,

| was looking for job positions in research and development because | had done research

in undergrad and a lot of the positions required a PhD. And since | already had a mentor

that I really liked and he had funding for me, he convinced me to do a PhD with him. |

really like the research environment, looking after questions, forming your own
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experimental design. I've always liked that aspect of research and PhD seemed like a

logical next step, especially if it was being paid for.

Both participants’ statement affirms having funding was important in their decision to
pursue and complete their degree.

The survey data aligns with participants’ interview responses. Latinx in this study
recognized they have invested time and effort in their Ph.D. and also acknowledged the effort it
is necessary to complete their program. The second variable in the survey might reflect students'
balance between their Ph.D. and other activities or, on the contrary, probably reflects students'
Ph.D. activities as the only focus. This aspect was not explored in this study. Table 7 shows the
interval data analysis for the item related to cost value.

Table 7

Survey interval data analysis cost value

Survey Statement Average Scale
The amount of effort it takes to complete the PhD is worthwhile to me Definitely True
The amount of time I spend working on my PhD keeps me from doing Probably True
other things I would like to do

In conclusion, for this study cost value centered on time and effort invested, and funding
as a positive cost motivating participants to pursue and persist in their doctoral degree.
Motivation is a combination of subjective task values

Latinx in this study exposed a combination of subjective values in their motivation to
pursue and persist in a doctoral degree in engineering, demonstrating motivation is not guided by
a sole value, and it varies from student to student. In Cesar’s situation his motivation exposed

attainment and interest,
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Before | started grad school, I knew | wanted to do grad school. I didn't know why, per
se, but I really liked to sit and explain complex things to people. So that mentorship and
teaching aspect of being a faculty member drives me to need a PhD, which makes me
want to finish (Cesar)

He acknowledged graduate school aligns with his aspirations (attainment) and also
recognized his Ph.D. will allow him to be mentoring and teaching. Being able to do those
activities will generate satisfaction and enjoyment in his life (interest).

Adriana’s statement reflects cost, interest, and attainment values:

Why? Well, right now it's like I'm so far along, it's just like | need to do it. If not, it's just

a waste of four years because I'm in my fourth year, so I'm almost done. Then I do like

research. I'm still enjoying it even with ups and downs and everything. Then, | don't

know. I'm the first PhD student in my family, so | feel like also for them. I'm doing it for
them too in a weird way. So yeah.

She considered not finishing her degree would represent losing the time she invested on it
(cost) at the same time she recognized she enjoys research (interest) while connecting what it
will represent for her and her family becoming a Ph.D. (attainment).

Similarly, Gonzalo reflected on the time and energy invested in his Ph.D. (cost), the
usefulness of the degree (utility), the enjoyment (interest) and how he sees himself (attainment).

I do still think that it's necessary for stuff that | want to do. I've changed my views in

terms of wanting to be in the lab 24/7, so | don't have like those huge ambitions of maybe

heading my own lab or doing research 24/7, I'm a bit more inclined towards teaching or
maybe industry work now. I still want to pursue my PhD because number one, I like it.

And number two, I've spent so much time and energy on it, it's so close you can smell it
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might as well finish it too. So, it's basically just continuing kind of the pre-path, the pre-

planned path that | was on, right before the sun.
In Maria’s situation her motivation entailed attainment, interest, and utility. She indicated an
interest to become a professor because she enjoyed research, and the way to become a professor
was by earning a PhD. She explained,

Well, essentially, | wanted to become a professor, so with that, | understood that | needed

to get a PhD, and pursue higher education. Since undergrad, | enjoyed doing research, so

that was the thing that | knew within the PhD | would continue doing. So, essentially just

knowing that’s the career that I wanted, the best option would be to get a PhD

All of these examples demonstrated how participants' motivation was informed by a
variety of reasons, and their rationales vary from student to student. Admittedly, this variety of
values also represents various ways to reach Latinx doctoral students and help them connect their
motivation to the unique possibilities as a Ph.D. holder.

Latinx socio cultural values influence motivation

As noted early, this study centered on participants' socio-cultural values influencing
personal choices and aspirations. Findings demonstrated that collectivism and familism were
common among participants. Participants tended to center family and community interests even
before theirs when making decisions. In this study, participants' socio-cultural values influenced
the utility and cost value. They usually wanted to help direct, extended family and the
community as much as possible and wanted to be close to family and their hometown.

For some participants pursuing a doctoral degree in engineering signifies a privilege that
others sharing their background usually do not have. In addition, they perceived the degree

would help them retribute to their families and help others in the community, by extension
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reflects utility value, as the participants perceived getting their degree will be useful. For
example, Gregorio manifested he wants to complete the Ph.D. to help others sharing his
background. He recognized being able to pursue a Ph.D. is a privilege and he wanted to impact
others,

| don't really come from very much privilege. And | guess for me, the persistence comes

from the fact that | could potentially share that privilege that I've been accumulating over

my life. (...) I have the chance to possibly spread education, the first gen, low-income

immigrant kid, who is now the professor. Right? And that's crazy, that's so cool. That's

why | persist

Gregorio's statement illuminated his desires of enacting social transformation for his
community not only by being a role model but by promoting their advance through education.

In other instances, participants' statements were about their family. Remarkably, a
participant confessed she chose an institution in the same town where her family lived. She did
not conceive of leaving her family to pursue a Ph.D. because of the cost value. “I just had to go
there if | wanted to go to school because I lived there. And | couldn't leave, really again my
family is my family.” Actually, this participant’s primary motivation to obtain a doctoral degree
was for her family and community. She wanted to be able to be a role model and help others in
the community, connecting with the utility value related to the usefulness of her degree:

I think my primary motivation is my family (...) I just really want to be an example to

those people who feel like they can't achieve this. From the very beginning when |

thought scientist, “oh my gosh that's unheard of I can't do that”. But just not only telling

myself yes you can but showing everybody else that if | can do, you can too.
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Similarly, Olga also stated she was not allowed to leave her hometown. As a Latina, she
felt compelled to comply with a common feature of Latinx culture, which is the duty of stay. She
expressed, she had that constrain (cost value):

I wasn't allowed to leave home. I needed to stay in (...) And it was either, well, what I

wanted to do was industrial engineering. There's only one school that had industrial

engineering, and | either got in or I didn't. Thankfully, I did. But | want to change that.

Because | know there are other people who don't get in and they probably just give up. |

need to get my PhD so that | can grow engineering programs in my town.

Olga wanted to get a doctoral degree to be a program developer and help others in
similar situations. She desired to be a role model and enhance Latinx’s educational opportunities
in their hometown. Ultimately, staying close to home was common for these female participants.
They also wanted to retribute their community. Both of these sociocultural values influenced
subjective task values and consequently motivation.

Role models and research experiences enhance subjective task values

Findings from this study evidenced how role models and research experiences influenced
attainment and interest value. For example, Alicia and Victor's attainment value about becoming
Ph.D. was strengthened by participants' interaction with role models. Their professors were role
models and enhanced their confidence about getting a Ph.D. In addition, they set an example of
the various activities’ professors could perform.

So as far as pursuing a PhD, it's been I've thought about it for a long time and | just

thought yeah maybe | can do this., but it was something really far off that | couldn't really

do. But then as time went by and then meeting my college professors then I realized “you
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can do this”. That's when I had decided in my mind, I want to be a scientist. This is my

dream. (Alicia)

The experience during my master's helped me to see the chance of doing a PhD as

something right for me. Because | saw how my professors were and how good they were

in what they do. It was really interesting seeing all of their achievements, how they were
involved, not only in the academy, but also in consulting, and the government as well. |
saw their influence, and their scope, | saw a Ph.D. it's not just let's read and let's
investigate, but it's also applicable. You can actually make it happen, and that's kind of
the things that helped me out to say, okay, I really want this. | saw role models. (Victor)

These quotes evidenced how Alicia strengthened her identity as a scientist, and how
Victor internalized his desire to become a Ph.D. after seeing professors' achievements.

In Gonzalo's case, exploring and enjoying research while pursuing his undergrad
expanded his interest and attainment value and helped him to decide pursuing a Ph.D. would be
the right path for him.

| kind of pushed back against the Ph.D. early in my college career. | was seeing

companies and exploring other areas, but | had the opportunity to do some research and |

really liked it, right? And then | went to a research internship in the summer, and | really
liked it. And I really liked the environment. And it was, "Oh, this is what | want to do.

How do you do this?" "Well, if you want to do this for the rest of your life, you get a PhD

and then you work on these.” So, it became a steppingstone very much, right? What | had

in my head from five or 10 years for now all | want to do is work in a research lab or in a

research project.
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The research opportunities enabled him to realize research was something he enjoyed
doing. In addition, he identified what he would like to do for the rest of his life. Thus, all of these
examples showed how participants internalized their desire to become a Ph.D., and these
interests were strengthened by interacting with role models and engaging in research.

The following figure summarized the themes and illustrated the subjective task values,
Latinx sociocultural values, and other experiences impacting Latinx motivation to pursue a
doctoral degree in engineering

Figure 1

Latinx motivation, subjective task values, sociocultural values, and other experiences
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The figure above illustrates a broader perspective about how Latinx motivation to pursue and
persist in engineering doctoral degrees might contain all four subjective values from the situated

expectancy value theory (SEVT) and the influence of role models, research engagement, and
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Latinx socio-cultural values, such as collectivism and familism in participants' motivational
values.
Discussion

Latinx communities positively influence and contribute to the United States, the national
government, and the STEM fields. There is also an emphasis on increasing their representation in
higher education and the STEM workforce. Unfortunately, there is a significant disparity in
Latinx degree completion, especially in engineering at the doctoral level. Admittedly, several
challenges linked to systemic issues embedded in the educational system at all levels hinder their
academic pathway. Latinx students’ underrepresentation in STEM fields received particular
attention, and there is extensive research to address various challenges this population encounters
(Rincon & Lane, 2017; Rincdn & Rodriguez, 2020; Ruiz, 2013) and Latinx pathways in
engineering (Aguirre et al., 2020; Arellano et al., 2018; Denton & Borrego, 2021; Mein et al.,
2018) Although there is no extensive research concerning Latinx students’ motivation to pursue
and persist in engineering at the doctoral level, understanding reasons for engagement in the
engineering field at this educational level are imperative to offering Latinx students the proper
support to continue and complete their programs.

The purpose of this case study (Yin, 2009), framed by the SEVT model Eccles and
Wigfield (2020), is to understand Latinx students’ motivation to pursue a doctoral degree in
engineering using the subjective task values constructs from SEVT (attainment, interest, utility,
and cost). In addition, this study paid close attention to Latinx students’ common values at
cultural and social levels influencing subjective task values and their personal choices and

aspirations.
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Consistent with prior research, this study found Latinx engineering doctoral students’
motivation is a combination of values rather than a sole value influencing education decisions
(Matusovich et al., 2010). Participants’ motivation contains at least one subjective task value
construct, and in the instances of more than one the students’ motivation values overlap. The
intersection of values aligned with quantitative studies at the undergraduate and graduate levels
demonstrating students' motivation to persist and pursue a degree in engineering consists of more
than one subjective task value (Mosyjowski et al., 2017; Wu et al., 2019).

Attainment and utility value were predominant aspects of participants’ motivation.
Participants’ attainment value predominance aligns with Artiles and Matusovich (2020) findings
of historically marginalized students’ tendency to engage in a Ph.D. based on personal value and
their sense of self. Also, participants perceived their degree would have value or usefulness in
the future. Regarding cost value, participants considered funding as a motivational factor.
According to Eccles and Wigfield (2020), cost is often seen as a negative factor or detractor,
specifically related to time and effort. On the contrary, in this study funding represents a positive.
Herein, funding is a favorable conceptualization of cost motivating participants to pursue a
doctoral degree expands on research about the various dimensions to measure cost and the
operationalization as a new scale to investigate motivation (Barron & Hulleman, 2015). Interest
value is the least prominent motivational factor in this study. However, Latinx engineering
doctoral students in this study recalled enjoyment of research activities while others appreciated
knowledge expansion and the satisfaction of explaining other complex concepts. These different
dimensions on the participants’ interest value, aligns with Hidi and Renninger’s (2006) study

about interest development and intensification during students’ learning journey.

54



Equally important, this study found Latinx sociocultural values such as collectivism and
familism influence participants' motivation. Latinx motivation to complete a Ph.D. program is
linked to job opportunities in the future and the possibility to retribute and help their family and
others in the community. This finding corroborated Latinx collectivism and familism
perspectives as they tend to put family interest over their interests aligning with other research
studies about Latinx in the STEM field (Aguirre et al., 2020; Mendez et al., 2021; Mein et al.,
2018; Rincon & Rodriguez, 2020; Samuelson & Litzler, 2016). Latinx students in this study not
only want to be role models but also, they want to offer and enhance other Latinx educational
opportunities in their hometown, guiding their motivation to complete the Ph.D. and to be able to
help their family and the community.

Lastly, this study evidenced Latinx ideas of pursuing a Ph.D. at the early stages of their
life. In the majority of cases, role models and research engagement influence attainment, interest,
utility value, and help them internalize and strengthen their desire to become a Ph.D. This
finding extends existent research about Latinx STEM identity development from early stages
(Rincén & Rodriguez, 2020; Ruiz, 2013) and the influence of role models in the engineering
pathways (Aguirre et al., 2020; Arellano et al., 2018; Denton & Borrego, 2021; Mein et al.,
2018)

Based on these findings, implications for research and practice should consider the
importance of understanding that motivational values for Latinx and possible for other
historically marginalized students are various, and it is different from student to student.
Therefore, motivation should be considered to inform the multiple ways to enhance and support
Latinx educational experiences and the professional and personal opportunities that an

engineering Ph.D. could bring during their program.
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Also, it is crucial to recognize Latinx values to pursue engineering usually connect with
beliefs from cultural and social contexts (family background, family ties, helping others in the
community, the privilege that represents them being able to complete a Ph.D.) Latinx cultural
and social context should be honored and respected, as they bring this essential element from
their identity to the program. Equally important is to investigate why any values are not as
prominent as others and offer the proper support. For example, in this study, interest value is not
as prominent as other values. Graduate programs should evaluate how to make the Ph.D.
learning experience more enjoyable for students and determine if there are not many
opportunities to enjoy their degree journey. Also, it is essential to consider the program context
and academic culture and the possible negative message around endless working hours and
sacrifices, giving the perception of a less enjoyable learning experience.

Recommendation for future research

Future research should investigate doctoral engineering students’ motivation
longitudinally to determine which values are prominent during key doctoral stages, especially
within the first two years when students usually decide to leave doctoral programs. Also, it is
essential to investigate other socio-cultural elements influencing student motivation and
persistence during their doctoral journey. Additionally, the interest value should be investigated
in detail considering it is a developing value to enhance the student experience. Finally, based on
these findings, research in motivation using surveys should consider including questions aligning
with the different aspects evidenced in this study as population socio-cultural values and the

different cost’s perceptions.
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Conclusion

This study provides significant contributions to the existing research about motivation at
the doctoral level. The first contribution is extending the current research in motivation using
SEVT and qualitative analysis to understand students' decisions about pursuing and completing a
degree while considering participants' specific traits.

Second, Latinx motivation to pursue a doctoral degree in engineering varies from person
to person, and it is a combination of subjective values. They considered pursuing and completing
an engineering doctoral degree essential for them and their sense of self. Likewise, Latinx
perceived a doctoral degree in engineering would be useful in the future.

Third, Latinx motivation to complete a Ph.D. is influenced by sociocultural values such
as collectivism and familism. Understanding and honoring these values is essential as they need
to feel comfortable bringing this aspect to their doctoral journey. In addition, they want to help
their family and the community. Finally, they want to be role models and offer and enhance other
Latinx educational opportunities in their hometown.

Fourth, Latinx ideas of pursuing a Ph.D. are present at the early stages of their lives. In
the majority of the cases, their desire to become a Ph.D. is internalized and strengthened when
they see role models or have research engagements. Consequently, it is crucial to promote early
interventions to help Latinx enhance their interest in engineering at doctoral levels.

Lastly, the conceptualization of funding as a value cost contradicts the theoretical
definition oriented to invested time and effort. Funding in this study is a favorable cost that

motivates participants to pursue a doctoral degree.
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Chapter 3. Manuscript 2
Historically Marginalized Engineering Doctoral Student Socialization Experiences
Introduction
Doctoral education in the U.S. is essential to cultivating professionals, scientists, and

researchers capable of advancing and contributing to national goals. However, the engineering
field warrants diversification of professionals in those fields to respond to global, social, and
demographic demands. To increase representation in these fields, it is necessary to support
students from historically marginalized backgrounds by acknowledging their unique experiences
and assets that they bring to these fields. Likewise, faculty and institutional leaders should seek
to dismantle systemic barriers that negatively impact persistence, retention, and completion in
doctoral education as well as empower graduate students to activate their agency in bringing
these issues to the forefront. Such practices may aid historically marginalized students in
completing their degrees which will contribute to reduced attrition rates, time to degree, and

smoother pathways to pursue their career goals.

Various studies have focused on understanding historically marginalized students'
experiences linked to attrition and time to degree. For example, “The Doctoral Initiative on
Minority Attrition and Completion (DIMAC),” a project funded by the National Science
Foundation and conducted by the Council of Graduate Schools (CGS), revealed three
significant challenges for historically marginalized doctoral students: 1) advisor-advisee
relationships, 2) understanding Ph.D. expectations, and 3) social interactions. Besides
these significant challenges, this publication and other graduate education studies
suggest that race/ethnicity, gender, and field influence time-to-degree and completion

rates (Austin et al., 2010; S. K. Gardner & Barnes, 2007; Sowell et al., 2015).
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Prior research has focused on the socialization opportunities offered to graduate students
(Austin et al., 2010; S. Gardner, 2010b, 2010a, 2010c; S. K. Gardner, 2008, 2008; S. K. Gardner
& Barnes, 2007; K. Gardner et al., 2012; Wang et al., 2015), including relationships with
advisors, mentors, programs, and extracurricular activities. This research also notes that
socialization in graduate education helps students to become part of the academic and
professional community (Austin et al., 2010). In some instances, the opportunities offered to
historically marginalized doctoral students do not consider their backgrounds and identities,
leading to disparate experiences compared with White peers (Winkle-Wagner et al., 2020).

Recent studies have focused on institutional context, race, gender, field, and students’
previous experiences (Amelink & Edwards, 2020; Griffin et al., 2020; Ramirez, 2017; Twale et
al., 2016; Winkle-Wagner et al., 2020). Research exposed the vast challenges that historically
marginalized doctoral students are likely to experience: 1) isolation (S. K. Gardner & Holley,
2011; Gay, 2004; Phelps-Ward, 2020); 2) tokenism and exclusion (Amelink & Edwards, 2020;
Perez et al., 2020); 3) inequality (Ramirez, 2014; Winkle-Wagner et al., 2020); 4) lack of
personal support (Okahana et al., 2016); and 5) racial stereotyping (Azizova & Felder, 2017;
Felder et al., 2014; McGee et al., 2016). This shows that historically marginalized students’
experiences can be more challenging and hinder their progress toward degree completion
(Ramirez, 2017). As doctoral students’ socialization experiences are different from student to
student, it is vital to highlight the influence of the field and program in those experiences,
including the impact on student career goals (Austin et al., 2010). To this end, recent studies
have focused on specific fields as biological science (Maher et al., 2019), science (Griffin et al.,
2020), education leadership (Phelps-Ward, 2020) interdisciplinarity (Boden et al., 2011) and

humanities (McCoy & Winkle-Wagner, 2015). Specific to engineering, Amelink and Edwards
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(2020) explored historically marginalized engineering master’s and doctoral students’ values and
beliefs about graduate education, socialization experiences, and career trajectories. Similarly,
Burt (2014) explored the influence of doctoral engineering research experiences on future
professoriate careers. These studies show there continues to be a need to explore historically
marginalized doctoral students’ socialization experiences in engineering, specifically their
perceptions of their socialization process and agency to navigate their programs.

To this end, the purpose of this study was to explore minorized doctoral students’
socialization experiences in engineering programs, specifically focusing on the students’
perception of their socialization experiences. Thus, the research question that undergirded this
study was: How do historically marginalized doctoral engineering students perceive their
socialization experiences? This study expands on the existing literature about socialization in
doctoral education specifically among historically marginalized students in engineering, and it
provides insights to improve their socialization experiences.

Literature Review

There is an extensive body of literature about socialization and doctoral education in the
United States. The literature includes journal papers, conference papers, official reports, books,
book chapters, and dissertations. For example, national agencies and public organizations have
prepared different reports to emphasize the current landscape of doctoral education and the
importance of supporting students from underrepresented minorities in graduate education to
advance STEM fields (Institute of Medicine, 2011; Sowell et al., 2015).

Researchers typically use socialization as a lens to explore students’ experiences to
understand graduate students and advance graduate education. Earlier studies explored students’

socialization experiences to understand their academic journeys and socialization in their
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professional development (Austin et al., 2010; S. Gardner, 2010b, 2010c; S. K. Gardner, 2008,
2010; S. K. Gardner & Barnes, 2007; S. K. Gardner & Holley, 2011; K. Gardner et al., 2012).
The aforementioned studies illuminated the importance of socialization in graduate education
and how socialization varies from student to student depending on different elements such as
institutional context, program culture, student background, and demographics. In recent years,
there has been special attention to including field, context, and student demographics such as
gender, race, and ethnicity to understand how these elements influence graduate students’
socialization experiences, professional aspirations, attrition, and time to degree (Amelink &
Edwards, 2020; Griffin et al., 2020; Ramirez, 2017; Twale et al., 2016; Winkle-Wagner et al.,
2020).

Further, this literature review highlights existing reports by national agencies and public
organizations disclosing current trends in engineering doctoral education and the landscape of
historically marginalized students. It also illuminates current issues and challenges for
historically marginalized graduate students to clarify the importance of my research and the need
to explore socialization for this specific population of doctoral students in engineering.
Engineering Doctoral Education Trends in the United States

STEM field doctorate awards in the United States (U.S.) have increased over the past two
decades. According to the National Science Foundation (NSF, 2018) doctorates in engineering
increased from 13% in 1999 to 18% in 2018, representing larger growth in the field. Doctorate
recipients are critical for advancing knowledge and research; proposing innovative solutions; and
contributing to U.S. national goals and cultural and economic progress (National Science Board,
National Science Foundation, 2019). In recent years, doctorate recipients in engineering have

garnered particular interest because of an aging workforce and an over-reliance on international
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professionals to assume roles in U.S. higher education institutions and industries (Pew Research
Center, 2016) Under these circumstances, focusing on doctoral education shows promise, but
there are several aspects worth noting for graduate education and the engineering field. First, the
majority (57%) of the doctorates in engineering awarded during 2019 were to international
students with temporary visas (National Center for Science and Engineering Statistics &
National Science Foundation, 2019) Considering the likelihood that those Ph.D. holders will go
back to their home countries, their contributions to the U.S. STEM fields may be short term.
Second, there is a lack of representation of women and people of color in the remaining
43% (National Science Foundation, 2018). The representation of women in the field increased
notably from 15% in 1999 to 24% in 2019 (National Center for Science and Engineering
Statistics, & National Science Foundation, 2019), but women still represent less than a quarter of
all engineering Ph.D. recipients. Since 2010, historically marginalized students have increased
their attainment rates in higher education (National Science Board, 2019). Still, there is a
significant race gap in the percentage of doctorates awarded. In 2019, the percentage of
doctorates awarded by ethnic group were as follows: American Indian or Alaska Native (0.2%),
African American (4.2%), Hispanic or Latino (7.2 %) Asian (16.9%) and White (68.6%)
(National Center for Science and Engineering Statistics, & National Science Foundation, 2019).
This underrepresentation inevitably impacts the U.S. workforce (National Science Board,
National Science Foundation, 2019), threatening not only U.S. innovation and global
competency, but also the country’s social and demographic demands.
Historically Marginalized Doctoral Students
Landscape in doctoral education in the U.S.

Different organizations, including the National Science Foundation (NSF) and the
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Council of Graduate Schools (CGS), are joining efforts to understand the realities of historically
marginalized students in doctoral education. In 2015, they presented in detail the results from the
project "The Doctoral Initiative on Minority Attrition and Completion (DIMAC)," a research
project funded by the NSF and conducted by the CGS. They collected qualitative and
quantitative data from 21 participating institutions across the U.S. The data consisted of student-
level enroliment data; an inventory of policies, practices, and interventions; a student survey; and
information obtained from focus group interviews with students and university personnel
(Sowell et al., 2015).

The results revealed that historically marginalized doctoral students in engineering took
longer to complete their degrees (seven years average) and had higher attrition rates when
compared to non-historically marginalized peers in STEM fields. Sowell et al. (2015)
emphasized the importance of creating support, encouraging socialization opportunities, and
promoting a sense of community to help underrepresented minority (URM) doctoral students.
The authors of this study suggested that future research should include: 1) exploring co-
curricular activities' influence on doctoral student socialization and graduate school; 2)
understanding URM students' fit process between the programs; 3) Ph.D. expectations; 4)
advisor-advisee relationships, and 5) effectiveness of policies for diversity and inclusion (Sowell
et al., 2015). Even though this project is more than five years old, the dataset's magnitude and
findings set a remarkable landscape for historically marginalized doctoral students in STEM. The
study identifies several topics that need to be investigated to advance the efforts to support this

population, including socialization for historically marginalized students in doctoral programs.
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Socialization, race, diversity equity and inclusion

Socialization is the process where individuals understand, learn, and attain values,
knowledge, skills, and norms to become members in groups and organizations (Merton, 1968).
Different authors have explored socialization in an organizational context. They defined
socialization as “the process by which an individual acquires the social knowledge and skills
necessary to assume an organizational role” (p. 3) (J. Van Maanen & Schein, 1979). Tierney
(1997) notes, “Socialization involves a give-and-take where new individuals make sense of an
organization through their own unique backgrounds and the current context in which the
organization resides” (p. 6). In this last definition, Tierney (1997) added a critical aspect to
consider when exploring socialization: personal background and how this influences the sense-
making process at the personal level.

Socialization in graduate education helps students to become professionals, but it is vital
to have special consideration of how students’ backgrounds influence their experiences (Austin
et al., 2010). Several studies focused on historically marginalized doctoral experiences
highlighted social-cultural aspects and students’ agency, including influences of social structures
(Amelink & Edwards, 2020; Garcia et al., 2020; Griffin et al., 2020; Patterson-Stephens et al.,
2017; Phelps-Ward, 2020; Winkle-Wagner et al., 2020). In most cases, these studies provided
recommendations for research, practice, graduate programs, and faculty, but in some instances,
there were no recommendations for the students themselves, contradicting an approach for
explaining how students enacted their agency applied in the study’s analysis.

Further, doctoral students might have disparate experiences when programs do not
consider their backgrounds and identities, and the opportunities they provide do not align with

those (Winkle-Wagner et al., 2020). An important aspect of students’ socialization is race,
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equity, diversity, and inclusion (EDI). Scholars have explored students’ racial socialization and
students’ meaning-making process in their racial and ethnic graduate socialization, including
student agency development (Azizova & Felder, 2017; Felder et al., 2014), and have
contextualized how racial experiences might hinder or promote degree completion, academic
identity development, and the importance of student agency to understanding the influence of
race in students’ journey. Along with racial socialization, the study by Perez et al. (2020)
investigated students' conceptions of equity, diversity, and inclusion (EDI) during graduate
school and the impact of students' social identities, backgrounds, and previous experiences. The
authors of this study identified deficiencies in how programs and institutions typically socialize
students around EDI. Their findings on minoritized students indicated marginalization and
tokenism by faculty, staff, programs, and departments (Perez et al., 2020). Ultimately, these
studies highlighted the importance of considering elements such as race, student agency, social
identity, and background while investigating graduate student socialization experiences (Azizova
& Felder, 2017; Felder et al., 2014; Perez et al., 2020). Consequently, it is essential to recognize
that doctoral students’ socialization experiences are different from student to student, and their
background, field, and program context influence those experiences (Austin et al., 2010).
The engineering field context

Amelink and Edwards (2020) investigated underrepresented engineering graduate
students' values and beliefs about graduate education before enrollment. They also explored the
students' socialization experiences while pursuing their degree and their influences on their
career path. The researchers used a qualitative methodology under a phenomenological approach
and interviewed 11 students identified as African American or Hispanic/Latino/a at a research

university with very high research activity.
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This study's significant findings encompassed internal and external factors before
enrollment, challenges post enrolment, and career trajectories based on the students' socialization
experiences. The authors mentioned that graduate engineering fields and faculty are not diverse
and do not reflect the U.S. population. This study provided insights into the socialization of
historically marginalized graduate students in engineering programs, their motivation, and
challenges. Amelink and Edwards (2020) explained how participants' expectations about
graduate school differ from students' experiences and the influence of socialization in those
experiences. Implications and recommendations emphasized the importance of providing
accurate information about the different milestones for degree completion, the faculty and
advisor's role in supporting and detailing degree progress, the importance of initiatives for
diversity and inclusion in graduate programs, and the impact of socialization experiences in
career trajectories (Amelink & Edwards, 2020). While the findings do not distinguish the degrees
sought (master’s vs. Ph.D.), this study still sets a precedent and provides insights into historically
marginalized graduate students’ socialization in engineering programs.

Burt et al. (2019) described factors supporting Black males' persistence in engineering
graduate programs. The authors identified various sources of support for Black graduate
engineering students at the master’s and doctoral levels to navigate the engineering context while
illuminating some aspects related to socialization. For example, the student agency to find
support, the impact of their socialization with family and community, the influence of race and
students background in the experiences in graduate education, the role of the mentorship
relationship, and the impact of the low representation of Black men who identify as students and
faculty. Another critical research study in the engineering field was conducted by McGee et al.

(2019). Even though the study’s sample included more than just historically marginalized
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students, this research was significant because it demonstrated several engineering contextual
aspects influencing student journeys and career decisions. In addition, this study illuminated the
influence of the hidden curriculum, academic culture, sense of belonging, faculty and student
relationships, personal identities, and students' informal and formal socialization.

Collectively, the extant literature delineates the need for further research in the
engineering field, including different stages and core elements of the graduate student
experiences and the influence of specific aspects such as gender, race, and ethnicity.
Additionally, it is necessary to extend the research on doctoral students’ socialization by
acknowledging students’ agency and the importance of understanding and communicating their
perceptions. In the next section, I discuss the conceptual framework that guided this study,
specifically the notion of socialization as well as the graduate socialization framework and
revised versions addressing the contemporary context and distinct aspects related to historically
marginalized students.

Conceptual Framework

This study is guided by the concept of socialization and the graduate socialization
framework (Twale et al., 2016; Weidman et al., 2001; Weidman & DeAngelo, 2020). As
previously discussed, socialization is the process whereby members of a group or organization
gain the knowledge, skills, and mores to persist in that environment (Van Maanen & Schein,
1979). Another essential element mentioned by these authors is organizational culture and its
influence on the socialization process. Van Maanen and Schein (1979) defined organizational
culture as “long-standing rules of thumb, a somewhat special language and ideology that help
edit a member's everyday experience, shared standards of relevance as to the critical aspects of

the work that is being accomplished” (p. 3). Tierney (1997) defined it as the meaning created by
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all the organizational activities together, including emblematic and instrumental activities. He
also stated that organization culture models aspects for success or failure: “An organization’s
culture, then, teaches people how to behave, what to hope for, and what it means to succeed or
fail” (p. 4). In this sense, the culture in an organization has a significant role in the process and
might be interpreted from different perspectives depending on the individual background.

Socialization is not static or a one-time process; instead, it has different stages, even goes
back before the individual joins the organization, and develops further when the person occupies
arole (Tierney, 1997). The major stages for socialization are anticipatory and continuance.
Anticipatory is the stage where the individual learns about the organization during the
application and recruitment process. Continuance is the stage where the individual experiences
and learns about being part of the organization and adapts to its culture (Tierney & Rhoads,
1993). As explained before, understanding socialization provides a perspective to consider
within this study and frames the process under the context of engineering doctoral education and
historically marginalized students’ experiences.

One type of socialization, examined in this study, is graduate student socialization. In
addition to generalized socialization, | used the graduate student socialization framework to
describe how graduate students experience higher education considering both their lived
experiences and the context where they interact (Twale et al., 2016; Weidman et al., 2001;
Weidman & DeAngelo, 2020). This framework considers four interactive stages of socialization:
anticipatory, formal, informal, and personal. The anticipatory stage consists of students’
interaction based on their stereotypes and generalized knowledge about graduate education,
usually present in their own preparatory and recruitment phases. The formal stage consists of

students starting to receive formal instruction about their role, and knowledge related to course
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material and normative expectations around student-faculty interactions. During this stage,
students validate their presence in the program by completing the required examination. The
informal stage consists of the students learning beyond formal instruction through peer
interaction and recognizing the flexibilities linked to their student role. In this stage, the students
acclimate to the process depending on their interactions with peers and group status. The
personal stage consists of the students evolving a professional identity based on the
reconciliation of their self-image and the professional role; in this stage, they become a scholar
and move toward career success (Weidman et al., 2001). According to Weidman et al. (2001),
each of these stages has three core elements: knowledge acquisition, investment, and
involvement. Knowledge acquisition refers to the students’ ways of obtaining information about
the program and their progress. Investment refers to commitments and tradeoffs in order to
advance through each stage in their program. Involvement refers to students’ participation and
engagement with their degree and professional career.

This framework has been criticized for not considering specific students’ demographics,
student agency, student background, field culture, and program context where the students
interact. Still, it serves as a baseline to evaluate graduate students’ socialization by taking the
precautions to include the elements necessary to understand the student socialization process
better. In the past five years, researchers aware of this framework’s weakness started expanding
Weidman’s (2001) model by including components such as student agency, race, diversity,
inclusion (Twale et al., 2016); critical pedagogy, intersectionality, emancipatory research,
counter spaces (Phelps-Ward, 2020); Latino critical race theory and community cultural wealth

(Garcia et al., 2020); Black and Latino student mentoring (Griffin et al., 2020); and a two-way
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socialization process with the premise that Black students bring social capital that influences and
changes traditional models (Winkle-Wagner et al., 2020).

In 2020, Weidman and DeAngelo presented a new socialization framework
conceptualization where they considered all the components mentioned before and added others
related to students with disabilities, veterans, and international students (Weidman & DeAngelo,
2020). They used premises from structuration theory and social structure by acknowledging
human agency and how an individual entering a system influence and changes its social
structures. The revised version (Weidman & DeAngelo, 2020) considered the same four
interactive stages as stated by Weidman (2001), but they added a new core element,
“engagement,” to the existing core elements for each stage: knowledge acquisition, investment,
involvement. Knowledge acquisition refers to the students’ ways of obtaining information about
the program and their progress. Investment refers to commitments and tradeoffs to advance
through each stage in their program. Involvement refers to students’ participation. Engagement
refers to the students’ agency to embrace or not the academic program. The authors recognized
socialization stages are not fixed. Instead, the stages are permeable and can be repeated.

In the anticipatory stage, the authors added factors including aptitude, agency, social
economic status (SES), race, ethnicity, gender identity, and nationality. These elements need to
be considered as part of the students’ background that may have importance during their
socialization in the institution and their development as professionals in their early career.
Additionally, they added resources (academic and personal) viewed from social capital and
cultural capital perspectives, both of which consider student agency. The first one refers to
capital generated by student social interaction between and outside the institution; the second

relates to the assets that each individual brings into higher education institutions. In the formal
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and informal stage, Weidman and DeAngelo (2020) added history, culture, faculty, type, and size
to expand the institutional context where students interact and consequently enhance their social
capital. In the personal stage, habitus is what the students will bring to their career life/cycle, and
it is the result of all the students’ interactions and the advancing of their social and cultural
capital.

For this study, | applied Weidman and DeAngelo (2020), centering the students’
experiences in the framework stages, because it presents a more holistic perspective by
pondering students’ demographics, student agency, student background, field culture, and
program context. The literature delineates the need for further research that considers different
aspects of graduate student experiences as well as gender, race, ethnicity, and field context.
Consequently, student agency and its influence in navigating the system and social structures
inherent in doctoral education, as viewed by Weidman and DeAngelo (2020), is warranted.
Understanding historically marginalized doctoral student experiences and perceptions, their
challenges, and advice for others in the engineering fields is essential to promote degree
completion and reduce attrition rates. Still, it is important to utilize this framework consciously
for the population of interest and incorporate researchers’ perspectives to address any necessary
aspect.

Methods
The purpose of this study was to explore historically marginalized doctoral students’
socialization experiences in engineering programs, specifically focusing on the students'
perceptions of their socialization experiences.

Thus, this study will focus on the following research question:
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1. How do historically marginalized doctoral engineering students perceive their
socialization experiences?

The purpose of qualitative research is to understand and explore individuals or groups
related to a social or human problem. Qualitative research supported various socialization studies
providing an in-depth understanding of the different dimensions of graduate students’
experiences and their opportunities (Austin et al., 2010; S. Gardner, 2010b, 2010a, 2010c; S. K.
Gardner, 2008, 2008; S. K. Gardner & Barnes, 2007; K. Gardner et al., 2012; Wang et al., 2015)
and the socialization challenges for historically marginalized students (Amelink & Edwards,
2020; McGee et al., 2016; Ramirez, 2014, 2017; Winkle-Wagner et al., 2020).

This study used phenomenology as a methodological approach based on my interest in
describing and understanding historically marginalized engineering doctoral students’
socialization experiences. According to Moustakas (1994), phenomenology approaches human
experiences to understand the experiences’ essences and meaning, not to measure or separate the
experience from the subject. Phenomenology centers on the participant and reflects the
researcher’s interest, and pledges to understand the phenomenon (Moustakas, 1994). This
methodology considers the socio-cultural and historical context and impact of the meaning of
individual life experiences, and the researcher’s well-intended care and introspection (M. Van
Maanen, 1990). There are two types of phenomenology, hermeneutical and transcendental; for
this study, | used transcendental phenomenology. This approach focuses on describing
experience with intentionality, making meaning, and obtaining new understandings from the
experiences (Moustakas, 1994). The researcher’s analysis involves developing themes to explain

what and how participants experience (Creswell & Poth, 2018).
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Several studies have used a phenomenological approach to understand socialization
experiences of historically marginalized students (Dortch, 2016; Gonzélez, 2006; McGee et al.,
2016; Patterson-Stephens et al., 2017), including experiences before enrollment and during
graduate school, and their impacts on career trajectories (Amelink & Edwards, 2020), their
involvement in professional careers (S. K. Gardner & Barnes, 2007), and doctoral experiences
related to attrition and degree completion (Devos et al., 2017). None of these studies have
focused on historically marginalized engineering students exclusively at doctoral level.

Consequently, I aimed to make meaning of historically marginalized engineering doctoral
students’ socialization by exploring, describing, and intentionally centering the participants’
experiences in the engineering context.

Data Origin

The interviews used for this study were part of the data collection performed by the
project team for the Dissertation Institute between 2017-2021. The Dissertation Institute (DI), in
its sixth year, is a multi-institution collaboration within the U.S. and funded by the National
Science Foundation (NSF). The DI aims to explore and understand factors that enhance or
detract from minoritized engineering doctoral students' degree progress, particularly during
proposal and dissertation writing phases, and to provide students with motivational and practical
strategies to advance their writing and complete their degrees (Cruz et al., 2018, Cruz et al.,
2019). The DI started in 2017 and consists of a one-week workshop held annually to help groups
of minoritized students in the final phases of their programs to obtain their Ph.D. degrees. The
project team called for applications from minoritized graduate students across the U.S. and

offered the selected participants funding to cover travel, lodging, meals, and material in years
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when the DI was in-person. Due to the COVID-19 pandemic, the DI was held virtually in 2020
and 2021 and the in lieu of travel, participants were paid an honorarium for their time
The criteria for participation were:

1. Being a U.S citizen or permanent resident.

2. Being a minoritized student in a doctoral engineering program.

3. Being in the proposal or dissertation or proposal stage.

The DI from 2017 to 2019 was held at a different research university each year
intentionally chosen for geographic diversity across years. The institute comprised workshops,
structured writing, and writing clusters. The DI offered 1 to 2 hours daily seminars, including
topics pertinent to the completion of the dissertation as time management, writing mechanics,
preparation for the dissertation defense, and general issues such as expectations during and after
Ph.D. completion. In addition, students are located in different spaces across campus for
structured writing sessions distributed along the week to apply the advice offered during the
workshops to work on their proposals or dissertations. The writing clusters comprised a daily
hour-long focus group led by a facilitator to evoke semi-structured conversation to discuss and
share their experience during the writing sessions and to reflect on the workshops’ topics and
other topics related to graduate school.

In accordance with approved human subjects research protocols, DI participants were
also invited to be part of research activities which were aimed at understanding the students’
experiences further. For participants who consented to the various research elements, researchers

conducted observations, focus groups, surveys, and interviews.
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Data Collection

Interviews, the main data source for this analysis, were optional. The researchers
recruited participants during the DI, participants completed a pre-survey on the first day of the
DI which included a question asking if they wanted to participate in an interview for research.
The students decided if they wanted to participate or not. Across the five years of data from
which this analysis draws, 55 decided to participate and gave consent to have their information
used for research purposes.

The protocol had open-ended questions (See Appendix A) intended to stimulate
responses describing their experiences, interactions, and perceptions of their journey to progress
in their doctoral degree. Examples of questions included in the protocol were "What's the
community like in your department?”, "Are you part of any diversity initiatives?", “Ifyou could
give any advice to minorities beginning their PhD, what would that be? ” and "The literature
says underrepresented minority students have different doctoral experiences than their majority
peers. What has your experience been?" Each interview lasted approximately one hour and was
audio-recorded and transcribed by REV.com, a transcription service that utilizes artificial

intelligence recognizing speech to text verbatim for ease of analysis.

Participant Sample

Participants sampled for this study (from the 55 total) were 15 historically marginalized
engineering doctoral students attending the DI between 2017-2021. The researchers recruited
participants during the DI. The interview participation was voluntary, with written consent for

the project's IRB. The sampling process considered participants’ responses to a pre-interview
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survey that included items seeking demographic information (e.g., gender and race), engineering
program, and degree stage (proposal or dissertation).

I used purposeful sampling to include “information-rich cases for study in depth” (Patton,
2002, p. 46) based on my research’s purpose. I reviewed all 55 interviews and selected
participants that provide rich answers to the questions related to socialization. The rest of the
sample was selected considering criterion sampling (Patton, 2002) by gender and race
distribution. The gender compositions were eight women and seven men. Of those 15
participants, 11 were in the proposal stage, and four were in the dissertation phase. In addition,
four were Hispanic/Latino, two were more than one race, two American Indians, and seven were
Black or African American.

Table 9 presents the participants' information related to my analysis. | selected
pseudonyms to protect participant identities and maintain confidentiality. The prior graduate
education column identified the participants entering the doctoral program directly from
undergrad and those who pursued a master's degree before entering the doctoral program.
Another category is related to years in the Ph.D., stage (proposal or dissertation), and specific
program. Participant’s ages ranged from 26 to 45 years old. Specific engineering fields
comprised mechanical, biomedical, material science, computer science, and chemical among
others. Participants attended different types of research institutions including private and public,

land-grant, predominantly White institutions and Hispanic serving institutions.

Table 9

Participants
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Prior

Pseudonym | DI Year Race/Ethnicity Gender | Graduate Stage
Education
Lenmana 2021 | American Indian Female | None Dissertation
Gonzalo 2021 | White (Hispanic or Latino) | Male | Master Dissertation
Dylan 2021 Black or African American | Male Master Dissertation
Wendy 2020 ﬁ?rgr]isgg African Female | Master Proposal
Gabriela 2020 ﬁ;?ﬁ:gﬁazgﬁiiignand Female | None Proposal
Cesar 2020 | White (Hispanic or Latino) | Male | None Proposal
Rory 2020 | Black or African American | Female | Master Proposal
Jordan 2019 Black or African American | Male None Proposal
Kimberly 2019 Black or African American | Female | Master Proposal
Jade 2019 Black or African American | Male Master Proposal
David 2019 Black or African American | Male None Proposal
Jesica 2018 | Other Female | None Proposal
Olga 2018 White (Hispanic or Latino) | Female | Master Proposal
Kali 2017 | American Indian Female | Master Proposal
Rowan 2017 Black or African American | Male Master Dissertation

Note: The Dissertation Institute allowed participants to select demographic information,
including Race and Ethnicity (non-Hispanic or Latino/ Hispanic or Latino). According to Pew
Research Center (2015), Hispanics and Latinos tend to identify themselves with the United States
racial categories, for example, White or Black. Still, at the same time, this population keeps their
ethnic background as Hispanic or Latinos. This might explain why participants in this study self-
identified as White and Hispanic or Latino simultaneously.

Data Analysis

The data was analyzed using a transcendental phenomenology approach (Moustakas,
1994). | used Dedoose, a cross-platform computer application, to analyze qualitative data. |
uploaded 15 transcripts from 2017 to 2021 DI participants who agreed to join the interview

process. The interview analysis centered on the students' experience using a constructivist
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worldview. The analysis consisted of three stages: horizontalization, themes development and
validation according to Moustakas (1994) modification of the Van Kaam method of analysis of
phenomenological data.

Horizontalization consisted of identified participants' statements related to their
socialization experiences. This analysis included in vivo coding (Saldana, 2013) and consisted of
listening to the audio, reading each transcript with intentionality, and labeling statements in the
interviews based on the student description of their experiences. Simultaneously, | highlighted
sections and made analytic memos about personal opinions, reflections, and participants'

reactions. (Miles et al., 2018)

Table 10
Initial codes
Code Operationalization Sample Quotes

WValidation Quotes about actions or feeling “I think that that's the main issue, T
about believing or probing they don't belong here. I have to prove
deserve a place in the program my value by contributing to the

research”

Connections Quotes about relationship with “I started connecting and talking
others about research with others in my

lab "™

Persistence Quotes about motivation and efforts | "7 came to_far to guit; I want to
to complete the degree Sfinish my degree””

Background Quotes about prevailing “I think it would just speak volumes
characteristic important for the yous ean come from a certain place,
participants

and vou can do what vou never
thought vou couwld do. ™

Community Any mention about caring for the “I am passionate about it, but
community, the responsibility, and carrving this weight makes it feel
the pressure like, "Man, yvou can't even put it on

anvbody else'’s shoulders ™
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Themes development consisted of clustering participants’ statements to portray
socialization themes from the student perspective. This stage included pattern coding to develop
major themes; | read and marked excerpts of the text related to the prior stage. Lastly, the
validation stage consisted in exporting from Dedoose to an Excel sheet to explore patterns of
relevance within and between participants.

Trustworthiness

I used multiple techniques to ensure the credibility of the study’s analysis. I used peer
debriefing of my codes and themes to make sure they were congruent (Miles et al., 2018). |
shared my themes and findings with other researchers familiar with the DI. | supported my
analysis with analytical memoing for each interview transcript. This analytical process allowed
me to develop an understanding of participants experiences and how the context influenced those
experiences (Birks et al., 2008)

Limitations

I encountered various limitations while conducting this study. My study’s first limitation
relates to data collection. I did not conduct any of the interviews and did not have any encounters
with the participants, although | had the opportunity to work closely with the researchers in
charge of data collection, including participants’ selection and interview process. Additionally,
the researchers explained in detail the DI’s context, goals, and workshops. In 2021, I had the
opportunity to collaborate and be present in the DI workshops and participated in different
research activities linked to the project. Not conducting the interviews did not allow me to
interpret signals and have the opportunity to ask follow-up questions to seek clarification for a
better understanding of participants' responses. A way to mitigate this limitation during data

analysis was listening to interview recordings simultaneously with transcript readings to engage
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deeper with participants' statements. By listening to participants' tone of voice, | was able to get a
sense of participants' verbal behaviors allowing me to reflect on interview responses.

Second, participants did not disclose other identities besides race and gender. Other
identities such as sexual orientation, gender identity and disability status are unknown, knowing
other identities that intersect might help to situated participants' experiences beyond race.

Third, in 2020 and 2021, the global pandemic disrupted the instructional format of the
DI. The bootcamp and participants interviews took place online via Zoom conferencing
technology. Besides the global pandemic, the political and social unrest in response to the racial
reckoning in this country may have impacted participants’ state of mind.

Findings

Findings from this study illuminated students' progressive development as students
mediated their circumstances and mindsets from stage to stage. In the early stage, participants
focused on validating their presence in the program. They get isolated, concentrate on research
and courses, and restrain themselves from asking for help or guidance out of fear. They started
moving from isolation in the second stage, looking for connections, support, and advice. They
turned to research to make a connection with peers and lab mates. These connections help them
realize other peers have doubts and encounter challenges just like them. As a result, they gained
confidence, improved their research, and became comfortable with the notion that research
comes with uncertainty. They noticed they did not have to know all the answers to validate their
existence in graduate education. In the last stage, students turn to persistence and connect to their
initial motivation to pursue a Ph.D. as a reminder about why it is essential to culminate their

doctoral degree. In this study, participants looked for help in the DI to complete an important
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milestone for degree completion, suggesting there may have been a lack of support in their
academic programs.

In the following section, | share how participants in this study perceived their
socialization experiences. The analysis considered socialization premises, the revised graduate
socialization framework, and the influence of systemic issues, students' background, agency, and
context. As a result, I identified two themes: 1) socialization stages, and 2) context. Within
socialization stages | identified three sub-themes: 1) Early-stage: validating my presence; 2)
Middle stage: from validation to connection; 3) Final Stage: persistence to complete. Likewise,
the context theme includes three sub-themes: 1) Navigating White normative spaces; 2)
Honoring my community, and 3) Funding type. Figure 2 shows the themes, sub-themes, and the
conceptualization of historically marginalized engineering doctoral students’ socialization.
Figure 2

Conceptualizing historical marginalized engineering doctoral students’ socialization.
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The figure above is the visual representation of the themes conceptualizing the
participants’ socialization. It contains the different socialization stages and the context. The
arrows between stages show these are progressive, sequential, and connected. Each stage comes
from participants' own mental and emotional introspection about their experiences.

The dotted line from each stage signifies that previous stages' characteristics could
continue into the next one based on students' particular situations. The context is represented in
boxes, in nonspecific order as they could influence the participants in any socialization stages.
The dotted oval gives space to expand the stages and context depending on future evaluations.
The following section details each theme and sub-theme.

Socialization Stages
Early stage: Validating my presence

Participants in this study reflected how their socialization at early stages in the program
focused on validating their presence. In this stage participants did an introspection about how
they encountered early stages. In fact, in several instances, they describe how at the beginning of
their program they felt isolated and the need to prove their presence. In some sense, this theme is
similar to the anticipatory and formal stage from the graduate socialization framework, where
usually students are determining whether they are or not a good fit for the program.

Some participants constantly questioned their presence in a doctoral program and had
doubts about belonging in academia. Certainly, various participants believed that academia was
not set for them. The fact of not having peers or professors sharing their identities corroborates
this belief. For example, Jordan talked about how the most significant challenge at this stage was

the isolation, and the lack of representation in his program.
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| think the biggest thing at the beginning is the isolation. Honestly, like the feeling that

you're the only person ... people really don't get it. And then in addition to that, there's no

Black faculty in my department. And so really the support it's not the best support (...)

So, you kind of have to do a lot of things on your own as a minoritized student, and

you're doing a lot of figuring out of things on your own

In Jordan’s case not having another person sharing his identities brought isolation almost
by default. He did not have anyone in his department sharing his background to offer guidance,
support, or to be a role model. In another instance, David shared he had doubts about belonging
in his program. He compared his achievements with other students and had the perception others
were doing better than him

When | first started, | had self-doubt, asking myself too many times, Do | belong here?

Sometimes I’ listen to somebody talk about their work, and in my mind, I am “oh wow,

they are here and I'm like here”. (...). I still got those thoughts in my head way too often.

So that kind of hinders me to a significant extent.

This statement reflects how his doubts are still present at the last stage of the program.
Naturally, the doubts also affect his sense of belonging, and the occasional comparison with
others may reflect imposter syndrome. As various participants became isolated, they also shared
they need to be prepared for any threat against their worth as a student. They started focusing on
research while aiming to excel in their courses to prove they were worth being there.

Statements from Dylan and Wendy showed how they focused on research and
coursework to learn as much as they could, to validate their presence, and demonstrated they
were worthy to be in the Ph.D. For example, Dylan asserted “I focused just on research to

demonstrated that | have the knowledge and to have answers for everything. That way you
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demonstrated that you belong in academia and that you fit.” Likewise, Wendy noted “So, first
year PhD student, Wendy, was just trying to read absolutely everything aimlessly. I think 1 just
didn't know. I was trying to prepare for literally anything that could hit me at any time.” Even
though these students did not mention emotional and psychological distress, expecting any
possible questioning about their worth could be exhaustive and excruciating.

Another way some participants protected themselves was by avoiding asking for help or
questions. They avoided taking this action even when necessary for attaining new knowledge and
skills. They feared asking for guidance would invalidate their presence. For example, Kali
recognized her first year she was not sure what she was doing in the program. She did not ask for
help or raised any questions. She also stated asking questions could help or hinder her success.
She explained, "Well, when | first got here, I really didn't know what | was doing (...) one of the
things that either helps or hinders my success is me asking for help or asking the questions that |
have”.

Kali’s statement about asking questions as a hindrance for her success, suggested she saw
this action as a sign of weakness affirming historically marginalized students’ constant struggle
to validate their existence while convincing themselves and others that they fit in their doctoral
programs. For Olga and Wendy, they preferred not to ask questions even when they had doubts
about the course material. They introspectively tried to understand what was happening as they
explained the following:

I think we're kind of all in that cycle of | don't know anyone, and I'm just kind of figuring

this out on my own too. Because no one is going to tell you what to do unless you ask

them. And you're scared to ask them because no one else is, or it doesn't seem like

anyone else is asking either. (Olga)
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| was too afraid to ask for help or to seek out help because I thought | was supposed to do

it on my own. Or if I didn't know how to do it, I would just sit in front of a computer for a

week, trying to figure out how to do something, when | could have just reached out and

saved myself time and a lot of heartache. (Wendy)

These participants constrained themselves from asking questions out of fear of
confirming perceived beliefs about incompetence. Simultaneously, they perceived everyone else
did not ask questions because they already knew the answers. Furthermore, this statement
reflects a possible lack of communication between peers and historically marginalized students,
as it seems like no one approached them with guidance or questions.

Middle stage: From validation to connection

In this stage, participants reflected on how their socialization attempts from validation to
connection emerged. They moved from isolation to recognizing asking for help or raising their
questions was beneficial for their progress. This theme aligned with the informal stage from the
graduate socialization framework showing that learning from and engaging with peers and
research groups was beneficial to their success. For example, Kali and Olga gained confidence
and overcame their fear to ask for help. Olga also acknowledged not asking questions or
soliciting help, impacted her time-to-degree. She stated “If I had asked before, I think a year
could've been shaved off. And I guess having someone telling me it's normal to ask and not to
have all the answers right away helped”. Similarly, Kali shared “That first year and a half I did
not have the confidence to explicitly ask or say things; I’ve learned it is okay to ask and that |
need to do this, and I need to bring this up to my professor”.

Moreover, some participants during this stage enhanced their agency to mediate their

underlying realities and the context by soliciting help and making connections. In fact, mostly all
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the participants highlighted research as a reason to connect with peers and faculty. Various

participants recognized connecting with other peers about research helped them to generate more

ideas. Additionally, by helping others, they were able to improve their own research. For
example, Jordan and Gonzalo talked about research connection helped them to expand and

improve their research:

“I think something that helped me back through the middle of my PhD was I saw this as
an isolating thing, right? I saw it as, "I have my project, I'm going to work on my project,
then 1 am going to graduate.” Whereas the dynamic is the progress on your project is very
much improved by you looking at someone's project. You say, "Hey, do you need any
help with that? And you start helping you and brainstorm the shit until you find some
answers”. (Jordan)

“I started brainstorming more, I trade ideas until I find out like, "Oh, that would be
interesting to find out.” And then | keep working together and evolve into future
projects”. (Gonzalo)

Similarly, when Dylan connected with peers, he realized others were having doubts and

encountered challenges just like him. By extension he gained confidence, comprehended

research comes with uncertainty, and understood he does not need to know everything to prove

to himself or others that he deserved to be in a doctoral program. He commented,

| ended up realizing that nobody knows what they're really doing. Kind of the purpose of
research is to kind of explore what you don't know. It's relieving to realize that (...) Even
though there's a lot of uncertainty or confusion that comes with doing research. There's

this level of purpose that | get from doing this work.
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Participants also shared a good venue to make research connections and get feedback was
in their research groups. Although connecting through research seems like a good starting point
to gain confidence, moving from isolation, and getting feedback. Some participants shared they
encountered challenges, especially when trying to make connections with faculty in their
program. They elaborated on the difficulties connecting to people within the program and at the
institution who understood and validated their research. Take Dylan’s example,

When | present a research idea to faculty in my department, they’re like, oh, this sounds

cool. We don't want to invalidate your experiences so go for it. But we can't really

support you with a background of research from our expertise because that's not our
wheelhouse. So, you kind of have to do a lot of things on your own as a minoritized
student.

He needed to navigate his research interest on his own, because faculty in his department
did not identify with that type of research. Similarly, Jordan expressed although academic
discourse is around research collaboration, he had to pursue his interest on his own

| feel like all PhDs are isolated by default, because that's how they're designed, you
know? We always talk about collaborative science, and at the end of the day your
research is your research and it's no one else's (...) I can only talk as a Black men because
there just aren't enough of us (...) as I travel though this program. And feeling like I have
to do research myself because there aren't people in my program specifically that are
doing it with me.

Though research was a way of connection to help participants move from isolation,

enhance their agency, and boost their confidence; some participants experienced adverse effects
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when seeking out research connections. Next section will be focusing on participants’ persistence
to completion and how they overcome some of the challenges from this stage.
Final Stage: Persistence to Completion

Participants in this study are at the proposal and dissertation phases. In these stages,
participants are looking for help through the DI to complete critical milestones in their program.
Usually, their motivation to persist aligned with their purpose and importance for completing a
doctoral degree in engineering. Also, they reflected on what they should have done differently
and which advice they considered necessary for a future student like them. This reflection
highlights the student agency recently incorporated into the graduate socialization framework.
The dissertation completion and the graduation goals aligned with the formal and personal stages
from the graduate socialization framework, where usually students already internalize, they are
becoming a Ph.D. and what it entails.

For example, Lenmana was determined to complete her program because she wanted to
address how research is conducted in her community. She believed having the credentials, the
background, and the ability to connect and communicate research would benefit her and her
community. She explained,

Getting a PhD is not only having more control over what is being researched, but how it's

being presented (...) It would be more meaningful for me and the community if I and the

Ph.D. listened to the concerns of the community.

Dylan, also reflected on his efforts, and the opportunities he would have after graduation:

If I get this PhD. I could potentially do what excites me. Because | could really have the
potential to impact young lives and work on larger initiatives to improve the experiences

of students who are interested in STEM or engineering. I've spent so much time and
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energy on it, it's so close you can smell it (...). It's basically just continuing kind of the

pre-planned path that | envisioned.

Another important aspect of this stage is the participants’ reflections on what they should
have done differently and which advice they considered necessary for future students like
themselves. Mostly all participants’ advice centered around exploring and connecting more
during their program, confidence, agency, and establishing support systems.

About exploration students highlight research interest and connecting with other

researchers. Gonzalo and Dylan illustrated this advice in their statements:

“Pay a little more attention to what the work around you is going. I would say, "Don't be
afraid to float around interests in your own lab even if it's something different or show

interest in other people's work™. (Gonzalo)

“Explore all of your interest in the PhD program. Just like explore, explore, explore.
There is if | could give any additional advice that I did not take, it would likely be to

really participate in the community of research”. (Dylan)

In other instances, students’ advice was around confidence and agency. They
acknowledged it was crucial to understand that you deserve a place in the program, and you have

the agency to advocate for yourself and ask for help as needed.

You deserve to be here just as much as everyone else. Don't be afraid to ask other people
for help even if they're not in your field. And stay focused but stay strong. Don't let other

people bring you down. Wendy

I would tell him to do a better job of advocating for himself out the gate. | feel like |
could've had a little more control over my circumstances my first year had | been more

willing to express exactly what | needed in terms of what | wanted to do. Jordan
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Additionally, various participants advised others to find support outside the program.
Such advice included creating a network of mentors and connecting with diversity organizations
on their campuses. Participants considered it was helpful to have someone to talk to about the
different challenges students may encounter during their doctoral studies, someone who would

be able to relate and understand their experiences.
Context

This theme highlighted the specific context mentioned by most participants and directly
related to engineering doctoral students, who have been historically and systematically excluded
from these disciplines. Additionally, this theme influenced students’ validation in their program
and how participants made meaning of their socialization experiences in all the stages mentioned

above.
Navigating White male normative spaces

Most participants in this study recognized they were navigating a White male normative
space. They encountered a lack of representation, racism, sexism, isolation, and microaggression.
For example, Kymberly recognized not only the lack of representation in her program and field,

but also unequal treatment and disrespect. She lamented,

When | go to conferences, I'm the only Black person and I'm the only girl. So that does
feel different. And I don't know if it's internal or not, but | don't feel like I get the same
respect that the white male gets. Also, I'm the only girl in the whole program, and I've
noticed just the way my advisor treats me. He is a little bit different from the way he

treats the guys.
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Rory encountered people in her previous program who often invalidated her presence

and capacities just for being a Black woman:

| had a toxic program and environment; | had two advisors that pretty much told me that |

shouldn't be in a PhD program. I had a lot of microaggressions as a black woman, (...)

There was a lot of people who were just telling me, "Oh, you don't deserve to be here,

you don't belong.” It took me a long time to realize it wasn't me, it was them.

On the contrary, Gonzalo stated he did not experience racism in his program. However,
he recognized he was a White passing man which made his situation different from other

historically marginalized students.

My experience has been good. | don't think I've encountered these big sweeping racist
accusations or anything else that might hinder. I'm Latino, but I'm very white passing
(...) I'm also a man. (...) I think people who struggled the most are either female, trans or
queer, or black. (...) I fall into a minority group, but I'm very conscientious of the fact

that for a lot of people I'm not a minority group, right?

In sum, participants’ lived experiences underscored the pervasiveness of engineering as a
White male normative context, where women and especially Women of color suffered gender
and racial oppression in their graduate programs.
Honoring my community

Another distinctive characteristic from this group of historically marginalized doctoral
students was their genuine interest in honoring their community and how this influenced their
socialization in all the stages. They recognized they are few representing their community, they
feel the responsibility to be role models, change the narrative, and impact research. For example,

Jordan commented,
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So, | feel like all PhDs are isolated by default (...) I can only talk as a Black man because
there just aren't enough of us. I'm perceiving as the ethical burden of caring, you know,
the future of my people on my shoulders as | travel through this program. The stress
associated with knowing that you're a torchbearer. That you have this obligation, at least
for me, I feel this way. | have this obligation to do this because I need to serve my
community the way | feel like I need to.

This type of pressure impacts participants' journeys and their sense of belonging. They

enter graduate education with backgrounds and identities usually not shared and recognized by

peers and faculty which may negatively affect their graduate socialization, especially the

informal stage. Similarly, Kali felt she had the responsibility to represent her people. Inevitably,

she carried emotional and mental pressures usually not perceived and understood by others:

I'm passionate about my community, but | do think it adds responsibilities and pressures.
What happens if | don't speak for my people? Then, nobody else will do it. It takes a
mental and emotional toll.

Like Jordan and Kali, other participants echoed their sentiments about caring for their

communities, representing them, and being a role model. However, as they considered caring for

their communities a motivation to persist, it added more pressure and stress to their journeys.

Funding Type

Lastly, funding is critical in the engineering context and the historically marginalized

doctoral students’ socialization. Usually, funding at this level comes from their advisors’ -funded

research projects (internal) or students’ fellowships (external). Either way, most participants

shared that funding was significant as they did not have to pay for their doctoral program using

personal funds or student loans. Various students shared positive and negative aspects depending
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on the type of funding and its influence on their socialization experiences. For example, when
the funding was “internal,” students felt they were more connected to the research lab, and their
advisor was more attentive and provided more guidance. However, they stated that in most cases,
their workloads comprised more than 20 hours a week and rarely advanced their own research.

For example, David and Rowan, shared the following,

I'm working like 60 hours a week (...)so yeah, that's one thing that caused the head-bud

though between me and my advisor. (David)

| was on her grant, the work was fun, (...), but I wasn't getting anything done on my
dissertation. | was working like 30, 40, 50 hours a week. I'm just saying to myself, you
know, there is no way | can finish. I'm not making any progress in my dissertation.
They worked on funded projects, and they recognized work more hours than what was
identified in their contracts, all while compromising their degree progress. On the other hand,
when funding was “external,” participants shared they felt validated, free, and supported to
pursue their own research interests. Also, their fellowships offered connections with support
organizations and professional development opportunities. Additionally, most students with
fellowships shared their advisor did not help them as other students with internal funding.
Another flaw from this type of funding was limited opportunities to explore other areas of

research and collaborate between labs or with program peers. Cesar argued,

It's not personal. | guess. | wish that | was on a grant funded project so that I could get
more regular feedback and feel that he really supported what I was doing. (...) I'm glad
that the fellowship is preparing me if | want to pursue a faculty position. I'm glad that |
can say I've secured funding to support my research. | really created my research plan on
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my own. It ended up being more than just one PhDs' worth of research and he cut it

down.
Dylan also contended,

But for the PhD, having a stipend and having more free time and freedom was a large
factor in helping me persist, because | know a lot of students had to deal with power
dynamics or with politics with their research teams or whatever. A lot of that I've kind of
circumvented because | am more of an independent researcher. | don't necessarily do a lot
of collaborative work, which can be a hindering, but has also served me well because I'm
more productive for my own, which I think gives me a better sense of agency and

autonomy and it is really key.

Cesar and Dylan reflected on the autonomy that fellowships allowed them to have, such
as the freedom to manage their research independently while proving their skills and
competence. All these resulted in students' confidence to navigate the formal and informal

socialization stage.

In sum, the context described by participants impacted particularly historically
marginalized engineering doctoral students' socialization. However, participants had different
experiences depending on their situation and agency to mediate and overcome the challenges
encountered while navigating White male normative spaces, honoring their community, and
managing various funding streams.

Discussion

Historically marginalized engineering doctorate recipients are critical for a sustainable

workforce. However, systemic issues, attrition rates, time to degree, and degree completion

remain a problem for this population to be prepared to enter said workforce. Little attention has
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focused on the psychosocial elements influencing their doctoral journeys. To this end, the current
study explored historically marginalized engineering doctoral students' socialization experiences.
Using socialization premises (Merton, 1968, Van Maneen & Schein, 1979 and Tierney, 1997)
and theoretical perspectives from the revised graduate socialization framework by Weidman and
DeAngelo (2020), findings in this study revealed students' socialization occurs in progressive,
sequential, and connected stages where each stage indicates students' development, even with the
possible recurrence of previous stages characteristics. The stages from this study were similar to
the anticipatory, formal, informal, and personal stages from Weidman and DeAngelo (2020).
Remarkably, these stages reflected participants' introspection on their own mental and emotional
processes, their agency, and how they were socialized. Additionally, these stages illuminated
how socialization is a dynamic two-way process where students’ introspection is the center of the
process.

Accordingly, findings uncovered students' progressive development as students mediated
their circumstances and mindsets from stage to stage. As students focused on validating their
presence in the program, they became isolated, concentrated on research and courses, and
restrained themselves from asking for help or guidance out of fear of presumed incompetence.
They moved from isolation and turned to research to make connections with peers and lab mates.
These connections helped them gain confidence by realizing other peers had doubts and
encountered challenges. They understood they did not have to know all the answers to validate
their presence. Finally, students turned to persistence by revisiting their initial motivation to
pursue a Ph.D. as a reminder about why it was essential to complete their doctoral degree. In this
study, participants looked for help in the DI to complete an important milestone for degree

completion.
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Consistent with prior research, findings in this study reiterate field context, race, gender
as well as diversity, equity, and inclusion (DEI) influences on students’ socialization
experiences. Historically marginalized engineering doctoral students navigate White male
normative spaces. During their journey, they encounter diverse challenges linked to systemic
issues such as isolation, lack of sense of belonging, lack of representation, racism, sexism,
microaggression (Azizova & Felder, 2017; Gardner & Holley, 2011; Gay, 2004; Amelink &
Edwards, 2020; McGee et al., 2016; Okahana et al., 2016; Petrease Felder et al., 2014; Phelps-
Ward, 2020; Ramirez, 2014, 2017; Winkle-Wagner et al., 2020). Furthermore, the findings
elucidated the ways students navigated those challenges and their development from stage to
stage. These findings affirm that it is crucial to acknowledge student agency in the socialization
process. Additionally, findings demonstrate engineering doctoral programs need a dramatic shift
in how it operates regarding historically marginalized doctoral students offering sensitive support
from the beginning of their time in graduate school to help them understand they are valued and
to encourage seeking help, as needed.

A distinctive finding from this study is how participants recall having a genuine interest
in honoring their community. This virtue is central to participants' experiences as they consider it
essential to caring and advancing research as well as amplifying the voices of and being a role
model for their community. Interest to honor their community aligns with Naphan-Kinger et al
(2019) study exploring engineering and computing PhD students’ equity ethics development.
Participants in the aforementioned study aspired to help others and feel a sense of responsibility
to respond to social injustices throughout their academic career (Naphan-Kinger et al 2019). In
this study, the interest in honoring their community keeps them motivated, but at the same time,

adds pressure and stress to their journey, especially when professors and peers do not understand
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this way of thinking. Unfortunately, students do not recall having support from their program
regarding this vital component during their journey. Program leaders and faculty should
recognize and value the identities and values of their students.

Lastly, research at doctoral level evidenced the impact of funding on students’
experiences and performance (Amelink & Edwards, 2020; Grote et al., 2021; Nettles, M. T., &
Millett, C. M., 2006). For example, Grote et al. (2021) found funding affected students’ skill
development for research, mentorship, teamwork, and communication. Specific to the
engineering context, Amelink and Edwards (2020) noted that the contractual nature of funding
usually does not align with graduate students' career plans. The current study expands on this
matter, as findings suggest historically marginalized doctoral student socialization varies
depending on the funding type (internal vs. external) impacting students' research agency,
advisor's guidance, collaboration with lab peers, and professional development. Hence, internal,
or external funding has advantages and shortcomings. Because different funding types may
negatively impact students' socialization, it is crucial to offer additional support to mitigate the
negative consequences of these funding sources.

Based on these findings, implications for research and practice should consider
historically marginalized students' agency and emotional processes when navigating doctoral
education. The support offered to historically marginalized engineering doctoral students should
be tailored by programs, and should consider their students’ backgrounds and context, with
attention to mental health and well-being. Also, support systems should incorporate the voices of
historically marginalized students and their advice based on their experiences. Equally important

is to offer guidance based on the student socialization stage, focusing on the early stage is
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critical, as previous research demonstrated historically marginalized doctoral students usually
leave the program between the first two years (Okahana et al., 2016; Sowell et al., 2015).
Recommendations for Future Research

Future research should identify other contextual factors influencing the socialization
students experience, such as the advisor-advisee relationship, hidden curriculum, and the impact
of COVID-19 in their socialization. Also, investigating further on doctoral students’ socialization
stages before enrollment or just before degree completion as students prepare for the job market
as the current study did not have access to those stages.

Conclusion

Historically marginalized engineering doctoral students contribute to doctoral education
in the U.S. Their diverse backgrounds and perspectives advance national goals. However,
faculty, peers, and administrators often ignored their unique experiences. Therefore, it is
imperative to support this population in ways that acknowledge and value their unique
experiences and encourage them to activate their agency while working toward dismantling
systemic barriers and completing their degree. As such, the current study provides three
significant contributions to the existing research on doctoral student socialization. The first
contribution of this study is the description, understanding and conceptualization of historically
marginalized engineering doctoral students’ socialization. Their socialization is progressive,
sequential, connected and influenced by the context. Also, the study reaffirms socialization as a
dynamic two-way process where the students’ agency and introspection should be the center of
the process.

Second, this study highlights the importance of considering field, context, students’

background, and the way students mediate challenges in their socialization. This demonstrates
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the criticality of engineering doctoral programs in shifting the ways they understand the needs of
and support historically marginalized doctoral students.

Third, findings provided extended descriptions about how research, type of funding, and
connection with one’s community impacts historically marginalized doctoral students’
socialization in engineering. By furthering the literature on doctoral education through exploring
the historically marginalized doctoral students in the engineering context, this study presents an
expandable conceptualization of socialization. This information could also be used to further
investigate doctoral attrition by considering participants at different stages and foster the

development of student support tailored to individual background and program.
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Chapter 4
Implications and Conclusion

Historically marginalized engineering doctorate recipients are critical for a sustainable,
representative workforce of professionals, scientists, and researchers. They bring different
perspectives and provide diverse responses to complex issues and demands on cultural, social,
political, and global spaces, advancing and contributing to national goals. However, systemic
issues at the doctoral level impose challenges impacting degree completion, time to degree, and
attrition rates.

Higher education researchers, workforce stakeholders, and educational organizations
have focused on supporting historically marginalized populations and diversifying the STEM
fields. Within the STEM fields, engineering particularly needs diversification and contributions
from historically marginalized populations, and therefore efforts to reduce attrition rates and time
to degree are necessary. Still, little attention has focused on the psychosocial elements that
influence historically marginalized doctoral students' academic journeys, such as their
motivations and unique socialization experiences. To this end, this dissertation consisted of two
manuscripts, the first one focused on understanding Latinx doctoral students’ motivation to
pursue a doctoral degree in engineering, and the second one focused on historically marginalized
engineering doctoral students' socialization experiences.

Concerning the first manuscript exploring Latinx students' motivation to pursue a
doctoral degree in engineering. Findings extended current research in motivation using the
situated expectancy-value theory (SEVT) and qualitative analysis to gain insights about
individual perception to understand students' decisions about pursuing and completing a degree

while considering participants' specific traits. The findings evidenced Latinx motivation to
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pursue a doctoral degree in engineering varies from person to person. It contains at least one of
the subjective task values constructs and, in some instances, is a combination of subjective task
values. Predominantly, Latinx students in this study considered having a Ph.D. in engineering to
match their sense of self (attainment), and it would be useful in the future (utility). In some
instances, Latinx engineering doctoral students enjoyed research activities, knowledge
expansion, and explaining other complex concepts (interest). Besides recognizing the time and
effort (cost) invested in the Ph.D., Latinx students reported having funding as a motivational
factor. This view about funding suggested cost value has various dimensions and can be
operationalized as a new scale to investigate motivation. Additionally, for Latinx students the
idea of pursuing a Ph.D. is often present at early stages in their lives, and role models and
research engagements strengthen their desire to become a Ph.D. Lastly, Latinx socio-cultural
values such as familism and collectivism influenced their motivations to pursue a doctoral
degree. Latinx students desire to be role models and enhance educational opportunities for other
Latinx individuals. Therefore, they enrolled in a Ph.D. program to improve future job
opportunities and the possibility as well as retribute and help their family and others in the
community.

The second manuscript explored historically marginalized engineering doctoral students'
socialization experiences using socialization premises and theoretical perspectives from the
revised graduate socialization framework. Findings in this study revealed students' socialization
occurs in progressive, sequential, and connected stages where each stage indicates students'
development, even with the possible recurrence of previous stages characteristics. These stages
illuminated how socialization is a dynamic two-way process where students' introspection is the

center. Accordingly, findings uncovered students' progressive development and agency as
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students mediated their circumstances and mindsets from stage to stage. This study highlights the
importance of considering field and context when investigating socialization. Findings
demonstrate the engineering context impacts students' socialization. First, historically
marginalized students navigate White male normative spaces that impose unique challenges such
as isolation, lack of sense of belonging, lack of representation, racism, sexism, and
microaggression. Second, engineering funding type (internal vs. external) impacts historically
marginalized doctoral students' socialization and influence students' research agency, advisor's
guidance, peers' collaborations, and professional development opportunities. Third, a distinctive
finding from this study is participants’ interest in honoring their community. This value is central
to participants' experiences as they consider it is essential to demonstrating care, advancing
research, amplifying voices of disenfranchised groups, and being a role model for their
community. This virtue keeps them motivated but at the same time, adds pressure and stress to
their journey, especially when professors and peers do not understand this way of thinking.

Both manuscripts contribute to our understanding of the engineering field context and
how it influences students' motivation and socialization. Also, this dissertation centered the
students' perceptions and the crucial role of acknowledging students' agency to pursue and
navigate their doctoral programs. Additionally, it highlighted the importance of considering
cultural and social values tied to specific ethnic groups when exploring students' motivation and
the influence in socialization. For example, familism and collectivism impact Latinx student
motivation, while historically marginalized students, no matter their ethnicity, race, and gender,
are interested in honoring their community during their academic journey.

The first study demonstrated that Latinx motivation to pursue and persist in engineering

doctoral degrees contained different subjective task values and was influenced by experiences,
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interactions, and socio-cultural values. The second manuscript revealed that students'
socialization occurs in progressive, sequential, and connected stages. Each stage indicates
students’ development, even with the possible recurrence of previous stages' characteristics
depending on the challenges tied to systemic issues. Both manuscripts collectively evidence that
motivation and socialization vary from student to student contemplating various dimensions, and
both are interconnected and influence students' journeys. Additionally, the engineering fields
provide a common context for motivation and socialization regardless of the participants'
population in both manuscripts. Lastly, the systemic issues and predominantly White, male
engineering spaces create challenges that disproportionately impact historically marginalized
students' journeys.

Lastly, reflecting across manuscripts, motivation and socialization impact the historically
marginalized engineering doctoral students' journey, and various factors such as role models and
research can play a role in both psychosocial processes (motivation and socialization). For
example, in the first manuscript, participants underscored how interacting with role models and
engaging in research influenced their motivation to pursue a doctoral degree. Similarly, in the
second manuscript, participants reflected on why specific experiences such as research
opportunities and mentorship are essential to successful degree completion. Therefore,
motivation and socialization impact the doctoral journey. It is crucial to consider both elements
holistically to offer the proper assistance and enhance historically marginalized students'

experiences to promote degree completion.
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Figure 3 illustrates the broader conclusion across manuscripts illustrating the

interconnection between motivation, socialization, student journey, the aspects influencing those

elements, and the possible broader impact on attrition and time to degree. Details on dimensions

and other elements for motivation and socialization can be found in figure 1 and figure 2

correspondingly.

Figure 3
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Conclusively, motivation and socialization vary from person to person, and the

engineering context impacts both elements. Therefore, it is important to explore motivation and

socialization for other students’ groups, for example, women of color, students with disabilities,

international and LGBTIQA+ students, to find ways to mitigate their challenges.
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Implications for doctoral students

Findings from manuscript one evidenced Latinx had various personal reasons and socio-

cultural values influencing their decision to pursue and complete a Ph.D. The second manuscript

demonstrated how historically marginalized students navigated their doctoral program, mediated

challenges, and different stages in their program, and advised others and their younger self.

Findings from both manuscripts affirm students and programs must acknowledge student

agency and the influence in their academic journey. Thus, there are various implications for

students.

Identify academic, research, and service opportunities that enhance and
complement your values and your decision to pursue and complete a Ph.D. A
good starting point is sharing with your advisor and mentors the various reasons
to be in the program.

Build a community of mentors inside and outside your institution.

Connect with spaces that aligns with your identity, academic program, or
professional goals.

Advocate for yourself and identify students' support resources in your institution.
You deserve to be in your program ask for help when in fear, doubt, or stress
Call out discriminatory, biased, and inequitable actions unacceptable and harmful
to you or others.

Take ownership of your journey, be actively engaged, explore research interests,

other fields, and community of practices beyond your program and institution.
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Implications for practice

Findings in each and across the manuscript create some practice implications that
departmental policies should formally contemplate. First, results from both studies demonstrated
that motivation and socialization are interconnected, vary from student to student, and include
different dimensions. Accordingly, Ph.D. engineering programs cannot use one size fits all
educational approaches for historically marginalized students. On the contrary, programs should
implement academic and experiential Ph.D. plans connecting students' motivational values,
socio-cultural values, and socialization stages. The plan will serve as an explicit guideline for
students’ Ph.D. journey. It should be revisited at least once per semester and modified depending
on students' socialization stage, motivation values, personal needs, and career aspirations. This
plan enhances student agency gives them voice, ownership, autonomy, and assistance in their
academic journey.

Second, findings for manuscript one evidenced Latinx doctoral engineering students' less
prominent motivational value is interest. Additionally, historically marginalized students in the
socialization study wished they had explored and connected more during their Ph.D. journey.
Both findings joined motivation and socialization. If students have more opportunities to connect
with others, it is possible to boost student socialization and enjoyment for Ph.D. activities and
enhance interest value. To this end, programs and advisors should be the starting point for
historically marginalized students to connect with students and faculty within and outside the
department to stimulate mentorships and collaborative work opportunities. A good example of
this type of initiatives is the Center for the Improvement of Mentored Experiences in Research

(CIMER) among all the activities this center offers a mentee and mentor research curricula
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training to guided historically marginalized students research environment and support skills
developments (Branchaw et al., 2020)

In the same way, it is essential to encourage historically marginalized students to pursue
academic courses, certificates, and programs offered at the institutional level. Usually, these
types of opportunities reunite students sharing a similar interest. For example, if the student's
future goals are to pursue academia, certificates as future professoriate prepares students for
future faculty or leaders’ position from transformative and sustainable standpoints.
Consequently, exploring and connecting with others across the institution will enrich historically
marginalized student interdisciplinary perspectives, enhance the scope and depth of knowledge,
and offer a holistic experience probably non-achievable if they stay in their department.

Third, findings from this study evidenced historically marginalized engineering doctoral
students encounter challenges related to systemic issues embedded in the engineering White
male predominately context. These challenges impact historically marginalized engineering
doctoral students' socialization, producing fear, isolation, lack of sense of belonging, imposter
syndrome, sexism, racism, and microaggressions. To support this population, faculty, staff, and
students in engineering programs should understand the challenges imposed on historically
marginalized students. Programs must implement advocacy campaigns and curriculum programs
to promote a critically minded understanding of this context and the challenges.

Fourth, findings in manuscript two demonstrated peer and research connections enhance
student agency to mediate their underlying realities and the context. They understand it is crucial
to move away from fear and isolation, start asking for help, connect with others, and boost their
confidence. Hence, institutions and programs must offer mental health support to help student

overcome fear and other issues, and also promote safe and open spaces to enhance students'
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connections and stimulate peer mentor relationships. These spaces allow students to connect,
share concerns, ask questions about their journey endorsing student validation and belongingness
to their program, especially the first two years, as previous research demonstrated historically
marginalized doctoral attrition occurs between those years.

Fifth, based on findings on manuscript one about funding as motivational value to pursue
a Ph.D. in engineering, programs should provide information about the different funding
opportunities, including fellowship and scholarship, during the admission process and throughout
the academic program.

Sixth, findings from manuscript two exposed how funding type (internal vs. external)
impact research agency, advisor's guidance, collaboration with lab peers, and professional
development. Programs and advisors should offer historically marginalized students the proper
support to balance the advantages and flaws in the different types of funding. For example,
encourage students' lab collaboration even if the student research project is funded by an external
agency and unrelated to the advisor's research agenda. Also, in the case of internal funding, it is
essential to connect students with spaces that align with their identities and offer professional
development guidance and support.

Implications for policy

Based on findings from both manuscripts about socio-cultural values tied to Latinx
motivation and historically marginalized importance of honoring their community. All the
policies including advocacy campaigns and curriculum programs must embrace assessed
perspective narratives to highlight historically marginalized socio-cultural values, the impact of
those values in the students' academic journey, and the positive contribution to the field. These

campaigns must foster a supportive Ph.D. community that genuinely demonstrates care and
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appreciation for Historically marginalized students and all the identities they bring to the
program.

Department chairs must be proactive in establishing and periodically reviewing internal
policies and procedures supporting the above practices. Also, it is crucial to craft internal policies
based on academic research findings and departmental assessments.

Institutions and departments should implement a policy to protect historically
marginalized students and maintain a learning environment free of discrimination based on race,
ethnicity, gender, and other traits. Faculty, staff, administrators, and peers should be held
accountable for discrimination, racism, sexism, and microaggression against historically
marginalized doctoral students.

Recommendations for future research

Findings from the manuscript one, revealed various implications for research. First, the
combination of motivational values and the influence of socio-cultural values and other
experiences suggested using SEVT and qualitative analysis are suitable to gain participants
insight and perception to understand motivation of specific populations in a holistic way.
Second, this study focused on participants' initial motivation to pursue an engineering doctoral
degree and why they want to complete their degree. Researchers should investigate doctoral
engineering students' motivation longitudinally to determine which values are prominent during
key doctoral socialization stages. Third, this study demonstrates socio-cultural values and other
experiences influence student motivation. Future studies should deeply investigate which other
socio-cultural values and experiences influence students' motivation and persistence during their
doctoral journey to better inform programs and departments about Latinx and other historically

marginalized populations to offer the proper support.
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The socialization manuscript showed contextual factors that influence historically
marginalized doctoral students' socialization. Future research should extend this investigation to
identify other contextual factors influencing the socialization of students, for example, the
advisor-advisee relationship, the hidden curriculum, and the impact of COVID-19. Additionally,
this study demonstrated historically marginalized students encounter several challenges at early
stages. Thus, it is essential to investigate further historically marginalized student perceptions
about what a doctoral degree is, how they are socialized before enrollment and their reality. This
type of research possibly sheds light on a mismatch between perceptions and will help programs
to demystify the Ph.D. process for prospective historically marginalized students. Lastly, future
research should explore historically marginalized student socialization in preparation for the job
market in the last stage, as they probably will be exploring an unknown space and could
encounter similar challenges to those found in their doctoral journey. Preparing students about
what to expect when navigating the job market and after job placement can help them to navigate
those spaces.

Findings from both manuscripts substantiated motivation and socialization impact
historically marginalized doctoral journeys. Further research should consider that both
psychosocial elements are interconnected and must holistically guide data analysis to understand
historically marginalized students' journeys and propose recommendations to promote degree
completion based on their findings.

Finally, this research corroborates systemic engineering issues that bring challenges
across races, ethnicity, and other identities. Future research should explore motivation and
socialization in specific engineering and interdisciplinary programs, including other students’

groups such as women of color, students with disabilities, international, undocumented, and
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LGBTIQA+ students. These studies should include intersectionality and critical approaches to
acknowledge that everyone has unique experiences of discrimination and oppression to find
better ways to mitigate challenges and enhance their doctoral academic journey.
Implications for theory

Manuscript one findings exposed funding as a motivational factor to pursue a doctoral
degree. This finding indicates funding as a positive factor contrary to the cost value theoretical
definition by Eccles and Wigfield (2020) often seen as unfavorable or detractors. Thus, it is
pertinent to consider various dimensions to measure cost and operationalize this motivational
value as a new scale to investigate motivation (Barron & Hulleman, 2015). Also, if future
research considers the interconnection between motivation and socialization, it is essential to
operationalizing elements from socialization experiences to the different subjective value
constructs. For example, the various challenges imposed by the systemic issues can be cost value
dimensions. Lastly, surveys should consider including questions aligning with the different
aspects evidenced in this study as population socio-cultural values and the different cost’s
perceptions impacted historically marginalized student motivation. For example, several
students mentioned they considered pursuing a Ph.D. essential for their family and community,
while others said having a Ph.D. will help others in the future. In this sense, it is crucial to
consider these elements when designing surveys to study motivation. Table 11 presents some

survey question examples based on the finding from this study.
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Table 11

Survey Question Examples

Subjective Task Value Constructs | Survey Questions Examples

Cost Value Do you consider funding influence your decision to

pursue a Ph.D.?

Attainment Value Do you consider is important for your

family/Community that you earn a Ph.D.?

Utility Value Do you think a Ph.D. will allow you to help and

contribute to your family and community?

Interest Does your research connect with your social or cultural

background?

Regarding the socialization manuscript, data analysis and findings demonstrated research
must be thoughtful about systemic issues and the challenges imposed on historically
marginalized students when using the revised graduate socialization framework by Weidman and
DeAngelo (2020). Even though this revised framework includes race, gender, ethnicity,
nationality as part of the students’ background, it does not account for racism, sexism and all the
challenges linked to systemic issues. Scholars and practitioner that fail to acknowledge the White
normative context including the discrimination, bias, deficit perspectives, racial and sexist
incidents that historically marginalized students must navigated are not fully capable to
understand the realities and implication in the students’ journey and the institutional
responsibilities in those realities. In the Latinx context, Garcia et al (2020) proposed a revised

version of the graduate socialization framework incorporating critical race theory (CRT) and

112



community cultural wealth (CCW). In this model, the authors include White supremacy and the
negative impacts in post-secondary and professional associations. Additionally, they highlight
the importance of incorporating culturally relevant practices at curricula and institutional levels.
Researcher reflections

This study allowed me to understand Latinx motivation to pursue doctoral education and
the historically marginalized students' socialization experiences in doctoral engineering
programs. | had access to participants' personal views, feelings, values, beliefs, experiences, and
the influences of several factors in their academic journey. | made meaning of participants' ways
to navigate their doctoral degree and the impact of socio-cultural values and other experiences in
their motivation and socialization. The findings from both manuscripts allowed me to understand
different elements that impact the students' journey. Most of their challenges are imposed by the
system as they navigated an engineering context preconceived as White male normative space.

| evidenced how historically marginalized students deal with fears and self-doubt at such
a high level that they are restrained from asking questions or for help. They get isolated and
stressed about excelling in courses and research to demonstrate to others they deserve to be in the
program. Reflecting and comparing my experiences with participants' feelings and actions was
heartbreaking. In my country, I never felt fear in my academic journey. I never thought | had to
validate my presence or have doubts about getting my degree. | navigated a different context; |
was privileged as most of my peers were.

This comparison endorses long-standing racial inequities and discrimination in the United
States educational system. Reflecting on this reality reinstates my passion for supporting and
understanding international students’ transition to the United Stated doctoral education system. |

assume that many international students had a different reality in their country from those born,
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raised, and marginalized here. We became a marginalized population in the United States,
without knowing the true meaning of that label, and often without even understanding its logic
link to cultural and social context.

Many international students start navigating the systemic issues embedded in the
educational system, encounter racism, sexism, discrimination, and deficit-based approaches. |
always wonder if others (faculty, administrators, peers) understand how it is to be an
international student in the United States. Many international students come here to get their
degrees and come back to contribute to their country. I believe, if those international students
have a positive experience, after graduation they will genuinely commit to exchange and
collaborate with the United States. These connections promote an innovative global network to
advance higher education aligning with today's world needs and retribute in some sense to this
country.

| think there is a long way to improve doctoral education in the United States. Regardless
of the extensive body of research and the efforts to support historically marginalized students at
the doctoral level, their challenges while navigating their program echoed how actors and
doctoral practices reinforced systemic issues rather than moving away from them. During this
whole dissertation process, | challenged myself and my views. | believe changing a system is
difficult but possible. It takes time and individual commitment. As researchers, educators, and
practitioners, we need to start empathizing with historically marginalized experiences as they
encountered challenges since early educational stages that later reflect in their doctoral journey.

I hope the findings from both manuscripts' broader engineering programs understanding
Latinx and historically marginalized populations will inform the best policies and practices and

support historically marginalized students' academic and professional goals. The doctoral
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engineering field, including faculty, staff, and peers, needs to appreciate this population's socio-
cultural values, enhance their agency, recognize their academic and research contributions, and
empathize with their experiences.

Conclusion

In conclusion the findings from this study demonstrates it is important to explore
psychosocial elements as motivation and socialization to understand historically marginalized
doctoral students' academic journeys. The first study demonstrated that Latinx motivation to
pursue and persist in engineering doctoral degrees contained different values and was influenced
by experiences, interactions, and socio-cultural values. The second manuscript revealed that
students' socialization occurs in progressive, sequential, and connected stages. Each stage
indicates students’ development, even with the possible recurrence of previous stages
characteristics depending on the challenges tied to systemic issues.

Both manuscripts demonstrated motivation and socialization vary from person to person,
contemplating various dimensions, the engineering context impacts both elements and they are
interconnected and influence students' journey. For example, participants in the first manuscript
exposed interacting with role models and research influence their motivation. Similarly in the
second manuscript participants reflected and connected to their intentions and why the Ph.D. is
essential for specific experiences as research and mentorship and find a reason to finalize their
program. It is crucial to consider both elements holistically to offer the proper assistance and
enhance historically marginalized students' experiences to promote degree completion.

Future research should explore motivation and socialization in specific engineering and
interdisciplinary programs, including other students' groups as women of color, students with

disabilities, international, undocumented, and LGBTIQA+ students. These studies should include
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intersectionality and critical approaches to acknowledge that everyone has unique experiences of
discrimination and oppression to find better ways to mitigate challenges and enhance their

doctoral academic journey.
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APPENDICES

Appendix A — Interview Protocol

Questions similar to the following will be asked though the exact questions may change to
accommodate the flow of the interview.

1)

2)

3)

4)

5)

6)

What led to your decision to pursue a PhD?

a) Did you do any research previous to grad school? How long?
How did you choose your PhD institution?

a) Where did you apply?

b) How did you choose these programs?

c) What information did you seek?

d) How did you find a research topic?

Why do you want to complete your PhD (Why do you continue to persist at your PhD)?
a) What year are you in?

What type of funding do you have?

a) What funding have you had in the past?

b) Were you offered more than one type of funding?

c) How did you choose the type of funding?

d) What are the expectations of your funding type?

Talking about your advisor, did you choose your advisor or was he/she assigned?
a) How did you find your current advisor?

b) How does the process typically work in your department?

¢) What factors did you consider?

d) Did you feel supported in the process?

Describe your relationship with your advisor?

a) How often do you meet with them?

b) What does a typical meeting look like?
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¢) What topics do you discuss in your meeting?
d) What role does your advisor play in your process?
e) How familiar is your advisor with your life outside of the PhD?
7) Does your advisor motivate you to persist in the program? How or how not?
8) If you were to assign a title to the role your advisor plays in your PhD journey, what would
that be?
9) Are you part of a research group? Describe your research group.
a) Do you meet regularly?
b) How close do you collaborate with other members of the group?
¢) Do you ever interact with other team members outside of formal group meetings?
d) How involved are you in your research group?
10) Does your research group motivate you to persist in the program?
11) How would you describe the community in your department?
a) Are other professors accessible?
b) Are students outside of your group accessible?
c) How involved would you say you are in the community?
12) How do you receive most of your information with relation to completing your degree?
a) Are you satisfied with the amount of information you receive through your advisor
department?
b) Do you receive information when conversing with your peers?
13) What kinds of factors do you think are supporting and/or hindering your progress?
a) What would you say are your largest obstacles at this point? Why?
b) What factors have contributed to your success in graduate school?
c) How important have these factors been to you?
14) What were your expectations about the PhD when you began your degree?
a) How did these expectations compare?
b) If you could give any advice to your younger self before starting the PhD, what would
that be?
15) Are you part of any diversity initiatives in your institution?
a) If no, why?
b) If yes, what do they offer? How often? Why do you do it?
16) Literature says URM students have a different doctoral experience than majority students,
what has your experience been?
a) If you could give any advice to minorities beginning their PhD, what would that be?
b) Is your advisor the same status? Would you say that influences your advising
relationship?
17) Has anyone in your family obtained a PhD?
a) What are you parents’ highest level of education?
b) How do you describe talking to your family about your PhD experience?
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Appendix B — Survey (sections related to my study)

Q5 The following questions ask about completing a doctoral degree. How true of you are each
of these statements?

Definitel ~ Probably Neither Probably Definitely
y True true (2) true nor false (4) false (5)
(1) false (3)

(2) 1 feel that being
successful in my PhD is
important.

(2) Itis important for me
to complete my PhD.

(3) Itis important to me to
be good at the skills
needed to complete a PhD
degree.

(4) In general, | find
working on my PhD
research is interesting.

(5) I like the subject of my
dissertation.

(6) The amount of effort it
takes to complete the PhD
is worthwhile to me.

(7) The amount of time |
spend working on my PhD
keeps me from doing
other things | would like
to do.

(8) My PhD will be useful
in my daily life.

(9) My PhD will be useful
for what | want to do after
| graduate.
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