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ABSTRACT OF THE DISSERTATION

The Influence of Protégé-Mentor Relationships and Social Networks on Women Doctoral

Students’ Academic Career Aspirations in Physical Sciences and Engineering

by

Yu Gu

Doctor of Philosophy in Education
University of California, Los Angeles, 2012

Professor Robert A. Rhoads, Chair

Physical sciences and engineering doctoral programs serve as the most important
conduit through which future academics are trained and prepared in these disciplines. This
study examined women doctoral students' protégé-mentor relationships in Physical sciences
and engineering programs. Particularly, the study examined the influence of such
relationships on this group of women's academic career aspirations.

A qualitative approach and ethnographic traditions were utilized to explore women
doctoral students' mentoring activities in physical sciences and engineering programs. In-
depth ethnographic interviews were conducted between 25 women doctoral students and 10
faculty members from both genders from a large research university in the western region of
the U.S. Data was analyzed based on both a deductive approach guided by theory and an

inductive technique that reflects the themes, which emerged from the data.
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The major findings of this dissertation study relate to women's experiences, challenges,
and coping strategies; and shed light on the current state of protégé-mentoring relationships
in physical sciences and engineering departments at one research university in the western
U.S. The findings highlight the nature of the protégé-mentor interactions and the influence
such relationships have on women's decisions concerning the pursuit of academic careers.
Further, though unexpected at the design stage of this study, the importance of community
emerged as one of the major findings. The formation of communities of support seems a
rather important strategy for women doctoral students in the process of graduate school
socialization; this source of support appears critical to further developing protégé-mentor
relationships, increasing one's ability to publish, engage in research collaborations, and
advance one's career interests. It appeared to be the most important strategy that women
doctoral students utilize when they experience dysfunctional advising relationships. Many
women's career related concerns and their pursuit of helpful advice were provided by a
meshwork of women scientists and engineers whom they met at conferences, cross-
institutional research collaborations, and through a range of diverse channels and networks.
In many cases, these included those developed during their undergraduate studies.

Informal socialization was very impactful when it came to women's career decision-
making process. Yet, this is the aspect of protégé-mentor relationships that has been mostly
overlooked by faculty in physical sciences and engineering departments at Western Research
University (WRU). Women faculty interviewed for my study were more likely to be
involved in the informal socialization process to mentor women doctoral students and
address work-life balance concerns. Some male faculty expressed negative attitudes toward

women doctoral students' non-academic career trajectories and tended to ignore work-life
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balance concerns. They demonstrated these attitudes in daily interactions and research
meetings with their students. This created an environment in which it was difficult for
women to discuss their doubts about pursing academic careers with their faculty advisors.
This study revealed some hidden barriers that many women doctoral students face in
the process of pursuing a doctorate and an academic career. These barriers took the form of
implicit gender bias, complex and confusing environments for negotiating unequal treatment,
dysfunctional advising, particularly in the areas of career development and work-life
concerns, and subtle and covert forms of sexual harassment. Acknowledging these unique
challenges that women doctoral students in physical sciences and engineering programs face
is the first step to assist them, but more direct efforts also most be employed to create an
environment more conducive to the success of women in science. Department faculty and

academic leaders have a unique and important role to play in addressing such matters
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CHAPTER 1: INTRODUCTION

A research project team member once asked me a seemingly simple question: "Why are
you passionate about studies of women scientists and engineers?" Not until then, did I fully
realize that the explanation mostly derives from my childhood and educational experiences. Due
to my parents' demanding academic careers, I spent many after-school hours in engineering
classrooms, laboratories, and conference preparation rooms. As a six-year-old, my fearless
social skills helped me to make many friends in those settings, so I was not lonely. On one
particular day, I looked around my mom's engineering lab and realized that she and I were the
only women in the room of over 30 students. It was very late at night, but my mom was still
working on some "mad" program that she needed for the next day. I remember this quite vividly
because I always fell asleep in my mom's lab and would be carried home when she and my dad
were done with work. I might have been used to the situation, but I vaguely remember that my
friends back in grade school were amazed at how "boring" my family life was. They joked with
me that if [ spent any more time with those "engineering guys" I would turn out to be a
"tomboy."

As my education progressed, I was fortunate to visit the campuses of many prestigious
universities around the world through exchange programs, conferences, and research projects. |
enjoyed meeting new people from all different disciplines. Interestingly enough, my major
social circle has continued to be comprised mostly of scientists and engineers. As these
interactions entail formal and informal meetings, I spent much time waiting for my
colleagues/friends/interviewees in the hallways of many science and engineering departments.

Although the combination of sharp noise from the electric saw and the awful smell from the



melting solder made the waiting periods dreadful, I very much enjoyed observing roster boards
on the walls of the hallways. I got to know professors' and graduate students’ names, divisions,
research interests, gender, and sometimes race/ethnicity. However, it always struck me that the
number of women students listed on the rosters was quite small; indeed, they were so few in
number that I often got to know them quite well. I rarely recall seeing women professors.

Prior to the English philosopher of science William Whewell's coining of the term
"scientist" in the 19th century, this group of people had been famously known and openly
referred to as "men of science" (Rossiter, 1984). Although women's participation and
contribution to science started to bourgeon in the late 19" century, their names and contributions
were still included in directories named "Men of Science" (Rossiter, 1984). At the end of the
1920s, women earned 12% of doctorate degrees in science in the United States (U.S.) (Babco et
al., 2002). Regardless of the statistical increase, women's achievements were offset by two
patterns: "women students were often pigeonholed and thwarted in the curriculum and in campus
life; and, most invidiously, those who completed advanced degrees encountered blatant
discrimination in the academic job market" (Thelin, 2002, p. 143). Higher Education scholar
Maresi Nerad (1999) referred to the barriers that early women academics faced and their
marginalization as "the academic kitchen" in the U.S. higher education system.

The educational achievement of women has continued to surge over the past decades. A
comprehensive report from the Commission on Professionals in Science and Technology (CPST,
2006) revealed that in 1980 women comprised 3.6% and 12.3% of doctoral degree recipients in
engineering and physical/environmental sciences, respectively. By 2004, these numbers had
grown to 17.6% and 27.3% in both fields. However, the number of women scientists and

engineers who chose to enter academia upon receiving their doctorates did not increase



proportionally. The CPST report revealed that only 14.8% of all physical sciences' faculty
members were female. This number was even smaller in engineering; women represented only
10.3% of all engineering faculty members. Further, women in engineering and the physical,
mathematical, and environmental sciences made up less than 6% of full-time professor positions.
Two decades ago, researchers projected that achieving occupational equity for women in science
and engineering was just "a matter of time" -- time for increasing the number of female Ph.D.
students and moving them through the ranks of academia (Fox 2001). However, the prediction
that growing numbers of female Ph.D. students would lead to greater gender equity among the
professoriate has yet to come to fruition.

Critiques of women's conditions and participation in academic science and engineering
has prompted a line of inquiry that ranges from pipeline issues (Lubinski and Benbow, 1992;
Seymour, 1995; Springer, Stanne and Donovan, 1999), graduate education (Austin, 2002; Austin
et al., 2009; Gardner, 2006; 2008; Geiger, 1997; Gold and Dore, 2001), the characteristics and
nature of academic careers (Albach, 1995; Cole and Cole, 1973; Fox, 2000, 2008; Long and Fox,
1995), and mentoring and networking (Gersick, Bartunek, and Durron, 2000; Healy and
Welchert, 1990; Ibarra, 1993; Traweek, 2000), among other factors. The issues are many, but
perhaps the work of Fox is a starting point for considering the complex challenges that women
face in pursuing careers in academic science and engineering. Among a large pool of literature,
some works reveals the multifaceted barriers faced by women doctoral students. Fox (2000)
studied over 3,000 women doctoral students' experiences in science and engineering programs
via surveys and interviews. Her findings revealed that women are less likely to be “taken

seriously” by their advisors, feel less comfortable speaking in research group settings, and are

1 Physical sciences, as defined by the Merriam-Webster dictionary, refer to any of the natural sciences (as physics,
chemistry, and astronomy) that deal primarily with nonliving materials.

3



less likely to receive effective help and feedback from their professors. Fox's work suggested
that greater attention should be paid to understanding the experiences of women graduate
students in science and engineering, with a particular focus on their interactions with faculty
members.

A major research project that I conducted prior to this dissertation project was a study
investigating the impact of faculty-student interactions on women engineering doctoral students’
career aspirations. The findings from this research project and observations of women scientists
and engineers revealed the influential effect that mentoring relationships have on career
trajectories. Many of the participants expressed deep concern, even fear, about being able to
balance their future academic and family lives. Some attributed this to the lack of female role
models in their respective programs. Many of the women in my study reported disparities in
work, networking, and funding opportunities compared to their male counterparts.

There already exists a large body of literature that touches upon the topic of mentoring
doctoral students in the science, technology, engineering, and mathematics fields (Anderson and
Swazey, 1998; Fox, 2001, 2006, 2010; Gardner, 2010; Golde and Dore, 2001; Johnson and
Huwe, 2003; Maher, Ford, and Thompson, 2004; Paglis, Green, and Bauer, 2006; Tenenbaum,
Crosby, and Gliner, 2001). These studies have deepened the understanding of the influence of
mentoring on students’ graduate experiences and career trajectories by focusing on graduate
school satisfaction, job outcome rates, mentor-mentee ratios, graduate student socialization
processes, and other issues. Despite this, two missing aspects currently exist in the literature that
need to be addressed by future studies, and to which results of the present study contribute. The
current literature regards the "mentor" to be the center of the nature of the phenomenon between

a mentor and protégé, as in the "mentoring" relationship. However, the present study raises a



question about the naming and indeed the conceptualization of this phenomenon following the
feminist theory tradition. Feminist theory suggests renaming it as a protégé-mentor relationship.
First, by placing the word “protégé” prior to “mentor,” the term contributes to the reversal of the
power typically ascribed to the mentor that, per the feminist theory tradition, needs to be
questioned. Second, existing studies rarely focus on women doctoral students’ deliberations,
considerations, and aspirations related to pursuing academic careers. Questions about these three
factors are difficult to answer by most methods. However, ethnographic methods are best
equipped to study a culture, which has "acquired knowledge used to interpret experiences and
generated behavior" (Bogdan and Bilken, 1998, p. 6). Thus, an ethnographic method was
determined to be the most sufficient method to employ in the case of the present study.

In Zuckerman, Cole, and Bruer's (1991) The Outer Circle: Women in the Scientific
Community, the authors argued "science remains a domain dominated by men, not only
numerically but in the exercise of authority, power, and influence" (p. 340). This thought-
provoking statement puts future research about women in academic science in perspective.
Studies about women in science cannot solely focus on the challenges and experiences that
women face given the broader male dominated organizational culture. Researchers need to
"study up," an idea advanced by Harding (1994) and upon which I will later elaborate further,
starting with women's daily lives, while observing and revealing the power relations that exist in
various levels of larger departmental, disciplinary, and institutional infrastructures.

Lastly, researchers need to be cautious of conventional "neutrality" and "objectivity"
claimed by the science community and the question of whose "objectivity" the study is
examining as well as how the rules and standards are defined. Along these lines, Zuckerman,

Cole, and Bruer (1991) began a unique line of inquiry in studying women academics in science



and engineering by exploring such issues from four crucial perspectives: women’s professional
status, scientific productivity, cultural barriers, and theoretical explanations. Multiple interviews
with famous women scientists and rich descriptions revealed severe barriers and disparities that
women academics face today. This dissertation furthers the research on women academics in
science and engineering by examining women doctoral students' protégé-mentor relationships
and career trajectories within the context of the feminist theory.
1.1 Purpose of the Study

This study was conducted with the purpose of examining women doctoral students'
protégé-mentor relationships in physical sciences and engineering programs; more specifically, I
intended to examine the influence of such relationships on this group of women's academic
career aspirations. Graduate school serves as the most important institution at which future
academics are trained and prepared (Austin, 2002; Tierney and Rhoads, 1994), but institutional
and disciplinary differences also play a major role in impacting the processes and outcomes of
graduate education (Clark, 1987, 1993). Mentoring relationships are considered one of the most
significant parts of graduate school education. However, this relationship is not necessarily
beneficial to both mentor and protégées, especially when it comes to cross-gender mentoring
(Kram, 1985; Long, 1997; Mertz and Pfleeger, 2002). To examine the chosen topic, I
incorporated a feminist standpoint theory lens (Harding 1991, 2004; Haraway, 1988; Hartsock,
1983, 1998; Smith, 1974) that enabled the study to take into account a host of factors, such as
power, gender, politics, and history. The answers to these questions contribute to the research of
higher education from the perspective of women perceived as "gender-neutral." In addition, I
also employed Kram's mentoring theory to conceptualize the meaning, complexity, and relational

perspectives of mentoring. The work of Tierney and Rhoads (1994) on faculty socialization was



adapted to situate the research of women's mentoring relationships in the context of the academic
career and socialization processes. My dissertation research was a qualitative study with
ethnographic traditions guided by the following major research questions:

1. How do women doctoral students in physical sciences and engineering define and
participate in protégé-mentor relationships?

2. How do faculty working with women doctoral students in the physical sciences and
engineering define and participate in protégé-mentor relationships?

3. To what degree and in what ways does the gender of the faculty mentor influence the
protégé-mentor relationships in the specific case of women doctoral students (protégé) in
physical sciences and engineering?

4. How do the protégé-mentor relationships influence deliberations, considerations, and
aspirations related to the pursuit of academic careers?

5. Does the gender of the faculty member influence doctoral students' interest in pursing

academic careers?

1.2 Significance of the Study

Doctoral education serves as the bridge that connects students' scholarly skills and
interests with the academic profession. Despite the constant barriers that women face
progressing in the physical sciences and engineering related fields, the number of women
doctoral recipients in these fields has increased over the past two decades. However, the number
of women who enter the academic profession remains disproportionally low compared to the
number of doctoral degree recipients. The significance of this study is the investigation of the
effect of women doctoral students' mentoring relationships on their academic career aspirations

in physical sciences and engineering departments. As part of a larger transnational and



interdisciplinary research agenda, this dissertation had the goal of contributing to theory and
practice in the fields of higher education, women's studies, and science and technology studies.
This study was primarily guided by the scholarship of feminist standpoint theory and was
purposefully designed to intersect with science/engineering literature and work on faculty
socialization with the intention of improving the theoretical gap in current studies of women in
academic science settings through a feminist lens. The findings consist of multiple aspects,
including the following: they (1) provide policy implications to various science and engineering
programs in mentoring and preparing future women academics in the workforce, (2) offer
insights to graduate education divisions in assisting graduate students in socializing into their
programs, disciplines, and institutions, (3) assist science and engineering faculty as well as
diversity and development offices in improving the processes and policies for women, and (4)
offer insights to departments beyond the physical sciences and engineering in terms of enhancing
the quality of faculty-student interactions and consequently students' career outcomes.

In the next few chapters, I provide a comprehensive overview of the literature on
mentoring, doctoral education, and women in science and engineering. I then elaborate the

theoretical framework. Next, I discuss the methodology employed in this study.



CHAPTER 2: THE CONTEXT OF WOMEN DOCTORAL STUDENTS IN
PHYSICAL SCIENCES AND ENGINEERING
2.1 Mentoring

The origin of the word "mentor" can be traced back to Greek literature: Homer's (2004)
The Odyssey. When Ulysses decided to go to war, he chose a trusted friend, Mentor, to serve as
guardian and teacher of his son Telemachus. Given the long absence of his father, Telemachus
received care, education, protection, and guidance from Mentor.

Research has taken great interest in the study and exploration of mentoring relationships.
This enthusiasm has created a myriad of studies and forms of knowledge that broadly and
imprecisely define the term "mentoring" or "mentoring relationship" (Bogat & Rednar, 1985).
Along these lines, Healy and Welchert (1990) called for the community of mentoring scholars to
"synthesize empirical findings into a coherent body of knowledge" to identify and explore
unanswered mentoring questions (p. 17). Merriam (1983) regarded the mentoring relationship as
"a powerful emotional interaction between an older and younger person, a relationship in which
the older member is trusted, loving, and experienced in the guidance of the younger" (p. 162).
Additionally, Kram (1985) brings the mentoring relationship to the working world where "a
mentor supports, guides, and counsels the young adult as he or she accomplishes the important
tasks of learning to navigate in the adult world and the world of work" (p. 2). The definition of
the protégé-mentor relationship in the present study incorporates Merriam's definition of
mentoring in adult development and Kram's definition of mentoring at work places. It is defined
as a powerful interactive process where the experienced members of an organization provide
psychosocial and career advice to guide new members in navigating the social and professional

organization and accomplishing desired goals.



Studies show that both the mentor and protégé benefit from the relationship. Levinson et
al. (1978) found in their study of young men that mentoring is the most important relationship in
young adult males' development. This finding suggests that young men not only benefit
psychologically from the mentoring relationship, but mentors also help young men develop skills
and intellect that will lead to advancement in their careers. Kram's (1980, 1985) longitudinal
studies of mentoring relationships in large corporations revealed the benefits that mentors receive
from the interaction included, but were not limited to, internal satisfaction, broader recognition in
the field, and praise and respect from external parties. Regarding graduate school settings,
mentoring is considered to be the most crucial aspect of the educational experience (Phillips and
Pugh, 1994). Graduate students are likely to benefit from the mentoring relationships in various
areas: professional identity, academic productivity, professional networking, graduate school
satisfaction, and academic career advancement (Clark et al., 2000; Green and Bauer, 1995;
Tenenbaum et al., 2001; Weil, 2001).

Levinson et al.'s (1978) study has been widely cited by mentoring scholars, making great
contributions in connecting mentoring studies with adult development (Rose, 2003), but the
study ignored two critical aspects. First, the positive influences of mentoring tend to be over-
emphasized by the existing mentoring literature. Based on an extensive review of the published
workplace and graduate school mentoring literature, Healy and Welchert (1990) asserted that
many studies "used a tautological definition of mentoring that produced positively biased
samples" (p. 19). The spontaneous association between mentoring and positive
experience/relationships has misled many researchers to focus their research hypotheses on the
protégées' positive experience, satisfaction, and outcome in graduate school. The second

problem lies in the perspective of gendered mentoring. Several recent studies have identified
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and addressed cross-gender mentoring problems by determining that not all mentoring
relationships are beneficial to the people involved (Long, 1997; Mertz and Pfleeger, 2002;
Waldeck et al., 1997). Eby, McManus, Simon, and Russell (2000) studied mentoring
experiences from the protégé’s perspective by surveying over 200 managers in a large executive
development program and unveiled a series of unpleasant, and even harmful, mentoring
experiences. They reported that this kind of negative experience is especially evident when the
mentor's and the protégé’s values and attitudes differ.

It is not surprising that Levinson et al.'s study conducted over 30 years ago focused
primarily on the male protégé’s experience in a mentoring relationship. Kram (1985) raised
concerns regarding the stereotypical roles and sexual tensions that occur in a female protégé-
male mentor relationship. Clawson and Kram (1984) argued that in the case of dealing with
cross-gender relationships, mentors and protégés tend to rely on traditional roles learned from
other settings, complicating the mentoring relationship. Noe (1988) similarly contended that
most women protégés prefer interaction with mentors from the same gender. This phenomenon
leads to a lack of mentor relationships for many young professional women as they enter a male-
dominated field. A recent study based on a national survey (Clark, Harden, and Johnson, 2000)
for clinical psychology doctoral students revealed different mentoring experiences between men
and women, including "competitiveness between mentor and protégé, sexism by the mentor, a
perception that the mentor favored male graduate students, and emotional or sexual attraction
between mentor and protégé" (p. 266). An alternative approach to mentoring research is to
completely neglect "gender" as a dimension. Ehrich, Hansford and Tennent's (2004)
comprehensive review and analysis of mentoring literature in education contexts revealed a

shocking number of studies that ignored gender factors in studying mentoring issues in education
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(2.5% of all studies reviewed had “gender” as the work’s focus). Given that cross-gender
relationships may bring more complexities (Kram, 1988) and ethical concerns (Johnson and
Nelson, 1999), it is important to conduct more research that specifically considers gender as an
important facet of the experience.

Although a small number of recent studies have polarized an already limited
understanding of cross-gender mentoring relationship concerns by concluding that no gender
differences have been found in their studies (Rose, 2005; Tenenbaum, Crosby, and Gliner, 2001),
the studies' samples were chosen from mostly the social sciences and humanities. To clarify the
definition of mentoring in the graduate school context, Rose’s study developed and employed the
Ideal Mentor Scale (IMS) and surveyed over 500 doctoral students from two universities in the
Midwestern region of the U.S. She found that women place more weight on the importance of
the mentor’s role-modeling and professional ethics functions than do men, while there are no
gender differences in terms of the definition of an ideal mentor. Tenenbaum, Crosby, and Gliner
sampled 89 graduate students from six departments and investigated their graduate school
satisfaction, academic productivity, and mentoring outcomes based on both advisors and
mentees’ gender. They reported that gender differences appeared to be insignificant. Other than
that male advisors provide slightly less psychological help, there was no significant difference
between men and women advisors. However, the sample size of Tenenbuam et al.’s study was
fairly limited and was designed in a way to measure advisor-advisee gender differences based on
surveying advisees, who tend to be vulnerable in such a powerful dynamic. Rose’s study
focused on testing the definition of mentoring between men and women. Although her research
results suggested that women and men doctoral students define their “ideal mentor” in a similar

manner, nothing was found about real-life student-faculty mentoring relationships, protégé
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graduate school experiences, or whether or not there was a gender gap in such a dynamic. More
studies are advised to deepen our understanding of the relationship between graduate school
mentoring and students’ career outcomes from both protégé and mentors’ points of view.

Despite the "gender-equity" in graduate school claimed by some studies, many large-
scale longitudinal studies have revealed significant gaps between female and male students
regarding student-faculty interactions at the undergraduate level. Sax (2007) analyzed 40 years’
of U.S. college, entering student data, and found that 21* century women college students are
facing many disparities in terms of their confidence and stress levels as well as financial
situations when compared to their male counterparts. A 2005 study by Sax, Bryant and Harper
suggested that female and male students may benefit differently from their interactions with
faculty members. A more recent study by Kim and Sax (2009) about student-faculty interaction
in research universities demonstrated that course-related student-faculty interaction could inspire
students to pursue more advanced degrees. Yet, male students displayed stronger patterns of
interaction with faculty compared to female students.

Many studies regarding student-faculty interaction at the graduate school level focus on
graduate students in psychology and business programs (Ehrich, Hansford, and Tennent, 2004).
Paglis, Green, and Bauer (2006) conducted a five-year study to investigate the benefits that
doctoral students receive from their mentoring relationships during their training processes. This
study resulted in a higher statistical correlation between mentoring relationships and doctoral
students’ research productivity, commitment to research careers, and self-efficacy. However, the
majority of the sample in this study was male doctoral students and gender was not considered as

a variable in the study.
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A majority of studies focus on assessing or testing the mentoring issues based on the
protégés’ rating of their graduate school experiences (Rose, 2003), and consequently, little is
known about the mentoring relationship from the mentor’s perspective (Crosby, 1999; Mertz,
2004). Additionally, most mentoring literature tends to automatically consider graduate
students’ advisors to be mentors and runs the risk of equating the advising relationship with the
mentoring relationship (Rose, 2005).

Maher, Ford, and Thompson (2004) investigated women doctoral students’ degree
completion progress and the corresponding relationship with their graduate experiences in an
education program. Results showed that early-completing women doctoral students were more
likely to receive stronger support from faculty mentors and sufficient funding opportunities.
Utilizing data collected from both alumni and recent graduates, this study focused on the issue of
women’s doctoral completion rate and multi-faceted graduate school factors. Yet, the
relationship between women’s career outcomes and their graduate school experiences was not
analyzed nor provided.

The present study was an investigation of women doctoral students’ aspirations to pursue
academic careers and the corresponding relationship with their protégé-mentoring relationships
in physical science and engineering departments. Specifically, through ethnographic methods
and feminist standpoint theory lenses, the influence of protégé-mentor relationships on women
doctoral students’ aspirations, deliberations, and considerations of the possibilities of pursuing
academic careers was examined. Via aforementioned schemes, this dissertation was intended to
contribute to the knowledge of mentoring, graduate education, women's studies, and science and

technology studies in the following three ways.
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First, this study challenged the traditional definition of the "mentoring relationship,"
which is based on the definition of the "mentor," and thus, the mentor is intrinsically assigned
much of the power in the relationship. This study utilized feminist standpoint theory and
conceptualized this kind of relationship as a "protégé-mentor relationship." By placing protégé
first, the term contributed towards a better understanding of the power dynamics in the
relationship between protégés and mentors by effectively lessening the amount of power
typically ascribed to the mentor.

Second, previous literature rarely touches upon the influence of protégé-mentor
relationships and academic careers amongst women doctoral students in physical sciences and
engineering. Specifically, this study utilized ethnographic methods to capture and investigate
women doctoral students’ academic career aspirations, considerations, and deliberations, as well
as how the mentoring relationship influenced such processes.

Third, gender was the major variable in the process of exploring and examining the
influence of women doctoral students’ protégé-mentor relationships on their academic career
aspirations. Women students’ protégé-mentor relationships and experiences were centered in the
data collection and analysis process guided by feminist standpoint theory (Harding, 1991, 2004;
Haraway, 1989; Hartsock, 1998; Smith, 1974).

Furthermore, the sample also included faculty mentors from physical sciences and
engineering departments, and ethnographic interviews were conducted with faculty members to
introduce the protégé-mentor relationships from the mentor’s point of view. To protect the
confidentiality of the participating protégés, I did not interview the faculty advisors of the
protégés interviewed in this study. Meanwhile, I was aware of the potential limitations of the

study design because the faculty members who agreed to participate in the study could already
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be in a fairly good mentoring position with their doctoral students. The design of the research
problems and interview questions focused on the full spectrum of psychosocial and career
activities and incidents occurring among women doctoral students and their faculty mentors; in
other words, this dissertation study investigated how the protégé-mentor relationships influenced
women doctoral students’ considerations, deliberations, and aspirations related to academic
careers.

Given the dramatic differences in doctoral programs across various disciplines, the
following section provides a review of the current literature on the topic of doctoral education,
focused mainly on science and engineering. As such, it provides a solid foundation to properly
place this study in the current intellectual debate.

2.2 Doctoral Education in the United States

Before delving into a brief overview of the historical context on doctoral education in the
U.S., a seemingly simplistic, yet crucial, question needs to be answered: What is the purpose of
the Ph.D.? The establishment of the first Ph.D. program in the U.S. prompted this question, but
scholars have still not reached a consensus. A widely referenced definition offered by the
Council of Graduate Schools (1995) states "the Ph.D. program is designed to prepare a student to
become a scholar, that is, to discover, integrate, and apply knowledge, as well as communicate
the disseminate it" (p. 10). Doctoral programs are designed to train the next generation of
scholars to be capable of conducting independent, original, and innovative research (Mendoza
and Gardner, 2010). However, with the emergent influence of the global knowledge economy,
doctoral education is also viewed as a knowledge factory that equips students with skills to
participate in the new knowledge industries (Jones, 2003). The latter point is especially explicit

in career paths among science and engineering doctoral students.
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Following the German model of postgraduate education, the founding of Johns Hopkins
University in 1876 set an historical milestone marking the beginning of graduate education in the
U.S. (Gumport, 2005). Following Johns Hopkins's objective of connecting scientific research
and graduate education, many graduate schools emerged in different forms all across the country
ranging from newly established universities (e.g. Stanford in 1891 and the University of Chicago
in 1892), adding graduate components to existing research universities (e.g. Harvard and
Columbia), to expanding research functions of state universities (e.g. the universities of
Wisconsin, Michigan, and Illinois) (Gumport, 1993). The implementation of the Morrill Acts of
1862 and 1890 further prompted the development of graduate education in the U.S. and "by 1900
the number of Ph.D. granting institutions had grown to fourteen, awarding a total of 300 Ph.D.s"
(p. 228). Graduate education thrived due to strong government involvement, philanthropic
support, and organized, active research (Geiger, 2004; Thelin, 2004).

By the 1970s, due to government financial deficits and inflation, the growth rate of
funding for academic research started to slow and global markets began to play a greater role
(Slaughter and Leslie, 1999). The concerns of college access for the baby-boomer generation
outweighed the interests in scientific research. The emergence of student movements in the
1960s and 1970s also encouraged universities to conduct more "practical" research, the results of
which could be used directly for society. Due to the increase of undergraduate enrollment and
the societal needs for practical research, universities presently face an increasing number of
difficulties toward supporting graduate education (Geiger, 1993). People have raised questions
about the quality of graduate education, the increasing amount of pay faculty receive less basic
research funding, and the job market for junior faculty members, which has become dismal.

Many scholars regard this situation as the indicator of the end of the "golden age of American
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higher education" established in 1960s. More and more universities have shifted from a basic
research paradigm to applied research projects (Gardner and Mendoza, 2010; Altbach, Berdhal,
and Gumport, 2005). The relationship between research universities and industry has become
more intimate, especially in the fields of engineering and applied sciences to attract more
funding (Geiger, 1993).

The increasing number of doctoral students, decreasing support in graduate education,
shifting demographics, and dramatically shrinking academic positions pose serious labor market
issues to present doctoral education (Austin and Wulff, 2004). The increasing interest and
demand for doctoral education from consumers resulted in the growing enrollment of science
and engineering doctoral students and ever-increasing numbers of doctoral programs. Geiger
(1997) pointed out that a "prestige hierarchy" existed among various science and engineering
doctoral programs leading to an disturbing phenomenon: "The Ph.D. as it stands today represents
too much training for many potential consumers of graduate education; yet it is too little training
for its traditional role of preparing future faculty" (p. 249).

An authoritative and large scale national study conducted by the Committee on Science,
Engineering, and Public Policy (COSEPUP) in 1995 triggered an outcry for reshaping and
reforming U.S. doctoral education to "meet the country's varied needs for scientists and
engineers" in the rapidly changing global political economy (p. 3). Golde and Dore's (2001)
large scale, interdisciplinary survey study on doctoral students' experiences revealed problems in
today's doctoral education. The study found that "the training doctoral students receive is not
what they want, nor does it prepare them for the jobs they take" (p. 3). On the students' part, the
study showed that "many students do not clearly understand what doctoral study entails, how the

process works, and how to navigate it effectively" (p. 3). In Paths to the Professoriate, Austin
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and Wulff (2004) summarized the current challenges that doctoral education faces: it fails to
effectively fulfill its responsibilities to employers, it does not sufficiently prepare students for the
world in which they will work, and it does not efficiently meet changing societal, national, and
global needs.

Although the aforementioned challenges face all doctoral programs and institutions, they
vary drastically among disciplines due to the goal of training students to be independent scholars
and researchers. In Clark's The Research Foundations of Graduate Education (1993), Gumport
emphasized the disciplinary differences in achieving these goals of doctoral education. She
stated "different disciplinary interpretations of research training prevail. Most common are the
laboratory-intensive apprenticeship model of the sciences and the library-intensive
individualistic model of the humanities" (p. 263). Under the principles of the apprenticeship
model, science and engineering doctoral education is characterized by two major factors: (1)
doctoral students' active and frequent participation in professors' research projects and
collaboration with other professors, researchers, and fellow students, and (2) abundant research
funding to ensure the "hardware (research labs, facilities, and equipment)" and "software
(computing software, doctoral student funding, team collaborations)" for productive and time-
sensitive research.

Gardner's (2010) study of 60 doctoral students from six different disciplines in
humanities, social sciences, physical sciences, and engineering revealed fairly common themes
of students' socialization experiences: support, self-direction, ambiguity, and transition.
However, "the degree of dynamics of the experience discussed varied by departments with
higher or lower completion rates" (p. 69). Gardner found that, as students of the departments

with "lower completion rates," Mathematics and Engineering doctoral students were more likely
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to depend on faculty members for support. She then argued that these two departments happened
to have a high percentage of international students and that international students were more
likely to seek help and directions from faculty members rather than peers. While finding that
supportive student-faculty mentoring relationships was one of the major reasons for high and low
completion rate at department levels (Golde, 2005), this study failed to establish the direct nexus
between mentoring relationships and students' socialization experiences. Additionally,
socialization experiences caused by gender differences were not a consideration in the study's
design. As women doctoral students are more likely to encounter difficulties and challenges in
their graduate school socialization process (Turner and Thompson, 1993; Maher, Ford, and
Thompson, 2004; Herzig, 2004), more research on this topic is needed.

In Herzig's (2004) study on doctoral women in mathematics, both women doctoral
students and the department faculty members were interviewed. However, the findings showed
that all women had negative or limited relationship with faculty. These relationships took
various forms such as "feeling invisible, needing guidance, wanting better teaching, lacking
moral support and wishing to be mentored" (p. 384). The interviewed faculty rarely discussed
interactions with women graduate students. Herzig simply concluded the reason for this was that
"they [the faculty interviewed] had so few [women doctoral students]" (p. 383). Given that the
data for this research is drawn from a larger research project, it is constrained by the design,
conceptual framework, and interview questions directed by the larger study. The faculty's
interviews failed to sufficiently support the author's conclusion, and the data collection was
limited to one-time interviews with six women doctoral students. More literature on women in

Science and Engineering will be discussed in the next section.
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In a mixed-methods study of over 200 women doctoral students in Education, Maher,
Ford, and Thompson (2004) found that four major factors contribute to women doctoral students'
degree progress: viable and stable funding, the presence of an involved and supportive advisor,
opportunities to participate in major research projects, and health, family, and marital stability.
The first three factors have also been identified as the key to Science and Engineering graduate
education (Clark, 1993; Fox, 1998; Golde and Dore, 2001; Gumport, 1993; Nettles, 2006).
Stolzenberg (2006) found that among doctoral students from various disciplines, engineering
doctoral students (28%) were the least likely to choose an academic career, felt significantly
more exploited, and received significantly less positive feedback from their faculty advisors.
She also suggested that qualitative research on this topic could "add depth to studies on the
personal and professional aspects of the advising relationship (p. 185)." Given that my
dissertation study was conducted within the realm of Physical Sciences and Engineering doctoral
programs, the following section will discuss important literature focusing on women's issues in
science and engineering, as well as the current literature gap.

2.3 Women in Academic Science and Engineering

Examining the current conditions of women in Science and Engineering requires a brief
history of women's participation in U.S. higher education. Prior to the 1890s, women had no
access to graduate education (Thelin, 2004). Women later made drastic progress in pursing
advanced degrees, so much so that in 1929, women earned 12% of doctorates in Science (Babco
et al., 2002). However, Hollenshead et al. (1996) noted that up to the 1970s, there was "no
record of the numbers of women in engineering" (p. 127). Today, the number of women in
Physical Sciences and Engineering has grown, but not in a linear progression. At the

undergraduate level, although women outnumbered men at the beginning of this century, the
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number of women who choose to enter science and engineering still appears to be minimal.
Astin and Astin’s (1993) national study revealed that the number of freshmen who choose to
enter or remain as science and math-based majors has declined. They found that from freshmen
to senior year, the loss rate of students in science, mathematics, and engineering has reached
40%. Sax’s (2008) study on gender and college students drew our attention to two important
perspectives of students' college experiences that influence their academic outcomes: student-
faculty interactions, and peer culture.

At the graduate level, the number of women doctoral degree recipients has increased
steadily. Based on a report from National Science Foundation (NSF), the proportion of science
and engineering doctoral degrees earned by women has risen considerably in the past several
decades reaching 40% in 2006 compared with 8% in 1958 (NSF, 2008). Despite these increases,
the number of women scientists and engineers who entered academia upon receiving their
doctorates did not increase at the same rate. The CPST report (2006) showed that only 14.8% of
all Physical Sciences faculty members were female, while only 10.3% were members of
engineering departments. The CPST report further illuminated another interesting phenomenon:
the unbalanced ranking distribution among women physical science and engineering academics.
In 2003, the number of full-time women professors in these fields was too small to be included in
the report. The majority of women faculty members are concentrated in assistant and/or part
time instructor/lecturer levels: 55.5% for physical sciences ,and 58% for engineering.

These statistics posed a provocative question that interested many scholars from the early
1970s: where did all the women physical scientists and engineers go? Any examination of this
problem requires much more than merely looking at the statistics (Hollenshead et al., 1996).

While much of the early research focused on pipeline issues and undergraduate women (Brush,
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1991; Leslie, McClure, andOaxaca, 1998; Nauta, Epperson, and Kahn, 1998; Seymour, 1995),
researchers suggested that graduate school is a crucial stage for academic careers, (Austin, 2002;
Golde and Dore, 2001; Tierney and Rhoads, 1994), especially in Science and Engineering
(Austin et al., 2009; Barber, 1995; Fox, 2000; Holenshead et al., 1996). The purpose of the
present dissertation was to examine women doctoral students' mentoring relationships and their
impact on the students' academic career aspirations in physical sciences and engineering. Thus,
the focus of literature review was on graduate education in science and engineering and its
relationship to academic careers.

Breaking the traditional research approaches of assessing "threshold effects" that might
keep women out of graduate programs or glass ceiling effects that might distance women from
promotion and advancement, Etzkowitz et al. (2000) examined women's experiences in Ph.D.
programs and early faculty careers, finding that women face difficulties at all stages of the
academic ladder due to differentials in socialization, advising patterns, and marriage/family
responsibilities, as well as implicit biases in the androcentric science infrastructure. The study's
mixed methodology examined women doctoral students and junior faculty members in physics,
chemistry, engineering, and computer science, highlighting four major barriers that women face
in science and engineering: entry barriers, socialization barriers, academic advising barriers, and
career barriers. With respect to career choices, a majority of women graduate students in
Etzkowitz et al.'s study reported that they were more likely to pursue an industrial rather than an
academic career since it is "more compatible with family life" (p. 6).

Women doctoral students' concerns with balancing family and career is not surprising
given many studies on women academics revealed the constant struggles between academic and

family life due to the "greedy natures" of both (Ward and Wolf-Wendel, 2004, p. 243; Grant,
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Kennelly, and Ward, 2000). Ward and Wolf-Wendel conceptualized “greedy natures” of both
academic and family life as "a workload that never ends, never having enough time in the day,
the ambiguities of tenure expectations, and the expectations for working a 'second shift' at home"
(p. 243). In the study of 30 junior women faculty from nine research universities, Ward and
Wolf-Wendel found that women faculty are more likely to have a difficult time managing the
"second shift" at home and balancing academic productivity for tenure promotion with childcare
responsibilities. Although this study was not conducted among physical science and engineering
faculty only, other studies suggest similar patterns occur among women professors in science and
engineering (Fox, 1998; Toutkoushian and Conley, 2005; Xie and Shauman, 2005).

Fox investigated the issues of women academics in Science and Engineering from
faculty members' perspectives. In her (2000) study on organizational environments and their
relationship to women doctoral students' progress in Science and Engineering, Fox found that
although many Science and Engineering programs showed an improvement in the percentage of
degrees awarded to women and a higher level of women's participation/performance due to
enhanced organizational infrastructure and leadership, "departments leave untouched the core of
graduate education: the advisor-advisee relationship" (p. 57). Fox's (2010) more recent
quantitative study of tenured and tenure-track faculty in prestigious research universities
revealed two additional pressing concerns: (1) "women may remained outside of the heated
discussion, inner cadres, and social networks in which scientific ideas are aired, exchanged, and
evaluated" (p. 1007), and (2) women are more likely to face bidirectional interference between
academic work and family/household responsibilities.

A series of large-scale longitudinal studies conducted by the Committee on Science,

Engineering and Public Policy (COSEPUP) examined various concerns in the U.S. Science and
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Engineering community, most recently focusing on fulfilling the potential of women in academic
science and engineering. The comprehensive study involved Science and Engineering
professors, doctoral students, administrators, and policy makers. This 2007 report, Beyond Bias
and Barriers: Fulfilling the Potential of Women in Academic Science and Engineering, identified
four major barriers for women academics in science and engineering today: persistent
discrimination, implicit bias, insensitivity of evaluation criteria, and implicit patriarchal
academic organizational structures (COSEPUP, 2007).

The findings from this national study are extremely valuable in the examination and
investigation of issues concerning women in academic Science and Engineering, despite
alternative studies that underestimate the significance of this topic by presenting an optimistic
view that women are not facing any barriers in their scientific careers. In the mean time, the
COSEPUP (2007) report also contended "the problem is not simply the pipeline" (p. 2). This
suggests new research should be directed away from studying the comparative statistics of
undergraduate science and engineering education on which an overwhelming amount of attention
has and continues to be focused upon. Additionally, the majority of existing studies are focused
on either women graduate students' perceptions of mentoring or women faculty's evaluation of
their jobs. This approach cannot provide an effective tool to capture and examine women
doctoral students’ "lived experience" in physical sciences and engineering programs, as well as
their aspirations, considerations, and deliberations of academic careers in their protégé-mentor
relationships. The graduate school experience is regarded as an important component of this
study because graduate education is the "anticipatory socialization stage" of academic careers
(Austin, 2002; Tierney and Rhoads, 1994). Most importantly, protégé-mentor relationships,

conceptualized as the most crucial component of graduate education, have not been studied from
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the protégé's point of view that is based on lived experiences in physical sciences and
engineering programs. Given the importance of "academic careers" in this dissertation study, the
following section provides a comprehensive view of this concept and how it was positioned in
the design of this study.

2.4 Academic Profession

Many scholars consider graduate school to be the initial stage of academic careers
(Austin, 2002; Austin and Wulff, 2004; Fox, 1999 2006; Tierney and Rhoads, 1994). An
important aspect of this dissertation study was to examine the doctoral students’ socialization
into academic careers. Thus, it is important to understand relevant literature on the nature of the
academic profession.

Millett (1962) characterized American academics as a group of professionals at the
service of others, holding high knowledge and technical skills, and obeying a code of ethics.
Some major characteristics of the academic profession include scholarly devotion, required
doctoral training, hierarchy of rank, and academic freedom (Millet, 1962). The academic
profession has many similarities with other professions; however, the conceptualized definition
of "profession" is not always clear. In his (1982) social study of American medicine, Starr
provided a comprehensive definition for profession as "an occupation that regulates itself
through systematic, regulated training and collegial discipline; that has a base in technical,
specialized knowledge; and that has a service rather than profit orientation enshrined in its code
of ethics" (p. 15). Clark departed from this definition and undertook a series of groundbreaking
studies (1987, 1989, 1997) on American and European academic life, offering many insights into
the special position that the academic profession holds in the larger spectrum of the professional

world. In The Academic Life. Small Worlds, Different Worlds, Clark argued that while academic
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occupation certainly fits the "scholarly concepts of profession" (1987, p. 22), defining the
academic profession from a general approach tends to overshadow the complexities brought
about by disciplinary and institutional differences.

The growing gap between disciplines draws researchers' attention to the specific
disciplinary characteristics that academic careers entail. Clark (1989, 1997) identified major
differences in the nature of academic work between Humanities professors and Medical
professors. Humanities professors generally have lighter teaching loads, flexible office hours,
and administrative responsibilities. They normally interact with a large number of undergraduate
students in lectures and a small number of graduate students during graduate seminars and
dissertation committee work. However, Medical professors interact frequently with patients,
nurses, students, and laboratory assistants. Their schedules are tightly planned and can extend to
over 10 hours a day, 7 days a week. Even for tenured professors, salaries are highly influenced
by research funding they secure and the changing policy of the medical care industry. Long and
Fox (1995) suggested four dimensions in studying women's career attainments in academic
scientific communities; they stated that organizational location, professional rank, research
productivity, and recognition by peers are especially important in evaluating scientific career
attainment. These indicators are especially significant in studying women's careers in physical
sciences and engineering due to the special award system, demanding workload, and laboratory
based research.

Another major factor that influences the nature of the academic profession is institutional
differentiation. Clark (1997) asserted "as powerful as self-amplifying disciplinary differences
have become in dividing the American professoriate, intuitional diversity now plays an even

more important role" (p. 26). Only one third of all professors in the U.S. work at doctoral-
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granting research universities, presenting a diverse range of characteristics across institutions,
but with some striking commonalities. Compared to professors from other sectors, research
university professors normally spend at least half of their time researching with their doctoral
students, research staff, and colleagues. They have fewer teaching responsibilities and are more
likely to interact with graduate students. For leading research universities, Clark's research
found that "institutional and disciplinary cultures converge" for the faculty due to the high-level
reputation of scholarship produced by cutting-edge departmental and disciplinary research.
Given the nature of the research site for this study, a large leading research institution, it is
especially crucial to note the key characteristics of academic life in this sector of postsecondary
institutions.

At the turn of the new millennium, the significant number of retirements among the baby-
boom generation of professors posed a brand new question: "how can we prepare the next
generation of faculty?" (Austin, 2002, p. 94). Searching for the answer to this question has
stimulated a wave of research that reevaluated the new characteristics of academic profession
under changing socio-economic and political environments. Growing diversity among student
populations, emerging technology, increasing faculty workload and global networking are key
facets of the new American academia (Austin, 2002; Menges, 1999; Rice, Sorcinelli, and Austin,
2000). Conversely, the over-supply of Ph.D.s across disciplines and the shrinking number of
tenure-tracked positions have largely limited new doctorate recipients' career trajectories. Jobs
are no longer abundant in the form of full-time tenure track positions.

In 2004, according to the U.S. Department of Education, 36% of the U.S. Science and
Engineering faculty were employed part-time. This trend is especially explicit among women

faculty: 44% of women science and engineering faculty are employed part-time. A national
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study on diversity in Science and Engineering faculties at research universities by Nelson and
Rogers (2004) revealed that there are few tenured and tenure-track women faculty in most
Physical Sciences and Engineering departments and the "percentage of women among recent
Ph.D. recipients is much higher than their percentage among assistant professors." While Nelson
and Rogers' study clearly defined current problems and barriers that potential women and
minority faculty might face based on large-scale survey results, they did not provide sufficient
explanation of the reasons for and solutions to the problem.

Clark’s widely cited (1987) work on American academic professions coined “small
worlds, different worlds” to describe the uniqueness of professoriate in the U.S. context. When
academic professions first emerged over seven hundred years ago, it only consisted of a few
subjects and small group of professionals (Clark, 1987). Academe is composed of many unique
academic groups- small worlds- and that there are fundamental differences. The concept,
“different worlds,” perfectly portrays the disciplinary, subject and institutional differences across
the academic profession. Clark also acknowledged the complexity of studying American
academic professions and suggested that researchers should adopt various organizational
approaches to focus on specific context under such diverse structural and cultural settings.

Although scientists usually perceive science as a field that is free from any bias, culture
and misunderstandings, its knowledge, practice and interpretation of scientific calculations are
deeply embedded in culture that is formed by the people who are practicing it, the funding
agencies, a nation’s political environment and other power relations (Nader, 1996). The findings
from many anthological and ethnographic studies of science have "contradicted the ubiquitous
images of Western science as pure, independent form politics” (Nader, 1996, p. xiii). Science is

considered by many people as culture-free, yet numerous studies of science culture and practice
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suggest otherwise. Anthropologist and historian Sharon Traweek studied high-energy physicists
who were trained in the same field but are from two different national cultures- Japanese and
American. She found that this group of physicists demonstrated various levels of differences in
the practice of doing science and their perceptions of leadership, risks, and conflicts that are
deeply influenced by nationality, gender, race/ethnicity, class, and educational background
(1988). In a later writing, Traweek (1993) further emphasized the importance of studying the
culture of science. She asserted that the practice and knowledge of science is deeply imbedded
and shaped by society. While science indicates the systematic knowledge produced by people
who are trained in certain scientific disciplines, the study of science and its culture is a process
by which historians, anthropologists, and sociologists examine the practice of science and reveal
that it is not autonomous and independent from society. As Laura Nader discussed in her Naked
Science: Anthropological Inquiry into Boundaries, Power, and Knowledge:
Physicists who observe themselves with some candor may refer to ideas and behaviors
that are irrational, workplaces that are undemocratic, dissent that is not tolerated, and
cultural practices that are in conflict. While others idealize physicists' behavior as more
rational, less subjective, and more advanced than the lay public, physicists interested in
moving beyond the meaning of idealized versions of science explore how science and
scientists have been affected by military and corporate interest, the primary sources of
funding, and the users of the discoveries of physics. Introspection by physical and
biological scientists provides anthropologists with useful commentary for understanding
the way cultures of science are formed and institutionalized (1980, p. 9).
Pickering (1992) further operationalized the terms “culture” and “practice” in the study of

science and society. The process of doing science requires many fields of resources. In the rest
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of this dissertation, “culture” is defined as “the field of resources that scientists draw upon in
their work™, and “practice” denotes “the acts of making (and unmaking) that they perform in that
field (Pickering, 1992, p. 3).” Pickering further cautioned his readers that we should not regard
“culture” and “practice” as synonymous given that “practice” refers to the actual act while
“culture” entails the resources and tools and necessary networks that scientists utilize to produce
the final products.

Traweek (1993) identified over twenty disciplines that study the culture and practice of
science, technology, and medicine. Each has its own theoretical and methodological traditions
that guide the design and practice of its particular studies. Among the major categories of
studies of science and technology, this dissertation falls under the realm of “gender studies of
science, technology, and medical practices” (p. 13). The design and research analysis of this
study are closely related to three out of five subfields of gender studies of science by examining:
(1) “the processes for excluding women from scientific, medical, and technological work and the
processes by which women decide not to pursue work in these fields” (the research questions and
goals of this study); (2) “the effects of gender bias in scientific, medical, and technological
research” (the findings of this study demonstrate strong implicit gender bias within physical
sciences and engineering doctoral programs); and (3) by identifying “how sciences, medicine,
and engineering can be practiced in ways that are not based on sexist assumptions” (the use of
feminist standpoint theory and how it shaped the design and data analysis of this study)
(Traweek, 1993, p. 14).

The present study utilized qualitative approaches with ethnographic traditions to develop
complex understandings of the meaning-making processes that women go through in making

decisions, based on their interactions with their mentors, about whether or not to pursue an
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academic careers. For example, what kinds of considerations do women make as part of the
decision making process towards pursuing an academic career? Only by studying people in their
natural settings with a focus on their lived experiences, can we employ data collection tools

flexible enough to examine such complex and changing aspects of the doctoral experience.
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CHAPTER 3: THEORY AND METHOD

This study was an examination of the influences of mentoring relationship on women
doctoral students' aspiration to pursue academic careers in physical science and engineering. My
focus was on the kinds of deliberations and considerations women give to the possibility of
pursuing an academic career and the manner and form of how their mentors assist or hinder such
deliberations. The conceptual framework guiding my inquiry was drawn from feminist
standpoint theory, mentoring theory, and faculty socialization as a cultural process theory. These
three conceptual frameworks provided a comprehensive and coordinated guide to the design of
my study. I will elaborate on how these three theories inform the theoretical construction of my
dissertation study.

3.1 Feminist Standpoint Theory

Since its emergence in the 1970s, feminist standpoint theory has provided a valuable
critical framework to explore, investigate, and examine women's lives and activities in
contemporary political, sociological and scientific terrains through the reconstruction of existing
relations between "the production of knowledge and practices of power" (Harding 2004, p. 1). A
wide array of intellectual traditions, such as Marxism, critical theory, sociology of science, and
philosophy of science, have informed and shaped the development of feminist standpoint theory.
Harding (2007) noted that standpoint theory "provides guidelines for future research" through
offering "empowerment" to the historically oppressed groups (women) in the androcentric
institutional power and production of knowledge" (p. 45). She (2004) further suggested the
advantage of using feminist standpoint theory is "to create oppressed peoples as collective
'subjects' of research rather than only as objects of others' observation, naming, and

management" (p. 3). Haraway (1988) similarly argued that feminist standpoint theory challenges
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the hegemonic conceptual framework of "research subject" and "object" where problems and
objectivities are developed and defined based on men's lives and experiences. One of the key
standpoint theorists, Hartsock, noted the advantage of feminist standpoint theory by stating, "a
standpoint carries with it the contention that there are some perspectives on society from which,
however well-intentioned one may be, the real relations of humans with each other and with the
natural world are not visible" (1983, p. 285). Given the complexity of feminist standpoint theory
projects, the following will delineate some key ideas that help the understanding of feminist
standpoint theory and its nexus with my proposed study.

3.1.1 Theoretical Origins

Feminist standpoint theory was based on theoretical roots from Marx and Engels'theory
on proletarian standpoint. They argued that to fully understand the way the class system works,
one could not start by investigating the experiences and problems from the viewpoint of its
beneficiaries. Instead, Marx and Engels argued the importance of starting the
research/investigation from the lives of the working class and defining the research problems
based on their experiences to fully understand the complex class dynamics.

The emergence of feminist standpoint theory is closely associated with the women's
movement of the 1960s and 1970s and is also indebted to the "antipositivist histories,
sociologies, and philosophies of science then emerging in Europe and the United States"
(Harding, 2007 p. 45). Political scientist Hartsock (1983) criticized the way that knowledge
production is claimed to be "objective" in legal, medical, natural sciences and other disciplines
although it is generated by traditionally male dominated organizations and policies. She noted "a
standpoint is not simply an interested position (interpreted as bias) but is interested in the sense

of being engaged" (p. 285). Thus, standpoint theory is engaged in the commitment to goals of

34



exploited groups. By noting the essence of "standpoint," Hartsock (1983) suggested that
feminist standpoint epistemology can allow us to "understand patriarchal institutions and
ideologies and perverse inversions of more humane social relations" (p. 284). Feminist
standpoint theory provides researchers with a powerful theoretical tool to begin with women's
lived experiences as the center of the research problems as well as to challenge the patriarchal
system of knowledge production and further analyze gender as well as organizational and social
relations.

Smith (1974) focused on the field of sociology and criticized the traditional sociological
knowledge produced by men's experiences and interpretation of the world, which generally
ignored women's conditions in and understandings of social relations.” She rejected the idea of
simply adding women's voices as an "addendum" to the existing sociological conceptual
frameworks (p. 7). This rejection reflects a significant concept of "situated knowledge," a
concept coined by Haraway (1988). This concept will be revisited in the following section. To
guide later standpoint projects and research, Smith (1974) suggested that researchers
acknowledge their own situatedness to develop research questions from research subjects’ lived
experiences:

What I am suggesting is more in the nature of a re-organization which changes the

relation of the sociologist to the object of her knowledge and changes also her

problematic. This reorganization involves first placing the sociologist where she is

actually situated, namely at the beginning of those acts by which she knows or will come

to know; and second, making her direct experience of the everyday world the primary

* An interesting topic was touched upon during my discussions with Sandra Harding on the language used in
Standpoint Theory. She pointed out that Smith uses “women standpoint theory” while other theorists, such as
Hartsock, tend to use “feminist standpoint theory”. Smith’s approach in phrasing the “standpoint theory” adds a
sociological spin to applying such theory to a broader social studies of science context.
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ground of her knowledge.... The only way of knowing a socially constructed world is

knowing it from within (p. 11).

The theoretical origins of feminist standpoint theory demonstrate that the approach to the
study of women cannot follow the traditional so-called "neutral" and andocentric structure of
dominant knowledge production frameworks. Rather, it is crucial to recognize what objectivity
really means in the construction of social reality and how to examine women's experiences
through their daily lives.

In my study, I placed women's narratives and their lived experiences at the center of my
analysis in order to better understand how their daily graduate school experiences are informed
and shaped by the protégé-mentor relationships especially as they pertain to considering
academic careers. In Harding’s (1991) term, this is a "study up" approach where social relations,
organizational hierarchy, power infrastructures are examined through starting out the research
from women’s daily lives, experiences and interactions. In a later (2001) writing of Harding’s,
she pointed out that “study up” strategy is only the start not the end of the studies of the lives of
the oppressed groups, which have very distinctive cultures and knowledge. The goal of utilizing
standpoint theory is to “identify otherwise obscured features of dominant institutions, their
cultures, and their practices (p. 517).” In the case of this dissertation, the effort was intended to
examine the lived experiences of 25 women doctoral students in physical sciences and
engineering within a large research institution, and analyzed the data collected from both women
doctoral students and female/male faculty mentors who had close interactions with doctoral
students in physical sciences and engineering. The design and data analysis of this study were
closely guided by the theoretical framework of feminist standpoint theory. The findings and

discussion chapters go beyond identifying the reasons why women doctoral students in physical
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sciences and engineering avoid academic careers. Instead, further analysis and discussions are
provided regarding the larger disciplinary, departmental, and institutional culture and
infrastructure and how they influence these women’s career decision-making processes.
3.1.2 Strong Objectivity

Women's lives need to be centered in the study of their experiences in given cultural,
organizational, political and social relations. This standpoint approach challenged the traditional
construct and production of objective and neutral scientific knowledge. Harding (1992)
questioned the objectivity and neutrality claimed by traditional knowledge production in natural
and social sciences. She further argued the problem that "the dominant views remain the
purportedly neutral standard in the process of scientific knowledge production" (1991, p. 93). In
physical sciences and engineering, the neutral standards and policies are usually set by men who
have historically dominated the fields, not to mention their hegemony in developing and
advancing the basic normative patterns of the university. Thus, Harding (1991) maintained that
feminist standpoint research must identify and emphasize "strong objectivity". "Strong
objectivity" emphasizes the significance of starting research from the lived experiences of those
who have been traditionally been excluded from the knowledge production process to produce
more objective and relevant knowledge that otherwise could not be produced (Harding, 1991;
Naples, 2007). Harding contended, “all human beliefs—including our best scientific beliefs—
are socially situated, but they also require a critical evaluation to determine which social
situations tend to generate the most objective knowledge claims” (1991, p. 142). Thus, feminist
standpoint theory provides researchers with a critical theoretical lens to investigate social and
gender relations as well as knowledge making processes outside of the traditional so-claimed

"objective" infrastructure of science and social science inquiry.
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Harding's strong objectivity concept enables researchers to criticize the traditional notion
of neutrality and carve out unique theoretical perspective that guides research to focus on
women's problems and social relations. In the case of my study, I began with women doctoral
students' daily interactions with their faculty members and examined how relational dynamics
influenced this group of women's career decision-making process. These women's challenges,
concerns, problems, and dilemmas were the focal point of my investigation.

3.1.3 Situated Knowledge

"Strong objectivity" empowers researchers to generate knowledge from the experiences
and voices of women's lives. Yet, this concept does not simply suggest, "add[ing]" an individual
woman's experience to the knowledge production process. Instead, Haraway (1988) posited that
this kind of feminist objectivity means "situated knowledge." She emphasized the importance to
situate investigation at a certain social, disciplinary, organizational, or historical angle:

Situated knowledges are about communities, not about isolated individuals. The only
way to find a larger vision is to be somewhere in particular. The science question in
feminism is about objectivity as positioned rationality. Its images are not the products of
escape and transcendence of limits (the view from above) but the joining of partial views
and halting voices into a collective subject position that promises a vision of the means of
ongoing finite embodiment, of living within limits and contradictions— of views from
somewhere (p. 590).

Harding (2004) concentrated on the disciplinary debate side of situated knowledge and
argued that "carrying out standpoint projects within disciplines is a crucial task since a main
objective of standpoint theory and research is precisely to map the conceptual practices through

which particular institutions, such as disciplines, serve oppressive forms of power" (p. 12). A
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feminist standpoint analysis of doctoral women's protégé-mentor relationships in physical
sciences and engineering may need to take into account a number of questions about discourses
such as, power (Who determines the problem?), gender (What is the gendered perspective on the
faculty-student interaction?), politics (Who are the stakeholders in women's career decision
making process?), and history (How does the traditional male-dominated conceptual framework
still exist and affect women's experience in a subtle way?) that shape this group of women's
knowledge production and decision making processes. The concept was not to single out
women's voices and demonstrate their problems in the research process. Instead, the goal was to
analyze the group of women doctoral students' graduate school interactions with their mentors
from a framework that centers on these women’s daily lives and experiences. In the meantime, it
was necessary to observe the influences brought by the disciplines of physical sciences and
engineering, the traditional androcentric knowledge production infrastructure, and the so-called
forms of "objectivity" that typically frame such fields. Particularly, how can a feminist
standpoint illuminate women doctoral students' academic career aspirations and the complex
ways in which they may be shaped by protégé-mentor relationships?
3.2 Mentoring Theory

The mentoring relationship is considered to be the most important factor to an
individual’s personal growth and career development (Burke 1984; Kanter, 1977; Kram, 1985;
Levinson, 1978). Given the rising attention to mentoring, a plethora of studies have been
conducted on the topic of mentoring in both workplace and academic settings. However, the use
and definition of mentoring remain unclear and perplexing, not to mention the fact that the
discourse itself tends to support the reproduction of power imbalances among protégés and

mentors. Bogat and Rednar (1985) argued that one major shortfall of extant literature is the lack
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of ““a comprehensive yet functional” definition of mentoring. Kram produced large-scale
research projects that provided the most accurate and comprehensive definition of mentoring to
date. Kram (1983) studied 18 developmental relationships at a large northeastern public utility
and defined the four phases of the mentoring relationship: initiation, cultivation, separation, and
redefinition. Two years later, Kram (1985) conducted her landmark study on the functions of
mentoring and expanded O’Neil’s definition of the personal function of mentoring to both
psychosocial and career. Kram’s theory has been employed in various fields of study (Clark,
Harden, and Johnson, 2000; Dreher and Ash, 1990; Ibarra, 1993; Johnson and Huwe, 2003) and
is considered to be comprehensive and reliable (Tenebaum, Crosby, and Gliner, 2001; Burg,
2010). The following text will delineate the use of Kram’s mentoring theory and how it guided
the design of this study.

3.2.1 Mentoring Functions

Allen and Eby assert in The Blackwell Handbook of Mentoring that Kram’s model of
mentor functions "brought heretical clarity and programmatic research efforts to the field of
mentoring" (2010, p. 52). By systematically and operationally defining a large number of
mentoring concepts, Kram’s (1985) work helped researchers to differentiate mentoring from
other types of developmental relationships (Crosby, 1991).

Kram (1985) posited mentoring functions are "those aspects of a developmental
relationship that enhance both individuals’ growth and advancement” (p. 21). After conducting
multiple studies on organizational behavior and mentoring relationships, Kram defined two
broad categories of mentoring functions: career and psychosocial. Career functions are directly
associated with the hierarchical movement of individuals in their organizations, while

psychosocial functions are closely related to assisting individuals on personal levels by shaping
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their new identities, both in and out of the organization. Kram (1985) emphasized the
importance of the interconnected relationship between the two mentoring functions by stating,
“together these functions enable individuals to address the challenges of each career stage” (p.
22). Additionally, many studies of socialization consider graduate school as the initial stage of
the academic career (Anderson and Swazey, 1998; Austin, 2002; Golde and Dore, 2000; Tierney
and Rhoads, 1994). Thus, adopting Kram’s mentoring theory is crucial for the design, data
collection, and analysis of the present study due to its operationalization of the mentoring
functions and the interrelated relationship between these mentoring functions and career
advancement. The following table summarizes career and psychosocial mentoring functions, as

well as the relevant sub-categories that shape the mentoring relationships.
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Table 1

Career and Psychosocial Mentor Functions based on Kram’s Model

Function

Description

Career functions

Sponsorship

It involves individuals at senior positions supporting young individuals.
It is crucial for newcomers’ advancement in an organization.
Sponsorship takes the forms of nomination for the promotion of a
younger individual, and is proposed by a senior member.

Exposure and visibility

Senior members assign tasks and responsibilities that allow newcomers
to broaden their connections and to network with key personnel in the
organization. The newcomers' connections to and evaluations by key
personnel set a solid foundation for lateral movement in the
organization.

Senior members guide young individuals with specific strategies for

Coachin . ’ L o
& achievement of professional goals, work objectives, and recognition.
In case of controversial situations, senior members volunteer to take the
. credit and blame. If necessary, senior mentors will also intervene in the
Protection

circumstances where young individuals are ill equipped to fulfill
assignments.

Challenging assignments

Experienced members provide junior colleagues with training and
ongoing feedback, enabling professional competency.

Psychosocial functions

Role modeling’

This is the most frequently observed aspect of psychosocial functions. It
implies an experienced member’s performance, attitudes, values, and
behaviors serve as a model for the newcomers to follow.

Acceptance and confirmation

As the junior member develops competency and skills in the
organization, senior colleagues provide encouragement and support.

It allows an individual to discuss and receive feedback on personal

Counseling concerns that might interfere with positive performance and professional
identity at a new organization.
: . . This function impli j ial 1 i
Friendship/mutuality is function implies the enjoyable social interactions that lead to the

exchange of work or non-work related experiences in informal settings.

The above-mentioned mentoring functions make up the most significant characteristics of

developmental relationships in organizations (Kram, 1985). Through sponsorship,

3 Role modeling appears to be extremely complex in the case of cross-gender relationship as indicated by Kram
(1985). This notion will be further explored in the section on “the complexity of gender mentoring”.
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exposure/visibility, coaching, protection, and challenging assignments, the senior members assist
newcomers in learning the norms and values of organizational life, ultimately preparing them for
career advancement. Simultaneously, young colleagues begin to develop professional identities,
confidence through role modeling, acceptance and confirmation from the organization, and
possibly friendships. The broad areas of the mentoring functions efficiently guided the design of
interview protocol for both faculty and students, and also the development of major codes at the
beginning of the data analysis process. For example, the following represent some of the initial
codes during the data analysis process: transition support, exposure and networking, challenging
tasks, validation, counseling, and informal interactions.

Further, the mentoring experience is bidirectional in both corporate settings (Kram, 1983,
1985) and academic settings (Tierney and Rhoads, 1994). By gaining recognition from peers,
cultivating young talents, experiencing self-satisfaction, and receiving technical support from the
new members, senior members of the organization benefit from mentoring the younger
generation (Kram, 1985). They can also be affected by the influence of their protégés (Tierney
and Rhoads, 1994).

Yet, the mentoring functions described above cannot be used as either a chronological or
a complete guide to researching mentoring relationships. These relationships are ongoing and
evolving processes, characterized by fluctuation in both the quality and quantity of the mentoring
functions over time (Levinson et. al., 1978; Philips, 1982). Subsequently, I will introduce

Kram’s (1983) four mentoring phases and their roles in guiding this study.
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3.2.2 Mentoring Phases

Kram’s (1983) model for studying mentoring relationships starts with the initiation
phase. Cultivation occurs after all applicable mentoring functions reach their apex. Separation
is triggered by significant structural or organizational change and/or psychological changes
within both mentor and mentee. The final phase—redefinition—takes shape when the mentoring
relationship either transforms into a new relationship or completely ends. These four phases of
mentoring shed light on predictable patterns and themes in developmental relationships and may
be used to guide mentoring studies.
3.2.3 The Complexities of Gendered Mentoring

The examination of mentoring relationships is complex in nature due to the various
personalities and behavior patterns among protégés and mentors, as well as the complexities of
organizational culture. Organizational culture, which is defined by much management literature,
refers to “the specific collection of values and norms that are shared by people and groups in an
organization and that control the way they interact with each other and with stakeholders outside
the organization” (Hills and Jones, 2001, p. 381). The complexities increase dramatically when
the relationships involve cross-gender mentoring, which is inevitable in today's working world
(Kanter, 1977; Kram, 1985; Noe, 1988). Kram (1985) regarded two major categories of
challenges that cross-gender mentoring relationships need to face: internal and external. The
internal relationship refers to the interaction between mentor and protégé, while the external
relationship indicates the "boundary" between individuals and boundaries within the entire
organization (Clawson & Kram, 1984). Studies show that, from an internal relationship
standpoint, cross-gender relationships are likely to suffer from stereotypes and
misunderstandings (Kanter, 1977; Kram, 1985; Noe, 1988; Schmader and Johns, 2003),

unsatisfactory role modeling (Kanter, 1977; Dreher and Ash, 1990), and intimacy and sexual
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tension (Kram, 1985; Noe, 1988). Additionally, Kram argued that cross-gender mentoring
relationships are especially vulnerable to the external environment in the form of scrutiny and
suspicion. Due to the objective of this dissertation which inevitably involves complex cross-
gender mentoring relationships, it is crucial to maintain these complexities in the design, data
collection, and analysis of the study. A special focus on cross-gender protégé-mentor
relationships in physical sciences and engineering and their influence on academic career
considerations illustrated anther unique aspect of this study’s contribution to the existing
literature.

Many scholars have pointed out that mentoring relationships are not simplistic and
unidirectional processes. They are influenced by many complicated organizational factors and
individual characteristics. Van Maanen and Shein (1977) emphasized the importance of
acknowledging organizational and occupational differences when it comes to the examination of
mentoring relationships and socialization processes. Kram (1985) corrected this by stating that
“mentor relationships vary across organizational settings in terms of the range of the functions
provided, the length of time a relationship endures, and the level of intimacy and commitment
achieved” (p. 197).

To better conceptually guide the purpose of this study, I also employed Tierney and
Rhoads’ (1994) work on faculty socialization, which considers graduate school socialization as
part of the academic career preparation process. This theory aided in further conceptualizing the
design of this dissertation by zeroing in on various aspects of student-faculty relationships in

graduate school. The following section will elaborate the use of this theory.
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3.3 Faculty Socialization as a Cultural Process

Academia, similar to other organizations, consists of various policies, values, norms,
decision-making, and socialization processes. Tierney and Rhoads (1994) refered to "these
shared understandings and the formal and informal processes used to develop understanding and
meaning" as organizational culture (p. 17). Further, they analyzed existing literature on
academic life and suggested that more recent and future studies should “treat the institution itself
as a culture— an organizational culture” (1994, p. 21).

Inspired by Geertz's (1973) work on interpretations of culture, Clark's (1987) study on the
academic life and professorate, and Van Mannen’s work on occupational and organizational
socialization, Tierney and Rhoads (1994) proposed an effective model that regards faculty
socialization as a cultural process. They categorized faculty socialization into implicit and
explicit actions and pointed out:

Socialization occurs through implicit and explicit actions. For faculty, implicit

socialization may occur around the coffee machine, in the locker room, or at a wine and

cheese party. Implicit socialization is difficult to observe and analyze, for it occurs
spontaneously and unobtrusively. Explicit socialization involves clearly delineated
cultural structures such as faculty development programs and the promotion and tenure

process (p. 22).

This model proves crucial to this study for three interrelated reasons. First, the
connection between culture and developmental relationships is bidirectional since culture shapes
and is shaped by interactions (e.g. mentoring) within an organization (Geertz, 1973). Second,
doctoral training is considered to be the initial stage of the academic career as graduate students

are "exposed to the norms of the professorate" (Tierney and Rhoads, 1994, p. ii1). 3). Third,
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given that the focus of this study is on women doctoral students' protégé-mentor relationships
and how they influence academic career aspirations, it is important to examine how professional,
disciplinary, and institutional cultures intersect within this group of women's graduate school
socialization processes.

Before I further elaborate on faculty socialization and academic culture, I will delineate
the reasons why a qualitative approach with ethnographic tradition is the best-suited method for
the present study. As stated by the texts above, it is important to treat institutions as cultural
entities, especially when it comes to faculty and graduate student socialization. Wolcott (1975)
views ethnography as "the science of cultural description" and thus suggested that researchers
utilize ethnography in educational research (p. 112). He pointed out two major contributions of
anthropological ethnography in the context of education: " (1) the means by which people
organize themselves into interacting social systems, what the anthropologist studies as social
organization, and (2) the shared systems of beliefs and attitudes, the ideational systems, that the
anthropologist examines as ethos or world view" (p. 123).

In a groundbreaking study of a group of prominent international high-energy physicists in
Japanese National Laboratory, anthropologist and historian Traweek (1988) utilized a cultural
framework and ethnographic approach, which revealed many interesting findings regarding the
physicists community’s formal and informal organization, communication, socialization,
transmission of knowledge, and funding infrastructures, as well as how physicists created a
particular culture in the national labs as a discipline.

3.3.1 Academic Profession and Culture
Tierney and Rhoads (1994) asserted that four cultural forces shape the socialization

process in academic careers: the national culture, the institutional culture, the disciplinary
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culture, and the culture of the profession. Building upon the work of Clark, Tierney, and Rhoads
added a fifth cultural facet to the academic career: individual cultural differences. In other
words, the experiences of male professors are likely to be different from female professors, and
those of minorities are likely to differ from those of members of the majority. When it comes to
the examination of faculty socialization processes in the U.S., Tierney and Rhoads (1994) placed
more emphasis on the influence of the culture of the academic profession, disciplinary,
institutional, and individual cultures; this is quite logical given that any study situated within one
national context would thus be controlling for cultural differences operating at the national level
(i.e. faculty life in China is different from that in the United States). They went on to
operationalize these four cultures:

Professional influences derive from general notions related to what it means to be a

member of the professorate. Disciplinary influences, of course, drive from one's

disciplinary affiliation. Individual influences include, for example, age, class, race, and

gender. Finally, institutional influences relate to the institutional culture with which a

faculty member becomes associated (p. 9).

With these four cultures in mind, many scholars argue that the nexus between faculty
identity/socialization and disciplinary culture is stronger than its connections with institutional
culture, especially amidst the myriad of individual cultural differences (Kuh and Whitt, 1988;
Tierney and Rhoads, 1994). This stronger tie between faculty and disciplines largely occurs at
research universities where more "cosmopolitans" exists (Clark, 1987). Clark (1987) argued that
the notion of "locals [professors] " and "cosmopolitans [professors]" are antithetical.
"Cosmopolitans" are highly concentrated in large research universities and are more likely to

value and relate to the "canons of scholarship and research" defined by disciplinary cultures (p.
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134). Given that my dissertation was a qualitative study with ethnographic traditions and
situated at one large research university, it is important to clarify how the work of Tierney and
Rhoads informs my study. I view three aspects of Tierney and Rhoads’ model as being
especially useful in guiding this study: the way they treat the culture of the profession
(professorate), disciplinary culture (physical sciences and engineering culture), and institutional
culture (a large research university). The culture of the academic profession is based on the
concepts of collegial governance, education of the young, academic freedom, scrutiny of existing
knowledge, service to the society through knowledge production, etc. (Clark, 1980; Kuh and
Whitt, 1988). Across disciplines and types of institutions, dissemination of knowledge,
autonomy in conducting research, and collegiality are the three common values shared by all
faculty members (Kuh and Whitt, 1988; Tierney and Rhoads, 1994).

Austin (2002) identifies socialization within one’s specific field/discipline as another
important aspect of graduate student socialization. Disciplines vary drastically in terms of
"individual behavior and group action" (Clark, 1989, p. 5). Biglan (1973) built on Snow’s
(1959) work on organizational culture and proposed a threefold classification for all disciplines
as "hard-pure", "pure-applied", and "life-system vs. nonlife system." In his study on the
relationship between subject matter characteristics and various university disciplines, Biglan
reported a large degree of differences between “hard” and “soft” disciplines, including research
activities, research sources, scholarly output, and teaching and research commitment. The
disciplinary culture intersected with institutional and departmental culture to provide a backdrop

for examining the socialization process for future faculty members in Physical Sciences and

Engineering.
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Tierney and Rhoads (1994) categorized faculty socialization into two stages: anticipatory
and organizational. In light of socializing into an academic career, the anticipatory stage mainly
occurs in graduate school where potential faculty recruits are extensively exposed to the lifestyle
and norms of the professorate. The concept of anticipatory socialization and its relationship with
the design of this study will be further elaborated in the following sections.

3.3.2 Anticipatory Socialization

According to Merton, anticipatory socialization refers to the process in which newcomers
take on the values of the organization that they aspire to join and becoming acclimated to the
acceptance by that organization (1968). In the case of the professorate, graduate training
provides a platform for students to learn and anticipate the expectations, behaviors, and lifestyle
that comprise the working life of a successful faculty member; thus it is regarded as the
anticipatory socialization stage of academic careers (Austin, 2002; Golde and Dore, 2000;
Tierney and Rhoads, 1994). In graduate school, doctoral students are initially exposed to not
only the norms and values of their discipline and the academic profession, but to the skill sets
and expectations that they are likely to encounter in their future positions (Austin, 2002; Tierney
and Rhoads, 1994). In this crucial process where doctoral students are socialized to the scholar
role, faculty’s mentoring and encouragement are positively associated with students’ successes
(Weidman and Stein, 2003). However, Tierney and Rhoads (1994) claimed that many minority
and women students face “inadequate anticipatory socialization” as marginalized groups in
certain disciplines and departments.

In the process of examining the protégé-mentor relationships between women doctoral
students and their faculty members, it is important to frame the study within Tierney and

Rhoads’s model for faculty socialization because graduate school serves as the anticipatory
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socialization stage of the academic career; protégé-mentor relationships in graduate school
directly affect doctoral students, and especially women doctoral students’ academic career
aspirations and outcomes. Protégé-mentor relationships need to be examined within the context
of institutional and disciplinary (departmental) cultures. It is important to point out that the
present study does not compare the profession of professor with other professions. Further, the
study focuses solely on one nation, the United States. Thus, both national and professional
cultural influences mentioned in Tierney and Rhoads’ model were effectively controlled.
Institutional, disciplinary influences and individual cultural influences were the foci of this study,
with the individual cultural influences specifically tied to the female gender identity of the
doctoral students and the male gender identity of the mentors. Further, to examine the complex
cross-gender protégé-mentor relationships, the sample of this study also included some female
mentors as a means of drawing cross-gender comparisons.

Tierney and Rhoads’ model proves to be crucial to this study for three interrelated
reasons. First, the connection between culture and developmental relationships is bidirectional
since culture shapes and is shaped by interactions (e.g. mentoring) within an organization
(Geertz, 1973). This perspective informs the conceptualization of key notions and data
collection of this study. For example, mentoring relationships are operationalized as “protégé-
mentor relationships” under the guidance of bidirectional mentoring process proposed by
Tierney and Rhoads and Harding’s feminist standpoint theory, which reverses the power
dynamics normally assigned to the mentor alone. Moreover, ethnographic interviews were
conducted with both women doctoral students and faculty mentors to better capture bidirectional
interactions in the graduate school socialization process. Second, doctoral training is considered

to be the initial stage of the academic career as graduate students are “exposed to the norms of
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the professorate” (Tierney and Rhoads, 1994, p. iii). This aspect was used in part to inform the
use of codes within the data analysis stage. Third, given that the focus of this study is on women
doctoral students’ protégé-mentor relationships and how they influence academic career
aspirations, it is important to examine how professional, disciplinary, and institutional cultures
intersect within this group of women’s graduate school socialization processes. Although this
study’s research site was limited to one large research university, it is important to acknowledge
the cultural differences among various physical sciences and engineering disciplines,
departments, and programs and that such differences impact women doctoral students’
interactions with faculty. Major data analysis codes were developed on the basis of the theory
proposed by Tierney and Rhoads, as well as additional literature on cultures in physical sciences
and engineering communities.
3.4 Three-Phase Graduate Socialization Model

Gardner's (2007, 2008) three-phase graduate student socialization model is an extension
and development of Antony's (2002) model, Weidman, Twale, and Stein's (2001) development
socialization models, and Tinto's (1993) student departure model. Gardner's newly proposed
(2008) model overcame the weaknesses of these socialization models; such weaknesses include
treating graduate experiences as a "monolithic" process and placing emphasis on students'
individual differences and their "total developmental transformation experience" (p. 64). The
focus of Gardner's three-phase socialization model not only echoes the essence of Tierney and
Rhoads' faculty socialization model, which addresses the individual, departmental, disciplinary,
and institutional cultures as critical elements of faculty/graduate student socialization processes,
but also provides efficient criteria for the sample selection of this dissertation study. According

to Gardner (2008), graduate students' socialization incorporates three phases: phase one indicates
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the time period from the admission to the program to the beginning of the coursework; phase two
covers the doctoral coursework to the examination period; and phase three starts with the
completion of the required coursework and culminates with the completion of dissertation
research (candidacy). The details of how this socialization model guides the sampling of my
study will be elaborated upon in the methodology section.
3.5 Research Methods
This dissertation utilized an ethnographic qualitative approach to explore and examine
women doctoral students' protégé-mentor experiences and their relationships with their academic
career aspirations in the physical science and engineering fields at a large research university in
the Western U.S., designated herein as WRU. This section outlines various details of the
research methodology, including but not limited to, research questions, data collection methods,
sampling, research site, data analysis, and steps undertaken to ensure the trustworthiness and
authenticity of the study.
3.5.1 Research Questions
The study addresses the following research questions and corresponding sub-questions:
1. How do women doctoral students in physical sciences and engineering define and
participate in protégé-mentor relationships?
2. How do faculty working with women doctoral students in the physical sciences
and engineering define and participate in protégé-mentor relationships?
3. To what degree and in what ways does the gender of the faculty mentor influence
the protégé-mentor relationships in the specific case of women doctoral students

(protégé) in physical sciences and engineering?
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4. How do the protégé-mentor relationships influence deliberations, considerations,
and aspirations related to the pursuit of academic careers?
5. Does the gender of the faculty member influence doctoral students' interest in
pursuing academic careers?
3.5.2 Glossary of Key Terminologies
Given the complex and rich meanings of some key terminologies used in this dissertation,
I conceptualized the following key terms within the context of this study:
Power
This term refers to "a complex strategic situation in a given society social setting”
(Foucault, 1980, p. 98). In this study, such “social setting” refers to the physical sciences and
engineering doctoral programs, WRU and other environments that women doctoral students are
exposed to during their doctoral studies.
Gender
Gender differs from the biological classification sex. It denotes the differences in
behavior by sex (Money and Ehrhardt, 1972). The use of women/men (gender) versus
female/male (sex) reflects this difference. In feminist theory, gender is a socially constructed
concept. Based on Block (1972)’s study of sex roles, feminist scholar MacKinnon (1983) stated
“Gender, cross-culturally, was found to be a learned quality, an acquired characteristic, an
assigned status, with qualities that vary independent of biology and an ideology that attributes

them to nature” (p. 529).
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Mentor

A mentor is a senior person who provides advice and necessary help in order for a

graduate student to develop and advance professionally. This term is not restricted to the

use of only doctoral advisors.
Protégé

This term refers to women doctoral students in physical science and engineering and the
fact that they are engaged in experience that requires a more senior person or expert to help them
acquire a particular skill set and knowledge base.
Protégé-Mentor Relationships

This is a newly coined term. Instead of using the conventional term “mentoring
relationships,” this study coined the new term “protégé-mentor relationships” to challenge the
power that was commonly assigned to mentors in the widely accepted term “mentoring
relationships.” Fairclough (1989) argues that power ideologies are embedded in various features
of discourse, including certain common definitions in everyday life. This dissertation centers on
women doctoral students’ lived experiences in their doctoral programs and thus places protégés
as the focus of this relationship.
3.5.3 Data Collection

This dissertation study explores and examines the relationship between women doctoral
students' mentoring experiences in physical sciences and engineering and their academic career
aspirations. Relevant data was collected by interacting with women doctoral students,
interviewing this group of students and their mentors, observing their daily interactions and
professional activities, and reviewing documents. Given the highly exploratory nature of my

study, and consistent with arguments made by Denzin and Lincoln (2000) in which they argue
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that a qualitative method is best used for collecting "a variety of empirical materials that describe
routine and problematic moments and meanings in individuals' lives" (p. 3), this study employed
multi-method qualitative methods, mainly drawn from ethnographic techniques. Informed by
feminist standpoint theory (Hartsock, 1983; Smith, 1974; Harding, 1991), this study centered
women doctoral students' lived experiences, defining them as crucial toward gaining knowledge
and understanding about their protégé-mentor experiences. According to Smith (1987), "the
only way we can know a socially constructed world is to know it from within” (107). This study
employed methods best suited for understanding the culture surrounding this group of women
doctoral students through examining their daily protégé-mentor activities, how they perceive
their relationships with mentors, how such relationships influence their graduate school
experiences, and how such experiences affect their considerations and aspirations to pursue
academic careers (Bogdan and Bilken, 2003).

By applying these guidelines to my study, the primary strategies of data collection were
in-depth ethnographic interviews with 25 women doctoral students and 10 faculty members from
physical sciences and engineering departments and participant observation at various formal and
informal events. All interviews were guided by the interview protocol developed around
principles stated in Spradley's (1979) description of the ethnographic interview, which suggests
three categories of questions: descriptive, structural, and contrast.

Given the importance of language and culture in ethnographic research, descriptive
questions allow the researcher to obtain information through "native" language and culture,
which refers to the engineering and physical sciences disciplinary culture and language (p. 90).
Structural questions provide an effective tool in understanding the cultural knowledge of the

informants. Contrast questions are significant in exploring the meanings and cultural
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implications that informants assign to key notions and concepts. An important aspect of graduate
school socialization is to socialize into various cultures (Austin, 2002; Gardner, 2008; Tierney
and Rhoads, 1994). Accordingly, an ethnographic approach to developing interview questions is
essential to examine participants' understanding of the departmental, disciplinary, and
institutional cultures’ influences on their mentoring and socialization experience in various
physical sciences and engineering doctoral programs, particularly with an eye towards the
informants' academic career aspirations. In addition to the exploration of the understanding of
culture, the ethnographic approach is also helpful in examining and investigating the protégé-
mentor relationships experienced by women doctoral students from both mentors' and protégés'
points of view in physical sciences and engineering.

In addition to ethnographic interviews, participant observation was conducted through
my constant participation in physical science and engineering monthly Ph.D. seminars, research
group meetings, some students' dissertation proposal/defense meetings, various Ph.D. student
social events, and observation in physical sciences and engineering laboratories. Jorgensen
(1987) considers participant observation as the most suitable method for examining the
"ordinary, usual, typical, routine, or natural environment of human existence in the world of
everyday life" (p. 15). The importance and practicality of utilizing participant observation in this
study is threefold. First, the focus of this study is to examine protégé-mentor relationships in
graduate school, mainly from the protégé’s everyday lived experiences and their interactions
with mentors. Second, the theoretical framework of this study, specifically Harding's feminist
standpoint theory and Tierney and Rhoads' faculty socialization model, assert the importance of
investigating proposed research questions from women's lived experiences and departmental,

disciplinary, and institutional cultures. Third, through 3 years of working and spending time
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with physical sciences and engineering women doctoral students and some faculty members, I
have established an extensive network and rapport with the subjects of this study. I have been
participating and observing dozens of formal and informal physical sciences and engineering
academic events and social activities. In addition to the advantage that participant observation
provides with regard to efficient investigation and redefinition of research questions by exploring
subjects' natural working and social environments and cultures, Jorgensen (1987) pointed out
that this strategy also helps to avoid the disruptions that occur in some ethnographic methods
where the researchers only act as observers and somewhat intrude on subjects' everyday
working/living environments.

To further the understandings of women doctoral students' daily interactions with their
mentors and their academic/research progresses, I reviewed handouts and notes from research
group meetings, TA-professor meetings, dissertation proposal/defense meetings as well as
physical science and engineering websites. These documents were crucial in investigating how
disciplinary, departmental, and institutional cultures shape the quality and process of protégé-
mentor relationships, and in the case of my study, aid in investigating how these relationships
influence women doctoral students' consideration, deliberations, and aspirations of pursing
academic careers. The documents were reflections of protégé-mentor interactions regarding
teaching and research advisement and they depict a large portion of women doctoral students'
professional training and development processes as a potential faculty member. Additionally, I
reviewed the websites of physical science and engineering departments to assist the
understanding of demographic and organizational cultures at various programs and departments.
I have been collecting the aforementioned documents from a group of women doctoral students

for over two and half years prior to the start of my dissertation. I continued collecting such
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documentation and analyzed their content and relevance to this study during the dissertation
study. Based on Miles and Hubeman's (1999) suggestion, I organized and recorded the
preliminary analysis of the document review, ethnographic interviews, and participant
observations on a predesigned journal entry form. For further and systematic data analysis, this
form consists of date/time, types of events/documents, a brief description, my comments and
reactions, as well as preliminary comments and emergent themes.

Sample

All participants were affiliated with Physical Sciences and Engineering fields at a large
research university in the Western United States as doctoral students or faculty members. The
sampling strategy for this study followed concepts proposed by Gardner in her (2008) study of
doctoral students' development towards independent scholars (academic careers) and Maxwell's
(1996) criterion-based selection. As the objective of this study was to explore women doctoral
students' mentoring experiences and their relationships to their academic career aspirations, I
chose women doctoral students from Phase Three (the period starting with the completion of
doctoral coursework culminates with the completion of dissertation research) proposed by
Gardner's three-phase graduate student socialization model, where there is a higher frequency of
interaction with faculty.

Additionally, Maxwell (1996) suggested that criterion-based selection allows researchers
to take into account subject demographics within larger organizational contexts, thus helping the
researchers to obtain a more representative participant basis. For example, in the Department of
Physics and Astronomy at WRU, one fifth of the students are categorized as international
students. Therefore, in my selection of women doctoral students from this department,

interviewing at least one fifth of the international doctoral students reflected these demographics.
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Snowball sampling techniques were utilized due to the low visibility and representation
of women doctoral students in most Physical Sciences and Engineering departments. Snowball
sampling is especially suited for research studies that touch upon "sensitive issues, possibly
concerning a relatively private matter, and thus requires the knowledge of insiders to locate
people for study" (Biernacki and Waldorf, 1981, p. 141). With approximately 300 women
doctoral students in physical sciences and engineering programs at WRU, about half of them
were qualified for inclusion based on the study's selection criteria. Interviews were conducted
among 25 women doctoral students and 10 faculty mentors. Both women doctoral students and
faculty mentors were selected based on the principle of snowball sampling. When certain
selected faculty mentors happened to be the advisor of participating doctoral students, they were
dropped from the sample and a new faculty mentor who was not directly associated with the
participating doctoral students was selected. Also, five female and five male faculty members
were interviewed to better examine the complexity of cross-gender protégé-mentor relationships
as suggested by Kram's mentoring theory.

The interviews were approximately one hour long, digitally recorded, and transcribed
verbatim. Subjects, prior to the interview, filled out a short questionnaire aimed at identifying
participants’ demographic and background information. The following tables reflect
demographic information about the participants. In order to protect their confidentiality and

anonymity, all information is listed in separate categories:

Students:
International Domestic
Number of Student Participants 9 16
Minority Caucasian
Number of Student Participants 11 14
| Physical Sciences Engineering
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| Number of Student Participants | 16 9

Faculty:
Female Male

Number of Faculty Participant 5 5
International Domestic

Number of Faculty Participant 3 7
Minority Caucasian

Number of Faculty Participant 4 6

Physical Sciences Engineering
Number of Faculty Participant 5 5

Research Sites

This dissertation study was a single-site qualitative study with ethnographic approaches
at a large research university in the Western U.S., which is herein referred to as WRU. WRU
was selected due to its preeminent standing in physical sciences and engineering programs and
its strong commitment to research and doctoral education. Thus, WRU not only provides a good
representation of physical sciences and engineering culture, but also reflects the culture of
research universities to a larger extent. The variety of physical science and engineering
departments allowed exploration of a wide array of departmental cultures that influence women
doctoral students' protégé-mentoring relationships. According to WRU's institutional data,
physical science and engineering doctoral students account for over 45% of the entire graduate
student population of 11,000 students. WRU's physical science and engineering programs also
represent a broad variety of chemistry, geology, earth and space sciences, environmental
sciences, and engineering programs and departments.

Further, a WRU graduate division report has revealed that, although women constituted

almost 43% of WRU doctorate recipients in 2000, the percentage was not equally distributed
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across disciplines. For example, women only represented about 10% of engineering Ph.D.s and
25% of physical sciences Ph.D.s. Additionally, women faculty members constitute 10% of
engineering and physical science professors. The representation of women in both science and
engineering doctoral programs and faculty members at WRU mirrors the national proportion in
both categories, respectively.

WRU serves as a reasonable representation of a large research university that consists of
diverse disciplinary and departmental backgrounds. Given that this dissertation study was
intended to be a vehicle to examine and explore women doctoral students' protégé-mentor
relationships and the influence on their academic career considerations, deliberation, and
aspirations based on various cultural and organizational implications imposed by physical
sciences and engineering disciplines, departments, and research university as cultural entities,
ethnographic methods were utilized to best capture these intertwined relationships.

Marshall and Rossman (2010) posited that gaining access and negotiating entry to
research sites is always a crucial and delicate task. Two major approaches to negotiate site entry
were relied upon in this study. First, I leveraged my previously established contacts with women
doctoral students in WRU's physical sciences and engineering departments to recruit more
research subjects and conduct the ethnographic study. Second, I had previous working relations
with the dean of WRU's engineering school, various women professors from civil and chemical
departments, as well as professors from the physics and space sciences departments. These
individuals assisted me in gaining access to research sites during the data collection process.
Further, I have been continuously participating in a number of physical sciences and engineering

students' dissertation proposal defense meetings, lab/research meetings, as well as their social

62



events for the past two years prior to the start of my dissertation project; these activities were
continued for the purpose of this dissertation study.
3.5.4 Data Analysis

Analysis of the ethnographic interview and participant observation data and documents
was guided by the constant comparative method, described as "a research design for multi-data
sources, which is like analytic induction in the formal analysis begins early in the study and is
nearly completed by the end of data collection" (Bogdan and Bilken, 2003, p. 66). This strategy
was adopted because it allows data analysis to confirm the existing theory, understand the
development of new themes, and further connect the findings with policy- and theoretically-
related implications. The data analysis followed the steps for constant comparative method
outlined by Glaser (1978): (1) begin data collection, (2) identify major foci by locating key
themes, issues and events, (3) collect data that contains many incidents of the major focuses, (4)
record emergent themes from ethnographic interviews, participant observation and document
reviews in the Journal Entry Form (see Appendix III) while starting to search for new themes and
foci, (5) work with the data and emergent themes to identify and discover relationships, and (6)
code and write with the major themes and foci in mind. Constant comparative data analysis
occurred simultaneously with data collection until all identified themes were explored and the
writing began. Deductive coding approaches were employed to explore occurrence themes
based on themes guided by the conceptual framework of feminist standpoint theory, graduate
student and faculty socialization as a cultural process, and Kram’s mentoring theory. Some focus
areas of these codes were (1) gendered negotiation, (2) research finance and funding, (3)
exposure to academia, national labs, and industry, (4) family life and academic career, (5) gender

and mentoring, and (6) power dynamics in gendered socialization process.
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Furthermore, data analysis of this dissertation went beyond the themes and categories
defined and guided by the theoretical framework. I also employed an inductive approach within
the data analysis in order to explore the recurrent themes that emerged from the data. For

29 ¢

example, the concepts of “community,” “network,” and “meshwork” were found to be prevalent
themes in the data analysis process. The adoption of an inductive data analysis approach was
significant in expanding the theoretical and policy related knowledge of women’s experiences in
physical sciences and the aspects of understanding that were not explicitly indicated in the major
theories guiding this study.

3.5.5 Trustworthiness

Many scholars have raised concerns over the trustworthiness and authenticity of
qualitative studies. I followed Lincoln and Guba's (1985) questions on the operationalized
definition of trustworthiness to verify the credibility, transferability, dependability, and
confirmability criteria of the study. More to the point, Lincoln and Guba (1985) entertained
these key questions in their quest for greater trustworthiness by emphasizing the importance for
researchers to address "how findings of an inquiry are worth paying attention to, what arguments
can be mounted, what criteria invoked, and what questions, asked, that would be persuasive on
this issue" (p. 290).

According to Lincoln and Guba (1985), credibility guarantees the production of valid and
believable findings by developing a thorough understanding of research sites. Transferability
emphasizes issues regarding how applicable the findings are to other kinds of settings.
Dependability speaks to the possibilities for other researchers to reach similar conclusions under
similar research designs and conditions, while confirmability addresses how multiple sources

might authenticate the research findings and data interpretations.
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To address trustworthiness criteria, I implemented the following approaches in my
research in line with Lincoln and Guba's (1985) recommendations. The credibility and
confirmability of the study were strengthened by collecting the data over a prolonged period of
time (from September 2011 to October 2012), involving multiple data resources (ethnographic
interviews with students and faculty mentors who belong to different stages of professional
socialization processes at various physical sciences and engineering departments), and collecting
data via various methods (participant observation, ethnographic interviews, informal interviews,
and document review). Initially, I planned to employ the technique of member checking by
sharing the data analysis and interpretations of the interviews with an advisory panel. This
advisory panel was planned to consist of five to eight women doctoral students from the research
subject pool to discuss the validity of the interpretation and seek alternative explanations of the
data. However, as the data collection process was completed, I realized that women doctoral
students in physical sciences and engineering programs form very closely tied communities.
Even my general discussions with the subsample of my informants could violate the
confidentiality and anonymity of my research participants. I did not think it was ethical to utilize
such strategy. Instead, I invited all 25 women students to a second informal individual interview,
at which I asked each to comment and interpret certain parts of her original interview transcript.
Another reason for my decision to invite these women for a second “interview” was due to my
"outsider" status to the physical sciences and engineering doctoral programs. Although I am an
"insider" when it comes to graduate students' protégé-mentor relationships, the conversations and
discussions achieved from the second round of meetings provided me with a deeper
understanding of physical sciences and engineering's disciplinary and departmental cultures.

Contrary to the original plan of forming an advisory board, I did not send the findings of my
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study to any research participants due to the sensitivity of certain data collected. The input and
comments collected from individual women doctoral students on their own transcripts were
examined and selected for inclusion in the final manuscript of the study, based on relevance to
the research questions. Constant comparative data analysis allowed me to compare the raw data,
the interview transcripts, and data interpretation on a regular basis to ensure the accuracy of the
data analysis.

To establish sufficient transferability and dependability of my study, I provided a detailed
description of the research sites and informants. Given the sensitive nature of this study (women
students' lived experiences, protégé-mentor relationships and other graduate school socialization
processes involved), I ensured the confidentiality of participants by not providing any
identifiable information with regard to individuals or their departmental and institutional
affiliations in the findings chapters. In reference to the protection of human participants in this
research, IRB reviewed and controlled the research conduction process. All subjects were
informed beforehand that their participation was completely voluntary and they could withdraw
their participation at their will and at any time. Although the research posed minimal or no risk to
participants, all participants received a research information sheet which included: purpose of the
study, procedures, potential risks and discomforts, potential benefits of subjects and/or society,
payment for participation, confidentiality, participation and withdrawal, identification of
investigators, and rights of research subjects. I will extend and expand my current valid research
IRB approval form.

Given the participatory and interpretive nature of ethnographic studies, it is important for
researchers to specify "biases, values, and personal background[s]" in the process of the data

collection (Creswell, 2009, p. 177). My various identities as a Chinese national, a woman, a
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doctoral student of higher education, and an outsider from the physical sciences and engineering
programs influence and shape the dynamics and relationships established during the interviews
and site observations; conversely, the identities of my informants, both faculty mentors and
women doctoral students, also played a role in this influence. Consequently, my study was
guided with an awareness of the ways my personal values and background, along with the
theoretical framework intersect, and how the combination of lenses shaped the data collection,

analysis, and interpretation process.
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CHAPTER 4: SITUATED KNOWLEDGE: CENTERING THE EXPERIENCE
OF A COMMUNITY OF WOMEN PHYSICAL SCIENCE
AND ENGINEERING DOCTORAL PROTEGES

“I would say some advice on how to get through the year, like, just little keys to success are
extremely important. For example, what are the best tips to finish your course work, or if you're
in this field, what were the best classes that you took that you could recommend to other people?
Once you are actually working for a lab, who are really positive advisors that would be well
suited for your personality? And who has money? And what are good fellowships to apply for if
you don't have money and you are worried about funding? Those were all things that I kind of
had to figure out and this group of women provided me with [a] tremendous amount of help and

support” (Mandy, environmental engineering).

Graduate school socialization can be exciting and intimidating at the same time. It is the
exciting beginning of a doctoral student's research career and comes with a higher level of
freedom compared to undergraduate studies. Across physical sciences and engineering doctoral
programs, a high percentage of students enter graduate school directly upon receiving their
bachelor’s degree. However, adjusting to, and learning how to navigate and master, a graduate
school career can be very challenging. Mandy’s perspective cited above precisely summarizes
the complicated factors that the graduate school socialization process entails: coursework
selection, laboratory choices, funding competition, identity negotiation, and relationship
establishment. In a vast majority of physical sciences and engineering programs, there is no

written rule indicating explicitly how to navigate these crucial concerns for doctoral students.
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Additionally, in physical sciences and engineering, where a majority of the faculty, postdoctoral
and staff researchers, and doctoral students are male, women often find themselves deeply
confused and even desperate when attempting to find answers to these critical questions.
However, many physical sciences and engineering women doctoral students carve out their
unique "survival approach" by uniting with other women at different stages of the graduate
program to maximize limited resources, survive hazing, and successfully navigate their doctoral
program, all while cultivating skills and accumulating necessary scholarly qualifications
requisite for a successful career upon receiving their doctoral degrees.

The data from this study reveals a strong nexus between women's graduate school
support networks and the decision and desire to pursue an academic career. Some women, who
are fortunate to be part of a supportive academic community, utilize the support and resources to
survive and thrive in a male dominated environment. Discrimination may not be as explicit as it
once was, at least compared to 30 or 40 years ago, yet these women reported their constant
struggle with various implicit biases that are embedded in everyday practices, conferences,
informal social events, and career prospects. This chapter offers insights about the lives of
women doctoral students in physical sciences and engineering via their strategies of uniting a
community of women to help each other survive and thrive in a multi-faceted and complex
graduate school career. As the primary purpose of this dissertation is to examine the influence of
women doctoral students' protégé-mentor relationships on their academic career aspirations, the
discussion of this chapter positions women's "survival" and "developmental" strategies in their
doctoral programs alongside other influences to portray a more comprehensive picture of this
group of women's lives and experiences in graduate school. To accomplish this, the chapter

begins by introducing major strategic approaches and networks that these women utilized on a
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daily basis for course and lab selection, as well as in terms of pursuing publications and
advancing scholarly visibility, and eventually how these strategies, or lack thereof, affected these
women's decisions to choose or shy away from academic careers. Additional findings chapters
will continue this train of thought, further expanding and elaborating on how multi-faceted
cultural factors influence women students' negotiations and experiences in their programs and
how these intertwined gender and cultural relations gradually shape and cultivate their career
aspirations. The discussion of this chapter is especially crucial as I begin to understand the many
aspects of graduate school experiences closely associated with protégé-mentor relations and how
they affect women doctoral students' lived experiences from day one of their graduate school
career.
4.1 How to Survive and Thrive within Graduate School as a Community
Graduate school is described by many research participants as "a complex mechanism,"

"a playground without explicit rules," "a place that makes you or breaks you," "the beginning of
a research career," and even as a "postdoc machine." The discussion on how to first survive, and
hopefully thrive during, doctoral studies triggered the discovery of these women's complex
strategies of forming and relying on a community that consists of diverse support mechanisms.
The following pages present major themes on the diversity of these strategies that women
doctoral students utilize in physical sciences and engineering programs to navigate their Ph.D.
career with "community building."

4.1.1 Meshworks Established between Women to Navigate

Early Graduate School Career

Women participants emphasized the importance of community as a critical tool to help

them get through the initial stage of their doctoral studies. They also acknowledged the fact that
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"science is a very lonely field for women," and "expect[ed] doctoral studies to be the same way."
Regardless, they found the encouragement and motivation to keep going when faced with the
initial challenges of doctoral studies by sharing their experiences with other women doctoral
students and supporting each other with their own resources. After being asked how she is
currently acquainted with other graduate school attendees, Megan stated:
We [other women and I] are kind of... our group is rather isolated in that respect. I guess I
expected it, just because I’m in science. And it’s almost always been like that. So you
don’t really think anything of it any more... In terms of colleagues, I don’t really think I
have too many other people besides these two women doctoral students that really
support and encourage me.
Megan acknowledged that the two women doctoral students who started their doctoral studies
around the same time as her were especially helpful during her first year of graduate school.
They not only provided her with a sense of support on a professional level (course work
selection, research group selection, interactions with her advisor etc.), but also supported her on a
personal level (they faced the same types of challenges and support each other on a emotional
level). Jill, a fourth-year physical science student also expressed a similar position and stressed
the importance of developing a network of doctoral women to support each other emotionally
and conquer the fear of being perceived as "stupid" or "unproductive" by their advisers and male
colleagues:
Most of us share a lot of the similar experiences, even though we wouldn’t say that [out]
loud normally. So having this kind of weekly potluck get-together really made us not
feel alone. And that’s a huge thing to understand... for example, I thought I was the only

person that suffers through the whole thing but... it might be the case that everybody else
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has been through this. Most times, they [other women in the group] have their own

experiences and I can adopt their ideas to my own world and improve it a little. That's

helpful!
Jill's comment illustrated an important method that women utilize to become socialized to their
doctoral programs and cope with various professional and personal challenges- support groups.
These groups, varying in size from three to over ten people sometimes, offer a platform for
women doctoral students to share their experience, stories, challenges, and offer each other
potential solutions to their problems. Another finding from the data was that participants
believed graduate school tends to be "idealized" by many women doctoral students prior to
starting their programs due to the romanticized version of graduate school portrayed by teaching
assistants and professors with whom they interacted at their undergraduate institutions. Sixteen
women in this group claimed they thought graduate school would be an "end all, be all" and "life
changing" experience. Almost all participants admitted they thought graduate school was going
to be filled with guidance from their professors, collegiality and support from their colleagues,
and financial support from the institution. However, a few months after entering their doctoral
programs, these women suddenly realized that graduate school was not a place that "is filled with
clear instructions and directions." Alison shared her story about how she related to a female
doctoral student and how they got over their initial frustrations together:

I started talking to Susan after a few weeks. She has the same advisor with me. I would

say there are a lot of similarities. There is a lot of frustration, fear. For example, when

she’s presenting her stuff... I can feel how scared she is. I can identify with her. So

that’s why I think it’s a very similar situation. So the frustration, the fear and the
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helplessness bonded us. We started from a co-worker relationship to a somewhat
inseparable friendship.
As Allison's comments reveal, "fear" is a fact of life for some women in the sciences and
developing strong ties to other peers can sometimes be critical to success. Five women from
space sciences discussed the importance of "female leadership" within women doctoral student
groups acknowledging that a few key members of the group provided core values and guidance
to the community. With this kind of leadership, they were able to achieve success in advocating
for women's benefits. Yet, their community was not able to repeat the productivity after the
departure of the community leaders. Cindy described this productive period of time in their
group's history, all the while glowing with pride and satisfaction:
So we had one female graduate student... she was totally kick-ass. She organized
meetings... She organized this convention where leaders from this field were invited to
discuss being a woman scientist. She campaigned for a women’s bathroom in the
building because there wasn’t a bathroom. So we had that sort of thing till some women
graduate student graduated. Then nobody else took it up. Including myself... That was
like her baby. We also went out... we went to career fairs and Girl Scout troupe stuff... I
guess that’s what we did. But after she left the whole thing just kind of fizzled and a lot
of us are now lost.
This senior student's story represented a victory in advocating opportunities for women in the
physical sciences department. Several other participants mentioned her name and two women
professors interviewed used her story to demonstrate the proactive role that women should be
taking. Yet, these participants also expressed their worries over the fact that "nobody took on

her leadership positions after she left." Nicky, a student in the electrical engineering department
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described her bond with other female colleagues through the electrical engineering jargon of
"mesh." She explained how a normal electric circuit works by connecting all branches together
to create a functional system, while "mesh" refers to "a web of branches forming a closed path in
a network so that if any one branch is omitted from the set, the remaining branches of the set do
not form a closed path” (Merriam-Bester Dictionary). In other words, Nicky indicated that due
to the limited access to traditional physical sciences and engineering programs’ necessary
"networks" of colleagues and mentors, a large number of women formed informal "branches" or
"loops" aside from their efforts to connect with the mainstream nexus in graduate school. These
"branches" or "informal nexus" were described as "meshworks" in Escobar’s (2008) and Ingold's
(2007) works on science, technology, and culture. Gu, Traweek, Holbrook et al. (2011)
discovered the significance of meshwork in affecting underrepresented women astronomers'
scientific careers in research labs and universities.

As part of an effort to train future academics, and as an approach to mitigate funding
shortages and the lack of lectures due to the budget cuts, many physical sciences and engineering
departments require doctoral students to work as teaching assistants (TAs) for at least three
semesters. Many new students have trouble securing funding in the first couple years of their
doctoral programs and turn to this "last straw" to pay bills. Helen was one of the 23 women who
taught during her first three years, and she shared some of her "intimidating" TA stories:

When I first started TAing , I was freaking out everyday. It might not seem to be a big

deal to my adviser but it was intimidating to us first timers! How I got over it? I

basically started venting with Alice, who entered the program one year ahead of me and

she was about to start TAing for another class. Alice has done it before so. She really

helped me. So the second year I can TA by myself with 100% confidence.

74



As graduate school progressed, the group of women not only supported each other to get through
coursework, exams, and laboratory selections, but also assisted each other with teaching and
research duties. By the third year, almost all research participants mentioned their awareness
regarding careers trajectories. Gena, an astronomy doctoral candidate described the "shocking
discoveries" made by her group of women doctoral students:

We had this student orientation a week ago and my friends and I went. All faculty stood

up in front of the room, 15 men and 2 women. I mean when you look at that... it’s like

whoa... looking at that made us think why are there so few women? What are the
obstacles that stop women along the way? That experience definitely prompted some
discussions between us. We think a lot of women stop trying to get to that point

[academic positions]. I think it might be for various reasons. But having these chats

between my friends definitely made us think about things like that.

Similarly, all 25 women acknowledged that they were well aware of the fact that physical
sciences and engineering were very male-dominated fields, and stated they did not mind
interacting with male professors, colleagues, and students as "that's just the way it's always
been." However, 20 women who discussed in detail how they actively participated in women's
communities in graduate school noted how those activities sparked their questioning of women’s
underrepresentation. The awareness of the underrepresentation of women faculty is positively
associated with women doctoral students' desire to pursue an academic career. Some
participants acknowledged that this kind of awareness encouraged them to thrive and explore the

"unpredictable academic world."
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4.1.2 Interactions with Senior Peers to Advance Scholarly Skills
and Expand Network Beyond Department

Graduate school socialization does not stop once students complete their mandatory
coursework. In fact, all 25 of the women students in this study acknowledged the increasing
demand to reach out to a larger community as their graduate school careers progressed. 20
women doctoral students discussed the tremendous amount of help they received from
postdoctoral researchers working with their respective advisers. In certain departments, such as
space sciences and space physics, there are tenure-track professional researchers dedicated to
writing NASA grant proposals and collaborating with researchers from national labs and the
industry, and sometimes Ph.D. students, to carry out effective research for NASA missions.
These researchers were described by many participants as "extremely helpful mentors" for
professional development processes in graduate school. Many women expressed their preference
for interacting with postdoctoral fellows and researchers due to the following reasons: "They just
graduated from their doctoral program and are in the same age group with us," "they understand
our pain and are more understanding," or "we don't have to be scared of asking stupid questions."

The findings of the present research effort suggest that a high percentage of women
perceived themselves as suffering from “imposter syndrome,” which is a psychological term for
the phenomenon when certain individuals have trouble internalizing or acknowledging their
accomplishments. While this kind of behavior has been reported in a report from NASA's
conference on Women in Astronomy and Space Science (2009), there has been little follow-up
on this proposed syndrome. While it is entirely possible that male doctoral students suffer from
symptoms caused by low self-esteem, this study provides the analysis of women's unique

strategies to cope with this kind of situation. In this study, all of the women doctoral students
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excelled in a competitive pool of candidates, entered prestigious doctoral programs, published at
least three journal articles during their doctoral studies, and are all working diligently towards
their doctoral degrees. However, their fear of "not being good enough" or being considered
"unqualified and stupid" constantly makes them abstain from many interactions with professors
and intellectual exchanges at major conferences. Instead, these students turn to postdoctoral and
junior researchers rather than their advisors and colleagues for effective feedback and scholarly
assistance. As one woman explained:
I do believe that it’s important to talk to different people in your department. I feel
sometimes the senior people in your group can be even more helpful than your advisor...
They are in the same group and they’ve been through all this [doctoral program] and they
know what it is like to finish a project and what it is like to finish doctoral education in
your field. So sometimes they can give you more specific suggestions that can be more
helpful to your research.
This participant elaborated on her strategy of dealing with her constant feelings of "fear" and
being "lost" which involved interacting with senior peers in her research group. These "senior
peers" could be more advanced doctoral students, postdoctoral researchers, or staff researchers.
Some women turn to their postdoctoral peers for guidance in the areas in which their advisers are
not specialists. For example, Amy, discussed the reasons why she turned to postdoctoral studies
for certain types of feedback:
My adviser is a good scientist and she has great ideas but she’s not a great programmer.
She doesn’t do all those technical stuff. So if I had a question like that, I would go to a

programmer or I would go to a junior research staff or post-doc. They would tell me
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what to do. It’s usually turn to post-docs for this kind of things [practical and coding

related questions]. More technical stuff.
Amy's research project does not necessarily align with her advisor’s research interests. She
reported her constant "struggle" of not being able to find the right direction or effective feedback.
Eventually, she formed an "advisory panel" where several junior staff researchers and
postdoctorals provided her with suggestions that helped further her research. Jacqueline was a
fourth-year doctoral candidate who used the words "mentor" and "adviser" interchangeably in
interviews. Her adviser was a well-connected, prestigious principle investigator of many large-
scale NASA projects. Ironically, Jacqueline noted that she received "very little" or even "no
support" from her advisor. While discussing the definition of "mentoring," Jacqueline sighed
and said, "I wish my adviser was more hands-on. I feel that I didn't learn much from her.
Graduate school has taught me that sometimes peers can provide more help than advisers,” using
the word “peers” to refer to the postdoctoral researchers in her group. Jacqueline added "Many
of them are in the same office with me and they've helped me so much to improve my research
skills. I probably would have dropped out by now if they weren't there." Jacqueline smiled with
a hint of bitterness on her face. She is not alone when it comes to relying on senior peers for
advice and feedback, even in the process of seeking employment. Sue, an astronomy student
shared the following:

I’ve been applying for many jobs and fellowships in the last six months and my

officemates have been doing the same but they are post-docs. I ask them questions on

applications. They went through and read my stuff. Their opinions on things, such as

salary and living conditions are very helpful. I wouldn’t really ask my advisor about that

kind of stuff. I think I would ask him about the science and the people who work there to
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see if that’s a good place to go. But for the outside, for the work-life balance, I would

turn to the post-docs.

"Work-life balance" is a concept that refers to proper prioritization between job and life.
Job indicates career, promotion, or ambition while "life" indicates family and leisure related
activities (Jeanes, Knights, and Martin, 2009). In this study, as advanced women doctoral
candidates start to look for jobs or postdoctoral positions—a large majority of them applying for
at least five positions at the same time—23 of the women reported that postdoctoral and/or staff
researchers provided them with extremely helpful and informative insights on not only their
applications, but also other potential career aspects such as learning about living conditions,
family friendly policies, work-life balance, and office/research lab politics. These postdoctoral
and staff researchers came from different parts of the country/world, most likely had worked
with prominent professors in national labs or on research teams, and had done multiple
postdoctoral appointments prior to their appointment to WRU. Their insights into the significant
details of potential positions proved crucial to doctoral women throughout the employment
search process.

In some cases, doctoral women were introduced to their potential employers through
networks of these senior peers. Many women doctoral students often meet the researchers and
professors who may potentially employ them via introductions from postdoctoral fellows and/or
staff researchers. Lindsay, a civil engineering student, shared a story of how one woman in her
Ph.D. program found her first job after finishing graduate school:

Being connected with staff researchers is awesome because he probably knows a lot more

people in the industry, and I know one girl in our lab was having trouble getting a job.

So she went and asked him and he gave her applications to this company, and she got
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hired a week later. So he's the kind of the guy who knows people, and that's really

convenient.

Lindsay shared that she has been trying to form close relationships with senior peers in
hopes that she will be able to find a job upon graduation through their network of engineers.
During the first two years of the doctoral program, women students formed their support group
and community based on gender and field of study. Yet, as their academic careers progressed,
these doctoral women's networks expanded to include both female and male senior peers, such as
postdoctoral researchers and staff researchers. The group dynamics also increased in
diversification across disciplines, as interaction expanded to the scientific communities that
bordered their respective fields. For example, chemical engineers may have collaborated with
biologists and biochemists. Funding resources could expand proportionally due to the
interdisciplinary collaborations. Some of the interviewed chemical engineering students reported
that they ran out of funding on their main research project. They then began to work on an
interdisciplinary project in a biomedical research center and were able to secure further funding
through a different grant from NIH.

4.1.3 The Influence of Women Peers on Doctoral Women’s
Career Decision Making Process

Choosing an interesting, reasonable, and balanced career path was reported to be a huge
concern of all the domestic research participants, while national security restraints and visa and
immigration related issues were more prevalent concerns among international doctoral students.
Although the quality of their graduate school experiences varies, 19 women noted the important
impact that more advanced women colleagues' career moves had on their own career decision-

making processes. These participants suggested "it was not until the more senior women
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doctoral students started talking about careers, [that] I realized that we should really be thinking
about it too." Cindy, an advanced earth sciences doctoral student, discussed how a career
discussion between a group of advanced doctoral women inspired her to start thinking about
career related matters:
There’s this small group of women who are going to be graduating this year... and they
have been talking about it [job applications]. They never really talked about careers with
their advisors in the past. But now they are giving me tips about job application. I guess
that is kind of interesting to start thinking about it now because obviously it’s good to talk
about it when you are applying. It’s probably also good to prepare for it before applying
to figure out a little more about what you want to do.
Cindy's comment touched upon a somewhat surprising, yet common, phenomenon among
student participants- they rarely think about how to prepare for a career until the last year or few
months of their doctoral programs. Lack of proper guidance and direction when it comes to
career aspirations left many women unprepared in the competitive job market. Six women spent
a significant amount of time discussing the troubles in their graduate school careers, caused by,
among other things, limited mentoring, insufficient financial resources, changing advisers, and in
one case, completely restarting a research project after three years in graduate school. The
women also indicated that, no matter how difficult the programs have been or will be, the career
outcomes of their more advanced women peers always serve as an "ultimate inspiration and
motivation" to "keep going" and complete graduate school. Tina, in her sixth year, reflected on
this general trend among women who have not had a smooth graduate school career:
Every woman I know who’s gotten a post-doc has moved to a different city. They’ve got

a house with a yard and they’ve gotten a dog. And it’s just this suge upgrade in salary,

81



and since they are moving out of this expensive city their money goes even further. So
it’s like this magic dreamland over the rainbow “one day, I’ll get a dog.” 1 don’t actually
even like dogs but now I want one! It’s like this total freedom! “I can afford a dog! I can
pay for my own health insurance and help to raise this little creature here!” It’s like this
ultimate status symbol and everybody keeps sending picture[s] of puppies. Even for
people who had really rough graduate career say, they told me that their postdoctoral
careers are great. It's those kind of stories that keeps me going.
Tina's view is fairly representative among the participants who did not have a smooth graduate
school career. Most of them identified a former woman student who has secured a postdoctoral
or researcher position as their role models and inspired them to complete their doctoral
programs. However, the average length of time to graduation for this group of women is almost
one and one-half years longer than an average doctoral student in the same program. In many
cases, women doctoral students base their own academic career decisions on the outcomes of
their advanced women peers' job placements. Laura, an engineering doctoral student, had only
considered careers in the private sector since the first day of her graduate study. She had second
thoughts due to the influence of a more advanced Ph.D. peer:
I think it [Christine's job placement] has played a big role, really. Because I have seen
Christine, one of the grad students who I considered as a mentor, going to a postdoctoral
position, and she's been very successful at a big research university and they are paying
her well and she really likes it, and I kind of like, want to at least consider it [post
doctoral appointment]. So, whereas I had not considered it at all these last four and half
years, actually now that I'm getting towards the end, I am considering it and looking at

what kind of fellowships are out there for post-docs.
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Crystal, a sixth-year Ph.D. candidate was about to start her postdoctoral career. She had
only applied for one position and accepted it when she learned that one of her former doctoral
colleagues was also working in the same research group. She admitted to me that she felt "bad"
only applying for one job. Yet, the research group that she will join has very good credibility in
her field and she knows some people who work at the group. So she felt that it was a win-win
situation on both the professional and personal levels.

Susan, a third-year physical science doctoral student, spoke of the influence her previous
lab mates "going into staff researcher positions" had on the way she thought about pursuing an
academic career. She discussed the dilemma that many other international students in space
sciences are facing, primarily that "the professor positions in the U.S. are limited" and
"international students need sponsorship from the university for working visa and it costs a lot
for the institution." On the other hand, "if we decide to go into NASA or other federal labs, we
will be on a lower level [due to] national security concerns." Although many international
women doctoral students face many barriers when it comes to the process of seeking
employment, some are utilizing their international networks to secure funding, expand research
resources, and conduct research through transnational collaborations. This issue will be
addressed in the following section, which is a discussion of the concept of community for
women scientists and engineers that expands beyond departmental, institutional, and national
boundaries.

4.2 The Community of Women Across Department,
Institutional, and National Boundaries
I was introduced to a doctoral candidate named Jane by a mutual friend in one particular

physical science department. Jane was in the midst of writing grant proposals for her potential
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postdoctoral position at a major national laboratory. I went to her office for our first meeting,
and when I arrived she was concluding a meeting with two other women. The office was small,
cold, and had no windows; there was a desk and bookshelf placed in each of the four corners of
the room with a round meeting table in the center. She introduced me to her colleagues, Pia, a
fourth-year doctoral student, and Ping, a visiting scholar from China. Jane described my research
project to both Pia and Ping, who seemed to be very intrigued by the research topic. Pia and
Ping both work with the same professor and they started working on a very recent NASA
mission a year earlier when Ping arrived at WRU. I scheduled interviews with Ping for a later
time.

From the interview, I learned that Ping holds a permanent position in a major research lab
in the Academy of Science in China and was sent by her research lab to collaborate with WRU's
research team. Pia's adviser recently told her that due to the completion of the NASA mission,
Pia's funding for her last two years of graduate school might be "unpredictable." Pia expressed
her concerns to Jane and Ping over lunch one day and Ping suggested that they should work on a
funding proposal together for an interdisciplinary and transnational collaboration grant provided
by the Chinese government; this was the major purpose of the meeting I interrupted. I was very
impressed by their passion and enthusiasm to pursue funding in such a novel way. Jane informed
me that "the U.S. government is cutting a lot of funding for NASA's missions and many doctoral
students are have trouble graduating due to funding constrains. So [they] turn to transnational
projects to collaborate with European and Asian scientists." This kind of phenomenon is
sometimes referred to as "border crossing" or "boundary crossing," a phrase coined by Traweek

(1988) during her research on transnational high energy physics laboratories in Japan, and then
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further developed in her research on women and minority astronomers (Traweek, Gu, Guillen, &
Holbrook, et al., 2011).
4.2.1 Small Community at One Institution, Big
Community at One Conference

Findings of the present study reveal that in any given physical science or engineering
department within WRU, the resources for women are limited compared to their male
counterparts. Women doctoral students discussed their proactive approaches to pursuing
guidance and mentoring outside of their departments or the university. In most cases, these
mentors were female junior faculty members who met with the students at professional
conferences. Some of the women faculty members served on doctoral students' dissertation
committees, assisted them with the process of seeking employment, and provided them with
"work-life balance" advice. Women students reported they were "more likely to relate to these
young faculty members," and are more willing to share "the full picture of their research and
career plan." Lisa, a doctoral student in environmental engineering, had a great working
relationship with her adviser who effectively assisted her with the transition to graduate school,
provided her with sufficient funding to carry out her research, and gave her plenty of
opportunities for—and guidance on—publishing and networking. However, she discussed the
"degree of sharing certain information" with different mentors when we discussed issues related
to building supportive networks:

I think one of the reasons why I like to talk to her about my career choices is because she

can give me a little bit of the outside perspective. Also, she’s just a little more casual

than my advisor. Our research group in particular and our larger research group in my

department, we have a lot of older faculty members, and I’m not sure it’s because of their
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age or it’s just personalities... There’s not a lot of outside work interactions. It’s strict.
There is work life and there’s home life. It’s very separate. I don’t know about some
departments, some people I’ve met are much more integrated. I feel like those people are
a little more approachable.
Lisa is not alone in her experience when compared with other women interviewed for this study.
Many research participants who had experienced various degrees of "alienation" in their "lonely
graduate school career[s]" stressed the importance of conferences in identifying mentors who can
provide them with professional and personal advice. Linda, a Ph.D. student in earth sciences,
expressed her views on the importance of attending professional conferences in her field:
I think doing science could be a very lonely journey. I think that’s what these conferences
are there for. We talked about this, the importance of conferences, too, of networking,
and that lets you unconsciously search out potential mentors. Even if you’re not thinking
along those lines, you’re still thinking this person is ahead of me by this much and they
are friendly to me. I feel like I can talk to them and go to them for support at any time.
Linda portrayed "conferences" as arenas for many doctoral students to seek additional mentors
and effective feedback. Given that many women reported dysfunctional relationships with their
mentors in their doctoral programs, attending conferences appeared to be a very rational and
necessary coping strategy. 85 percent of the participants discussed their experiences attending
various conferences and woman-oriented sessions. All participants agreed that it was a very
good experience talking to other women and connecting with people in the same field. Kelly, a
physics student, laughed about the fact that she “never knew that there were so many women

working in physics” and that it helped her “feel the sense of belonging ... like going home!”
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Krista, a fourth-year engineering doctoral student, discussed her pleasant experience attending a
Women's Environmental Council meeting:
It’s just a whole bunch of women who are really friendly towards the cause and they’re
just, they don’t really talk about their being women, they just kind of just say, OK, this is
a group that is just composed of people who don’t have as much representation in the
field. So then I think it’s just, it’s just good in the sense that everyone can get together
and be like, OK, we’re still people, we still have rights, so we can kind of fight for it.
It was widely believed among interviewed women that attending these conference activities
geared toward women had an important impact on them. They realized that these events were
not about "complaining about discriminatory behaviors" or "hating their male colleagues." They
were more focused on providing "a sense of community" and a "supportive network" where
women at different levels of their careers could "get together, share what is going on in their
lives, share resources, and sometimes collaborate on research projects." This kind of practice is
not only prevalent in engineering, but is also common in the physical sciences, as reflected by an
astronomy doctoral candidate:
I usually attend the meetings organized by the American Astronomical Society Division
of Planetary Science. It’s the same group of women who belong to other fields. There is
a lunar and planetary conference that’s not technically through the same organization but
the same group of women would come together and made sure there is a room or things
are available so that women can have more access. They have a lunch or dinner at these
all the time and people bring issues. For example, women at smaller colleges have issues

accessing journals. You can’t access journals because you are a smaller institution... get
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on this mailing list with everyone... and we’ll email you the articles you need. So to a

certain extent, we have much more networking than the guys have.
This comment reflected the width of the network built amongst women physical scientists. Not
only are women doctoral students benefiting from these types of network, but also women
faculty who have less access to professional resources. Unfortunately, about 80 percent of the
women in the present study reported that their departments had no particular program that
provided a platform for women to support each other. Nicky discussed how she was very
excited to be invited to a "women in astronomy" departmental event during her first year at
WRU. However, she went on to note, "all we did was get together and take a picture and that
was the last time I heard from the organization." Disappointed by the lack of such mechanisms
within their departments and the institution, many participants found more encouragement and
advice from the women they met at professional conferences. A doctoral student in civil
engineering described her experience attending a conference's social event and her subsequent
encounter with a woman professor in the field as an "eye opening milestone." It was the second
time Mary attended the annual meeting of the American Society of Civil Engineers. There, she
met a woman assistant professor from a different university who shared some fairly disturbing
experiences of trying to "break into the old boys' club" and the challenges that she faced in
advancing as a serious scholar and developing a solid reputation in her field. Mary reflected on
the conversations with this assistant professor and on the significance of having such interactions
at professional conferences:

It’s definitely good to have outspoken people like her who will say that to the people in

our generation because she was sitting around... basically with the next generation of

faculty in our field and for her to just come out and say that [it's a very challenging field
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to break into]...I was glad... It's validating to hear something like this from a woman

professor. Now, I'm at least prepared to be facing all these situations.
Mary stayed in touch with this female professor following the conference and she has provided
Mary with much effective feedback on how to prepare to pursue an academic career as a woman.
Conferences are an inseparable part of scientific careers. Graduate students learn about the value
and importance of participating in conferences from the very beginning of their doctoral studies.
However, the real benefits of meeting more people and exchanging scholarly ideas do not
normally register with students until they "incidentally benefit" from the network that they
"unintentionally" built through conference meetings. Some of the participants received generous
help with career decisions from women professors they met at conferences. Others got involved
with various women's sessions at different annual conferences where they encountered positive
assistance. Almost all women in the present study admitted that they did not realize the
importance of attending conferences at the beginning of their programs. Now, as they look back
upon their graduate career to date, they realize that the gradual network and involvement in
various professional conferences has benefited them to a great extent. A fourth-year engineering
doctoral candidate, Sasha, reflected on her past conference-going experiences and how she
gradually became more involved in her organization. The network she established through the
conference is helping her with her present career move due to its nexus of industry and
academia:

There is this conference I started to attend two years ago, American Institute of Chemical

Engineers. So it's like this main conference for the chemical engineering society... I'm

attending this workshop organized by this women initiatives committee, so that's not

necessarily just for academic positions... but that's like a combined group of women...
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both in industry and academia... in chemical engineering. So I'm going to go this year to

network with my potential employers. I applied for a travel grant from them and I got it.

I'm actually looking forward to meeting them.

Different from conferences in many other fields, engineering conferences are usually
attended by both academics and people from the industry. As such, they serve as a great
platform for graduate students to learn from and network with professionals from the industry or
professors from other institutions. Whether or not a student chooses to work in academia,
employers usually require prospective job candidates to have at least three recommendation
letters. In most student participants’ cases, these letters came from professors with whom they
worked throughout their graduate studies. An interesting finding of the present study is the trend
that a large majority of women students normally only work with one professor on numerous
projects throughout their entire graduate career; this professor is usually the student's adviser.
This limits the opportunity for students to obtain an array of letters of reference. Women who
had limited connections outside of their home institution experienced challenges in finding
suitable references. A fifth-year Ph.D. candidate shared her thoughts:

I ended up having this mentor who’s from Cornell. We met at a conference during my

second year and she has been a really big influence over the course of my Ph.D. and I

wasn’t really expecting that, but it was a very good thing and she’s been very helpful

promoting my career, and she was one of the people who I listed in my job application. It
wasn’t really something that [ was looking for, but it just I think it turned out to be the
best thing that happened in my Ph.D. program. She's more like a friend than a mentor

and she is definitely a good complement to my adviser.
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As I was editing the findings chapters, I learned that this woman has secured her first
postdoctoral position and the research group she will be joining is lead by a professor who used
to be in the same doctoral program with the female professor from Cornell. The community of
women could be small within a particular department at WRU and the quality of interactions and
mentoring could vary between students and their professors. Interviewed women reported that
there were no particular programs in their departments that are geared towards doctoral women's
needs, nor do they provide resources for students to grow professionally and promote their
careers at a more advanced level. Women participants have discovered the benefits of attending
conferences to reach out to a broader community of women scientists. Through the interactions
with other women doctoral students, researchers, and professors, these doctoral students found
the necessary support to keep them motivated to complete graduate school. Additionally, these
newfound mentors helped facilitate the graduate school to work-life transition that women
doctoral students eventually face.
4.2.2 The Benefits of Long-term Collegiality Built among
Women Scientists and Engineers

The student participants also discussed that “community building” and networking does
not start in graduate school. The communities and support networks of woman scientists and
engineers are extensions of their undergraduate institutions where they were first socialized into
their fields of study. This network includes (a) undergraduate friends, some of whom pursue
graduate education, (b) women faculty members with whom the student worked or who have
largely encouraged the student to stay in science and engineering, and (c) undergraduate women
from institutions whom the student might have met through summer internships or through other

circumstances. Certainly, graduate school provides women doctoral students with a platform to
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establish and expand their individual networks beyond departmental and institutional boundaries.
Some of these nexuses are built on the collegiality established between more advanced women
doctoral students, some are based on inter-campus collaborations, and others are built through
interacting with women faculty members at conferences. At a time when these women face
perplexing career choices, must complete doctoral dissertations, and will conclude their research
projects, they must utilize the resources they have accumulated to ease their transitions.

A fifth-year doctoral candidate described her experiences with a women professor at her
undergraduate institution. During her senior year in college, she seriously considered changing
her major because she did not think she could finish her degree in physical science. She felt that
she could never make a career in hard sciences and went to the professor’s office and started
crying. Although this woman professor did not know her too well, she took the role of mentor
and encouraged her to join the professor's lab. Working more closely with this student, the
women professor helped the student apply for graduate school and to the date of this dissertation,
still provides her with career and personal advice. Now, this doctoral student is moving to a
major east-coast city for her very first postdoctoral appointment in a few months. She reflected
on this experience:

I think she has been a tremendous influence on shaping my thought of going to graduate

school. She still occasionally calls me or e-mails me to encourage me to keep going and

give me advice. We are in different fields now but her career advices are extremely
helpful.
In the case of this participant, the role of her mentor contributed to the major career changes.
She was not confident enough to continue her undergraduate study in physical sciences. Yet,

with the continuous guidance and encouragement from this woman mentor, she is now actively
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pursing a career in academia. In a nearly dismal job market for physical science Ph.D.s due to
budget cuts imposed on various space programs funded by the federal government, having
industry connections is extremely beneficial. A fifth-year space science doctoral candidate
acknowledged the significance of her college friend's recommendation in her experience of
seeking employment. One of her friends, who started her postdoctoral position at the University
of Texas, has suggested that there is a research group who might be interested in the type of
research that this interviewee does. As a result, she applied for a postdoctoral fellowship with
the university and was accepted.

Jane, a soon-to-be doctor in a physical sciences department, worked for NASA during an
undergraduate summer internship in her sophomore year. Jane met a group of young scientists
passionate about space physics research, some of who went on to graduate school scattered
amongst various institutions in the U.S. They have kept in touch and started holding annual get-
togethers at their professional meetings. Some of the greatest benefits, according to Jane, are the
"non-research related" discussions, which tackle important questions, such as family-friendly
policies, work environments of various institutions, and collaborators' personalities:

In some cases, the world is catching up, and in some cases it’s behind. You know, you

hear about, ‘this institution is very family-friendly, and this institution is not.” But you

only hear that from someone which is already there. It is not like they advertise on their
website, "We are not family-friendly. Don’t come to us if you want to have kids." We
always talk about, "oh, science; it’s so different." But like any other job, most people,
they go to work, they come back, and they do something else. You know? There’s no

reason why science has to be different.

93



Jane's statement echoed many other student interviewees' views, which valued the significance of
the scientific communities they established throughout their student years. A chemical
engineering doctoral candidate expressed her interest in going into industry early in graduate
school. She discussed the most crucial aspect of securing a job in the industry and how she will
utilize her connections from her undergraduate years to boost her competiveness:
Conferences are really important if you want to go to academia because those professors
are there and you want them to know your name before applying for those positions. For
industry, the more contacts you know the better. So I will try to reconnect with a lot of
my college classmates who went into industry and who are working [at managerial level]
for some of the companies that I will try to get into, try to get some good contacts there.
This chemical engineering student acknowledged the fact that having a doctoral degree will
benefit her competitiveness when it comes to jobs in the industry. However, she also told me that
friends from her undergraduate institution have an upper hand over her now given their four to
five years experience working first-hand in the industry while she devoted so much time to her
"research papers and laboratory tests." While graduate school is referred to by many women
doctoral students as a "lonely" experience, it also provided myriad opportunities for doctoral
students to meet a number of scholars and broaden their existing networks through collaboration
with inter-disciplinary teams. Women reported that this kind of experience positively affected
their career paths prior to graduation. Miranda, a Ph.D. candidate in engineering, was looking
for funding during her second year as her NSF fellowship was running out. She began doing
some testing work for a material science research group at a different university. Over time,
Miranda developed a strong rapport with one member of the research team. Although they have

never met, they have published two papers together and are planning to present the results from
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their latest research together at an upcoming conference. Miranda’s material scientist cohort is
currently job hunting and has shared many tips and experiences with Miranda. This type of
interaction prompted Miranda to start thinking about her career path earlier than most of the
women students interviewed for the present study who did not have this kind of experience.
Women students in this study also reported that although networking with potential
employers and getting one’s name established in professional circles might be great ways to
boost a doctoral candidate's competitiveness, deciding on a job can be a two-way decision
making process. While doctoral candidates are trying everything in their power to show
potential employers how qualified they are, they tend to forget that there are “soft criteria” that
every Ph.D. candidate should know before accepting a job that they ultimately do not really
enjoy. This kind of circumstance was clearly identified by a fifth-year doctoral candidate in
engineering, Sally, who discussed her strategies on how to utilize her network of scholars to
advise her in her decision making process:
I applied for this job at [Z University] but I wasn't sure about the group whom I would be
working with. So I talked to a few researchers that I met at the conference and asked
them about the group I would be joining and what I could be doing there and is it a good
fit for me. I also asked them about the person that I will be working for. Is she a very
horrible person who just seems nice at conferences? If it’s a good career move? Is this
university respected? And also talking to them about what is their life like outside of
work. Do they have work-life balance? Do they enjoy their work? Are they happy about
the decisions that they made? What other options did they have? How did they find their

current positions?
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As indicated by Sally's numerous questions, findings of the present study revealed that career
decision-making criteria were the unspoken familial concerns. As most of the doctoral students
in physical sciences and engineering directly entered graduate school upon completion of their
undergraduate studies, all doctoral women interviewed were between 27 and 30 years of age
when they started a family while also pursuing a career. Taking on postdoctoral positions or
entering academia does not necessarily make balancing career and family life easier. While most
doctoral women reported that they were too “embarrassed” to turn to their adviser about such
issues, not wanting to be considered “unserious about their scholarly work” nor “a true scientist,”
women turned to junior woman faculty members in their network/community for mentoring
advice. Leah, a doctoral candidate in civil engineering, discussed the question of “when to have
your first child” with a woman mentor that she met at a conference during her first year in
graduate school:
She said if I could wait a little bit, I should wait a little while before having a kid,
especially not during the first couple of years after I become an assistant professor
because it’s going to be helpful for me to stay motivated to do research and finish
everything during the first few years to get tenure. She said when she had kids, they are
her most important thing, and it seemed that she didn’t care about research anymore. It’s
good to hear that from a woman faculty member who has been there and done that.
Leah was pleasantly surprised when she had this conversation with the women professor. She
shared that she was very accustomed to the type of male-dominated environment in engineering
and she almost forgot that she could "still ask for advice from women mentors!" Mentoring in
doctoral programs goes beyond training students in research; it is also reflected through

providing them with different perspectives, interpretations, directions, and results of their
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research projects. Having a perspective different from that of their advisors appeared to be
extremely helpful to the women in the present study:
Having this woman mentor [outside her institution] is important to me, first because it’s a
faculty example to follow and I know I’'m not going to be here forever, so to have
connections with people at other institutions is beneficial. We also talk a lot about work
and I feel that she has a very different perspective on our work than my advisor does.
Everyone has their individual biases. So it’s really nice to talk to somebody in that level
of details about my work and get a different perspective and that kind of stuff. I think
she’s made me a better scientist because she teaches things very differently and doesn’t
always agree on what we’re [my adviser and I] doing. But being able to respond to her
questions and her arguments is kind of making me and my work stronger.
This doctoral student's view reflected almost all women in this dissertation study's concern of
“being molded into their adviser’s line of research and research style” and not being able to
“stand out and have their own areas of research focus.” These women also acknowledged that
having a professor—most times a woman professor—outside of their institution who could give
them a different perspective on their research was very “beneficial” and “eye-opening.” Note

% ¢¢

that that the participant women doctoral students’ “external mentors” were mostly women.
When I discussed this question with a group of women physical scientists and engineers over
lunch after data collection was completed, they suggested three crucial reasons behind this
phenomenon:

1. Women professors are easier to relate to while at conferences and especially, the special

sessions geared towards women provide a lot of opportunity for them to meet and

network with women professors.
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2. They feel more comfortable discussing “soft criteria” such as “family-friendly policies,”

“work place politics,” and “particular career approaches” with female faculty.

3. Women students connecting with a male professor on a personal basis beyond conference
interaction might invite "unnecessary” and “unwanted” gossip and “awkward situations.”

Many women students reported disturbing stories of conferences serving as “hook-up
places for highly educated scientists and engineers,” a point that I return to in the next chapter.
4.2.3 A Global Network of Women: How do they Advance

their Careers beyond National Boundaries?

Based on the latest National Science Foundation statistics (2011), since 2000, the
proportion of international graduate students in science and engineering has consistently stayed
at 30% among all enrolled graduate students in the U.S. This rate is higher in the physical
sciences and engineering: approximately 35% of these students are international. In some sub-
fields of engineering, international students are reported to constitute over 45% of the entire
doctoral student population. Additionally, the NSF 2011 report revealed, “temporary visa
holders were much more likely than U.S. citizens and permanent residents to be men (65.7% vs.
52.5% in 2009)” (p. 4). With this statistical trend forming the backdrop, findings of the present
study revealed transnational networks built among women from the same nationality. They
utilized such networks to help each other negotiate, thrive, and collaborate in new cultural and
academic environments.

Ling was a doctoral student from China. She was younger than most of the women in her
program and she graduated from one of the top universities in China. I met her through a
domestic doctoral candidate who was about to finish her Ph.D. in the same department as Ling.

My plan was to schedule an interview with Ling after being introduced by Jane. We still
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arranged to meet over coffee at an off-campus coffee shop without any research related
conversations. I got to the coffee shop 15 minutes early, so I found a corner seat and settled in.
Ten minutes later, a baby faced woman with short hair and a black backpack walked into the
coffee shop. She looked around and saw me waving at her. Ling walked to my table and started
introducing herself in Mandarin, which I immediately realized might be part of the reason why
she was not comfortable doing the interview: language issues. I chatted with Ling in Mandarin
about international doctoral studies at WRU. “My adviser is very nice and smart,” Ling said in
Mandarin, “he’s pretty much the only professor that I’ve been interacting with during the past
three and half years.” When asked about her career objectives, Ling laughed and said she never
thought about anything that related to her future career. “I just wanted to be a good scientist and
finish my Ph.D.,” Ling mumbled shyly. I was somewhat taken aback by her comment given that
she was one year away from graduation.

I asked her about talking to her adviser regarding job searching and career aspirations.
Ling laughed and said, “No! I only talk about science to my adviser, nothing else!” This trend
was fairly common among international women doctoral students who are very advanced in their
doctoral study, but do not take the initiative to discuss career goals with their mentors. However,
Ling indicated that three universities in China specialize in space physics, so most of the students
she interacted with in her WRU program were from one of the three universities. These women
formed a strong bond, which included weekly dinners together, and helped Ling acquaint herself
to her new country, city, and doctoral program:

We exchange ideas about how to deal with our advisers. Some of my friends’ advisers

are not always available to their students. They seldom see their advisors. Some

advisors are very busy with their own research and companies, so they don’t really care
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about what their students are doing. That’s frustrating. We gradually learned to share our
resources, give each other feedback on our research, and suggest to each other how to
apply for certain grants.
Transnational collaborations are also an important component of international women doctoral
students’ networks. Nina was a doctoral student who recently was involved in a transnational
collaboration between her undergraduate university in India and WRU. When asked how she got
involved in such a large-scale collaborative project, Nina responded:
It was very random at the beginning. A senior classmate of mine got her doctorate a few
years ago and went back to India to become a professor at our undergraduate institution.
She saw a very recent paper that my adviser and I published together. So she got in touch
with me about the potential grant that we could work on together, so I connected her with
my adviser, and the next thing you know, it turned into a multi-million transnational
collaboration!
A similar trend was also observed among other foreign-born scientists and engineers, especially
among the large group of Chinese space physicists who received their education in China and
then moved to the U.S. to pursue their doctorates and careers. As Ling indicated before, many
Chinese space physicists, men and women, are acquainted prior to their doctoral study or
scientific career in the U.S., given the small community that specializes in space physics in
China. Among these scientists, the women act as the organizers for frequent social events at
which they learn more about each other’s work progress and expand their networks to include
advisers and colleagues from the U.S. A doctoral student from Beijing asserted:
China has Project 985 and many grants to support Chinese scientists to collaborate with

their American colleagues, and my lab needs more money and we have many talents and
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potential projects that fit with the parameter of these grants, so my adviser encouraged an

American post-doc and I to work on a grant proposal together to submit to the Chinese

Academy of Science. Of course, we are also working with my undergraduate adviser in

Beijing. He has a big lab and tons of manpower there!
While collaboration was widely observed between Chinese and American scientists, one obvious
difference exists in their research processes: the requirement, and even awareness, of the
previously mentioned “soft criteria (e.g. work-life balance, family friendly policy, other
researchers' styles, and internal politics).” For instance, many soon-to-be graduated Chinese
women physical scientists and engineers were less familiar with the concepts of a “family-
friendly policy,” or “salary and spousal employment negotiation,” and were less concerned about
the institution’s geographic location and institutional climate. To many of these women,
"conducting effective and significant research" is the top priority, followed closely by “visa
sponsorship” concerns. Yet, overlooking the “soft criteria” could limit the long-term
professional growth potential of these scientists and make them more prone to dealing with extra
financial burdens and discriminatory treatment in the workplace.

4.3 Summary

In focusing on women doctoral students’ daily lives in the physical sciences and
engineering, findings revealed a prevalent concept: communities of students assist
underrepresented women in surviving, navigating, and eventually succeeding in graduate school
programs. While the concept of community is not strictly defined by departmental or
institutional boundaries, it extends both horizontally and vertically beyond these women’s
graduate careers. At the beginning of graduate school, women doctoral students connect across

research teams and laboratories to identify and implement appropriate approaches to choosing
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the right classes, selecting the right research projects, orienting themselves to their advisers’
“styles,” and securing funding.

As the initial two years pass by, women doctoral students increasingly reach out to
senior members of their groups, such as more advanced doctoral students, postdoctoral
researchers, and/or junior staff researchers, for feedback and advice on research proposal writing,
technical aspects of their research, and improving their conference presentation skills. This form
of interaction largely influences women doctoral students’ professional growth as scientists and
engineers given that many of them prefer to “interact with their senior peers” rather than “asking
the same questions of their advisers.” The primary reasons these women are reluctant to interact
more with their advisers are threefold:

1. Some advisers are not always available to their students when needed, due to their
roles in multiple research projects and industry.

2. Women are more likely to suffer from imposter phenomenon and low self-esteem
about their research skills, and thus have fewer interactions and networking
opportunities with their potential employers and colleagues.

3. Women are more concerned about asking their advisers “the right type of questions.”

Therefore, many women choose to consult their postdoctoral peers or staff researchers about
certain technical problems before turning to their advisers due to concerns regarding how they
might be perceived. In most cases, these women manage to solve their problems with the help of
senior peers so that they “never turn to their advisers” for research advice unless “something
goes seriously wrong.”

When it comes to career aspirations, women doctoral physical scientists and engineers

are also largely influenced by more advanced women doctoral students, women graduates, and
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former staff researchers from their research team or doctoral program. The graduates and
scientific research staff members who have shared resources, research projects, and possibly
advisers with these doctoral students are mostly in the early stages of their careers in different
regions of the country, necessitating the use of email, Skype, Facebook, and other social media
to stay connected, aside from annual events at professional conferences. Hearing stories about
senior members’ current statuses and experiences at different institutions, laboratories, or jobs
largely affects these students’ career aspirations concerning academia. Women colleagues'
effective advice not only touches upon research related matters, but also addresses the
institution’s climate, its family friendly policy, and resources to support women academics.
Such feedback was reported to be "extremely helpful" by women doctoral students in science
and engineering.

The more interactions that doctoral women have with their senior peers, the earlier they
start to consider various career related questions and strategically implement approaches to
prepare themselves for the challenging and confusing job market. Women doctoral candidates
who are less than one year away from graduating not only reach out to their undergraduate
women classmates and junior women faculty members from other institutions, but also their
international colleagues.

Communities of women united by nationality have become a prevalent tangential theme
in the present study and a similar trend was described discovered by Traweek, Gu, Guillen, and
Holbrook et al. (2011) in their research on women and minority astronomers’ networks and their
influences on building glocal (local-global) knowledge infrastructures. Many transnational
collaborative opportunities have been established between foreign-born women doctoral students

and their current doctoral advisers, colleagues, and home institutions. These projects are more
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likely to have a larger budget and longer time-frame, and involve a greater number of scientists
with international backgrounds.

While the findings in this chapter were focused on women doctoral students' strategies to
their socialization process to doctoral programs, almost all participating students acknowledged
the significance of the relationships with their doctoral advisers. Although some had trouble
creating collaborative and long-lasting relationships, they all agreed that doctoral advisers were
the critical person in their programs given her/his power in deciding the timeline for their
doctoral studies. Additionally, doctoral socialization experiences and how such experiences
eventually influenced their career aspirations extended far beyond the realm of “community”
discussed in this chapter.

Largely influenced by the guidance of feminist standpoint theory, this study revealed the
concept of “community” which was not originally part of the study design. Although Kram’s
theory touched upon the peer mentoring concept, what was unique in this study were the
communities of women that formed based on their disciplinary and minority status. The
meshworks and networks established among women physical science and engineering
professors, researchers, and students have provided a large portion of mentoring support for all
women interviewed. This topic of social network/meshwork and its relationships to the
advancement of women’s careers in physical sciences and engineering is worth exploring in
future studies.

Chapters 6.0 and 7.0 are intended to decode and illustrate, from both women doctoral
students and their faculty advisers’ perspectives, women doctoral students’ complex socialization
matrix and how it affects various aspects of these women’s scholarly, personal, and professional

lives. Particularly, Chapter 6.0 is intended to focus on the formal and informal aspects of
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doctoral studies socialization under the influence of cross-gender mentoring. Implicit gender
bias, hidden sexual harassment, and negative advising relationships are revealed and how they
affect women's experience in their programs and their coping strategies. Chapter 7.0 will follow
the development of women doctoral students' career aspirations and how their graduate school

experiences influence their decision making processes.
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CHAPTER 5: THE INFLUENCES OF PROTEGE-MENTOR RELATIONSHIPS:
GENDERED GRADUATE SCHOOL SOCIALIZATION UNDER
COMPLEX CULTURAL INFLUENCES

“In the beginning, the real question is: ‘Should you be in grad school?’ The first year
[is] all about ‘Is this really where you want to be?’ I'm always asking [first year
students] how their classes [are] going, are they happy. Just taking a temperature of
whether or not they re enjoying where they are. Second year, it’s really, ‘Have you
found the research group that you really want to be in?’ ‘Do you have the right
advisor/advisee relationship?’ Third year [is about] trying to figure out what students
are really good at, figure out where their strengths are and whether or not they are really
enjoying the TA experience, which might tell you that teaching colleges would be a really
interesting opportunity. Should they be going to workshops about teaching methods—
which there aren’t that many [of] in the sciences, but there are a few opportunities. Then,
what about careers? I guess at that point, in terms of thinking about career mentoring,
have you set up the right collaborations for them for their thesis? So who might they be in
contact with that will be a good connection for them afterwards? Then we [advisors]
need to figure out from your array of collaborators outside of the university, where might
the grad student have good connections because that’s a useful way for them to get a
letter of recommendation that’s not at this university, which is that third letter that’s so
hard to get. And then exposure to a different university or different observatories and
then of course at the end it’s just really explicit conversations.” (Professor Smith,

Western Research University)
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Professor Smith’s comments effectively summarize the socialization process that occurs
in doctoral programs in the physical sciences and engineering fields. It was acknowledged by
student and faculty participants that the knowledge and skills that graduate school imparts on
physical scientists and engineers go far beyond the areas of research, teaching, and publishing.
The types of training and mentoring activities vary at different stages of their graduate career and
the locations where these activities occur are not limited to research labs, classrooms, and
offices. The data from this study reflected that the production of scientific knowledge does not
only occur between advisors and their advisees. This study reveals that one key factor for
women doctoral students’ success in graduate school is for them to initiate aspects of the
socialization process and proactively seek out research, teaching, and/or career advice, instead of
passively receiving it. Those who successfully navigate graduate school receive effective
mentoring from their advisers in the areas of collaboration and networking, fulfilling career goals
and objectives, and selecting graduate laboratory and research teams. The seemingly less
fortunate students, those who severely lack sufficient advice and guidance from their doctoral
advisors, seek graduate school and career advice elsewhere. Possible “outside mentors” include
peer members, staff researchers, colleagues from other universities, and possibly parents. As
Szelényi found in her (2007) study of graduate students in science and engineering:

Graduate students thus come to navigate and interpret their experiences in graduate

school amid a variety of cultural influences stemming from a range of internal and

external sources (p. 125).

These internal and external sources revolve around four major cultural forces theorized by

Tierney and Rhoads (1994): disciplinary, departmental, institutional, and national cultures.
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Graduate school socialization is also largely influenced by these factors, especially in the early
stages of one’s program. Yet, when gender intersects these cultural forces, the complexity
multiplies, most notably in the formal interactions between women doctoral students and faculty
during traditional graduate school activities, such as teaching, researching, applying for research
grants, producing publications, and networking with other scholars. This chapter discusses
gendered negotiation in these frequent, formal and informal interactions from the perspectives of
both women doctoral students and faculty members. Results showed major implicit challenges
that women doctoral students face during both the formal and informal socialization processes.
The central focus of this chapter is on these cultural influences, with particular emphasis on
educational and gender implications of cross-gender mentoring and the career/psychosocial
influences described by Kram (1985). Specifically, the following sections demonstrate two
spheres of graduate school socialization, from the perspectives of both faculty and students,
based on both the theoretical perspectives suggested by the cultural academic socialization model
and the complexities of formal and informal gendered mentoring with specific emphasis on the
degree of proximity between mentoring relationships and career/psychosocial influences.
5.1 What does Mentoring mean to Protégés and Mentors?
The Matrix Embedded in both Formal and
Informal Graduate School Socialization

Using Van Maanen's model as a foundation, Tierney and Rhoads (1994) described formal
socialization experiences as "the recruit [being] separated from other regular members of the
organization while participating in a series of specifically designed activities" (p. 27). Results
revealed six categories of major formal socialization experiences for physical sciences and

engineering women doctoral students, revolving around the areas of research and teaching
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training, publishing, funding, conference interactions, networking, and career trajectories. These
categories are derived from every day graduate school apprentice experiences at different stages
of doctoral studies and play a crucial role in the training and socializing of doctoral students into
their professional roles as physical science or engineering scholars. The findings illuminate the
priorities across these formal interactions in physical sciences and engineering graduate
programs: teaching graduate students to conduct effective research, publish significant results,
and be efficient teachers. While these priorities could be very similar to those of other doctoral
programs, given that physical sciences and engineering programs heavily rely on outside
resources for funding, the ability to research and deliver practical and useful outcomes seems
especially crucial. Consequently, many doctoral student participants prioritized learning the arts
of/secrets to applying for and securing funding from NSF, NIH, and NASA from their advisors.
However, the findings from this study revealed a large gap between these important scholarly
skills and some advisors’ reluctance to provide such training and resources. Due to insufficient
training, many women doctoral students have to "'work for free before getting funding from their
departments" or pay their own tuition.

Informal mentoring experiences could largely influence doctoral women's overall
graduate school experience, attrition rates, and career outcomes. As Tierney and Rhoads (1994)
defined it, "informal socialization relates to more laissez-faire experiences where the norms of
the organization are learned through trial and error” (p. 27). The data collected in this
dissertation research demonstrated the important effect that these informal interactions have on
women doctoral students in physical sciences and engineering programs. These informal
socialization experiences discussed by women students mainly included discussions with regard

to work-life balance and other non-research related topics. In almost all cases, informal
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socialization only occurred between women doctoral students and a female member of the
research group who was likely to be a junior faculty at a different institution.
5.1.1 Formal and Informal Socialization

A central role of doctoral education is to socialize students into the "cognitive and
affective dimensions of social roles related to the practice of learned occupations” (Weidman and
Stein, 2003, p. 642). Subjects of this study were socialized into the world of physical scientists
and engineers. Regardless of a student's career aspirations, the skills and knowledge needed to
conduct research and perform teaching duties remain crucial to the doctoral training process.
However, guidance from advisors can be ambiguous and even confusing for new women
graduate students, as discerned by Cindy:

I started the program two and half years ago and I still don't have my own project. He

[Cindy’s advisor] doesn't tell you directly and just really kind of suggests: “There’s this

topic and then there's this topic and that topic. Go work on this.” I feel like other students

they go do the same thing in the beginning: your advisor tells you kind of like what to do

step by step and then you eventually get a project.
Cindy’s view reflected a common pattern that a majority of student interviewees discussed.
Many of the doctoral women reported experiencing a "lack of clear guidance" from their
advisors. Consequently, these women doctoral students tended to "freak out" when left alone.
Newly admitted Ph.D. candidates normally need to finish at least one and a half years of doctoral
coursework before they are eligible to be teaching assistants. Research participants discussed
that the duty of teaching is voluntary in some physical sciences and engineering departments;
however, in others, such as astronomy, with a high demand for undergraduate teaching and a low

ratio of lecturers and visiting professors due to budget restraints, doctoral students are required to
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teach for at least three years. Although teaching is a necessary and integral part of the academic
career and doctoral training, women students interviewed believed that a majority of the physical
sciences and engineering departments studied do not have the sufficient infrastructure to train
doctoral students in teaching methodology and classroom pedagogy. In this culture, becoming a
research assistant at a laboratory or on a research team is much preferred to teaching. Many
women expressed the concern that "teaching takes up too much research time" and that it "can
delay [their] dissertation project[s]." Therefore, a large majority of students consider teaching
duties "the dirty job in graduate school," or "the last straw" when they have no other source of
funding. Sue's comment reflected this tendency:
They [the department] typically give you about ninety students, so it’s three sections of
thirty, and I taught an oceanography introductory class and an astronomy class and, in
general, it wasn’t bad. I enjoyed the material. But I wanted to graduate really soon. So
if I’'m spending all this time trying to teach and putting good lectures together—which I
did do because I’m not going to do a lousy job—then getting teaching duties was just
kind of frustrating.
Sue’s concerns were also shared by another five student participants, who stated their passion for
teaching, but could not afford to “lose more time in preparing teaching materials” instead of
spending more time to complete their dissertation research. When asked how she performed her
teaching assistant duties, Lisa stated there was no training geared towards "how to teach
undergraduates" or "how to have an effective lecture" prior to her teaching experience three
years earlier. Lisa looked back on her two and half years of teaching experience and stated:
There was no training other than this language-training course for TAs who are

international students. Initially when I was a TA, I just got up there, did discussions, and
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talked to the students. And then sometimes the students were just coming to me and told

me that they were confused about something. So I explain[ed the material] to them. It

was very dry and it wasn't a great experience.
Lisa further discussed how many students in her department were very interested in teaching
undergraduate students. However, there was very little direction or guidance regarding teaching
methodology and pedagogy. Thus, some students chose to avoid teaching as a way to cope with
the situation. Almost all students interviewed reported that they were more likely to be
approached by professors to teach a course when their male counterparts turned down a teaching
assignment due to various reasons.

While teaching undergraduate courses did not appear to be the priority for physical
science and engineering professors as pointed out by majority of the interviewees, publications
are the foremost criteria by which a large of number of professors assess their students. Many
professors clarify their expectations by quantifying the publishing criteria of their research
groups while others make special rules wherein a doctoral student "will not be funded if she has
not published her results as a paper." Sasha reflected her experience on her chemical
engineering research team:

Definitely a major focus is publishing papers in our lab. That’s always the goal: to get

enough data to put a paper together... so a lot of the times, in our conversation, he

[Sasha's advisor] will talk in terms of that. He will be like, "Once you get it done, this

will be a solid publication." So that's definitely a focus. And he has this special rule on

me where I cannot attend a conference without publishing the results. So I haven’t been

to that many conferences.
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Sasha further elaborated that her advisor has no “differential treatment based on gender” when it
comes to sending students to conferences. However, she discussed how women students are
more likely to be involved in teaching, organizing research meetings, and other administrative
duties, which made them less likely to publish. Thus, they are less likely to be offered the
opportunity to attend conferences. Several physical sciences student participants discussed the
differences in publication requirements based on their career goals in the department: university
positions require students to have at least three first-authored papers, whereas industry prefers
doctoral graduates to have more hands-on experience. Lisa discussed the process by which her
advisor helped her to publish papers and how she negotiated authorship for their publications:
If you do the master’s thesis, your thesis also has to serve as a published paper. And then
for the doctorate, you have to at least have two first-authored papers. The first author
thing is hard because you get called into different projects and you kind of serve a role
there, but it’s not necessarily yours. So I need to make it clear and negotiate at the
beginning about who was going to be the first author. Again for me, I don’t mind
because I want to go into academia. But if you want to go into industry, it’s not
necessarily as important to publish as just to be involved a lot.
Lisa’s comment sparked two major issues touched upon by nearly all student interviewees. First,
negotiation for authorship is a key factor in a protégé-mentor relationship, especially when a
student is approaching her/his end of doctoral studies. Yet, women students discussed their
difficulties in discussing and negotiating for first authorship during the interviews. Secondly,
student participants also discussed a phenomenon in which faculty members try to make
everyone publish as much as possible regardless of their future career aspirations. Some

participants suggested that students who only want to go into industry upon graduation should be
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trained and prepared differently than the students who want to pursue academic careers. For
example, training students to transfer research theories and results to industrial applications
should be prioritized for students who are determined to go into industry.

A majority of this study’s participants reported a common theme: women doctoral
students are more likely than their male counterparts to take their advisors' comments and
feedback personally. Additionally, women reported that they believe women are more likely to
question their own ability to conduct research and author significant publications. Many women
described in detail the intense process by which their advisors help them prepare to publish their
research results. Angela, a space science doctoral student, shared:

We have a few publications that we’ve worked on together. He’s very particular, so we

ended up doing thirty versions before we submit and then we got revisions and then

we’re doing thirty more because it has to be perfect for him. We went sentence by

sentence and tried to make it as good as it could possibly be. He's very anal when it

comes to publishing any work that has his name on it.
Angela’s experience was not singular. Other women interviewed in this study reported similar
cases. Faculty advisors are likely to be the sole source of help to women doctoral students
during the publication process, especially during the first few years of graduate school. Two
major stages of the publication process were identified in this study: the first draft, followed by a
lengthy revision. First, after the completion of a research project, advisors suggest related
references for a literature review and the students produce the first draft alone. Once the first
draft is completed, faculty advisors step in and revise and correct the manuscript with the student
over a prolonged period of time. Lindsay described the process when she tried to publish one of

her manuscripts in a top tier civil engineering journal:
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When you are writing journal articles, my advisor is very helpful. The first thing is,
normally he gives me an outline to put together figures and to decide what parts of my
results that I want to include in this paper and how to kind of discuss that. And then he
leaves me alone until I have a draft. The first time, he would normally just look it over
with me at our one on one meeting and again go through the figures. But in the end, he’s

very picky about the revision stage. He would ask: ‘Is it in the format you want? Did

you get the data you wanted? Did we present everything?’ Just when I think it is ready to

be published, he’ll actually sit down and he’ll go through it with his red pen and he’s

literally read everything and even check[ing] your grammar. So anything that gets

published with his name on it, he won’t let it through at least he’s completely satisfied.
Lindsay discussed in detail the approaches that her advisor adopted to mentor her in the process
of publishing papers. She admitted that although this kind of approach appeared to be
“frustrating” or “scary” from time to time, she largely benefited from it. She is in the third year
of her doctoral program and has already published four top tier journal articles. She also
reflected on how this positive publication outcome has encouraged her to pursue an academic
position upon graduation.

Professors participating in this study revealed two significant reasons for their
expectation that students "publish as much as possible" during their doctoral studies: the dismal
outlook for the job market and ambiguous expectations for academic position recruiting criteria,
and the notion that publications can serve as effective communication channels for doctoral
students to network with their potential employers at conferences and other scholarly events.

Most of the professors' rationales associated with "encouraging students to publish" were directly
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linked to their concerns about their doctoral students' career outlooks. Professor Sarah Smith
from the one physical sciences department discussed her concerns:

I want the doctoral students to be productive members of my group at this point. I want

them to do well, I want them to write papers, and the job market is so tough that I want

them to do as well as they can. But I'm not sure with the current set of students; I'm not
sure how it's going to turn out for them. But for now I want them to try to be productive
and mature as scientists and see where that takes them and for now, at least with the ones
that are graduating, I want them to at least stay on and do a post-doc because I feel they
can do that. But ultimately it's just so hard to get a job in astronomy these days, so I don't
know how it's going to work out for them. I hope it does. But for now I want them to be
productive. I want them to write papers and learn how to become better scientists.
Professor Smith’s perception was representative among faculty participants in this study. Many
of them discussed the challenges that the dismal job market poses to the new Ph.D. recipients
and how the best they could do is to help these students get as many publications as possible to
boost their competitiveness. Some faculty participants also discussed the positive effect that
publications have on a student’s conference attending experience.

Professor Bob Brown discussed his view on the significance of publication in students’
conference attending experiences. According to Dr. Brown, “doctoral students have to first
produce some research and new results, which they can present. You get more out of the
conference when you are presenting something because then you see people ask you questions
and you in return ask others questions.” This statement largely represents one major concern that

most professors have when it comes to students' productivity regarding publication in physical
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sciences departments, which is related to whether or not a student can publish before attend a
conference.

The fact that many physical sciences and engineering professors consider publications as
a key tool for students to network at conferences is reflected in a very common requirement of
their doctoral students: publish to present. Krista expressed her frustration over her advisors'
"high expectations about conference going," which caused her to only "attend one conference"
during her four years of study in the engineering program:

He had a weird rule with me where I couldn’t go to conferences unless I had a paper

published and I was presenting that paper. That was unique to me, which was kind of

frustrating. I think he eventually forgot, and then I got to go to one conference.
Krista compared her own experience with some peers who were able to attend more conferences.
She perceived that she did not get to go to as many conferences as other students did, which put
her at disadvantage in terms of networking, expanding her scholarly horizon, and seeking out
additional mentors. It is widely believed by the interviewees that participation in professional
conferences is an integral part of graduate school life and benefits doctoral students' professional
growth, research, and scholarly skills. Further, it has a major positive influence on women
doctoral students, boosting their confidence and academic career aspirations. Given the small
representation of women faculty at one particular institution in the physical sciences and
engineering, attending conferences appeared to be particularly beneficial in terms of encouraging
women to pursue academic careers, as reflected by a civil engineering student:

When I entered the Ph.D. program, I was thinking that I could go forward into academic

life. Otherwise, I wouldn't have started. But during the first two years graduate school

did not influence me at all; it didn't affect it in a good way or bad way because I just took
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classes and it was pretty much just like going to school. Then when I started going to
conferences and I started to write papers and do research, I started to be more into the
academic life. Like I said, last year, I was really motivated when I went to conferences
and met all these encouraging women professors from different universities. I kind of got
on the right track. I guess that was really part of graduate school. So I think that affected
it in a good way last year.
This advanced student expressed her frustration over her first two years in graduate school, when
she was without much needed mentoring to encourage her pursuit of academic career goals.
However, the experience of attending conferences changed her situation. She kept in contact
with two women professors whom she met at the conference and one of them recently expressed
interests in hiring this student as a postdoctoral researcher upon her graduation. Faculty
interviewees in this study also echoed this student’s interpretation of her conference-going
experience. A large majority of the professors interviewed pointed to the crucial aspect of
"networking opportunities" that conferences provide to students. One professor of earth sciences
conceptualized the notion of "networking" in the field of physical sciences as "talking and
meeting with other scholars about the work you do and how that is going to get you a research
job." A professor of physics expressed a similar point: "Drinking cocktails with other scientists
doesn't count as networking. You really need to get your work out there and let other[s] know
about it. That's real networking." Professor Jane Miller of engineering explained her approaches
to helping her doctoral students prepare for professional conferences:
When they [doctoral students] are going to a conference, the first thing we [the
professors] will do is make sure their presentation is well-prepared.. So I’ll usually have

my students show me a draft of their slides beforehand and then we have weekly group
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meetings. In terms of networking, that’s a harder one to teach students and one of the best
ways you can teach them that is just by sending them to conferences earlier—earlier than
they need to know how to do it—so that they learn by watching other students. If they go
with me, then I can also introduce them. There are pros and cons to actually going to the
same conferences as your students. The pro is that you have the opportunity to introduce
your students to help them network, to do the introductions. The con is that there’s an
over-shadow affect. As they get older, especially if they’re giving a talk that they’re the
experts in the room as opposed to you, they become the authoritative figure in their work
if you’re not in the room. So toward the end it’s really helpful for them if you don’t
attend the conference.
Professor Miller’s view reflected the common strategies professor participants use to teach their
students about the importance of networking, especially at conference settings. A professor from
physical sciences asserted the significance of sending students to a conference:
I don't talk to them very much about what they want to do after graduation because,
actually, they're figuring [that] out for themselves by going to conference. Because the
whole conference and collaboration thing is a giant exercise in networking. It's not just
exposure to real research experience, it's also networking. It's very effective because
networking for me is always working together.
This professor then acknowledged that students who had more opportunities to present their
research at conferences tended to be more proactive when it came to discussing their career
trajectories with their faculty member and getting prepared for future academic careers. Both
faculty and women doctoral students acknowledged that given that WRU has very strong science

and engineering graduate programs, most doctoral students remain productive and conduct

119



quality research. When it comes time to search for a job, most students are at a similar starting
line with a similar resume: publications, rigorous research, methodological knowledge, and skills
to design and conduct large-scale research projects. Therefore, the deciding factor for “who gets
the limited faculty and postdoctoral positions” depends largely on "who you know." Networking
was a very prevalent theme in discussions of mentoring experiences in doctoral programs.
Unsurprisingly, many of these networking experiences occurred during conferences and
collaborations through mentors' introductions. Julie shared her experience with "the benefits of
networking" in space sciences and discussed how her advisor’s network of colleagues and
scholars helped with her advisor’s career progression and research expansion. She stated, “I
think that [observing her advisor’s network] just made me realize that I should be proactive in
terms of talking to people about my research and about their research, figuring out if there are
links between the two.”

Lisa, an environmental engineering doctoral student, mirrored Julie’s perspective. She
shared a story about a female professor in her department who was very active in introducing her
doctoral students to colleagues at different universities. This professor usually introduces her
students to collaborators and colleagues in the field at professional conferences. Lisa noted that
it was a very small research community in the subfield of her discipline. Being introduced by
this professor to colleagues was very beneficial to the doctoral students looking for a job in the
near future.

Because research areas in physical sciences and engineering doctoral programs are highly
specialized, many doctoral students' research areas drift away from their advisors' main line of
research. Results revealed that networking functions in mentoring relationships appear to be less

effective for this group of students. Ling, a fourth-year physical scientist, discerned:
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It’s important that your research aligns with what your advisor is doing. For me, my
advisor is working on [a highly specialized area]. She does not work on my research
project. So it’s less likely for her to introduce me to her colleagues. If your advisor
works on the same project with you, then they can be really supportive to you and
promote your work. They can advertise your work and introduce you to people. In that
case, you are much more likely to stay in the same field and become an academic.
Ling has less than one year before graduation. She decided not to apply for a postdoctoral
position, which is typically necessary for doctoral students in the sciences and engineering who
wish to enter academia. Ling did not discuss her career goals with her advisor and said she just
wanted to enter the acrospace industry where she can have a nine-to-five job and be free from the
enormous amount of pressure that she experienced in graduate school.

The data collected for this study categorized formal graduate school socialization
processes in physical sciences and engineering into four interrelated areas: (1) teaching/research
skill building; (2) productivity in publishing; (3) attending conferences and (4) career related
networking skills. In physical sciences and engineering programs, some women doctoral
students believed they were negatively affected and marginalized by male-dominated
departmental or disciplinary cultures in the areas listed. Many student participants discussed that
they need to be “extremely proactive,” perhaps even “aggressive” in their tasks to be perceived
as equal counterparts. Women reported having a harder time in negotiating first authorship when
they worked with their advisors or colleagues. Student participants in this study felt they were
more likely than their male counterparts to silently endure “abusive behaviors” in their daily
graduate school interactions- not physical harm, but offensive, discouraging, and even hostile

verbal and non-verbal behaviors that created extra barriers to women surviving their programs
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and becoming productive scientists. I regard these stories as “implicit graduate school
socialization experiences” and will further discuss such instances in the next section.
5.1.2 Informal Socialization

Informal socialization is easily overlooked by many physical scientists and engineers, but
appears to be a likely influence on women doctoral students’ graduate school experiences and
career aspirations. Tierney and Rhoads (1994) argue that informal socialization occurs
simultaneously with formal socialization in terms of the careers of faculty members. Many
symbolic norms and values within an organization, which were not made explicit to the new
faculty members upon their arrival, are interpreted and learned by these new members from their
daily informal socialization experiences with their peers and senior faculty members. Results
revealed that the informal socialization process experienced by women doctoral students was
largely influenced by physical sciences and engineering culture wherein “things tend to be
quantified” and “people expect calculations, equations, and numbers to solve all the problems.”
Many women reported difficulty talking to their advisors about work-life balance and other
related career concerns due to their worries of being considered “not serious about their
research” or “not a real scientist.” Assuming “academic careers are extremely family
unfriendly,” many women doctoral students shy away from academic careers without any career
related discussions with their advisors. Others, unaware of specific institutions’ or departments’
climates and cultures, end up in academic positions that do not fit with their research interests
and/or personality and eventually become, as one woman noted, “miserable and unproductive”
scholars.

Women doctoral students are especially concerned with work-life balance and the

workplace culture and politics of academic careers, specific knowledge that can only be obtained
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by informal socialization processes in which students open up about their concerns and exchange
ideas with mentors freely. More often than not, these mentors are also female, and are more
likely to be affiliated with a different institution. Students’ and faculty’s perspectives and
experiences demonstrated that women students who have periodic discussions with their mentors
about work-life balance, family friendly policies, and work place cultures of other institutions are
more likely than student participants who have not had such experiences to graduate in—and
under—the average time span of doctoral study in their particular departments.

Sue, a fifth-year engineering doctoral candidate, recently secured her first post-doctoral
research position with a prestigious research team. She discussed her positive informal
interactions with her advisor and the women professors in her department:

Outside of research, we also have [a] great personal relationship. I definitely have [a]

beyond-advising relationship with him. We have two [women] in our department. I will

comfortably approach them and just catch up [with them] outside of the lab. Last week,
we hosted a professor here and we all went to lunch afterwards at the faculty club. I was
walking back with the two women so we chatted: ‘How’s your boyfriend? How’s
everything going?’ I asked them about how their kids were doing. That small talk doesn’t
usually happen between my advisor and me.
Sue kept a very good relationship with both her advisors and women faculty members in her
department. She has been very motivated in pursuing an academic position upon her graduation.
She has produced more publications than other peers and is in the process of putting together her
postdoctoral applications. Similar discussions also occurred between women doctoral students
and their “outside” female mentors. One woman reflected on her discussion about work-life

balance with a women professor she met at a conference:
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[ asked,] ‘How do you balance kids and your career?’ She said she is doing fine and she
just told me to maybe take it easy for the first couple of years of the academic life if I
want to have kids because it's going to be really difficult if I have both kids and that first
couple of years at the same time. Everyone knows that this is going to be difficult, but if
you manage to make it work they really give you more credit. So I was really impressed.
It was amazing. I think I can do it too.
This interviewee had academic career aspirations in mind from the beginning of her doctoral
studies. Yet, many work-life balance-related concerns made her have second thoughts since she
advanced to candidacy and started planning for her careers. She acknowledged that the advice
from this woman professor at a conference had encouraged her to keep pursuing her dream of
becoming a professor. A clear pattern from the data shows that women faculty interviewed are
more likely to be approached by women doctoral students in their departments who are not
necessarily their advisees. Engineering Professor Linda Moore compared male and female
doctoral students’ concerns in her graduate program:
I think one of the concerns that my female students [have] expressed a few times is work-
life balance. This one student, she sees how pressed I am all of the time and remarked a
number of times how she's concerned about how she's going to balance everything when
she's [a] professor. I [as a professor] have to make sure that [my students] are all making
progress and [monitor] my post-doc and teaching and funding and services to the
community. I have to make sure that they're all making progress and my post-doc and
teaching and funding and services to the community. So it's a lot that's going on all the
time that you're responsible for. I think when male students talk to me about their

concerns. They are more likely to be about coming up with their own research program.
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Professor Moore’s comment reflected some major questions that doctoral students have when it
comes to concerns that stop them from pursuing academic careers. All five women professors
stated that only women students have expressed work-life balance concerns to them and that
these concerns seemed to be a significant factor that stops women doctoral students from
pursuing an academic position. All doctoral women participating in this research had been in
their graduate programs for at least 3 years. When asked what they wished they would have
known when they began graduate school, almost all 25 women stated that taking the initiative to
learn and communicate with advisors was extremely crucial. Particularly, many women doctoral
students addressed the importance of taking the initiative to discuss career and personal concerns
(including discussion of future family life) with faculty mentors. Most times, they received very
effective feedback from their advisors to solve the problems and move in positive directions.

For example, Tina is about to complete her last year in one physical sciences doctoral
program, after which she will move to Europe for her first postdoctoral position. However, she
was unsure if this move will make her more marketable as a researcher for future positions; she
turned to her advisor who is very well known. Her advisor shared some important research that
Tina’s soon-to-be research group had been contributing and educated her on this particular
group’s internal politics. As Tina completes her doctoral program and moves on to a new stage
of her research career, she feels well prepared, not only for her future faculty positions, but also
for knowing the values and norms of the new organization of which she may become an integral
part. Dana, a fifth year astronomy doctoral student, elaborated in detail on why this kind of
“insider information” could be helpful to doctoral women in their future careers:

I think he’s [Dana’s advisor] just a great source of advice. I think the career advice and

the insider information, especially when you get to grad school and what you study is so
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specific... It’s a really small job field as well. So I think having that insider advice,

having somebody so well connected to talk to you about your options and who’s good to

work with. That kind of advice is just invaluable
Dana maintained that her advisor’s insider information has helped her to narrow down the pool
of postdoctoral positions that she is going to apply and helped her choose the most strategic
option to advance her career. Many women doctoral students discussed the importance of
receiving advice beyond “research related” questions.

Julie, an advanced space sciences doctoral candidate, has been applying for postdoctoral
positions. She is intent on joining one of the NASA research centers as a researcher for both
professional and personal reasons. She has been in contact with one of the scientists with whom
she could be working, and her advisor has helped her with "how to handle certain type of email
questions," and "how to respond to certain kind[s] of request[s]." Julie's advisor provided her
with a sufficient amount of background information about the place where she hopes to work in
the future its workplace politics, and even her prospective coworkers’ personalities. These kinds
of non-research related conversations are highly valued by many women doctoral students and
are considered to be equally, if not more, "helpful" and "beneficial" in their employment search
process than other types of information.

5.2 Behind the Scene, Yet Critical

A significant pool of literature addressed some of the major barriers that women are
facing in the physical sciences and engineering. These challenges mainly include having
difficulty balancing work and family, being alienated by the male dominated culture, and lacking
mentoring opportunities and informal networks (Hall, 2007; Preston, 1994; Rosser and Taylor

2009). These challenges could be traced back to many decades ago when physical sciences and
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engineering fields were predominately men. Many scholars believe that the "hostile macho
culture" and its negative influence has disappeared as the number of women in science and
engineering program—and the workforce—surged over the past two decades. Professor Young
received her Ph.D. in the 1970s and was hired for her first faculty position with WRU in the
early 1980s. She reflected on the drastic change in gender climate in the male dominated field of
engineering, but that the field still lags behind other physical science disciplines. She argued,
"Female disadvantage still exists today, but it depends on the field and the progression of the
female faculty in the department." Other women faculty interviewed also share this view, as one
women professor stated, “the more examples there are that male colleagues see of women who
have kids and [are] exactly like the[ir] male colleagues, then they're not as easily persuaded by
someone who might put something down or, you know, say something discouraging. But it still
happens.”

Many women faculty discussed that “hostile culture” takes a more implicit form
currently. When it comes to workplace interactions, advancement opportunities, and research
collaboration negotiations, women interviewed discussed their experiences of implicit gender
bias and harassment. Women participants perceived the physical sciences and engineering
infrastructures as "research outcome driven" and there is no mechanism for women to report
these implicit barriers that interfere with their scientific productivity and success in academic
careers. Professor Young compared today's engineering culture to her graduate school
experience and shared:

A department’s culture is really important. It's more important when you're a faculty

member than when you're a student. Now it's not common for male faculty to put down

female students who are to say something that might be offensive or awkward. When I
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was going to graduate school that was much more common; [and there were] many fewer
female students. There were zero women faculty in all of engineering when I went to
school there, and I was among the first group of woman to get a degree in mechanical
engineering there. That wasn't that long ago. So when you're the first, and when you
really stand out, and it's a completely male dominated environment—my graduate
school’s climate and culture were very much ingrained in the faculty—the jokes [are] the
sorts of things that are just commonly accepted.
Professor Young acknowledged that today’s engineering culture is still male-dominated.
However, the “hostile environment” no longer exhibits itself in an explicit form.

The remainder of this chapter focuses on issues related to implicit gender bias, hidden
sexual harassment, ineffective negotiation, and negative advising relationships caused by a larger
male dominated disciplinary culture. I will elaborate on how these implicit, yet widespread
phenomena, negatively affect women's retention and achievement in their physical sciences and
engineering programs. As a qualitative researcher who employed an ethnographic research
approach, I have spent a great deal of time with the women physical scientists and engineers I
studied. It is my responsibility to protect their confidentiality and anonymity. After such a long
period of interaction, some of them regarded me as their "close friend" or even "therapist" given
the nature of my research topic. Various hidden gender bias and sexual harassment cases were
shared during our weekend outings and phone conversations, with some of them even turning to
me for advice. I was perplexed: too scared to offer any help, and confused over whether to
include this data in my dissertation. After more conversations, research, and observations, I
decided that what is happening to these women scientists and engineers needs to be told,

discussed, and reflected. In the remainder of this chapter, I utilized data collected from
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interviews with women doctoral students, women professors, and ethnographic encounters
during the dissertation research to unveil some frequently occurring, yet overlooked and
understudied aspects of women doctoral students' graduate school experiences and how they
have influenced their views on academic careers and their respective disciplines in general.
5.2.1 Implicit Gender Bias

Interviewed students shared multiple stories where their female peers dropped out from
physical sciences and engineering doctoral programs. Sasha discussed this issue during our
interview and expressed concerns for women’s outlook in chemical engineering, “One [who left]
this year I heard of was a girl, one last year was a girl, and when I first got here, I had heard
about a girl in our department who did [drop out]. But I’ve never heard of guys doing that. I
actually heard of a girl leav[ing] after four years with a master’s degree because she was just so

"9

fed up and she was done!” Other participants also shared Sasha’s observation. Many
interviewees in physical sciences also reported that they saw some women dropping out from
their doctoral programs after many years in the program. Linda, a doctoral candidate in earth
sciences, reflected on a recent incident—one of her close friends dropped from the program after
3 years—sharing a fear that a lot of student participants are facing:
It [doctoral program] takes a lot out of you so I can’t imagine starting over. But some
people do [drop out], more in the beginning, like after their first year. Maybe they feel
like this is just not going to work and why struggle? Which I think is okay. I mean, after
your first... maybe after your second year, if something happens and it’s just so

unbearable, but after that, it’s like, you leave with a master's degree [for] all these years'

work. It's scary. Idon’t know what I would do.
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The phenomenon described by Linda among physical sciences women doctoral students was
prevalent. The interviewed students and faculty both reported a higher dropout rate for women
due to funding, family, and mentoring relationship related barriers. Jill, a physics student, has
been experiencing clinical depression due to the high pressure in her doctoral program and
negative interactions with her advisor. She discussed reasons why women are more likely to
drop out from their physics doctoral programs from her first-hand experience, “graduate school
basically deteriorated my confidence. As time goes by, I just realized that ’'m becoming dumber
and dumber. It’s a very sad realization for me. But I think that’s what graduate school does to a
lot of people. It actually tells them whether or not [they are] bright enough to finish graduate
school. So sometimes I feel like maybe I’'m not made for this. Maybe I’ve chosen a wrong
career path to begin with.” Jill’s comment was also discussed in previous sections, where
interviewed women students reported themselves to have low self-esteem. Jill’s story captured
one serious problem that many women participants reported to suffer— mental health issues.
Student participants regarded the lack of formal supporting mechanisms in physical
sciences and engineering programs to be a major reason why some intelligent and qualified
women scientists who have invested years of their professional and personal lives to graduate
school decide to drop out. Nina, a fourth year engineering student, compared female and males
students' confidence levels and asserted, “[male students] are definitely more confident. They
can easily attack my advisor if she said something wrong. They are very confident. Even
though they don’t know what they are talking about, they pretend to be confident. That’s
something that I’'m definitely missing. They can basically stand up for themselves.” Nina shared
that she was very intimidated during her first 2 years in the doctoral program. She said that she

was scared to go to group meetings, was challenged by her male colleagues, and never felt
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adequately prepared to pose challenging questions to her advisor. As time went by, she realized
that “male students don’t always know what they were talking about.” So Nina gradually built
up confidence and started challenging her male peers and advisor on the ideas that she wasn’t
sure about. “It actually got me a lot more credibility and respect,” Nina commented.

The majority of the women interviewees discussed that a common form that implicit
gender bias and stereotyping takes is sexist jokes and comments made by more senior male
colleagues and professors. These incidents not only occur during these doctoral women's daily
interactions, but also during professional collaborations and conference presentations. Dana
shared one of her encounters at a prestigious astronomy conference:

I had a poster and it was right next to one of the very well respected people's posted in

our field. We did like a little round table where everybody talked for like thirty seconds

about their posters, so I talked about mine. I think it went pretty well, [but] then the guy
next to me, instead of talking about his poster, he talked about how mine was all wrong—
which wasn’t actually true, because he just wasn’t listening to a word I said—and
completely missed the whole point [of my poster] and misinterpreted my graphs, and [the

experience] was terrible.

Other student interviewees also reported similar encounters in their doctoral studies. Almost all
women doctoral students interviewed expressed different degrees of frustration toward having to
deal with situations of implicit gender bias on top of their research, teaching, networking, and job
searching efforts.

Casey was about to graduate from her doctoral program in a physical science program
and discussed multiple instances of "not being taken seriously” in the male dominated field. She

addressed biased issues that occur not only at conferences, but also her daily work environment.
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In one such instance, she heard some "old male geologists talking about how all the changes
[more women in the field] are destroying the field." She was very stunned by this “off-hand and
sexist” comment. Although these men were not her professors, biases across the physical
science and engineering programs are sometimes voiced openly:
We do get some very off-hand comments sometimes from professors. And I’ve heard
stories and I’ve had things said to me. Like, once somebody said to me that he thought it
was better for me to assume that women were worse in science because then you can start
to fix the problem. I was like, ‘Really? I can’t believe you are saying that to me!” Despite
of all the research, teaching, and networking stuff, we still have to deal with this, the very
subtle stuff.
Casey admitted that she did not know what to do the first time she heard this kind of comment,
and that she was stunned that such “old school thought.” Yet, she learned how to defend and
negotiate for herself in similar situations. In my later visits to the women participants, we had
further discussions about patterns of implicit gender bias. "Pattern" here indicates the
characteristics of the people whose comments or behaviors are more likely to exhibit gender
bias. Surprisingly, most women participants reported that gender biases were not only held by
the older generation of professors and scholars, but that some "professors in their 40s also show
[similar] behavior." Many research participants expressed frustration over this phenomenon and
tried to seek answers. Their problem solving processes and conclusions are documented and

analyzed in the following text on negotiating with their advisors, mentors, and colleagues.
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5.2.2 Standing up for Yourself and Negotiating when
Facing Challenges

WRU is a very prestigious institution of cutting-edge research in physical sciences and
engineering. Its abundant funding opportunities, advanced equipment, competitive salary
offerings, and desirous geographic location have attracted many renowned professors and
researchers. Similarly, only students who possess strong academic merits, advanced research
skills, and remarkable records of undergraduate research and coursework receive the privilege to
enter doctoral programs at WRU. However, for most of the interviewed students, their
understanding of graduate school was limited to knowledge of their advisors’ outstanding
research.

Data revealed that daily graduate school interactions and socialization consists of much
more than collecting and calculating data, building models, drafting plots, and publishing results.
Many student participants tended to "idealize" the type of experience they receive in graduate
school prior to the beginning of their doctoral studies and imagine doctoral programs as a place
where they receive all levels of mentoring. However, most of them gradually realize that they
will need to take the initiative to create a mentoring environment and to negotiate research,
publication, and teaching responsibilities for themselves. This study unveiled many
dysfunctional advisor-advisee relationships and how women doctoral protégés eventually realize
that "graduate school is what they make out of it" and that "having a famous advisor does not
mean you will get proper mentoring." One common struggle that women doctoral students face
is being ignored by their advisors, creating a lack of proper guidance in graduate school. When I

had discussions with these women about the challenges they faced interacting with their
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advisors, they were more likely to employ mild or ironic language to describe the serious barriers
presented by the lack of and/or negative mentoring. For example, many doctoral women used
the phrase "hands-off" to indicate a "lack of mentoring interactions." Sally looked back on her
four and half years of graduate life and stated:
My advisor is very hands-off and I think that style was definitely not good for me for the
first couple of years. Eventually, I just figured out myself what I should be doing, so I
did it. Some other women dropped out. She [her advisor] is almost not approachable
because of other engagements. Our interaction was, basically, [that] I went to her if [
absolutely needed something. It’s more like I have to take the initiative to ask, ‘Should I
take this class or not?’ or ‘Should I be taking my qualifying exams sometime soon?’ She
didn’t really guide me through my academic progress. I figured everything out on my
own.
Sally told me that at the beginning of her doctoral studies, she thought having a female advisor
would give her advantage, but it turned out to be irrelevant. Based on the data collected in this
study, the gender of the advisor does not necessarily play a role when it comes to lack of
mentoring. The advisors who were reported to "ignore" students' professional development
needs, choosing instead to "focus on their own research" or "pay attention to their own
companies," were both male and male. Student participants believed that faculty ranks appeared
to be a stronger factor in this case: full professors, especially those nationally and internationally
renowned professors, are less likely to spend time mentoring their doctoral students and are less
likely to implement networks and other necessary qualifications to get their students prepared for
the competitive job market. Discussions with student participants revealed that lack of efficient

mentoring extends beyond daily research practices. Several women doctoral students expressed
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concerns over incidents at professional conferences where they hoped to be introduced to
prestigious scholars by their advisors, yet the advisors would just "leave the students behind" and
"hang out with their friends." As Sue put it, "if having a famous advisor means there is no
mentoring and networking opportunities, then I should have started working with an assistant
professor, who at least knows I exist."

On a more significant note, four women doctoral students interviewed shared their
experiences related to being verbally abused by their male professors. Several of them attribute
this phenomenon to the perceived fact that “they were less likely to be treated equally compared
to their male counterparts by their advisors.” Jill, a physics student, shared her reactions to her
advisor's abuse:

It [advisor yelling at me] definitely did not help [with my progress]. It made it so much

worse. He makes me feel stupid everyday. I really [take] that personally. I question

myself everyday. This is my fourth year here and I still don't think I'm qualified to be in
this program. I don't think I can even get close to an academic position. Well, I don't
know how I'm going to graduate if it continues like this.

Other women in physical sciences discussed the language their male advisors use
sometimes sends mixed messages, which intended to be encouraging, but seemed to be so harsh
that many women participants were likely to internalize them. A woman physics student’s story
mirrored this phenomenon:

I'm clinically depressed and am under treatment now. I can see myself giving up

actually, like just dropping out of grad school. So I guess mentoring means a lot to me,

even though his behavior is very contradictory. He tries to be encouraging, but he

phrases [encouragement] in a very intense way. You might get a little offended at the
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beginning, but if you think in a deeper way, you realize that the motives behind what he’s
saying are good. For example, he can be very meticulous about little things that aren’t
important, so you would get frustrated when you see that. But after a while, you think
about it and you realize that what he’s saying is for your own good. So I put up with it,
but I know I can't do that forever.
This interviewee in physics told me that she never communicated with her advisor about her
problems. She told me that her advisor is not an empathetic person and sharing her problems
with him only made her look weak. While a lack of mentoring can be resolved by reaching out
to senior graduate students and postdoctoral researchers for advice in certain situations, certain
women doctoral students expressed extreme frustration and anxiety when their advisors "do not
care enough to keep their [students’] deadlines in mind" for letters of recommendation for job
applications or publication submissions. A woman in space sciences shared her "anxiety filled"
job application process due to her advisor's indifferent attitude:
He likes to use the phrase ‘It’s not my problem.’ It is my most hated phrase in the whole
universe after all these years working with him. For example, I have a post-doc position
that is waiting for me to graduate. So I told him that I need to get all this stuff done and it
would be great if [he] could read my thesis at least before the defense, and give me
feedback. And he’s like, ‘That’s not my problem.’
This research participant ended up having to bring on board a co-chair who could help her push
the progress forward and get her dissertation approved on time for her to start her postdoctoral
position at a reasonable time.
Some women in this study shared their concerns over the working style that their male

advisors expected them to adopt. Sixty percent of the women reported that their male advisors
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"expect them to work the same way that their male students do," meaning “no vacations and
weekends." Sally, an engineering doctoral student, stated, "My advisor is very demanding and a
little bit on the intimidating side, so I’'m always under stress. But it also encourages me to sort of
keep working, just to keep him happy. Everyday, he just walks into the lab and he expects me to
be in the lab working all the time!" Sally started going into the office on the weekends to catch
up the work that she did not get to finish during the week. She told me that she felt really lonely
and overworked. Sally started to consider going into industry upon her graduation so she could
take a break from her “seven days a week” work style.

Many conversations with student participants revealed an interesting “golden child”
phenomenon, which indicates favoritism towards certain male students by a senior women
faculty member. Some student participants revealed their concerns of “not getting enough
attention and resources from their advisors.” This finding challenges the existing literature,
which indicates that women mentors are more suitable for women protégés when it comes to the
professional development process. It further illuminated the complex situations created by cross
gender mentoring. Mary was starting her third year in an engineering program when I
interviewed her. She explained that her advisor has a student whom she has been working with
since the student's undergraduate studies. This student is considered the "golden child" in the
group and has a very close relationship with the professor. Mary and many of her fellow
doctoral students believe that their advisor spends "twice as much time" advising and mentoring
her favorite student and leaves other students to wonder what they could do to get more. Ling's
reflection on this issue largely represented the view held by many women interviewed, "I think it
comes down to being [the] favorite student. We have this one male student and he’s ahead of us.

My advisor really, really likes him, so they would hang out all the time. I think it’s because they
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are working on the same project all the time. Whenever there is an opportunity to collaborate
with outside researchers, she always picks him." As previously discussed, Ling has been working
with a female advisor, yet rarely had the opportunity to collaborate with her advisor, let alone
being introduced to collaborate with researchers from outside of her institution. She has been
working on her own project without much guidance and help from her faculty advisor. Leah, a
civil engineering doctoral student, elaborated on this phenomenon with more detail by touching
upon the potential reasons why this type of favoritism exists and how it reproduces itself:

We had this guy named Greg, who graduated last year. She [Leah's advisor] knew him

since undergrad and he stayed as a master’s student and she had a really close personal

relationship with him where he would come over and help babysit her kids. The kids
loved him, and she adored him. Also, he was one of the only people in the lab when she
first came here. She knows a lot of people in the industry and was able to get him a job.

He was definitely the golden child.

Leah shared her frustration with regard to competing for the “golden child” position after Greg’s
departure. She considered that being in this position could give a student many mentoring and
networking advantages, but Leah believed that women in her research group “rarely get those
positions.”

Several participating students reported the difficulties and barriers caused by
dysfunctional mentoring relationship with their faculty advisors. Some students ended up
dropping out of their programs while others ended up navigating the system by themselves.
Some interviewees who are now close to graduation discussed and summarized their strategies to
negotiate with their faculty advisors and peers to "gain the rights that should belong to them to

begin with."
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After witnessing how nervous some of the women students were at her weekly research
group meetings and witnessing research results produced by women students being "stolen" or
"rephrased and reclaimed" by their male counter parts, Nicky, a fifth year doctoral candidate,
decided to stand up for herself. She stressed the importance of women students having sufficient
confidence to speak up for themselves: “We need to realize how smart we really are and should
not be bothered by some male colleagues' off-hand comments." Nicky shared that she feels
many women in her laboratories are not confident enough to share their results with their
research groups. So they take the results to share with their male colleagues before presenting it
to the entire research group. "The next thing you know," said Nicky with a higher pitch voice
due to anger, "they [the male students] take your results and integrate [them into] their own
research and produce a new publication. We have no place to complain about it.” Other students
and female faculty members also discussed Nicky’s type of incident.

Given the collaborative nature of many physical sciences and engineering research
projects, many researchers work on a single project and have access to the data. Many student
participants believed that when the project's Principle Investigator, in most cases, the advisor,
does not make explicit rules for authorship, women doctoral students, particularly the junior
ones, are less likely to be in the position to negotiate and thus the least likely to produce first-
authored publications. Nina, a civil engineering doctoral woman, was working for 6 months to
compile a database of testing results and statistics from her three and a half years of research.
Nearing completion of the project, she went to her advisor to discuss publishing the data.
However, Nina's advisor told her that this new product (the database) should be shared by all of
his doctoral students, particularly a new male member of the research team who wanted use of

Nina's database to publish his paper. Nina was very upset when her advisor told her to give this
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male student access to her database and to work collaboratively with him. She wanted to talk to
her advisor but was concerned she would be perceived as “selfish” and “overly protective." "I
just wanted him to know that these are my results and my baby. I don't want other people to
touch it," Nina said with frustration. "I just need to really stay encouraged and go and tell my
advisor that I don't feel comfortable sharing my work before copyright[ing] it."

As an engineering student, Nina's close friend Krista has felt the same pain, yet she
pointed out the significance of having "effective communication" with an advisor regardless of
"how mean and ridiculous he seems to be:"

I think it’s important because, first of all, our advisor is the person who lets us graduate,

so it’s definitely good to have a good communication with him and at times. Sometimes |

just really don’t like my advisor. He’ll just write things to me and I’m like, "Why did

you write that?" That’s just mean. And then sometimes I just have to get over it because,

of course, he’s my advisor and in the end he wants what’s best for me. So if he wants to

hold me back, he might have his reasons. Maybe he doesn’t think my dissertation or a

paper is good enough. And even if he’s really mean about it, he will in the end give us

some advice and say, "Okay, this is how you progress."
Krista perceived her advisor’s feedback and advice positively, but she admitted that it was not
easy to see it that way in the beginning. Another area that women doctoral students need to
negotiate in has also evolved from stereotypical gender role. Tina pointed out that some women
doctoral students or even post-docs should turn down many gender specific secretarial jobs:
"they [some women post-docs and graduate students] put themselves in a position where their
professors can treat them like secretaries. They really should speak up for themselves, only

assist the professors when it comes to research, not, ‘Give me a coffee’ or ‘Run this errand’. Tina
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reinforced her point by further stating that women students should take the initiative to turn
down this kind of request and put themselves on the “equal ground” with their male counterparts
and their advisors.

Women student participants who did not receive sufficient amounts of mentoring have
summarized the “essential rules that every woman who has hands-off advisors should know in
graduate school.” They can be summarized into the following major areas: (1) when your
advisor ignores you, do not be discouraged, take the initiative yourself to learn more in graduate
school; (2) the best resources are senior peers in your group and post-docs next door who are
there to answer your questions;(3) research is about what you do and what you learn from other
peers in your group; (4) your advisor might be famous, but chances are their names won’t help
you much if you do not take the initiatives. Several student interviewees discussed the fact that
their departments’ cultures supports the notion of the “independent researcher,” which indicates
that doctoral students need to take charge of their own research and expect to produce results by
themselves. As Jane summarized, "I think in our department, it’s generally true that the culture
is more like “you should be the one that’s in charge of your own research’ and ‘you should be the
one [to] do all these on your own instead of depending on someone to do it for you or even guide
you.’" Jane shared her strategies to cope with the situation where she received very little
feedback and advice from her faculty advisor. She became more proactive and started
approaching senior peers and a couple of women professors that she met through conferences.
She acknowledged that she has been receiving more useful feedback from the network of people

that she established the relationships with by herself than the advisor that she was “assigned to.”
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5.2.3 Switching Advisors

Not everyone finds the perfect advisor to work with in graduate school, and when the
relationship does not work, women participants believed that they were less likely to be in a
position to negotiate about switching advisors than their male counterparts. Several student
participants discussed difficulties caused by dysfunctional advising relationships and having
trouble bringing up their intention to change advisors to one whose research interests and
personality might be better matched. Professor Hill, who once held a significant administrative
position in the department, elaborated on this issue in greater detail, discussing the nature and
implications of such phenomenon in physical sciences and engineering:

I talk to them [women doctoral students] when they’re visiting about this issue, that not

every student can work with every advisor and not every advisor can work with every

student because everybody’s styles are different. So more important than the topic is

you’ve got to find the right topic, but if that advising relationship doesn’t work or doesn’t

function well, you don’t have fun and you won’t be motivated and it’s not going to work.

Students shouldn’t feel obliged to continue; there’s no offense [changing advisors].

There’s absolutely no offense, and especially if [the relationship] is short.
Regardless of the suggestions given by Professor Hill, a reality discussed by majority of the
women in this study is that women have few places that they can turn to about their
dysfunctional advising relationships. Some of them chose to stay silent, but others found ways
to negotiate with their advisors and departments.

Funding issues and research interests have forced Gena to stay with her advisor despite
his “hostile and abrasive” behavior over the past few years, "my advisor does have very male

tendencies, which has been very challenging to work with. He’s just abrasive and rude and that
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type of thing. I did think about it [switching advisors], but there’s really no one else in the
department who does what I do, and the other person who I was interested in didn’t have any
money." Gena has been coping with a dysfunctional protégé-mentor relationship for almost four
years. She has been actively approaching other faculty in the department for various research
and personal questions. While Gena is not the only person interviewed who shared this kind of
experience, other interviewees elaborated additional reasons that stop them from changing
advisors. These factors are mainly due to their fear of being perceived as “not being loyal” to
their current advisor and also “wasting their two or three years of doctoral studies” to start over
with a new advisor. Tina, an interviewee from physical sciences, regarded switching advisors to
be “the best decision she’s ever made in her entire graduate school career.” She reflected on
working with her former advisor as “the darkest period of time in her graduate school memory.”
Tina reflected, "a few other people [started] working with him but lasted maybe three months
because he’s rather rude and abrasive; he is not a very sympathetic person. So if you have a
problem, he’s going to scream at you. Either you fight back and that pisses him off, or you just
sit back and take it. Oh my God, it was terrible." Tina eventually accumulated enough courage
and decided that she would refuse to put up with her advisor’s behavior any longer. Although
she had to start over on her dissertation project, she turned out to be much more efficient and less
scared. Many doctoral students this study believe the myth that “if you change to a different
advisor, it will take you longer to graduate.” Angela, who is getting close to graduating form her
program, challenged such hegemonic belief and argued that changing to a different advisor
whose research interests and personality are easier to work with can “in fact benefit your

research skills and career outlook:”
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The first [advisor], I didn’t get along with personally and I just couldn’t work with. I also
wasn’t interested in the research. And so after the first year, I switched to my second
advisor, who I liked a good deal and who’s very supportive, who’s also very willing to
talk about which conferences I should go to. He was very supportive of my research and
was also very supportive for the teaching. But I didn’t actually work with that person. I
worked with two other people. They had the extra funding and their research is more
appealing to me. One is also the very supportive and very nice and the third was not very
supportive and I had a very hard time with and then the funding ran out in that project
and I ended up switching to my other advisor, who’s currently more formal than the other
two were.
Angela then asserted that many women doctoral students are unaware that it is not mandatory to
stay with the same advisor throughout their program. Based on Angela’s first hand experience,
to maximize the research, funding, and networking resources, constantly searching for the best
advisor to work with turns out to be an effective approach. It is this kind of constant negotiation
and collaboration that helps women doctoral students get through their graduate program
successfully and eventually land their ideal research or teaching positions.
5.2.4 Hidden Sexual Harassment
Several interviewed students discussed sexual harassment issues occurring in their offices
and labs, on research teams, and at conferences. These implicit forms of sexual harassment pose
challenges for women doctoral students to various degrees. These common forms could be
summarized as: (1) verbal sexual harassment by peers or between advisor and advisees; (2) peer
sexual harassment and advisor’s protective behaviors; (3) sexual harassment from collaborating

scholars who are prospective employers of the students. Compared to the first two categories of
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sexual harassment behaviors, the third type of sexual harassment identified by interviewees
directly sheds negative light on women doctoral students' career decision making process and
perplexes them in terms of merit-based academic career selection process. These behaviors also
hinder them from establishing professional networks. Due to the high sensitivity of this matter, I
share some ethnographic data without detailed description with regard to the individuals’
departmental affiliation or specific field of study to guarantee research participants’
confidentiality.
I gave the pseudonym “Amelia” to this research participant. Amelia is a straight-A
student and she has received many awards based on her cutting-edge research ever since she
joined WRU. She reported an incident that has been bothering her for a long time:
A professor who has been collaborating with my research team from Y university. He’s
much older than me. This professor was following me everywhere when I went to this
conference last week. He asked me out to dinner, coffee, and drinks at the conference,
but I turned him down. Then he offered me this opportunity to give a talk at his
university on the topics of my latest research. You know, that could get me a good job in
his department! I didn’t know what to do. After we returned from the conference, he
drove to WRU to see me today and we had coffee together. Over the coffee, he grabbed
my hand and asked me to go out with him! I’m very confused right now. What do you
think I should do?

I was stunned by such a question that put many responsibilities on this researcher. Throughout

the years of interacting with women scientists and engineers, this is not the first time that I heard

of story of this nature. This type of sexual harassment behavior and its potentially damaging

nature could cause much personal and professional damage to women doctoral students.
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Although I debated writing on this topic throughout the authoring of my dissertation, the high
frequency of these incidents eventually prompted me to report and discuss this form of sexual
harassment. By discussing this issue, I want to open discussions in three different areas: (1) what
does this type of sexual harassment mean to women doctoral students and how they should deal
with it, (2) the ethnographic researcher’s positionality, (3) the researchers’ professional ethnics in
case of sensitive issues or even criminal behaviors.

It is easy for departments and institutions to overlook this form of sexual harassment due
to the fact that the more senior male professors, scholars, and/or researchers who initiate this
kind of behavior do not belong to the same institution as the student. However, that should not
change the nature of this phenomenon given that it involves hierarchical relationships and power
dynamics. According to The Code of Federal Regulations (2000), this type of sexual harassment
termed quid prop quo, is defined as “unwelcome sexual advances, requests for sexual favors, and
other verbal or physical conduct of a sexual nature when submission to such conduct is made
either explicitly or implicitly a term of condition of an individual’s employment” (p. 186). In
Amilia's case, this professor does not work at the same institution, he was in a higher position
than Amilia, and promised providing potential employment opportunities to her if she agreed to
go out with him. Amilia became very confused because she is uncomfortable with this situation,
yet had a great working relationship with this professor and had the false hope that he would
"find her a job" upon graduation. Amilia eventually declined and is now greatly suffering from
the consequences: she is no longer included in the collaborative research project where the
professor is the co-principle investigator and her peers have spread hurtful gossip. She did not

know to whom she could turn in this matter. It created a major barrier for her to continue her
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program, despite being only 1 year away from graduation. Amelia has considered quitting her
program and leaving academia forever.

I also want to address the issues of researchers' ethics especially in ethnographic settings
where researchers are exposed to research participants' everyday lives. Interactions on regular
basis with women doctoral students' assisted my understanding of the culture and interactions
among this group of women and with their mentors, yet it also blurred the line of researcher-
researched. Over time, researchers are regarded by the community they study to be the
"therapist" of the community and thus hear many stories that would not otherwise be divulged.
However, sensitive issues such as those in this study usually put ethnographic researcher in a
dilemma where she/he does not how to approach this issue.

5.3 Summary

This chapter was a discussion of the crucial role that both formal and informal
socialization play in women doctoral students' mentoring experiences. The women students and
faculty participating in this study identified six major formal socialization stages that faculty
involve their students in at different times of graduate school: (1) teaching/researching skills; (2)
publications; (3) funding; (4) conferences; (5) networking opportunities; (6) career outlooks and
aspirations. The data showed that the more students are exposed to the above concepts, the more
likely they are to begin planning for their careers and more likely to be better prepared for the
competitive job market upon graduation. Women participants believed that they are less likely
to benefit from advisors who are more prestigious in their field—denied networking and
publishing opportunities—while they benefit from their advisors' research direction and
abundant resources in funding. Women doctoral students participating in this research reported

that they had many concerns balancing an academic career and domestic life, yet they choose not
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to discuss these concerns with their male advisors, turning instead to women faculty in their
department or outside of their institution. Male faculty members interviewed did not speak of
work-life balance at all, while women faculty spent a good deal of time discussing multiple cases
where they were approached regarding concerns related to work-life balance by doctoral women
students' whom they've "only taught one class" or "had no previous interactions with."

Centering women's experiences in graduate school, negative influences caused by
implicit gender bias, new forms of sexual harassment, and weak mentoring greatly impact
women doctoral students' graduate school progress, career outlooks, personal and professional
development; how they negotiate with their advisors, peers, and colleagues on issues of
intellectual property, overbearing authority, and personal confidence. Influenced by disciplinary,
departmental, and institutional cultures, this chapter unraveled the complexity of graduate school
socialization process and how women negotiate their positions in their process. Intersecting with
the concept of "community" that women scientists and engineers formed through their graduate
school and professional career, the following chapter will discuss how their graduate school
mentoring and socialization experiences influence this community of women doctoral students'
career decision making processes and how they choose to pursue their “dream careers” in
physical sciences and engineering.

Theories from Kram’s (1985) and Tierney and Rhoads (1994) on the importance of
formal and informal socialization process were reconfirmed in this study. They took forms of
teaching/research skills, publications, funding, career outlooks, Although the importance of
informal mentoring seemed to outweigh formal mentoring in some circumstances. The
complexity of cross gender mentoring mentioned in Kram’s theory was furthered by the findings

of this study in the sense that male and power privileges persist in and beyond organizational
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boundaries. Given that the design and data analysis of study was partly guided by feminist
standpoint theory, many negative aspects of protégé-mentor relationships were revealed. They
do not necessarily indicate that women doctoral students are in very miserable positions.
However, the unveil of some disturbing mentoring incidents should bring out attention to further

research in this area.

149



CHAPTER 6: THE DEVELOPMENT OF WOMEN DOCTORAL STUDENTS’
ACADEMIC CAREER ASPIRATIONS IN THE MATRIX OF DOCTORAL
EDUCATION

“I'm usually the one that asks (about students’ career trajectories). When a student is
starting their Ph.D, I ask them why they're going for a Ph.D and what their goal is. Many
students say 1'd like to work in engineering companies and others say they're interested in
academia. So that kind of shapes what they do and how they are prepared to a limited
degree. If a student is really interested in academia, I insist that they do TA shifts at least
a couple of quarters if not more. I have really superb graduate students and the ones I've
had in recent years have been absolutely superb and very few of them have been
interested in going into academia. I had this one female Ph.D student who had a vague
interest in it for a while. She had three job offers when she graduates. Two were for
prestigious postdoctoral positions. And one was at a research and development sort of
what they call an FFRDC (Federally Funded Research Development Center) that
provides technical advice for the government and it was a very good match for her
background. So she accepted that position. She could go in to academia probably, but
she would have do it soon and apply soon because at the place where she's working it's
not likely she can be publishing any research papers. I think she's extremely happy there
and she's earning a lot of money and it's not exceptionally stressful or high-pressure the
way an academic position usually is. So I think she's going to stay there and then teach
once in a while for us or some other place. (A women professor in engineering, Western

Research University)
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American academics are characterized as a group of professionals who are at the service
of others, possess extensive knowledge and technical skills, and obey a code of ethics (Millett,
1962). Some major characteristics of the academic profession include scholarly devotion,
required doctoral training, hierarchy of rank, and academic freedom (Millett, 1962). Scholars
consider graduate school to be the initial stage of an academic career (Austin, 2002; Austin and
Wulff, 2004; Fox 2001; Tierney and Rhoads, 1994). Clark (1987) drew attention to the
disciplinary and institutional complexities within academic professions. Graduate studies vary
drastically among disciplines due to different primary goals of training students to be
independent scholars and researchers. This study focused on women doctoral students’
aspirations to pursue academic careers in physical sciences and engineering through an
examination of protégé-mentor relationships in their doctoral programs. The above professor’s
comment reflects the strong disciplinary influences on academic careers in engineering. Gender
also plays a significant role in the process for women to socialize into academic careers. Long
and Fox (1995) suggested five dimensions exist regarding women’s career attainment in
academic scientific communities: the organizational environment, location of the institution,
professional rank, research productivity, and recognition by peers.

A shrinking number of tenure-track positions and small representation of women among
tenure-tracked positions have affected new doctorate recipients’ career trajectories. Jobs are no
longer abundant in the form of full-time tenure track positions. In 2004, according to the U.S.
Department of Education, 36% of U.S. Science and Engineering faculty were employed part
time. This trend is even higher among women faculty: 44% of women science and engineering

faculty are employed part-time.
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Based on discussions in the previous two chapters, this chapter is focused on six major
themes arising from the results of the study that shape the development of women doctoral
students’ aspirations in pursing academic careers. They are (1) interactions and communications
with advisors, (2) career observations and speculations, (3) postdoctoral positions, (4) academic,
industry and national laboratory comparisons, (5) work-life balance, and (6) finance and funding.
These interrelated categories are well grounded in the discussions of the previous two chapters
where both formal and informal socialization processes are identified and discussed as well as
challenges and relevant strategies that women doctoral students’ face in their protégé-mentor
activities in respective doctoral programs.

6.1 Interactions and Communications with Advisors

Although all women doctoral students participating in this study had various degrees of
interaction with their advisors, the communication of career trajectories between protégés and
mentors were mostly ambiguous. Both students and professors shared their reservations and
reasons why they did not normally bring up the topic related to career aspirations and job
hunting. A fourth-year women student shared her concerns:

Even if I told him that I would like to enter a research institution and become a professor

there, I really have no idea what he’s going to do to help me move forward. He hasn’t

had that many graduate students before and I’m his first student after he moved to WRU.

I’ve been kind of putting up for fillers for post-doc myself. I’m sure he will probably

help me but he doesn’t see that I’m at that point yet.

This student had doubts about her advisor's ability to help her with her career decision-making

process. Thus, instead of discussing career related topics with her advisor, she started working on
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submitting postdoctoral applications on her own. This student acknowledged that such situation
puts her at a disadvantage when it comes to the quality of her applications.

A common pattern was discovered in the process of interacting with women doctoral
students: they do not see the necessity to talk about potential careers given that they perceive
their “only responsibility in graduate school is to do good research and be productive.” As
Christa, a fourth-year doctoral student asserted, “My advisor never asked me what I’m going to
do in the future. Maybe I will spend more time considering that question during the next year.
For the first several years, I just concentrate on my classes and research. My advisor probably
thinks it’s too early now to consider that.” In this case, Christa was left to speculate about her
advisor’s rationale for not addressing her future, but a frank and open conversation may have
benefitted her own career development.

Christa’s was not alone in her concerns; many other women participating in this study
also interpreted the fact that their advisors did not bring up their career trajectories, as “they
don’t think we’re ready for that talk yet.” Others set a timeline based on their progress in their
doctoral programs and are “waiting for the best time to talk to their advisors.” As one fourth-year
doctoral student explained:

I will probably talk to my advisor about my career plan after my proposal is passed. I

always wanted to talk to him about my career choices but I just couldn’t. He’s very new

in this field. So I don’t know the standard. He always tells us to do it quickly but we just
can’t! It’s better when we already got some good results and then talk to him about our
jobs. But now I’m not confident enough to talk to him.

This student was clearly willing to discuss her career related questions with her advisor.

However, she was unsure of her own “readiness” to bring up this topic. In fact, many women
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interviewed had such a concern. They wished their advisors all had some kind of “criteria” that
they could achieve before they bring up the topic of a career. For example, another interviewee
said her advisor told her and other students that they needed to publish at least three tier-one
journal articles before they could even think about getting a faculty job. So she has been
working towards that goal and is planning on bringing up the “career talk” with her advisor as
soon as she achieves the goal. One student in physical sciences particularly pointed out that she
perceived her doctoral advisor as only part of her graduate school life and she should depend on
herself when it came to future career choices:
I think it’s less difficult now for me to talk to her. It was impossible for me to even
imagine having this conversation with her two years ago. But I think it [career
aspirations] really comes down to the question- what do I want to do with my life? I
mean | have committed to my Ph.D. life and I have been always trying my best to make
my advisor happy. But what I really want to do next is really up to me. I need something
that makes me happy. My advisor never brought up this topic before and I don’t think
she cares.

This interviewee’s advisor was a renowned scholar in the particular field and had a very strong
network of scholars collaborating with her. However, this student did not get many opportunities
during her doctoral studies to work with her advisor or receive much feedback from her. She
said that her advisor was always “too busy with her multi-million research projects” and “never
[has] time for a little doctoral student like me.”

While doctoral women students shared the reasons why they demur on bringing up the

discussions of career options, faculty members have concerns of their own. An astronomy
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professor shared her insights about mentoring doctoral students and the tendency for faculty to
steer doctoral students toward academic careers:
One challenge is that academics are always accused of only recommending academia and
portraying that as the only definition of success. I think that is a challenge. That is a big
pit we all fall into repeatedly. This recent student said that she wasn’t sure [about going
into academia] and instead of saying that that was okay, I guess I sort of questioned why
she was making that choice. So I guess for me this is a challenge because I saw her as
somebody who is very talented and I didn’t understand why she was not going this route
because I think she has the potential. So I wanted to pose the question to show her that
she was capable, but at the same time I was feeling conflicted. I was doing this thing that
we’re all accused of, that that’s the only route to success. And yet I wanted to make sure
she wasn’t falling off the track because she felt she couldn’t do it or she felt like this life
[academic life] was too crazy.
This professor in astronomy then explained that this is why she normally does not bring up the
topic of career options with her students
A few faculty members emphasized the importance for students to be proactive and take
the initiative to consider and discuss their career trajectories with faculty advisors. One male
professor discerned his timeline and system when it came to providing career related guidance to
his doctoral students:
The median time for graduation in my subject is six years. First two years are classes and
then it's like a wasted year and then they get into research later. Typically it's like that.
But they all know it's extraordinarily difficult to get a job in this subject especially in this

time when there is no money. So they bring up the discussions of career choices early.
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Typically a year before they leave because you typically need to apply for a job before
you get out. So I’m guessing they probably think about it for a year before they talk to
me. Then they talk to me about possible places they can go and I just tell them whatever I
know. For example, this is a good place or a bad place in general. Usually they tend to be
too conservative. If you go to a yuppie school, like Harvard, MIT or Cal Tech, the
attitude is different. But if you go to a public school like [WRU], there is a little bit of a
tendency to cut yourself down and not apply for the more prestigious schools. So I tell
them to be confident and apply for everything because those guys in MIT are no better
than you and that's really true. When they have kind of a psychological breakthrough,
they went ahead and apply and some of them get those high level places too.
This professor’s comment posed two interesting points. First, he automatically assumed that his
doctoral students’ normally “waste” one year after they pass their qualifying exam. Second, he
considered bringing up the topic of career as one year prior to graduation as “early.” He then
elaborated that he does not like to talk about job prospects with his students because if they are
true scientists, they should be passionate about doing science instead of finding a well-paid job.
Additionally, this physical sciences advisor shared his style of mentoring students during the last
year in graduate school. He encourages students to break their conservative mode and apply for
as many prestigious positions as possible. Student participants who receive this kind of positive
and encouraging feedback from their faculty advisors are more likely to pursue careers in
academia. However, some of them discovered the importance of bringing up the “career talk”
with their advisors early on in their doctoral studies:
When I got back from this summer’s internship in the industry, I was a little nervous to

tell her that I didn’t want to apply for post-doc positions. I didn’t want to disappoint her
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and I don’t want her to think that I’'m not good enough for faculty positions. I’m just not
sure if [ want to get into it right away. But when I actually brought this up, she seemed
really open. She said, “yeah, who knows? You might get a job there [at the company
where I worked over the summer].” Ironically, I applied for a post-doc position and got
in! Now I’m going to do that during the fall. I could have never done that without
knowing how much faith she has in me.
This student described her inner debate before bringing up the possibility of going into industry
with her advisor. She thought her advisor would have hated the idea and reacted strongly against
it. In contrast, her advisor was very encouraging towards her possible career decisions. This
kind of supportive reaction somewhat inspired this student to keep all career options open. She
finally decided to pursue a career in academia and will start her first postdoctoral appointment
soon. Almost half of the women interviewed acknowledged the importance of the networking
opportunity that their advisors’ reputations brought them. A fourth-year engineering student
shared her story about discussing career trajectories with her advisor, which was prompted by a
request that her advisor received from a colleague. This professor received an invitation to lead a
research center at one university on the east coast. He turned down the offer yet recommended
this woman student to researchers who had started working at the new research center. This
student's advisor started helping her create a CV to apply for this potential job. This interviewee
stated, "At that point, I realized that he [her advisor] is the one I should be talking to because
he’s well connected. I’'m his protégé and I’'m getting his recommendation. I think it’s very
important because I do want to go to the academic route." As it turns out, this research
participant is going as a summer research fellow this year to start engaging more in the

establishment of the new research center. She now has a very positive academic career outlook.
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Some students reflected on their conference attending experiences with their advisors,
and that conversations have led to very crucial discussions of their career path and how they
should approach the next steps of pursing an academic career. A fourth-year engineering student
shared that she always knew she should have the conversation about career with her advisor.
However, she never found a chance for such a conversation. This participant went to a
conference where a professor from a different university asked questions about her presentation.
When she got back to WRU, the interviewee asked her advisor about this professor. Her advisor
said, "He is a good person to get a post-doc with if you want to get into that direction." As a
result, this student is now in the process of applying for that postdoctoral position. This
experience made her realize that her “advisor just doesn’t want to actively push me in one way or
another but he definitely wants me to bring up the conversation.”

A woman doctoral student in astronomy shared how a particular conference served as the
platform for her advisor to introduce her to other scholars in the field and give her further
guidance about who could potentially offer her a permanent position:

Even though we are a small group, there are still a small amount of jobs out there as well.

I’'m also doing instrumentation, which actually widens my job aspect compared to most

graduates here. This one conference that [ went to with my advisor was important. There

was just two of us from [WRU] and told him about wanting to give a talk so people will
remember my name. He told me that it was a great idea and it could help me to get a job
in the future. He introduced me to a lot of colleagues who are from different institutions
and several of them expressed interests in working with me.

This participant started working on a collaborative research project with several professors who

she was introduced to by her advisor. One of the professors had expressed interest in continuing
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to work with her upon graduation. From professors’ perspectives, socializing students into
academic careers requires students to take the initiative to communicate with them about whether
or not they are interested in pursuing a career in academia. A professor from engineering
expressed his view on this topic:
It depends on the student. Some are very focused on an academic career and I'd say they
either come in with that as their goal or they come in not knowing what their goal is. 1
think relatively a smaller number know that they have a different career goal from
academia but as they move along they may decide that academia is not for them. They're
most interested in an industrial type position or government labs.
This comment was made by a senior professor in engineering. His observation was also
reflected by many student participants who shared their confusion when it came to career goals
at the beginning of their doctoral programs. When asked about their different mentoring
approaches to cater to students’ various career aspirations, several professors addressed the
importance of postdoctoral positions and publications for students who either want to enter
academia or industry. A professor from physics reflected her mentoring and communication
styles with her doctoral students:
A lot of it has to do with working on their writing, but I also try to talk to them about how
they're feeling and, recently two of my students are getting close to graduation this year.
So I have been talking with them quite a bit about what their plans are. Basically what
they need to think about moving on to the next step for careers. Very conventional
trajectories would be doing a postdoctoral position but one of my students isn't 100%

positive. She is applying for post-doc but he's also considering doing a more outreach
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job. So we've talked about taking that path successfully or how she might continue that

path successfully. Either way, doing a post-doc is important.

This professor’s view was also shared by several other professors in physical sciences. A very
common practice for doctoral students who are about to graduate is to pursue a postdoctoral
position given the limited job postings. While postdoctoral positions may assist new graduates
to better their research skills and complete more publications, in some cases, they serve as a
“buffer” or “temporary shelter” for students who have trouble finding a job after graduate school.
One major benefit of pursuing a postdoctoral researcher position prior to seeking a permanent
position in the U.S. is boosting the quality and quantity of one's publication and grant writing.
One professor’s comment was representative among all professors interviewed, " I encourage
them [post-docs] to publish. I usually engage my students and post-docs who want to go to
academia in grant activities. I also spend a lot of time discussing what it is like to be a professor
with those who are interested."

He further discussed the importance of learning how to create research proposals for
those who are interested in academic careers. As many institutions start to put more weight on
grant seeking activities, he suggested all students who have goals to become a professor should
start learning these skills early in their graduate school training. Students mostly perceived their
faculty advisors' career expectations for them as the traditional academic route. Thus, several
women discussed their concerns regarding "effectively communicating" with their advisors
regarding their non-academic career aspirations. One student mentioned her intention to teach at
a four-year college where she can have more interactions with undergraduate students.
However, her advisor reacted strongly after she discussed such an idea with him. He told this

student, "You were better prepared than that [teaching at a four year college]." This student
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stopped communicating with her advisor after that encounter and started applying for
postdoctoral positions on her own. This pattern was also revealed during interviews with several
other women doctoral students who had career aspirations to teach at a community college or a
four-year college. They did not receive much feedback on their decisions from their male
advisors and they perceived such "lack of directions" as due to their advisor’s "bias towards
research universities."

The majority of women interviewed had been in their doctoral programs for longer than
three years. However, very few of them discussed their career trajectories with their advisors due
to their concerns about their considerations of non-academic career trajectories. Faculty advisors
discussed their concerns of "being blamed for pushing everyone into academia" when they ask
their students about their career goals. Thus, they were less likely to initiate the conversation
regarding career trajectories unless their students brought up the topic
6.2 Career Observations and Speculations

The previous section discussed the communications and interactions between students
and faculty advisors. Many women doctoral students form their own speculations based on
observing other peers' career outcomes and their advisors' research, grant applications, and
teaching activities. Many of the students interviewed expressed their concerns pertaining to

nn

"long work hours," "ability to secure external funding," "the pressure to support research labs
and graduate students" and lack of "passion and dedication about research." These major reasons
were identified by interviewees who had academic career aspirations at the beginning as to why

they changed their minds about pursing an academic career. A women student in engineering

discerned:
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Motivation is the most important quality of being a professor, especially if you want to be
somebody’s advisor. You have to be motivated yourself to motivate other people. If I'm
not interested in what I’'m doing, how can I do that? Also, professors in this department
all have crazy life styles. My advisor is normally in the lab from 7 a.m. to 11 p.m. He’s
putting a lot of energy into this and for some reason his energy does not go down for all
these time. I’'m exhausted after 5! I feel that I’m kind of weak in that sense.
This participant’s observation echoed a major concern of the majority of the interviewees
regarding the demanding life style that academic positions require. A similar point was made by
a fifth-year physical sciences student about to leave WRU for her very first postdoctoral position.
She reflected the changes that occurred during her doctoral study and concluded:
I think I'm probably less inclined toward academia than I was when I came in, just
because it seems like a kind of like a rat race. Everybody is just fighting over these very
few positions and once you get into that position it doesn't necessarily become easier.
And I'm not saying it's going to be easier if you become a researcher at a national lab. But
I think it's very safe to stay in academia because that's what we've been doing for the past
decade and it's all that we know. I'm not ruling it out for the future but right now unless I
have to I'm probably less inclined to go into academia.
This interviewee had an interesting observation about the purpose of doctoral education. She
pointed out the shortcomings of doctoral education: “It narrows down my areas to such a large
extent and I don’t feel comfortable doing anything else but my own research project.” She also
expressed her concerns over her “inadequate training” in a broader scheme of research and felt it

will hinder her ability to look for a job outside of academia.
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Several doctoral women discussed the "isolating" nature of academic jobs, and their
graduate school experience somewhat confirmed such assumptions. Many of them were very
concerned about their ability to generate original ideas for research proposals, which is closely
tied into grant applications and the achievement of tenure:

The reason why I’'m less interested in staying in space physics is that I feel like it’s easy

to work on something but it’s difficult to come up with original ideas. And that is not

something that I feel like I’ve gained strength in graduate school. Academic life is
sometimes too isolating and graduate school was kind of like that too. We just sit in front
of our computers and analyze data all day long. We don’t talk to people and we don't
meet new people. It’s not what I want for the rest of my life. I wanted to do something
that involves more interaction with people.
Besides the discussion of concerns regarding the generation of original ideas, this participant also
addressed her concerns regarding the “isolating” nature of daily academic life. Among the
women students who were one year or less away from completing their doctoral programs in this
study, a majority of them entered their graduate programs with academic career trajectories. Yet,
about 80% of them changed their mind two to three years into their programs. Some of them
decided to go into national labs or industry, while others decided to leave their discipline and
pursue a completely different career path. The latter choice was not uncommon among
interviewed physics doctoral students, as stated by one student participant:

When I entered the program, I basically only wanted to go into academia. As time went

by, I realized that there’s some type of personality that I’m missing for that kind of

position. I might have to find a job in finance. That’s actually the destiny of a lot of

physics students. They find jobs in finance because basically it’s just data analysis. We
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have very good math and physics background due to our training in coding and

programming. Finance firms love people with physics background.

This point was brought up many times by student interviewees in this study. They discussed the
high frequency for doctoral recipients in their fields to leave the field of finance, and many of
them are women. They all agreed that the “finance industry” path is the least preferred among
physics doctoral students. However, the competitive pay and less demanding work style of the
finance industry attract many women graduates.

One space physics woman discussed her observations among her colleagues who have
graduated recently and the way her advisor commented on the career outcomes of these peers:
"my advisor had a few students before me and most of them didn’t end up doing research in
space physics. Some of them went into finance and that’s completely different from what we are
trained for in the field. She definitely doesn't like that. I know that because she pointed out to us
how off-track those students are at our research meetings." This student's comment reminded us
of the communication dilemma between women students and their advisors when it comes to
career trajectories.

Some faculty do perceive academia as the only appropriate career path for doctoral
students after the long period of doctoral training. Yet, some advisors try not to bring up the
discussion of career due to their concerns of being stereotyped as a professor who "only wants to
see their students to be in academia." Amanda from chemical engineering commented on this
matter and her view is fairly representative among women doctoral students in this study:

So I think advisors generally prefer when their students go into academia because their

reputation seems to be based on how many students they have placed in top tier

universities. | have definitely heard some ironic comments that he made about his
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students who went into the industry. So I think that was the subtle warning that he was

giving to all of us. But we actually never had a conversation [about career] yet. I'm not

planning on going to academia but I'm kind of scared to tell him that.
Amanda based her assumptions about her advisor’s attitudes towards career goals on her
observations of comments he made about former students’ career outcomes. In some cases,
participants discussed how they delay their career discussions due to their assumption about what
kind of career path their advisors preferred.

It is important to note that protégé-mentor relationships are bidirectional. Women
doctoral students are not the only ones doing observations and making assumptions about their
future career path based on their advisors and peers' career choices and outcomes. Professors
also make substantive observations and subconsciously base their mentoring styles on the ways
their doctoral students interact and communicate with them. As one professor posited:

Some students flip back and forth, but you can see that this student will go into academia

and this one not because they're more active with research, publishing their work, and so

forth. Some are satisfied with one or two papers, others write five papers, and somebody
you don't even ask them they come back after weekend, "Oh, I wrote this." So those are
the kind of people that will go into academia. I spend a lot of time helping them to
publish and improve their writing skills because they normally take the initiation.
This professor’s comments clearly put students who have not decided to go into academia at a
disadvantage when it comes to training and publishing opportunities.
A second professor (from engineering) specifically discussed the importance of women

students' socialization in academic careers early on, even prior to entering graduate school:

165



I think it has to do with the education early on. Female students should be more aware of
the fact that it's not that tough to go into academia. A lot of them enter graduate school
with preconceived notion that it is a lot easier to go to industry. So only a small fraction
of our female students want to go into academia. And those who are in academia are
doing pretty well. We have several women professors in the department and they are all
doing pretty well. One of them even has children!
This engineering professor's view is somewhat representative among male physical sciences and
engineering professors. Four out of five professors interviewed stressed the importance of
"educating" women students about what an academic career is during their undergraduate
studies. They almost all cited examples from their female colleagues to demonstrate that being a
women professor is "not difficult at all." However, female professors participating in this study
interpreted their working lives in a rather different manner; none of them mentioned how easy it
is to manage their academic careers and family lives. Interestingly, they were more likely to
focus on the possibility of pursuing academic careers for their women doctoral students. One
particular woman professor was very honest and explained that an academic career for women is
not easy. She shared her experience in dealing with efforts to obtain tenure coupled with
childcare duties. She ended up getting tenure a few years later than her male counterparts who
entered WRU around the same year that she did. She explained:
It is definitely not an easy thing to do. But I did it. I know it's not for everyone. That's
why I don't push my women students to go into academia. I would sit down and talk to
them about how they feel about their graduate program and then ask them what they

really want to do. For the ones who are passionate about going into academia, I'm honest
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with them about all the difficulties that they need to overcome. Then I'll provide them

with publication and network strategies on how to land a post-doc position.

Three women professors interviewed shared similar strategies to mentor women doctoral
students who are considering academic careers. However, male faculty showed less
understanding toward women students’ concerns regarding work-life balance. Several male
professors in the physical sciences stated that scientific careers need to be pursued with passion
and scientists should be able to sacrifice many things for their passion. This point can be
sufficiently reflected by a space science professor's viewpoint:

I think when people start to talk about careers for me the game is already over because

science is not a career. One shouldn't think of it as a career. To me, career is a business

school or something like. I don't care about that. A career is a way of life and how to live
your life. So I'm not really interested and I never talk about careers to students because
to me that's a huge red flag. Sometimes people come to ask me, can I have a good career
in astronomy or planetary science and I know that person shouldn't be in science. They
should be in a firm at Wall Street.
This professor's perception was not unique among the male professors interviewed. Many had
strong feelings about the physical sciences and made some critical comments about the social
sciences, even offering negative remarks about my own work being a "humanities thesis,” and
questioning my study’s validity and design. The gender and power dynamics that occurred in
my interactions with physical sciences and engineering professors will be discussed in a later
section and is reflected upon in my concluding chapter.
Another male professor from the physical sciences asserted his view about the difference

between "career" and "job" by comparing academic positions with medical and legal professions.
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He also commented about childcare responsibilities and how they should not be an "extra
burden" for female academics:

The good news for careers in sciences is people are of the higher educational levels and

are less interested in having children, which is fabulous for the rest of society. Academics

are very creative; if you're an academic it really reflects some inner desire. People, in a

family sense, can go into law and medicine because it is a profession. It's not a passion

really. You need passion to be an academic. But you rarely meet a passionate lawyer. If
you were concerned about pay you wouldn't be in academia at all.
In this professor's mind, doctoral students who were "serious about science" needed to pursue a
career in academia and should be cognizant and reactive to this fact from the very beginning of
their doctoral programs.

On the students' side, many productive and scholarly oriented student interviewees shared
their views about pursuing an academic career after graduate school. They expressed interests
and passion in the research they were doing; however, not all of them had made a firm decision
about becoming an academic from the beginning of their doctoral studies. A women student
from engineering shared that she never thought that doing a Ph.D. meant that she had to become
a professor. She regarded getting a Ph.D. as the necessary step to becoming a researcher rather
than a professor. She did not start her doctoral program thinking, “This is what I need to do in
order to become a professor." She also acknowledged the difficulties of finding a job that many
of her peers faced and said she was not going to be picky once she completes her Ph.D.

A fifth-year student who just completed a summer internship with a company commented
on her career trajectory and how graduate school had positively influenced her decision making

process: "I can’t say that they are very specific yet. I haven’t ruled out a possibility of pursuing a
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career in academia. I know it’s not that easy either. I’m also interested in working here in a
company. I’ve had similar type of plan when I entered graduate school. The only thing that
changed is that I’'m more optimistic now. I see many of the past students of my advisor are
professors in different universities and it just gives me more hope." This student's observations
of peers' career outcomes who used to work in the same graduate program with her has provided
her more confidence in pursing an academic position upon graduation.
6.3 Postdoctoral Positions

Taking multiple postdoctoral positions in the fields of physical sciences is considered to
be a "standard practice" before a Ph.D. lands her/his permanent job. Almost all professors and
doctoral students in physical sciences have discussed the necessity to have one or more
postdoctoral positions. A professor from astronomy shared, "I have never seen students not have
a post-doc. So post-docs are almost a given in the field. Most people will go through two post-
docs. Some may get away with doing one. It depends on where they’re aiming for. I think two is
the average. Some will have one, some will have three." This professor’s statement mirrors the
current state of career paths for physical sciences Ph.D. recipients. Reported by both student and
faculty participants, almost all Ph.D. recipients were doing postdoctoral positions in the “early”
stages of their careers. However, women students in this study believed they are less likely to be
mobile when it comes to selecting postdoctoral position compared to their male counterparts.
This limitation largely hinders their ability to obtain postdoctoral positions with prestigious
institutions and programs. It forms a vicious cycle where when someone fails to work on a
“quality project” during their first postdoctoral positions, they usually need a second, third, or
even fourth postdoctoral position to boost their competitiveness for applying for a faculty

position. The women in my study reported their perception that they were more likely to be
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victims of such a cycle. A fifth-year student also expressed the "common understanding" within
the physical sciences community regarding postdoctoral positions. Many participants regarded
postdoctoral positions as an integral part of doctoral studies. Even if they end up going into
industry or a national laboratory, postdoctoral positions are necessary and extremely beneficial
when it comes to the competitive job market:
I think almost everybody does [a post-doc]. Only the few people just decide to drop off
science entirely or they go into community college teaching don't do it. But for the most
part, everybody goes to a post-doc. It’s incredibly hard to get a position without a post-
doc. I have not heard of that being done during the past five years. The post-doc is also
necessary if you want a research position. So at least one post-doc is mandatory if you
want to stay in science research. Some people do two and some people do three but by
the time you get to three you are seen as the “damaged goods.” The employers would
question “why don’t you have a permanent job by now?”
This student also discussed the timing for doing a postdoctoral assignment and how strategic
they need to be to have a smooth transition from doctoral studies to a postdoctoral position and
eventually to a permanent job. A professor in space sciences explained why doing a postdoctoral
assignment is absolutely necessary when it comes to a career in physical sciences and what the
major challenges are that this group of highly educated scholars face:
In my subject people expect to be post-docs. If we're talking about grad students, they all
expect to be post-doc. Very few people go into the trouble of getting a Ph.D. and then go
off into something else. I've seen that but it's rare. So they all want to be post-docs. They

want to stay in the academic stream. But the problem is how do you get out of being a
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post-doc? There just aren't enough academic jobs for the people. And there never were.
But it's worse recently than ever it was due to funding issues.
The professor’s point reflects a common trend regarding strategies to prepare their doctoral
students for a shrinking and competitive academic job market. Almost all physical sciences
faculty participants acknowledged the bleak job market for physical sciences Ph.D. recipients.
They argued that they try to prepare their students in two major ways: try to help them publish as
much as possible, and try to help students establish a sufficient network of scholars who can
potentially increase students’ possibilities to obtain employment opportunities. The majority of
women mentioned their advisors' flexibility in terms of assisting their graduating doctoral
students with the transition to their first postdoctoral positions. An engineering doctoral student
stated:
Very few do [stay at WRU for post-doc]. I know people who graduate and they have a
post-doc with another institution starting three months after the graduation. So they will
technically be a post-doc with their advisors for three months. They’ll get paid double
but they will be still wrapping things up with their advisors. It’s nice that sometimes
advisors give them that kind of leeway. I think the advisors appreciate it too because
they can get this person who already knows what’s going on and they’re still paying them
as much as a grad student.
This interviewee regarded such phenomenon as “a win-win situation” for both faculty and the
graduating doctoral student. This period of time is categorized as the “separation” period by
Kram’s mentoring theory, meaning that it is triggered by significant structural or organizational
change and/or psychological changes within both mentor and mentee. Several professors

interviewed summarized three common factors that trigger the start of the "separation" phase at
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the time close to students' doctoral graduation: (1) writing postdoctoral proposals; (2) creating
their own research projects; and (3) learning to be an independent scholar and secure their own
funding. As one professor explained:
It gets very challenging towards the end, especially when they’re developing their post-
doc applications. They have to write these proposals and this is the one proposal I won’t
help them much with because it has to be their work. It’s going to be judged as their
work. I will talk to them but I won’t rewrite it or edit it. So we have conversations about
the ideas, the directions, and that’s usually where the "independent scholar conversation"
comes up. [ usually advise my students if they’re going on the academic track is, "you
want to be an expert in your proposal, but it has to be a little different so either you take
your science and you play a different technique or you take your technique and do a
different science." It’s like stepping-stones to your independence. I actually find the most
talented students often the most challenging ones because they’re the ones you want to
keep collaborating with. But you’re pushing them away and yet you want to keep
collaborating.
This professor’s concern with regard to bringing up the “discussion regarding independence”
was not isolated. It was more likely to be observed within women faculty interviewed. Patterns
were also seen among some women student participants who used postdoctoral assignments as a
buffer between their "tedious doctoral studies" and their first job. Some interview participants
revealed that they did not know what the plan was after graduating, but they all knew that doing
a postdoctoral with a prestigious group was "the right thing to do." Some attributed their lack of

career planning to the fact that they "went to graduate school because they didn't know what to
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do." Others consider a postdoctoral position as a strategic move to boost their competitiveness in
the academic position searching process. Nina, a fourth-year student, stated:
What I want to do is be post-doc for a few years and then I want to start finding teaching
and research positions like assistant professorships. The goal eventually would be full
professorship somewhere. So I get to do research somewhere and mentor graduate
students. That was my goal when I started graduate school. It hasn’t changed so much.
My research has changed a little bit. When I started graduate school I thought I would
study objects in the outer solar system. Now I’m studying the objects in the inner solar
system. So there’s a difference there. But in terms of the career that I wanted to have
and the career that I think I’m going to have during the next few years, it didn't change
much.
Nina had started planning for her postdoctoral position applications. She had been giving many
research presentations at conferences and trying to build an audience base. She added, “I have
been keeping in touch with the professors I met at conferences. I will check in with them as soon
as I’m getting close to completing my dissertation for postdoctoral opportunities.” While
postdoctoral appointments are nearly "mandatory" for all doctoral students in physical sciences
programs, this pattern does not seem to be prevalent in engineering doctoral programs. Many
physical sciences students who choose to pursue academic careers are able to secure a tenure
position upon their graduation while less than 30% of the engineering students interviewed
mentioned such an option as part of the pursuit of academic careers. Doctoral students in certain
engineering specializations reported a higher likelihood to be engaged in industry and
interdisciplinary work. These engineering divisions consisted of, but were not limited to,

chemical engineering and environmental engineering.
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6.4 Academic, Industry, and National Laboratory
Comparisons and Rationales

Many women participating in the interviews offered insights into comparisons between a
career in academia, industry, and government research laboratories. Some of the most
compelling reasons for interviewed students to choose academic careers related to the high level
of autonomy, academic freedom, and the stability associated with salary and welfare. For the
research participants who decided to work towards an academic career upon graduation, they
reported an attraction to the interaction and mentoring experience with undergraduate students.
Almost all women interviewed had fulfilled teaching duties for one year or more during their
graduate studies and they acknowledged that this teaching experience provided them with a
clearer perspective regarding whether or not they would pursue a career in academia. A student
in planetary sciences shared her view about why academia was more appealing as a career
option:

I really like teaching and I really like the not having a boss business but still have health

insurance. I know, as a professor, I still have to deal with committees and other stuff. But

if I had gone into aerospace companies and I had to report to managers all the time! I’d

much rather be independent and I’'m much happier that way. I really like to have health

insurance and a stable income. So professors just seem to be a nice condition of that

whereas research scientists you just always have to be worried about where your funding

comes from. It’s not stable and you don’t get to teach. Those are major disadvantages.
This student compared the pros and cons between working in the industry, in academia as a
professor, or as a research scientist. A high degree of academic freedom appears to be a major

reason that attracted her to academia. Compared to being a research scientist, teaching became a
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major factor that made her lean towards the decision of becoming a professor. An engineering
student who had experience working in the industry prior to attending graduate school,
considered the aspect of interacting with students to be particularly appealing. She commented,
“I love interacting with students and conducting research to contribute to the field of civil
engineering. I found it very rewarding to mentor students and pass my knowledge to them.
Universities keep people more up to date with our profession and the research while the industry
just requires us to do the same thing everyday for many years.” This engineering student was the
most junior doctoral student among all women interviewed, however she had the most
experience working in industry. Her view on “mentoring students” represented the reasons of
many other student participants who want to pursue a career in academia. It is noteworthy that
there was a slight difference when it came to physical sciences and engineering doctoral
students’ career alternatives to the academic path. Women interviewed in this study discussed
their concerns and even fear of entering academia. Yet, for physical sciences women students,
the major career alternative was concentrated in postdoctoral and researcher positions in
governmental laboratories and research institutes, such as NASA research centers or other
national labs. Engineering women in this study were more inclined to join industry when they
decided to forego an academic career. In the meantime, some women in engineering also
discussed their reservations about entering industry due to their observation of professors’
involvement in the industry during their doctoral studies. Eight students emphasized the stress
associated with grant writing and supporting graduate students that might stop them from
entering academia. Tina, a fourth-year student, shared her concerns about academic careers,
“I’m particularly worried about those times of the year when a professor needs to write grants.

Professors have deadlines and so many people depending on them. It seems that all students need
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you to be there all the time. They need money, funding, advice, resources and it goes on and on.
At least in the industry you’re not worried about money. That really takes pressure off from
you.” Tina focused on the financial aspect of being a professor and expressed her concerns over
the “difficulty to obtain funding.” She further stated that although she really enjoys the teaching
and researching sides of an academic career, having to constantly apply for research funding and
supporting research laboratories and graduate students made her hesitant about pursing such a
career.

Maria from environmental engineering spoke about the application of her research results
being more likely to occur in industry than in academia. She further discussed her concern that
although her research results could be published in the academic world, she was not sure how
many people would read the journal articles. Thus, she was worried that her hard work would
not “pay off” in the sense of being applied and manufactured as products.

This view was widely held by many engineering students in this study. Another woman
doctoral student discerned a fairly common practice among engineering faculty members who
demonstrate a high level of involvement in industry and entrepreneurial activities:

The men in our department have their PEs [licenses for professional engineers] and have

worked in the industry before. One of the professors has his own company and he is

pretty much going to quit sometime and just focus on that. But I don't really see that with
the women professors. That’s interesting. Also, talking with other people about how hard
it is to get the PE gives me some perspective. I keep asking myself: “do I really want to
do that? Is it important to actually do it in I want to stay in academia?” Industry really
likes it if you have PE. They like it if you have it in Civil more than just Environmental.

A lot of the faculty in the department do have PE. Faculty who have their own business,
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who are entrepreneurs, are more likely to have an open mind in terms of our career

choices.

As indicated in the comment above, a majority of the student participants mentioned the
opportunity for male faculty to become entrepreneurs. This observation triggered some
discussions among student interviewees on the idea that male doctoral students could possibly
have both academic and industry careers, while women were less likely to experience dual-
careers in their futures.

Several professors in physical sciences programs summarized the employment trend in
their fields. They posited that in physical sciences, students’ possibilities to go into industry are
slightly smaller compared to students in engineering. For example, an astronomy professor
pointed out that 45% of her department’s graduates went into academia, and another 45% went
to work for governmental laborites, such as NASA, Jet Propulsion Laboratory, or the National
Optical Astronomical Observatory. Approximately 10% of all doctoral students go into industry
upon graduation. In astronomy, the concept of “industry” is limited to aerospace corporations
that build telescopes or instruments for telescopes. Sometimes these companies are sponsored by
government funding to conduct research for national defense purposes.

Another professor in physical sciences stated that national laboratories’ research styles
are very similar as the ones in academia. Thus, he asserted that he does not adjust his ways of
mentoring for students who have different career trajectories. He claimed that the students just
need to “slightly adjust the way they do research” to fit in with the style of the new research team
that she/he will be joining.

A doctoral woman who specializes in planetary sciences reflected on a common

perception that was reported by many other student interviewees in physical sciences
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departments:
It’s true that you have to go to an institution that wants your kind of researcher. So maybe
one university does more research based on instrument work but I have zero
instrumentation training. So they won’t select me regardless of how qualified [ am as a
scientist. So it’s kind of like a vicious cycle and it narrows down the candidates whereas
NASA is much more broad. For example, you will still be assigned to a team that has
somewhat of a research specialization but you will be working on different missions with
so many scientists who not only have specialization but also a broader perspective on
research in general.
This student participant realized the advantage that a career in a national laboratory had over
academia early in her doctoral studies. So she worked as a NASA research fellow over several
summers to establish a good working relationship with various NASA research centers around
the country. The discussions about career alternatives besides the traditional academic route
focused on the comparisons regarding advantages and shortcomings between academic careers
and counterparts in industry and national laboratories. As indicated above, the engineering
women students interviewed who turned down academia as their first career choice reported
more interest in entering industry. On the other hand, women physical sciences students in this
study were more likely to join the workforce by entering national laboratories upon graduation.
The following section is a presentation of some representative data from both women students’
and professors’ views regarding the “Number One” barrier that hinders all participating women

doctoral students from pursuing academic careers.

178



6.5 Work-Life Balance

In a prior findings chapter, the data revealed one of the major benefits that the interaction
with senior peers and the establishment of networks with junior woman professors bring to
women student participants was the receipt of effective advice on work-life balance in academic
careers. This theme emerged again in the discussion regarding women’s development of career
aspirations. However, this time, work-life balance evolved from “an idea or assumption” in
these women’s minds into a “reality” they need to face as they accumulate more experience in
graduate school and become close to graduating from their doctoral programs. Before moving to
a discussion of the relevant data, it is necessary to reiterate the definition of “work-life balance”
in this research project. "Work-life balance" is a concept that refers to proper prioritization
between job and life. Job indicates career, promotion, or ambition, while "life" indicates family
and leisure related activities (Jeanes, Knights, and Martin, 2009). In the case of this study,
“work” refers to women students’ perceptions and concerns regarding academic careers and
“life” indicates their desires about starting a family, having a “stable” life, having children, and
having a less stressful lifestyle.

Almost all women interviewed in this study discussed significant "changes" in their
private lives during their doctoral studies. These changes mainly consisted of meeting
significant others, getting married, breaking up from long-term relationships, or interning in their
industry. A sixth-year student shared her career moves and how they were based on her
relationship status:

Before I started the graduate school, I would have said the science is the Number One. I

think it pretty much still is except that I have a boyfriend now and I tried to get
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fellowship in the same city. He's a working professional. I actually just got one postdoc
offer last Thursday. So I will be working for this research center that is close to his work.
That's only one of the reasons for me to get a post-doc at there rather than somewhere
else. But if the work isn’t interesting or new or original, then I don’t know if it’s worth
doing even though I can get some papers out. They won't be good papers. In that case, |
don't think it's worth it. I definitely think science is important but I can't leave my
personal life behind.
This interviewee also expressed concerns regarding the outlook for her to pursue academic
positions. Her postdoctoral researcher appointment was one year. She mentioned that she would
need to look for a faculty position six months before her postdoctoral work ends, which does not
give her much time to further her research and publish. She acknowledged that her top concern
when it came to a permanent job was to be in the same city with her significant other. However,
the few universities that recruit faculty in her research area are not in “desired locations.”
Another woman who recently became engaged spoke about the difficulty for dual science
couples to secure jobs in the same region, let alone the same institution. She reflected on her
colleagues' experiences and speculated "one person in the dual science couple needs to go into
industry or completely change her/his field." She expressed her career choice dilemma in one of
the interviews, “If I do enter academia, I’d probably need to do many postdocs. And I’'m really
tired of not being settled. My fiancée and I want to buy a house but we can’t do it until we
actually know we’re going to be living at some place for longer than a couple of years. So I'd
really like to settle down and go to wherever he ends up going. I realize that if I chose to go into
academic career, then that would be at least another five years of instability. And that's not

something that I care to do.” This research participant revealed her willingness to “give up
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science entirely” and pursue other career paths given that her significant other is a much stronger
candidate than her to pursue an academic career.

Another common perspective shared by several women students is the change of their
interpretation of "choosing an academic career." Many discussed how an "academic career was
the only way to do real science and research" before they entered their doctoral programs, yet as
four or five years passed by, many of them realized that science was not the "only important
thing" in their lives. Catherine, elaborated her thought transformation on this topic:

My mind has changed in the sense that I think I had a lot stronger sense of academic

career aspirations when I first came in. I was very focused and I wanted to make space

the thing in my life. My first year kind of reflected that. I was in the office all the time.

I had two papers out and I think I know what I was doing. But then I got a little burnt out

and started searching for more meaningful things outside of academia and career. I met

my husband in graduate school and we recently got married. I found a lot of friendships
and fulfillment outside of work. And then still kind of balancing the two together. So as

far as my career aspirations, I think it has become less of the focus. I realized that I

wasn’t finding fulfillment in what I was doing. Sitting in the office all day in front of the

computer is just not that meaningful.
The reasons Catherine changed her priorities between her science career and her personal life
were not surprising. She started to “enjoy her life” rather than “sit in front of her computer all
day long.” She further discussed that graduate school offered her a “preview of academic
careers’ isolated nature” and how she does not want that to be part of her life. Further, the
"greedy nature" of both an academic career and childcare responsibilities are closely associated

with the desire of "settling down" and "starting a family.” All women interviewed discussed in
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various degrees their worries about having a child while working towards tenure if they decide to
go into academia. One engineering women's view reflected this common concern among all
student participants in this study, “even if | married a man who wants to be a stay at home dad, I
still don’t see how I can have kids. I’d like to have a personal life, have kids one day, and go on
vacation for a week sometimes. I think a smaller institution will be a little bit more
accommodating of that because they are not pressuring you to publish. But we don't have any
woman faculty who have kids in the department! That really worries me. There must be a reason
behind that.”

Although work-life balance related concerns turned out to be one of the top reasons why
interviewed women doctoral students decided to avoid academic careers, female and male
faculty perceived this kind of phenomenon rather differently. Women faculty reported that they
were more likely to be approached by female doctoral students in their departments regarding
their work-life balance concerns. Male faculty participants, on the other hand, failed to mention
any incidents where they engaged female students in conversation about concerns of having a
family and how it could affect their academic careers. One particular physical sciences male
professor phrased his perception in a somewhat "male centric" way and could somewhat
represent a fairly common view among male faculty on the issue of "family or career:"

One of the most promising students I ever had, she quit and got married! I can say that's a

100% family distraction and that seems to affect women much more than men. I was

kind of disappointed but that story had a happy ending. She eventually came back after

quitting and finished her degree. But she could have then probably been a leading
member of the field if she didn't quit. Maybe she could still be something impressive but

clearly is not going to be the leader. She could have been a professor at a top tier
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university without too much difficulty. But she did not. She had a life choice and we

hardly see a life choice like that with men.

Without too much interpretation, this professor's comment clearly delivered the message that "he
was disappointed" in the fact that one of his most promising women doctoral students quit her
doctoral studies and got married. He made a very interesting assumption that "she could have
become one of the leading scholars in her field," but now "it is hardly possible." Women faculty
in physical sciences and engineering, while acknowledging that "having a family and children"
was not an easy thing to do in academia, provided advice and served as role models for women
students. One physical sciences women professor noted:

If they're married and have a child, it [being an woman academic] becomes very difficult.

So some women delay the whole process and then they are competing with men in their

field. It's natural how they always feel maybe they are behind. But we have female

faculty in the school who are doing as well as male. So women can totally do it and it's
just a lot more difficult than men.

Another women professor discussed how she used her own example to advise women
doctoral students who approached her for questions about starting a family and having children.
Additionally, she pointed out the "implicit bias" imposed by male counterparts in the
organization:

I started my faculty position right out of graduate school and got tenure in my early

thirties. The same year when I was expecting tenure, I got pregnant. The first kid was

born approximately the time I got tenure. So I was able to swing it. There is another
woman professor in my department actually had her first child before she got tenure by

about a year but by that time you will accomplish what you're going to accomplish. The
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only thing working against you really is bias in the department and that's not
insignificant.
The implicit bias toward women doctoral students was discussed in the previous chapter
regarding the topic of "negative mentoring" among women students and their male peers and
professors. Women's authorities were reported to be more likely to be challenged by their male
peers, and such a phenomenon was also revealed by almost all women faculty interviewed.
6.6 Finance and Funding

Szelényi's study (2007) on biological and physical sciences doctoral students and
faculty revealed that a major part of faculty identities in these fields is based on the ability to
provide monetary resources for their doctoral students and research laboratories. It is noteworthy
that this study, which focused on physical sciences and engineering female doctoral students and
faculty, furthered the 2007 study in three major dimensions:

1. Biological sciences fields were not included in the realm of this study; thus, the
notion of laboratories did not appear to be a major theme in the collected data.

2. Szelényi's study included only chemical engineering students and faculty. This
study confirmed Tierney and Rhoads (1994) theory about the cultural differences within a given
disciplines, such as engineering. For example, the chemical engineering division experiences a
higher rate of collaboration with biological sciences departments and is more likely to follow
similar lab-based research practices as some biological fields. However, aerospace engineering
is more closely related to the field of astronomy and physical sciences and focuses more on

instrumentation, data coding, and analysis.
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3. Data from this study also revealed that women perceived themselves to be more
likely than their male counterparts to question their own ability to secure external funding if they
become faculty members. A student in physical sciences shared her fear:

I see that professors have to get their own funding. I feel that I don't have what my

advisor has. They have a love for what they do and to get funding you have to be

creative. It's not enough to be just knowledgeable. You have to think outside of the

box and I just don't have that skill set. So I cannot imagine me being a good professor

in the future. Being a good professor is not just about teaching anymore. I feel like

the part of getting funding is the most important element and that scares me.
This participant’s view on research funding revealed an increasing characteristic for research
universities, namely, the ability for faculty to secure funding from the government and private
sector. However, the training for these types of skills and knowledge was reported as missing
from many students’ doctoral programs. While the lack of training in grant application activities
might affect both women and men, this study focused on the unique strategies that women use to
cope with this kind of situation. Judy, a fifth-year student, compared funding situations in the
industry to academia and stated that industry has more abundant financial resources for a
researcher/scientist to fully utilize their skills to apply scientific knowledge to products.
Additionally, Judy explained her reservations about the stress that she would face in terms of
securing constant funding to maintain her labs and support doctoral students. She admitted that
pressure from support graduate students alone could make her avoid academic positions.

Several women interviewed expressed interest in academic careers that only entailed

teaching responsibilities. A civil engineering student's comment explained the reasons why she

does not want to become a professor at a research university, “I don’t like the idea of funding
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graduate students and always having to write grants and trying to have a family. I have seen my
advisor try to raise kids while doing all that and it was very tough on her. Having a family is very
important to me. So, I just think it would be less demanding to be a professor at a research
university like this.” Several other participants also regarded community colleges and teaching
institutions as more beneficial when it came to balancing work and personal life. The national
statistics show that women are more likely to be employed part-time than in full time tenure
positions in the science and engineering workforce (NSF, Science and Engineering Indicators,
2012). This student’s perception and its consequences could be a contributing factor to this
phenomenon.

Several male professors discussed their observations throughout the years regarding the
top two reasons that stop women doctoral students from pursuing academic careers, as one
professor summarized:

It [career aspirations] evolves during the students' doctoral studies. And very often I see

female students do not want to go into academia. Why they don't want to go into

academia? First several years of academia, you have to put in very hard work and raise
money to support students. That's a tough part in some sense. Also, most woman want to
raise a family but having a family delays their tenure process. So they opt to go to
industry. I've been teaching here for many years and most of my Ph.D. women students
ended up going to the industry.
This male faculty’s perception was not alone among all male faculty interviewed. Many of them
discussed their awareness of women’s concerns regarding the pressures stemming from the
funding aspect of the academic profession. Yet, none of the male faculty discussed potential

approaches to address this major concern that stops women from pursuing academic careers.
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The majority of men attributed women’s decisions to shy away from academia to their
“distractions” from starting a family and having children. This viewpoint contrasts women
faculty’s explanations where they were more likely to acknowledge students’ concerns and then
address them with their own examples and experience. Students interviewed who had such
interactions with women faculty were less likely to be concerned about the work-life balance
aspect of academic life.
6.7 Summary

Faculty and women doctoral students participating in this study reported fairly different
views on students’ career trajectories. Women students shared their difficulties in
communicating with their advisors regarding their questions about pursuing academic careers.
Many of them decided to avoid academia before even having a career-related discussion with
their advisors. Faculty participants were not at ease with this kind of phenomenon. They
reported to avoid bringing up the topic of career unless students initiated such conversations.
Many professor participants discussed their concerns of being stereotyped as only wanting to
push their doctoral students into academia. Importantly, only women professors who had been in
their positions for less than ten years had such concerns. They were more likely to be pursued by
women doctoral students in their departments and asked work-life balance related questions.
Contrarily, interviewed male professors were least likely to speak to their students about the
various facets of academic careers. Their women students perceived them as “working machines
who are in the office all the time.” Several student interviewees shared their speculations
regarding how some male professors must have a stay-at-home wife who takes care of the house
and children. The data revealed a communication gap between faculty and women doctoral

students. Over half of the women interviewed had never held a career related conversation with
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their advisors. The ones who had such conversations only reported having it during their last
year of doctoral studies. Almost all students interviewed agreed they wished they could have
had such conversations earlier with their advisors to be better prepared for the competitive job
market. Yet, such a practice was reported to be extremely rare by both student and faculty
participants.

Disciplinary differences were revealed when it came to common career moves upon the
completion of doctoral programs for students in physical sciences and engineering. Participating
women physical sciences students discussed the necessity of obtaining postdoctoral positions
before graduation. They reported that it was fairly common for physical science doctoral
graduates to do two or even three postdoctoral assignments before landing their permanent jobs
as scientific researchers or an assistant professors. The quality and reputation of the research
teams that they are teamed with during postdoctoral work are extremely crucial. The ones who
failed to work with renowned research groups in their fields ended up being in a “limbo” stage
where they keep doing more and more postdoctoral assignments, but could not find a permanent
job. In contrast, student interviewees from engineering departments hardly discussed the
practice of being a postdoctoral researcher. They did mention their interactions with the ones
that they were working with currently. However, many women discussed their options to secure
an industry career, which would not require them to have any postdoctoral working experience.
Some women shared their observations about how some of their previous peers who had
graduated were able to obtain an assistant professor position right after graduate school.

Compared to women student participants in engineering, participants in physical sciences
were discovered to be less likely to have industry options. For the ones who decided not to

pursue academic careers, the majority joined various governmental laboratories. Some of them
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became scientific researchers and were somewhat independent from a laboratory and more likely
to rely on a NASA mission or other short-term funding source.

Not surprisingly, one of the main reasons for women doctoral students in this study to
avoid an academic career path was attributed to their concerns on work-life balance. All but one
participant discussed their desire to start a family, have a stable income, and raise children. Yet,
they all perceived academic careers to be the least friendly towards this kind of practice. They
compared the options of going into industry, governmental research laboratories, or academia,
and concluded that governmental labs and industry were more likely to provide them with five
day a week jobs and plenty of free time to spend with their significant others and children.
Importantly, female and male faculty in the study held completely different views towards this
issue. Women professors shared their strategies to mentor women doctoral students who
approached them regarding these conflicts. These women faculty were more likely to validate
these concerns and acknowledge the necessity to worry about such issues. Then they used their
own anecdotes and experiences to explain to these students how they could still achieve as much
as male faculty members. The validation process was well accepted by the students interviewed
and they admitted that women professor’s approach provided them with more confidence in
pursuing academic careers.

Several women faculty stated the problem of “implicit bias” in their departments, which
was created by male faculty members when women were facing childcare responsibilities. Yet,
they decided to not reveal this phenomenon to their female students. All women faculty in this
study acknowledged that the climate for women in physical sciences and engineering has been
improving for the past two decades and they expect more positive changes in the fields towards

women in the future. On the opposite side, male professors interviewed did not discuss their
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strategies to mentor women doctoral students to prepare them for academic careers. Several
male professors regarded “having a family and children” to be a “100% distraction” for women
doctoral students and they could not achieve as much as they should have once they started a
family.

Another significant reason for women to withdraw from the options of academic careers
was the pressure to secure external funding. Over 80% of the women in this study discussed
their concerns regarding one prevalent aspect of an academic career: the need to secure external
funding to support doctoral students, maintain their laboratories, research equipment, or other
resources. Closely associated with the ability to secure funding, many students also discussed
their concerns that their limited knowledge in the field may hinder them from generating original
ideas, which is extremely crucial in the process of funding applications.

Kram (1985) stated that “mentor relationships vary across organizational settings in terms
of the range of the functions provided, the length of time a relationship endures, and the level of
intimacy and commitment achieved” (p. 197). One major finding of this chapter on the career
path differences not only confirmed Kram’s theory, but also reflected Tierney and Rhoads’
socialization model which touches upon the disciplinary differences between socialization
processes. While the findings of this study confirmed the role modeling function in Kram’s
theory, the acceptance/confirmation, counseling, as well as friendship functions of the theory
were challenged to certain extent. I argue that these functions do not necessarily occur within the
same organization and between one mentor and her/his protégés. Her assumption of fulfilling all
mentoring functions was also challenged by the findings of this study. Career functions and

psychosocial functions do not occur simultaneous for all mentors and protégés. Certain protégé-
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mentor relationships do not display both career and psychosocial functions, and some of them

emphasize one function more than the other.
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CHAPTER 7: CONCLUSION
The findings from this study fill in the gaps from previous literature in the following
three ways. First, they contribute to studies of “community” and “social networks” among
women physical scientists and engineers. These notions appeared to be very critical in career
development for this group of women in my dissertation study. This underscores the need for
further examination and studies that focus on the relationship between social networks and
women physical scientists and engineers career progressions. Second, the findings revealed gaps
in formalized mentoring efforts geared toward women in many physical sciences and
engineering doctoral programs and identified potential policy related implications that could
assist various physical sciences and engineering programs in the area of career mentoring for
women students. Third, the findings of this study identified major areas in which women
doctoral students perceived themselves to need the most mentoring and attention, such as
postdoctoral positions, communications with advisors, peer career influences, and work-life
balance. Each one of these areas could lead to a new research project that further explores the
reasons and strategies to help doctoral women cope with their doctoral program socialization and
their career decision-making processes.
7.1 Summary
This study was designed to explore women doctoral students' protégé-mentor
relationships in physical sciences and engineering programs and how such relationships
influence this group of women's academic career aspirations. Graduate school serves as the most
important institution at which future academics are trained and prepared (Austin, 2002; Tierney

and Rhoads, 1994). As the views and experiences of the women doctoral students and faculty

192



interviewed for this study illustrated, doctoral students' professional development under the
influence of multi-faceted mentoring relationships in graduate school largely affected their
decisions and readiness to pursue academic careers. My findings reveal that students are key to
the process of preparing for a career and need to take initiatives to communicate with their
advisors and other mentors regarding their career aspirations. Faculty may subsequently address
their mentoring styles, methods, and strategies and train doctoral students to prepare them for
their future careers. Some professors may also include students in their professional networks to
create career opportunities for them, while taking a more active role in assisting doctoral students
with their career development.

In summarizing my findings I return to my key research questions first presented in
Chapter 1:
RQI1: How do women doctoral students in physical sciences and engineering define and
participate in protégé-mentor relationships?

Tierney and Rhoads (1994) described formal socialization experiences in terms of the
recruit being “separated from other regular members of the organization while participating in a
series of specifically designed activities" (p.27). Results revealed six categories of major
formal socialization experiences for physical sciences and engineering women doctoral students
revolving around the areas of research and teaching training, publishing, funding, conference
interactions, networking, and career trajectories. These categories are derived from everyday
graduate school apprentice experiences at different stages of doctoral studies and play a crucial
role in training and socializing doctoral students for their professional roles as physical science
or engineering scholars. The findings illuminated the priorities across these formal interactions

in physical sciences and engineering graduate programs: (a) teaching graduate students to
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conduct effective research, (b) publishing significant results, and (¢) becoming productive
teachers. While these priorities are likely to be very similar to those of other doctoral programs,
it is important to note that physical sciences and engineering programs rely heavily on outside
resources for funding to enable research and deliver practical and useful outcomes, which seems
to be especially crucial. Consequently, many doctoral students prioritize learning from their
advisors the art of applying for and securing funding from NSF, NIH, and NASA. Yet, the
findings from this study revealed a fairly large gap between these important scholarly skills and
some advisors’ proclivity to provide such training and access to resources. Given what some of
my student interview subjects perceived as insufficient training, many women doctoral students
see themselves having to "'work for free before getting funding from their departments" or pay
their own tuition.

Informal socialization occurs simultaneously with formal socialization in doctoral
programs (Tierney and Rhoads, 1994). The informal socialization process is significant because
through informal daily interactions with their peers and faculty members, new members of the
academic community learn many implicit organizational values, norms, and attitudes—the
essence of organizational culture. The findings of this study revealed that women doctoral
students' needs in the area of more informal forms of socialization were not usually satisfied and
tended to be overlooked by many advisors in the physical sciences and engineering programs
under study. Some women professors pointed out that physical sciences and engineering
cultures are more likely to value quantitative factors such as the number of publications, the
number of grants, and the implementation of research results than paying much attention to the

various aspects of informal socialization. For example, many students reported difficulty talking

194



to their advisors about work-life balance and other related career concerns due to their worries of
not being considered as a "true scientist."

Regarding the assumption that “academic careers are extremely family unfriendly,” as
one woman put it, many women doctoral students decide to avoid academic careers without any
career related discussions with their advisors. Women doctoral students are especially concerned
with work-life balance and the workplace culture and politics of academic careers, specific
knowledge of which can only be obtained by an informal socialization process in which students
communicate their concerns and exchange ideas with mentors freely. More often than not, when
women doctoral students in my study found such support, their mentors were also female and
likely affiliated with a different institution than the one attended by the student. Student and
faculty perspectives and experiences demonstrated that women students who have periodic
discussions with their mentors about work-life balance, family friendly policies, and work place
cultures of other institutions seem to have a higher probability of pursuing an academic career
and are more likely to graduate in or under the average time span of doctoral study in their
particular departments.

The community that women scientists and engineers established to support each other at
both a personal and professional level extended beyond their departments. Also, the findings of
this study revealed a gap in resources made available for women compared to their male
counterparts in physical sciences and engineering, at least based on the perceptions of women in
this study. Although my study did not seek to confirm or reject such perceptions by actually
calibrating the resources made available to male and female doctoral students in the physical
sciences and engineering departments, the perception itself can be quite limiting to one’s

academic and career aspirations. Here, I am reminded of the classic sociological theorem offered
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by William I. Thomas and Dorothy Thomas (and I paraphrase here): situations defined as real,
are real in their consequences (Thomas and Thomas 1928, p. 572). The definition of the situation
could serve as a significant tool to understand how people in an organization identify and
reinforce certain social norms when they agree on certain types of behaviors or help to locate
challenges of certain social norms when people in social interactions disagree on certain
behaviors or norms (Thomas, 1923, 2002). Rhoads and Gu (2011) utilized a definition-of-the-
situation approach in their study of women academics in China to analyze the contradictory ways
in which woman faculty members and their male counterparts at a Chinese research university
described the challenges faced by women.

Women doctoral students also discussed their proactive approaches for pursuing guidance
and mentoring outside of their departments or their home university. In most cases, these
mentors were female junior faculty members who met with the students at professional
conferences. Some of the women faculty members served on doctoral students' dissertation
committees, assisted them with the process of seeking employment, and provided them with
"work-life balance" advice. Women students reported that these junior faculty were more
approachable and more likely to give them career advice as a friendly and supportive "outsider."

Community building and networking usually originates during undergraduate years. The
communities and support networks of woman scientists and engineers are extensions of their
undergraduate institutions where they were first socialized into their fields of study. Graduate
school provides women doctoral students with a platform to establish and expand their individual
networks beyond their departmental and institutional boundaries. Some of these networks are
built on the collegiality established between more advanced women doctoral students, some are

based on inter-campus collaborations, and others are built through interacting with women
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faculty members at conferences. Many student participants discussed the tremendous amount of
assistance and feedback they received from postdoctoral researchers in their research groups. In
certain departments, such as space sciences and space physics, there were non-tenure-track
research associates dedicated to writing NASA grant proposals and collaborating with
researchers from national labs and the industry. Many research participants regarded these
researchers as approachable mentors in their doctoral programs.

In the process of graduate school socialization, national, institutional, disciplinary, and
departmental cultures all affect the processes and outcomes of graduate education (Clark, 1987,
1993; Tierney and Rhoads, 1994). While in the majority of cases here student and faculty
relationships and interactions are influenced by WRU’s culture in general, the funding-centered
physical sciences culture and industry-involved engineering model also comprised a large part in
mentoring doctoral students in their programs. National culture was controlled at the design of
this study. However, given the diverse national and cultural backgrounds that the U.S. science
and engineering workforce entails, students and faculty also revealed the influence of their
international network and meshwork of scholars on the students' development in their doctoral
training process.

The concept of "community" was determined to be a significant strategy for the women
doctoral students' interviewed for the study with which to cope with their initial stage of the
doctoral socialization process and later as major resources for career advice and professional
development. These communities were primarily established between women doctoral students,
women faculty members, and women staff researchers from different institutional and cultural
backgrounds. Mentoring relationships occurred among these "communities" and offered a

unique angle to examine doctoral women students' protégé-mentor experiences in graduate
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school. Advice and feedback that these students received through these networks and
meshworks influenced their career decisions to a large extent. This concept challenged the
traditional definition of "graduate school mentoring" where most interactions occur between
doctoral students and faculty members.

While many women interviewees discussed positive interactions with their faculty
mentors in both formal and informal settings, some women students shared struggles and barriers
in their doctoral programs caused by negative mentoring, implicit gender bias, and hidden sexual
harassment, all of which hinder women's professional growth and positive career outlooks.
Many women participants expressed disappointment regarding interactions with their advisors.
Many discussions touched upon the gap between advisors' outstanding research reputations and
the quality of their protégé-mentor interactions. Some discussed the importance of taking the
initiative to create an environment for mentoring activities to occur and to negotiate for
themselves when it came to research, publication, and teaching responsibilities.

One common struggle that women doctoral students faced was the feeling of being
ignored by their advisors, which contributed to a lack of guidance and direction during graduate
school. Not everyone found the perfect advisor to work with in graduate school, and when the
relationship did not work, the women were less likely to be in a position to negotiate and more
likely to switch advisors. They were more likely to suffer from a dysfunctional advising
relationship and had trouble communicating their intention to change advisors to another’s
whose research interests and personality might be a better match.

Discrimination and bias take more implicit forms that are embedded in everyday
practices, conferences, informal social events, and career prospects. Women students shared

their strategies of uniting as a community of women to help each other survive and thrive in a
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multi-faceted and complex graduate school environment. Some women student participants
shared their dilemmas that occurred when collaborating scholars, who in some cases may be
prospective employers of the students, asked them out. Both women faculty and students in this
study pointed out biases and harassment initiated by male colleagues in their fields. These
barriers were reported to take implicit forms, which posed challenges for women students to seek
the appropriate help to overcome such difficulties.

RQ2: How do faculty working with women doctoral students in the physical sciences and
engineering define and participate in protégé-mentor relationships?

RQ3: To what degree and in what ways does the gender of the faculty mentor influence the
protégeé-mentor relationships in the specific case of women doctoral students (protégé) in
physical sciences and engineering?

Male faculty participants did not spend much time discussing the particular concept of
“protégé-mentor relationships.” One male physical sciences professor publicly mocked this
concept and expressed his indifference to such activities in his teaching of doctoral students. His
view was fairly representative among male faculty interviewees. They considered the visible
quantity of publications, research progress, and the ability to secure research funding to be the
primary factor in their fields and affecting the training of doctoral students. However, women
doctoral students participating in this research reported they have many concerns about balancing
an academic career and domestic life, yet they chose not to discuss these concerns with their
male advisors, turning instead to women faculty in their departments or outside of their
institution. Male faculty members interviewed did not speak of work-life balance at all, while
women faculty spent a good deal of time discussing multiple cases in which they were

approached regarding concerns related to work-life balance by doctoral women students with
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whom they had infrequent previous interaction. In fact, male professors interviewed expressed
negative feelings towards women's decisions to leave academia. Many of them regarded a
woman's decision to start a family or have children as "distractions" and "setbacks" to women’s
careers. Some also indicated that entering industry was a subordinate option to becoming an
academic. Their comments reflecting this train of thought were observed and discussed by
women doctoral students in this study and negatively affected these students' communications
and interactions with their male advisors when they sought to discuss career issues.

The data from this study unveiled major mentoring gaps between women doctoral
protégés and the more senior and renowned professors. Based on women students’ perceptions,
more senior professors, both female and male, are less likely to spend a significant amount of
time on mentoring and discussing academic and career related concerns. Junior women faculty
members in this study reported that they are more likely to be approached by women doctoral
students in their departments and consult students on work-life balance and stress related
concerns. Among the women protégés who had strong academic career aspirations, the gender
of their doctoral advisor did not influence their academic career decision-making process to a
large degree. However, all women students who decided to pursue an academic career had
women mentors in various capacities to provide necessary academic and psychological support.
In the studied physical sciences and engineering departments, some common approaches for
male professors to encourage their students in pursuing academic careers are related to the
training of writing grant proposals, publishing journal articles, and involving them in
collaborative research projects with other major institutions. While senior women faculty
members are less likely to consider women protégés’ concerns of work-life balance and stress to

be a major focus of their protégé-mentor relationships, women assistant professors are more
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likely to place more significance on coaching their women protégés in these areas. Women
students also discussed that they are more likely to be included in collaborative research projects
by faculty mentors who are an assistant to early associate academic ranks. Many of them
pointed out the contrast between their assumptions that working with senior faculty would
provide them with more research and networking opportunities, and the reality that they receive
less interactions and mentoring from more well-known faculty advisors.

RQ4: How do the protégé-mentor relationships influence deliberations, considerations, and
aspirations related to the pursuit of academic careers?

RQ5: Does the gender of the faculty member influence doctoral students’ interest in pursuing
academic careers?

The data from this research project revealed a strong nexus between women's graduate
school support networks and the decision and desire to pursue an academic career. Some women
who were fortunate to be part of a supportive academic community utilized the support and
resources to survive and thrive in a male-dominated environment. The data collected from both
women doctoral students and faculty of both genders illuminated five major areas that are closely
related to women doctoral students' academic career aspirations under the influence of their
protégé-mentor relationships: (1) interactions and communications with advisors, (2)
observations and speculations, (3) postdoctoral positions, (4) academic, industry and national
laboratory comparisons and rationales, and (5) finance and funding. Among these areas, women
students' concerns over work-life balance and the funding side of academic professions seemed
to prevail in the consideration of future career paths. However, faculty views on women students'
decisions about whether or not to pursue an academic career differed drastically between female

and male participants. All five male faculty members interviewed expressed regrets over their
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women students who decided not to pursue an academic career and described "starting family
and having children" as the primary "distraction."

Female professors interviewed discussed their approach to encourage women doctoral
students to enter academia, a process that involves validating their concerns and letting them
know that it is not easy to pursue an academic career as a woman. Yet, they all shared personal
stories with the women students who approached them. Based on interviews with the students,
they sometimes experienced some "biased comments" from faculty members at group research
meetings. These "biased comments" focused on previous women doctoral students who had
decided not to enter academia due to their concerns over work-life balance issues. Many
interviewees reported that their male professors portrayed this kind of phenomenon as
"disappointing" and "not scientist like." The women doctoral students acknowledged that this
kind of experience made them even less willing to share their planned career trajectories or to
communicate with their advisors.

Although all women doctoral students participating in this study had various degrees of
interaction with their advisors, the communication of career trajectories between protégés and
mentors was mostly ambiguous. A common pattern revealed that women doctoral students who
had career aspirations to teach at a community college or a four-year college received limited
feedback on such decisions from their male advisors. This phenomenon was due to their
advisors' preference for them to become faculty at research universities.

All student participants had been in their doctoral programs for at least three years.
However, only a small number of them discussed their career trajectories with their advisors.
On the other side of the protégé-mentor relationship, faculty advisors reported struggling with

the dilemma of "being blamed for pushing everyone into academia" versus catering their
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mentoring strategies to students' career aspirations." Thus, they are less likely to initiate
conversations regarding career planning unless students bring up the topic.

Many women doctoral students form their own career speculations based on observing
other peers' career outcomes and their advisors' research, grant applications, and teaching
activities. Many of the students interviewed expressed concerns pertaining to "long work hours,"
the "ability to secure external funding," "the pressure to support research labs and graduate
students" and their degree of "passion and dedication about research." These aspects were
identified by students participating in the interviews as the major reasons they changed their
minds or chose not to consider pursuing an academic career.

Taking multiple postdoctoral positions in the fields of physical sciences is regarded as a
common practice before a Ph.D. recipient obtains her/his first position. Almost all professors
and doctoral students in the physical sciences discussed the necessity of having one or more
postdoctoral positions. However, if a Ph.D. recipient takes too many postdoctoral positions,
potential employers may become skeptical about the delay in assuming a more permanent
position and possibly value them less; several of the women in my study hold such a perception.
The requirements for postdoctoral positions in engineering did not appear to be the same based
on data collected. Many women student interviewees revealed the fact that it was common for
someone to enter industry or academia directly after their doctoral programs. It is more likely to
be the case for someone who ends up going into the private sector as discussed by both faculty
and student participants.

Many women participating in the interviews offered insights regarding the comparisons
between career in academia, industry, and government research laboratories. Some of the most

compelling reasons for women students to choose academic careers were related to the high level
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of autonomy, academic freedom, and the stability associated with a university salary and
benefits. For women who decided to work towards an academic career upon graduation, they
were more likely to be attracted by the interaction and mentoring experiences with undergraduate
students. Almost all women interviewed fulfilled teaching duties for one year or more during
their graduate studies and acknowledged that this teaching experience provided them with a
clearer perspective regarding whether or not they would pursue a career in academia. Data
demonstrated that women students who did not choose academia as their first career choice
reported more interest in entering industry. Women physical sciences students in this study were
more likely to join the workforce by entering national laboratories upon graduation.

This study revealed that one of the major benefits that interactions with senior peers and
the establishment of networks with junior woman professors bring to women doctoral students is
effective advice on work-life balance in academic careers. This theme emerged again and again
as these women discussed the evolution of their career aspirations. Work-life balance evolved
from “an idea or assumption” in these women’s minds to a “reality” that they needed to face as
they accumulated more experiences in graduate school and were close to completing their
doctoral programs.

Data from this study revealed that women are more likely to question their own ability to
secure external funding; this seems especially true for those who consider becoming faculty
members one day. Many participants’ views on research funding reinforced the long-standing
emphasis of research universities to place great stress on the ability of faculty to secure funding
from the government and private sector. However, many women in my study felt that the skills
and knowledge to be successful in such areas were not well developed during their doctoral

training. While the lack of training in grant application activities might affect both women and
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men, this study focused on the unique strategies women employ to cope with this kind of
situation. For example, many women students discussed their informal collaboration with
women postdoctoral researchers and research associates in their departments. In most cases,
these researchers provided constant feedback on these women’s research funding proposals for
their postdoctoral positions.

Many women student interviewees had already decided to not pursue an academic career,
prior to even having a career related discussion with their advisors. Some faculty members do
not seem interested in allocating significant amounts of their time to holding such discussions.
They normally avoid bringing up the topic of career unless students initiate such conversations.
Women faculty interviewed pointed out that they were more likely to be pursued by women
doctoral students in their departments and asked work-life balance related questions. Male
professors, on the other hand, were least likely to speak to their students about the various facets
of academic careers. They were perceived by their women students as “working machines” who
resided in the office all the time. Several women doctoral students even speculated that some
male professors must have a stay-at-home wife who can take care of the house and children.

The data unveiled a communication gap between faculty and women doctoral students.
Over half of the women interviewed had never held a career related conversation with their
advisors. The ones who had such conversations only reported having had it during their last year
of doctoral studies. Almost all students interviewed agreed that they wished they could have had
such conversations earlier with their advisors to be better prepared for the competitive job
market. Yet, the practice was extremely rare in the physical sciences and engineering doctoral

programs under study.
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Disciplinary differences were revealed when it came to common career moves upon
completion of doctoral programs for students in the physical sciences and engineering. Women
physical sciences students discussed the necessity of obtaining postdoctoral positions before
graduation. They reported that it was fairly common for physical scientist doctoral graduates to
take two or even three postdoctoral appointments before landing permanent jobs as a scientific
researcher or an assistant professor. The quality and reputation of the research team with which
they did postdoctoral work was extremely crucial. The ones who failed to work with renowned
research groups in their fields ended up in a “limbo” stage, where they kept pursuing more and
more postdoctoral positions, but could not find a permanent appointment. In contrast, women
doctoral students in engineering departments hardly discussed the practice of being a
postdoctoral researcher. Many women in engineering discussed their options to secure an
industry career, which did not require them to have any postdoctoral working experience. Some
women shared their observations about how some of their previous peers who graduated earlier
were able to obtain an assistant professor position right after graduate school.

Compared to women doctoral students in engineering, the women in the physical
sciences were less likely to have industry options. For the ones who decided not to pursue
academic careers, the majority were planning to pursue work at various governmental
laboratories. Some hope to become scientific researchers at a laboratory, potentially relying on
NASA funding or other short-term revenue sources.

Not surprisingly, one of the main reasons women doctoral students avoid the academic
career path was attributed to their concerns about work-life balance. All women except one

discussed their desire to start a family, have a stable income, and raise children. Yet, they all
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perceived academic careers to be the least friendly towards this kind of practice. They compared
the options of going into industry, governmental research laboratories, and academia and
concluded that governmental labs and industry were more likely to provide them with greater
security and plenty of free time to spend with their significant others and children. Importantly,
female and male faculty in the study held completely different views on this issue. Women
professors shared their strategies to mentor women doctoral students who approached them
regarding conflicts between work and family. These women faculty were more likely to validate
these concerns and acknowledge the necessity to worry about such issues. But they would also
use their own anecdotes and experiences to explain to these students how they could still achieve
as much as male faculty members and potentially have a successful and enjoyable life in
academe.

The validation process was well accepted by the students interviewed and they admitted
that the approach of women professors provided them with more confidence in pursuing
academic careers. Several women faculty described the problem of “implicit bias” in their
departments, which was created by male faculty member when women faced childcare
responsibilities. Women faculty in this study acknowledged that the climate for women in the
physical sciences and engineering has been improving for the past two decades and they expect
more positive changes in the fields towards women. On the opposite side, male professors
interviewed did not discuss their strategies to mentor women doctoral students to prepare them
for academic careers. Several male professors regarded “having a family and children” to be a
“100% distraction” for women doctoral students and stated women could not achieve as much as

they should once starting a family.
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Another significant reason for women to withdraw from the option of an academic career
was the pressure to secure external funding. Over 80% of the women in this study discussed
their concerns regarding one prevalent aspect of an academic career: the necessity to secure
external funding to support doctoral students, maintain their laboratories, and buy research
equipment or other resources. Closely associated to the ability to secure funding, many students
also discussed concerns that their limited knowledge in the field might hinder them from coming
up with original ideas, which was perceived to be extremely crucial in the process of funding
applications.

As indicated in the discussions on career observations and speculations in Chapter 6,
gender and power dynamics seemed to become apparent during my interviews with all five male
physical sciences and engineering professors. The consistent pattern was that I spent about the
first twenty minutes answering their questions about the methodology and validity of my
dissertation research. In many cases, I perceived the situation as them questioning my study and
my ability to conduct a research project like this dissertation. Some of the recurring questions fall
in the areas of (1) Was your undergraduate degree in engineering/physical sciences? (2) How
could you consider "interviews" to be valid data? (3) How old are you? (4) What do you want to
do with a Ph.D. in higher education? I felt rather uncomfortable being questioned in such a way
as if I was not a hard scientist and thus had no authority to conduct research in the areas of
physical sciences and engineering. These kinds of subtle interactions that occurred during my
interactions with male faculty in physical sciences and engineering were obvious forms of power

and gender dynamics and were also reported by some student interviewees.

208



7.2 Implications

The practice of forming communities was reported to be an effective strategy for women
doctoral students to cope with the initial socialization process of their doctoral programs. The
initial reason for the establishment of these communities was due to the lack of explicit guidance
for women students at the beginning of their graduate programs and insufficient resources to
support the continuous development of these women on both professional and personal levels.
Various physical sciences and engineering department student services offices should work
closely with faculty advisors to compile particular information about program norms and
expectations, career possibilities and trajectories, and even conference and research opportunities
for the doctoral students. The findings also suggested that alumni offices at various physical
sciences and engineering departments should strengthen their alumni networks and establish
career related workshops and events to provide an opportunity for current women doctoral
students to connect with alumni and build stronger social and professional networks.
Particularly, panels should be held regarding work-life balance in academic careers and the pros
and cons of careers at the private sector and governmental laboratories. Particularly, as private
sector opportunities continue to attract doctoral women, engineering departments need to be
more intentional about helping women doctoral students to build stronger ties to companies; one
obvious way is to involve alumni who are working in the private sector. Academic career panels
should also be formed with women alumni to provide women doctoral students efficient
resources to overcome the fear of entering academia and better prepare themselves for these

academic positions upon graduation.
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Various physical sciences and engineering departments should also be actively involved
in organizing and hosting professional conferences and symposiums to provide more
opportunities for women doctoral students to consider and discuss the challenges and
opportunities associated with academic careers. More formalized mentoring strategies can also
be utilized. For example, postdoctoral scholars and more advanced women doctoral students
could exert a strong influence on women doctoral students with workshops and formal mentoring
programs established to pair up women doctoral students with postdoctoral mentors in their
departments.

Additionally, more formalized programs should be established to bring faculty advisors
and doctoral students together for discussions related to careers. Student affairs offices and
graduate divisions can be key in organizing such activities, but of course, gaining faculty support
through departmental liaisons is critical. Such programs might adopt a dialogical style to
encourage open communication among doctoral students and faculty. Topics should focus
directly on possible career trajectories and the need for close and ongoing contact between
doctoral students and faculty mentors. Physical sciences and engineering departments should
also work closely with the sexual harassment prevention office to disseminate relevant
information to women doctoral students and provide them with abundant resources regarding
reporting sexual harassment related matters. These departments should strengthen collaboration
with the counseling offices to offer stress management workshops for women who are
intimidated by their academic and work-related environments.

Explicit policies regarding the procedures and practice of changing advisors should be
fully established and be formally conveyed to doctoral students so they can be aware of how

things work. More information is always better than issues remaining in the dark and student
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services offices in physical sciences and engineering departments can go a long way toward
removing some of the mystery of advisor-advisee relations. But departmental leaders also have
the potential to impact such dynamics, given their closer relationships with the faculty, and can
take initiatives to assist and guide faculty in their mentoring roles. Perhaps department chairs can
stress annually the need for faculty to hold one-on-one meetings with doctoral protégées to
discuss career plans and address the kinds of concerns unique to the experiences of women in
academe. Department leaders can even host speakers who might raise the kinds of issues that
women doctoral students often must confront through the more informal mechanisms of the
doctoral socialization experience. Making important issues, such as finding work-life balance, is
always better than leaving them in a shroud of mystery.

Doctoral programs in the physical sciences and engineering, if in fact they are to be
geared toward the preparation of future faculty (as opposed to preparing graduates for private
sector positions), should make this aim explicit during the student recruitment process. My study
indicates that doctoral women are sometimes confused about the ultimate purpose of their
socialization and programs need to take steps to assist them in better understanding their options,
including during the recruitment phase. For instance, a doctoral program that is designated to
train future faculty in engineering would focus more on the theoretical side of engineering
knowledge, socializing students more toward pedagogy and research funding applications as
opposed to commercial mercerization and the application of their research results, which would
be the focus for careers in industry.

The implications suggested by the findings of this study are significant. Yet, it is
important to note potential barriers in implementing these suggested changes. I will start this

discussion by quoting a male physical scientist who attended my presentation at the annual
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conference for American Society for the Advancement of Science. This renowned geologist
claimed that there are no economic incentives to encourage changes regarding improving
women's experiences in physical sciences and engineering. Certain organizational infrastructure,
with connections at both the departmental and institutional levels, could also pose barriers that
prevent policies and practical changes in physical sciences and engineering departments. For
example, how much authority and power does a Student Service Office have over faculty
members who bring in millions of research dollars every year? Can faculty be held accountable
to work collaboratively with student affairs' offices to establish written rules on something that
they weren't accustomed to? Another clear example would be the idea of organizing professional
conferences in the fields of physical sciences and engineering with the focus of assisting women
doctoral students with the career decision-making process. Given the large number of
conferences in these fields, a conference such as the proposed one needs to find its unique niche
in order to attract enough talent and provide effective mentoring for doctoral women. Many
physical sciences and engineering departments do not have their own alumni office that keeps
track of its recent graduates or keep records of demographic and career data of their recent
graduates. This could pose more difficulties when it comes to organizing career workshops that
bring in female alumni to mentor current women doctoral students.

The aforementioned potential barriers that may hinder the implementation of the
suggested improvements by this dissertation could provide Science and Technology Studies
scholars with new directions for future research inquiries. One future research project could
examine these potential barriers that hinder various departments from establishing special

mentoring programs that encourage women doctoral students to pursue careers in academia.
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7.3 Limitations and Future Research

This study was based on research conducted at one research university in the United
States. Although the ethnographic facets of the methodology captured important aspects of the
culture and daily interactions within the women doctoral student community at WRU, the
findings nonetheless reflect one particular university located in the western region. Additionally,
the sample size of 25 students and 10 faculty members is somewhat small given the total number
of women doctoral students in physical sciences and engineering programs throughout the
United States.

Among the student participants, the sample was limited to women participants. There
were no male participants among the students interviewed and adding them would have provided
a better opportunity for comparing gender-based challenges faced by doctoral students in these
fields. Future studies could potentially adopt a larger sample size in terms of both student and
faculty interviewees and hence strengthen the ability to draw more definitive conclusions.
Students and faculty from both genders should be interviewed and studied for the next step of
this study. Such a practice could provide contrast by which to compare the experiences,
challenges, and protégé-mentor relationships in doctoral programs in physical sciences and
engineering.

At the beginning stage of this study, I planned to incorporate an “advisory panel” formed
by a subsample of my interviewees to share some of my findings with and use their feedback as a
form of triangulation tool or member check. However, as data collection moved forward, I
gradually realized that women doctoral students at one institution form a very tightly knit

community. If were to share any information related to my findings with an advisory panel, I
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would likely place my study in violation of the human subject rights promised as part of the IRB
requirements; specifically, I might have compromised their confidentiality and anonymity. Thus,
the advisory panel, which had the potential to strengthen the authenticity of my findings, was not
implemented. However, future multi-site studies could be conducted in a manner in which
advisory panels or possibly focus groups involving research subjects could be formed as a
potential source for data checking and playing a confirmatory role in the data analysis. If
additional research is conducted at multiple institutions, the formation of student and faculty
advisory boards is suggested to serve as a data triangulation tool in the data collection and
analysis process.

Tierney and Rhoads (1994) suggested the importance of national and institutional culture
in the study of academic profession socialization processes. Thus, future research is suggested to
expand the sample to institutions of all types and at different geographic locations in the United
States and abroad. A multi-site comparative study is recommended to further explore the nexus
between women doctoral students' graduate socialization experiences and relationships with their
academic career aspirations on a broader scheme. In an age of globalization, in which academic
disciplines are increasingly transnational in nature, we need to better understand how doctoral
students across national contexts are socialized as the next generation of academics and scholarly
leaders.

Future ethnographic and longitudinal quantitative studies could also explore the culture at
various physical sciences and engineering doctoral programs and institutions. Longitudinal
quantitative studies could further our understanding of the career outcomes of women who have
received effective feedback in graduate school and its correlation between their networking

ability, publication success, and funding application activities during graduate school and career
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outcomes over a more extended period of time.
7.4 Concluding Comments

Although previous research consistently emphasizes the significance of the role that
mentoring relationships play in graduate school and their strong influence on doctoral students’
academic career trajectories, little was known about the essence of women doctoral students'
protégé-mentor relationships in physical sciences and engineering programs and how these
relationships affect their academic career aspirations. The major findings of this dissertation
study relate to women's experiences, challenges, and coping strategies and sheds light on the
current state of protégé-mentoring relationships in physical sciences and engineering
departments at one research university in the western United States. The findings highlight the
nature of the protégé-mentor interactions and the influence such relationships have on women's
decisions concerning the pursuit of academic careers.

Further, though unexpected at the design stage of this study, the importance of
community emerged as one of the major findings. The formation of communities of support
seems a rather important strategy for women doctoral students in the process of graduate school
socialization; this source of support appears critical to further developing protégé-mentor
relationships, increasing one’s ability to publish, engage in research collaborations, and advance
one’s career interests. It appeared to be the most important strategy that women doctoral
students utilize when they experience dysfunctional advising relationships. Many women's
career related concerns and their pursuit of helpful advice were provided by a meshwork of
women scientists and engineers whom they met at conferences, cross-institutional research
collaborations, and through a range of diverse channels and networks, including, in many cases,

those developed during their undergraduate studies.
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Informal socialization was very impactful when it came to women's career decision-
making processes. Yet, this is the aspect of protégé-mentor relationships that has been mostly
overlooked by faculty in physical sciences and engineering departments at WRU. Women
faculty interviewed for my study were more likely to be involved in the informal socialization
process to mentor women doctoral students and address work-life balance concerns. Some male
faculty expressed negative attitudes towards women doctoral students' non-academic career
trajectories and tended to ignore work-life balance concerns. They demonstrated their attitudes
in daily interactions and research meetings with their students. This created an environment in
which it was difficult for women to discuss their doubts about pursing academic careers with
their faculty advisors.

This study revealed some hidden barriers that many women doctoral students face in the
process of pursuing a doctorate and an academic career. These barriers took the form of implicit
gender bias, complex and confusing environments for negotiating unequal treatment,
dysfunctional advising particularly in the areas of career development and work-life concerns,
and subtle and covert forms of sexual harassment. Acknowledging these unique challenges that
women doctoral students in physical sciences and engineering programs face is the first step to
assist them, but more direct efforts most also be employed to create an environment more
conducive to the success of women in science. Department faculty and academic leaders have a

unique and important role to play in addressing such matters.
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APPENDIX A: INTERVEW PROTOCOL (FOR STUDENTYS)

Demographic Information

1. What do you study? What are your research interests?
2. Which year are you in the program?

3. What is the gender of your advisor?

4. What is your race/ethnicity?

Protégé-Mentor Relationships

4. What do you think makes a good mentor for you personally?

6. Who do you identify as your mentor/mentors (can include or not include your advisor) in
graduate school? Why?

7. Please describe your mentoring relationships in your program.

8. In which ways does(do) this(these) mentor(s) interact with you? Please describe in as much
detail as possible any related interactions.

9. Please describe the ways your professor(s) guide you through academic progresses, such as
research papers, classes, conferences and collaborative research projects etc.

10. In what ways do you think this mentoring relationship is important to you? Why?

11. Are there other women doctoral students in your research team/laboratory? Could you
describe what their relationships with their mentors? How do you perceive the differences
between theirs and your mentoring relationships? Could you give an example or a story?

12. Could you please describe what your male colleagues' mentoring relationships are like? How
are their mentoring relationships different from yours? Could you give an example or a
story?

13. How do you perceive your mentoring relationship as a woman? Does being a woman give
you advantage/disadvantage when it comes to mentoring relationships?

Career Aspirations

14. What kinds of career trajectories do you have currently and did you have when you entered
the program? What are the differences?

15. Have you ever or are you considering choosing an academic career? Can you describe the
reasons why you have chosen or not chosen to pursue becoming a professor?

16. How does your graduate school experience shape your academic career plans?

17. What are your primary concerns in your future career decision-making process? Who are the
people involved?

18. What kind of role does mentoring play in encouraging/discouraging you in terms of
academic career decisions?

19. Please describe mentoring activities that affect your career aspirations?

21. Do you think mentoring activities are important to you when it comes to deciding on a
career? Why or why not?

22. Does your program have any specific effort in mentoring women students, specifically, and
encouraging them to pursue academic careers? What are they like? How do you evaluate
these programs?

23. Do you think the gender of your mentor(s) plays a significant role in your career decision
making process? Why or why not?
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APPENDIX B: INTERVEW PROTOCOL (FOR FACULTY)

Demographic Information (This information will be obtained by reviewing documents)
1. Department, program

2. Gender/Race/Ethnicity

3. Faculty Rank

4. Research Interests

5. Previous mentoring activity (provided by some professors' CVs)

Mentoring Relationships

6. Please describe major mentoring activities with doctoral students.

7. In what ways do you see mentoring female and male students differently?

8. What is the role of mentoring in your field?

9. Do you think it is important to advise female and male doctoral students differently? Why or
why not?

10. Is there any different ways in which you work with male/female doctoral students in your
field?

11. What are typical ways in which you interact with doctoral students?

12. How do you normally guide doctoral students through their academic processes, such as
research papers, qualifying exams, classes, conferences and collaborative research
projects? Do you normally take different approaches when it comes to guiding
female/male doctoral students in this process?

13. In what ways are mentoring relationships important to your doctoral students? Are there any
gender differences?

14. In what ways do you think mentoring relationships are crucial to you?

15. What are some of the major challenges when it comes to mentoring doctoral students? Do
you face different challenges when it comes to mentoring female/male students?

16. In what ways do female/male doctoral students require different mentoring approaches?
Could you provide some examples?

Career Aspirations

17. In which ways do your doctoral students express their career aspirations or future career
plans to you? Are there any differences among female/male students?

18. What are some of your expectations for female/male doctoral students when it comes to their
career paths upon graduation?

19. What if a particular student’s career aspirations are different from what you expect him/her to
do? In what ways do you cope with this kind of situation? Are there any gender
differences? Please give some examples.

20. Why do you think the mentoring relationship is important to students' career aspirations?

21. In what ways do your female/male doctoral students’ express their career aspirations? What
do you perceive to be the deciding factors that shape their career decisions?

22. How do you mold your mentoring strategies to female/male doctoral students’ career
aspirations? Could you please give some examples?

23. What happens when a female/male doctoral student decides to change her career paths half
way through the program? In what ways do you change mentoring strategies to cater to
their needs?
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APPENDIX C: JOURNAL ENTRY FORM

DATE:

TIME:

LOCATION:

DATA COLLECTION METHOD: a. Interview b. Site observation c. Other

PEOPLE INVOLVED:

BRIEF DESCRIPTION OF THE INTERVIEW/EVENT:

EMERGENT THEMES BASED ON THE CONTENT:

PRELIMINARY COMMENTS AND FINDINGS:
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