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ABSTRACT
Mathematics has the highest attrition rate among all liberal arts disciplines (and among
all disciplines, except for health professions) and the second highest attrition rate of all doctoral
programs in the United State. In order to prevent the loss of so many students, mathematics
departments must consider the root causes for attrition and determine what individual skills and
knowledge and departmental systems and support will help more mathematics doctoral students
to succeed. The purpose of this qualitative interview study was to explore the interactions
mathematics doctoral candidates at one institution have had during graduate school and the
value that the students place on the interactions in their continued pursuit of and success in
doctoral study of mathematics.
Nine doctoral candidates from the mathematics department at a large, public research
university in the Southeastern United States who had attended United States schools throughout
their K-graduate education agreed to participate in the study. I conducted a series of two, semistructured, approximately sixty minute, one-on-one interviews with each participant.
In addition to providing insight into the nature of several relationships already
established in the extant research, the results of the present study indicated the possible
existence of three new relationships. A series of themes were also found across the students’
experiences that depict key interactions participants had with peers and faculty and the meaning
and value given to these interactions. For faculty, the themes were (1) Inadequacy and
Importance, (2) Being Uninformed, (3) Self-Sufficiency, and (4) Collaboration; and for peers,
(1) Insight Versus Deficit and (2) Gauging Their Experience. In addition, Living in a World of
Paradoxes was an overarching theme in the findings.
iv

This study informs several lines of thought: (a) collaboration is more than just a crutch;
(b) graduate students struggle to find a balance between independent scholar and active
collaborator; (c) graduate school is not a uniform experience; (d) knowing and learning in
mathematics is conceived from the cognitive perspective; and (e) there are multiple paths for
socializing students. Recommendations for future research and practice are also presented.
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CHAPTER 1: INTRODUCTION
Introduction
As technological advances increase, science, technology, engineering, and mathematics
(STEM) fields are increasing in importance. The National Academies recently issued Rising
Above the Gathering Storm, a report detailing 20 priorities for protecting US competitiveness
(Augustine, 2007). Among the recommendations was a call to develop, recruit, and retain the
best and the brightest students, scientists, and engineers by increasing the number and
proportion of US citizens who earn STEM degrees and enter the STEM workforce. “STEM is
critical for national security, economic success and scientific leadership. STEM contributes
directly to the standard of living and quality of life of a country’s citizens. Thus a country’s
prosperity, security, and health depend on the contributions of STEM” (Burke, 2007, p. 3-4).
This leads to a need for more and more STEM professionals; in fact, the Bureau of Labor
Statistics contends that the total number of STEM jobs will increase by 22 percent between
2004 and 2014 (Terrell, 2007). Therefore, the current and projected shortage of skilled STEM
workers is a major concern (Andres, 2006; Burke, 2007; Herzig, 2004a).
Although advanced mathematical proficiency is required and utilized in many of the
STEM fields, relatively small numbers of U.S. students develop and maintain an interest in
studying mathematics. Consequently, one critical issue university-level mathematics education
must face is the retention of students who do decide to pursue degrees in mathematics.

1

Statement of Problem
Mathematics has the highest attrition rate among all liberal arts disciplines (and among
all disciplines, except for health professions) and the second highest attrition rate of all doctoral
programs in the United States (Council of Graduate School, 2008; Lacampagne, Campbell,
Damarin, Herzig& Vogt, 2007). This means that as students, who initially express an interest in
studying mathematics, progress through undergraduate and graduate mathematics, they become
increasingly likely to loose interest and switch to less mathematical fields of study (Herzig,
2004a).
The statistics become even more troubling for females. Mathematics has one of the
highest disparities in the attrition rates of men and women (Lacampagne et al., 2007). At every
educational and professional stage, women are less likely to stay in mathematics than their male
peers. This is evident in the decreasing percentage of women earning mathematics degrees at
each level; for example, from 2000 to 2005, 44.6% of Bachelor’s degrees, 27.1% of Master’s
degrees, and only 15% of doctoral degrees were attained by women (NSF, 2008).
Many, including faculty and administrators of mathematics programs, attribute student
attrition to personal characteristics, such as lack of academic ability and lack of drive, and
conclude that the high attrition is needed to ‘weed out’ those who are not capable. However,
prior research indicates that a good deal of attrition is unnecessary and preventable (Golde,
2005; Herzig, 2002). After all, no significant difference in academic achievement indicators
(including GRE scores and undergraduate and graduate grades) has been found between
students who persist and students who leave (Abraham, 1979; Bair & Haworth, 2004; Bishop,
1981; Cook & Swanson, 1978; Ehrenberg & Mavros, 1995; Ferrer de Valero, 1996; Herzig,
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2002, 2004a; Hirschberg & Itkin, 1978; Kluever, 1997; Smallwood, 2004). Instead, studies have
indicated an array of possible causes, including feelings of isolation and neglect, discrimination,
lack of moral support and mentoring, not being treated as a junior colleague, perceptions of a
poor job market, mismatches between the student’s and the department’s expectations or
between the student’s interests and the actuality of study or research in mathematics, and
looming departmental requirements (Cadinu, Maass, Rosabianca& Kiesner, 2005; Golde, 2005;
Herzig, 2004a, 2004b; Johnson, Lee& Green, 2000; Kurtz-Costes, Helmke& Ülkü-Steiner,
2006; Wilson, 2003). Thus, “it is not the background characteristics students bring with them to
the university that affect their persistence outcomes; it is what happens to them after they
arrive… The causes of attrition are deeply embedded in the organizational culture of graduate
school and the structure and process of graduate education” (Lovitts, 2001, p.2).
In order to prevent the loss of so many students, mathematics departments must consider
the root causes for attrition and determine what individual skills and knowledge and
departmental systems and support will help more mathematics doctoral students (and women
and minority mathematics doctoral students, in particular) to succeed.
Purpose Statement
Research has firmly established the impact of graduate students’ interactions with
faculty and peers on their likelihoods of completing the degree (Ali & Kohun, 2006; Austin,
2002; Bair & Haworth, 2004; Gardner, 2005, 2008a; Golde, 2005; Herzig, 2002, 2004a;
Hirschberg & Itkin, 1978; Kluever, 1997; Lovitts & Nelson, 2000; Monsour & Corman, 1991;
Smith, Maroney, Nelson, Abel& Abel, 2006). In addition, social interaction is a key component
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of the graduate socialization process, in which graduate students develop the knowledge, skills,
and dispositions necessary for successful completion of graduate school and entry into a
professional career that requires an advanced level of specialized knowledge and skill
(Weidman, Twale& Stein, 2001). So, improving these interactions is one way that programs can
increase students’ likelihoods of success in graduate programs and in their future careers.
Consequently, the purpose of this research was to explore the interactions mathematics
doctoral candidates at one institution have had during graduate school and the value that the
students place on the interactions in their continued pursuit of and success in doctoral study of
mathematics.
Research Questions
Based on this purpose and utilizing a constructivist stance, I sought to co-construct
answers to the following questions:
(1) What interactions do doctoral students in mathematics have with faculty?
(2) What meaning and value do mathematics doctoral students place on their interactions
with faculty?
(3) What interactions do doctoral students in mathematics have with peers?
(4) What meaning and value do mathematics doctoral students place on their interactions
with peers?
Significance of the Study
Understanding and reducing attrition is critical because of its psychological and
economic costs (Golde, 2005). There is no doubt that students pursuing degrees in mathematics
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are some of the best and brightest; so, the loss of these individuals to fields outside of
mathematics is troubling. In addition, for each student, a substantial amount of resources has
been invested by the student, the school, and the government into his or her education; these
resources go to waste when the student chooses to leave prior to finishing. Finally, as stated
earlier, there is a shortage of U.S. workers in STEM fields. So, the loss of a student from the
study of mathematics entails the loss of a future member of the U.S. STEM workforce and as a
result, is detrimental to the economy. In addition, broadening the focus of mathematics to
increase the participation of women, minorities, and others who typically do not “fit in” may
enrich the discipline of mathematics by expanding the range of mathematical thought, and as a
result, “help the profession flexibly meet the challenges posed by the growing quantitative
sophistication of economic and political structures of the 21st century” (Herzig, 2004a, p. 173174).
This research is important because it provides insight into the roles that interactions with
faculty and peers play in mathematics doctoral students’ experience in graduate school and
continued persistence of mathematics doctoral candidates. This exploration will hopefully spark
future research on interactions in graduate programs and subsequently help mathematics
programs find ways to improve and facilitate doctoral students’ interactions with faculty and
peers and enable more doctoral students in mathematics to persevere through their programs.
Organization of the Study
This dissertation is organized into eight chapters. Chapter 1 provides an introduction to
the study, including the statement of the problem, purpose of the study, and significance of the
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study. Chapter II presents the theoretical framework for the study. Chapter III includes a review
of literature. Chapter IV describes the research methodology and data analysis procedures used
in this study. Chapter V reports the findings of the study. Chapter VI reexamines the Conceptual
Model of Doctoral Student Experiences, which was presented in Chapter III, in light of the
findings. Chapter VII explores themes that were found across the participants’ experiences.
Finally, Chapter VIII discusses conclusions based on the findings and suggests
recommendations for research and practice.
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CHAPTER 2: THEORETICAL FRAMEWORK
Methodological Theory
A paradigm is defined by Guba and Lincoln (1994) as “a set of basic beliefs (or
metaphysics) that … represents a worldview that defines, for its holder, the nature of the
‘world,’ the individual’s place in it, and the range of possible relationships to that world and its
parts…” (p. 200). In particular, four fundamental aspects of a researcher’s paradigm (namely,
his or her epistemology, ontology, axiology and methodology) have important consequences,
implicitly and explicitly, for the type of research questions asked and the way inquiry is
conducted, findings are interpreted, and policy decisions are made. As a result, the researcher’s
epistemology, ontology, axiology and methodology must be clearly presented prior to beginning
a study (Creswell, 2007; Denzin & Lincoln, 2000; Guba & Lincoln, 1994; Hatch, 2002; Rubin
& Rubin, 2005). I came to this research study from a constructivist worldview (or paradigm)
and will use the rest of this section to clearly describe the corresponding ontology,
epistemology, methodology, and axiology and to illuminate what being a constructivist meant to
me and to the research project.
Ontology
For constructivists, a physical and temporal reality exists, which is composed of tangible
objects and time. Individuals encounter reality from their own, unique perspective and attempt
to find meaning in their experience. Therefore, each individual exists within two parallel
realities: a physical and temporal reality and a constructed reality. The constructed reality is
7

“composed of the interpretive, meaning-making, sense-ascribing, holism producing, roleassuming activities which produce meaningfulness and order in human life” (Lincoln, 2005,
p.61). The meaning a person gives to an experience is his or her unique interpretation of an
event in the physical/temporal world (Hatch, 2002). And, although many individuals may go
through the same event, each individual will examine it through his or her own lens. As a result,
there may be multiple (and sometimes conflicting) distinct versions of the same event, which
are equally valid (Rubin & Rubin, 2005); in other words, multiple realities exist. In addition, the
meaning individuals give to an experience may change as more events in temporal/physical
reality occur. Therefore, to remain consistent, an individual’s constructed reality continually
changes, and it is through this process of modification that constructions become increasingly
informed and sophisticated (Guba & Lincoln, 1994).
At the core, humans seek to understand and make sense of the world in which they live
and work (Creswell, 2007). So, from this perspective, the key to comprehending human
existence is not through improved approximations of physical and temporal reality, but through
understanding the creation and modification of constructions. In other words, the meaning
individuals attribute to the world is what is important, not the world itself (Rubin & Rubin,
2005).
Epistemology
In constructivism, the traditional separation between epistemology and ontology
disappears. Knowledge is understood to be “those constructions about which there is relative
consensus (or at least some movement toward consensus) among those competent … to
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interpret the substance of the construction” (Guba & Lincoln, 1994, p.212). Knowledge
accumulates when multiple constructions are artfully combined into a single cohesive
construction and garners the support of previously dissenting groups. Truth is simply what a
group or community agrees it is. If there isn’t agreement, it does not mean that anyone is wrong;
that is multiple (apparently contradictory) knowledges can coexist (Lincoln, 2005).
Since knowledge is a human construction, and truth is subjective, the constructivist
researcher is not attempting to determine whether a hypothesis or thesis is true. Instead, the
researcher and participants work together to co-construct understandings (Guba & Lincoln,
1994; Hatch, 2002). The researcher begins by attempting to ascertain each participant’s
knowledge of and meaning given to an event. Then, the researcher works with the participants
to resolve apparent contradictions among the participants’ constructions and form a more
informed, sophisticated, and comprehensive construction of the event.
Methodology
Through the acknowledgement of multiple constructions of reality, knowledge, and
truth, adhering to a constructivist worldview gives the researcher the ability to
see human complexity and fullness; … understand unseen human meaning-making
forces at work, as a ‘controlled variable’; and … communicate, in natural language, a
variety of portrayals representing the positions of many stakeholders, thus enlarging
knowledge and understanding through a given community (Lincoln, 2005, p.61).
As a constructivist researcher, I chose to capitalize on this ability through the use of a
qualitative methodological approach. Qualitative research acknowledges the unique, dynamic,
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and complex nature of the settings in which research takes place and therefore, does not loose
the intricacies of the phenomenon through over simplification (Creswell, 2007; Hatch, 2002). In
addition, through prolonged engagement, qualitative research gives the researcher an
opportunity to discover the constructions participants use to make sense of their worlds (Hatch,
2002). In fact, qualitative research is the only way to gain entry into “the ‘black box’ of the
human mind, where sense-making and meaning-imputing activities take place” (Lincoln, 2005,
p.62). Thus, I used a qualitative approach to develop an understanding of the meaning doctoral
candidates give to their mathematical experiences. This choice was consistent with
constructivism, which is less concerned with the temporal/spatial facts of an event, and more
interested in the interpretations and meanings individuals give to the events (Rubin & Rubin,
2005).
Axiology
Qualitative research, by its very nature, is interpretive, interactive, and holistic.
Therefore, research is never value-free; objectivity is an illusion (Lincoln, 2005). In the coconstruction of understandings, the constructivist researcher’s voice is that of the “passionate
participant actively engaged in facilitating the ‘multivoice’ reconstruction of his or her own
construction as well as those of all other participants” (Guba & Lincoln, 1994, p.215). The
researcher must simultaneously guide and constrain a study. Consequently, the researcher’s
beliefs and values inform and shape a study by influencing research practices, choices,
decisions, and findings (Denzin & Lincoln, 2000; Lincoln, 2005; Rubin & Rubin, 2005).
Because of this impact on the research, it is critical that the researcher is aware of and makes
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explicit his or her beliefs and values. Hence, the remainder of this section explores the potential
biases I brought to the study.
Reflexivity Statement
I did not come to this study as an outsider; I was a doctoral student in mathematics.
However, as is the case for many women, I chose to leave a mathematics doctoral program prior
to completion. My reasons for leaving were not clear (even to me). And, as I read the literature
on the reasons researchers have found for mathematics doctoral attrition, I was struck by the
fact that none of it resonated with me. I did not have a problem working in a male dominated
field. I did not have a spouse or children who caused tension between my home and school; in
fact, I could pretty much devote all of my time and energy to schoolwork. There definitely was
not enough money given to students, but I got by. I liked completing assignments on my own,
without a lot of support. And, to keep me motivated, I developed a group of graduate student
friends (in a variety of fields) to study with at one of the local coffee houses. So, although I
rarely worked with others on assignments, I did not feel alone or isolated. I never questioned my
ability to succeed in mathematics and typically attributed poor performance on an assignment or
exam to lack of effort. So, why did I leave? I think that I simply lost interest.
Throughout my childhood, I always liked math. As early as kindergarten, my parents,
teachers, and peers acknowledged that I was “good” at mathematics. The concepts instantly
made sense to me, and I could solve problems with ease and efficiency. By the time I finished
high school, I had already completed numerous courses, including Calculus III, at the local
university and was well on my way to an undergraduate degree in mathematics. In college, I
11

became passionate about philosophy (specifically, philosophy of religion) and decided to double
major in mathematics and philosophy and minor in religious studies. Mathematics was included
as a major, not because I was excited about mathematics, but because I didn’t think it would be
too difficult and mathematics is a much more useful and desirable degree for employers. I had
no problem completing the undergraduate mathematics courses and enjoyed the new challenge
of creating proofs for mathematical conjectures and theorems. However, I only took the
required mathematics courses. When I had the option, I chose an extra philosophy or religious
studies course, not a mathematics course.
After I completed my undergraduate degree, I tried several professions (including
hospital management, computer programming, and teaching) and found that teaching
mathematics was something I really enjoyed. I had never been around students who really
struggled with mathematics prior to teaching and enjoyed the challenge of making mathematics
understandable and meaningful to them. However, I missed academia. This led to the idea that
the perfect career for me would be teaching mathematics at the university level. So, I entered a
doctoral program in mathematics.
Several years passed between my undergraduate coursework in mathematics and the
beginning of graduate school, which made it difficult to remember everything the professors
expected me to remember. Yet, with a little extra work, I did well in my courses. However, I
found that although I could do advanced mathematics, it was not something that I really
enjoyed. As a result, I did not go over and above what was required of me. And, as time
progressed, I became less and less interested in the coursework and contemplated leaving the
program.
12

During my third year of doctoral study, I heard about a doctoral program in mathematics
education at the same university and decided to check into it. I took two doctoral-level courses
in mathematics education during the second semester of my third year in the mathematics
doctoral program and found them interesting and truly enjoyable. Therefore, at the end of my
third year of doctoral study in mathematics, I decided to leave the mathematics program and
enter a doctoral program in mathematics education.
I am interested in mathematics education at all levels, and this research project provided
me with the opportunity to explore my experiences along with those of others and to construct a
picture of the doctoral mathematics educational experience. I believe that my personal
connection to the research was not a detriment, but a benefit. I approached this study as an
interested outsider. My aim was not to find flaws or problems with doctoral study of
mathematics, but to develop an understanding of what it takes to succeed. This study examined
only positive cases (i.e., the students who successfully made it to the dissertation phase of
doctoral study), and I was very interested to understand their perspectives and see graduate
study through their eyes. Consequently, I think that my background was beneficial to this study
in two ways. First, my mathematics background gave me credibility in the eyes of participants
and mathematicians and helped me to understand the contexts in which the students reside.
Second, my background in mathematics education provided me with a perspective, different
from most mathematics doctoral students and mathematicians, which enabled me to elucidate
new aspects of the mathematics doctoral student experience.
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Substantive Theory
In addition to identifying the methodological theory of a study, researchers must clearly
state the substantive theories that informed their studies. Several bodies of research informed
my perspective and approach to this study: the situated perspective’s conceptualization of
communities of practice, Tinto’s (1993) model of doctoral student persistence, socialization
theory, and Weidman, Twale, and Stein’s (2001) framework of doctoral student socialization.
The situative perspective complements constructivists’ views on knowing and learning and
provides a means for understanding doctoral students experiences in terms of their participation
in communities of practice. Tinto’s model adds to the situative perspective by identifying the
key communities of practice students encounter in graduate school and separating doctoral
study into three distinct phases. Socialization theory examines the means by which individuals
become members in communities, including the graduate school community and the community
of mathematicians and mathematical researchers. And, finally, Weidman, Twale, and Stein’s
framework of doctoral student socialization (2001) provides a perspective on the process by
which graduate students become members of these communities of practice. Each of these
substantive theory bases is described below.
Situative Perspective
Knowing and Learning
Traditionally, educational researchers took a cognitive approach to knowing and
learning. From this perspective, knowledge resides solely in individual minds, and thinking is
“founded on the separation of the learner from the learning context, effectively isolating the
14

body from its mind, the self from its world, the content from its context, and ability from those
situations in which one is competent” (Barab & Plucker, 2002, p.165). This means that although
knowledge can be applied to situations, it does not depend on the situation; context is simply
where the thinking takes place.
Accordingly, learning was conceived as an internal, cognitively-mediated process. As
individuals have new experiences or participate in formal or informal learning, they must take
an active and constructive role in making any new information meaningful and memorable.
Cognitive processes restructure the individual’s conceptual structures to incorporate the new
information and make it both meaningful and memorable. This conception of learning resulted
in research that focused, for example, on learners’ aptitudes, memory, and motivations and on
the influence of instructional techniques on a learner’s attention, motivation, and understanding
(Barab & Plucker, 2002; Vosniadou, 2007; Wittrock, 1979).
The transferability of knowledge has been a major topic of research in mathematics
education, and a broad body of research has demonstrated that mathematical reasoning is
context specific. Cobb (2006) states, “people develop significantly different forms of
mathematical reasoning as they participate in different cultural practices that involve the use of
different tools and sign systems, and that are organized by different overall motives” (p.24). The
formal, context-free mathematical knowledge taught in schools, for example, is very different
from the heavily contextualized mathematics used in everyday situations. This leads to cases
where individuals are able to perform complex calculations outside of school but cannot
perform the same calculations in the classroom (de Abreu, 2002). Lave’s (1988) study of
grocery shoppers, for example, indicated that people are often proficient in the mathematics
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commonly used out-of-school (such as grocery shopping), even when poor performance in
school mathematics has led them to believe they are incompetent. In a study by Hoyles, Noss,
and Pozzis (2001), pediatric nurses adapted the mathematical knowledge they needed for their
profession in ways that made it less abstract; so, although the nurses were not able to perform
the abstract mathematical calculations, they easily solved similar drug dosage problems.
Because of the prevalence of evidence that transfer cannot be assumed, the cognitive
perspective’s assumption that knowledge is context free and can easily be applied to a variety of
situations appears to be invalid (de Abreu, 2002). Therefore, other perspectives on knowledge
as contextually-based must be considered. The two main perspectives, which take into account
the situationality of knowledge, are the distributed cognitive and the situative perspectives.
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The Distributed Cognitive Perspective. The distributed cognitive perspective remains
consistent with the traditional cognitive perspective in maintaining that knowledge and learning
are internal cognitive structures and processes. However, from the distributed cognitive
perspective, knowledge cannot be separated from context; instead “knowing and context are
irreducibly co-constituted, and learning is fundamentally connected with and constitutive of the
contextual particulars through which it occurs” (Barab & Plucker, 2002, p.170). In other words,
cognition is distributed across a particular situation or context, which includes people, the
environment, tools, and artifacts. The individual utilizes external resources, found in the context
of a cognitive activity, to lessen the mental effort required to perform a given task (Barab &
Plucker, 2002; Cobb, 2006; Greeno & van de Sande, 2007; Karasavvidis, 2002; Pea, 1993;
Putnam & Borko, 2000).
Knowledge and Learning as Situated. Researchers, from the situative perspective, do
not agree that knowledge and learning are internal cognitive structures and processes. Instead,
the focus is on “interactive systems that are larger than the behavior and cognitive processes of
an individual agent” (Greeno & Group, 1998, p.5-6). Knowledge is contextualized, cooperative
activity, which is interactively constructed by individuals in a particular community. Learning is
not an individual’s acquisition of new information, but rather, the distribution of participation in
activities among individuals, tools, and artifacts of a community. The process of learning is not
entirely individual or social in nature; instead, it is subsumed in the changes of identity in and
through membership in a community (Cobb, 1994; Greeno & Group, 1998; Lave, 1991; Mason,
2007).
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Lave (1991) clearly distinguishes the situated perspective from distributed cognition by
claiming that the end of learning is not internalization of knowledge. Instead, learning is
a process of becoming a member of a sustained community of practice. Developing an
identity as a member of a community and becoming knowledgeably skillful are part of
the same process, with the former motivating, shaping, and giving meaning to the latter,
which it subsumes. (p.65)
Thus, from the situated perspective, there are three major aspects to knowing and learning.
Namely, knowing and learning are (a) situated in physical and social contexts, (b) social in
nature, and (c) distributed across persons, tools, and artifacts (Putnam & Borko, 2000).
From the situative perspective, the objective of schools should be to develop students’
identities by helping them, in their communities, (a) make greater contributions to group
functions, (b) achieve personal accomplishments and growth, and thereby, (c) become more
successful participants in the activities of their communities. This leads theorists, from the
situative perspective, to contend that it is as important for individuals to learn the culture of a
community, through experience, observation, and instruction, as it is for them to learn the
specific concepts, skills, and procedures used by the community. Schools should, therefore,
teach individuals how to differentiate contexts and social practices (such as discourse) and
determine what constitutes successful participation in each context (Gallego, Cole& Cognition,
2001; Greeno, 2003; Greeno & Group, 1998; Mason, 2007; Putnam & Borko, 2000). Hence,
from this perspective, the focus of research is not on the acquisition of generalizable skills or
abilities but instead, is on the preparation of individuals for successful participation in
communities of practice.
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Choosing a Perspective. From the distributed cognitive perspective, knowing means
possessing. Individuals acquire situation-specific knowledge, and researchers are interested in
ways to generalize acquired knowledge so that it is transferable to other situations. On the other
hand, from the situative perspective, knowing means belonging, participating, and
communicating. An individual’s knowledge in a given situation is synonymous with his or her
ability to successfully participate in the situation. Researchers focus on the preparation of
individuals for successful participation in communities of practice instead of on the acquisition
of generalizable skills or abilities (Greeno & van de Sande, 2007; Mason, 2007). Therefore, the
choice between the distributed cognitive and situative perspectives lies in the decision of
whether to focus on what individuals know and use in a given situation or on how individuals
successfully participate in a given situation (or community). Researchers must pragmatically
decide which perspective is more useful for their research objectives. Consequently, in this
research study, I chose to adopt the situative perspective because my interest lies in students’
participation in the communities of doctoral mathematics and their preparation for successful
participation in the communities of mathematicians and mathematical research.
Communities of Practice
From the situative perspective, learning is not conceptualized as an individual’s
acquisition of new information, but rather, as the distribution of participation in activities among
individuals, tools, and artifacts of a community. The process of learning is not entirely
individual or social in nature; instead, it is subsumed in the changes of identity in and through
membership in a community (Cobb, 1994; Greeno & Group, 1998; Lave, 1991; Mason, 2007).
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In this study, I examined mathematics doctoral candidates’ experiences during their study of
mathematics; in particular I focused on their interactions with faculty and peers. From the
situative perspective, gaining insight into doctoral student experiences requires an
understanding of the communities in which they engage. By providing a general depiction of the
key communities students encounter and join during doctoral study and the roles the
communities have on a student’s decision to persist, Tinto’s (1993) model of doctoral student
persistence provided a useful starting point for understanding the mathematics doctoral student
experience.
Tinto’s Model of Doctoral Student Persistence
Based on Durkheim’s (1951; cited in Tinto, 1993) model of suicide, Tinto (1993)
developed a model of doctoral student persistence, which holds that students who choose to
leave doctoral student often do so because they are not integrated in the social and academic
communities of their graduate programs (Herzig, 2002). Tinto (1993) divided doctoral study
into three distinct stages: transition and adjustment, developing competence, and completing the
dissertation (see Appendix A).
Doctoral study begins with the first stage, the stage of transition. During this stage,
students attempt to establish membership in the academic and social communities of their
department. In mathematics, students’ primary activity through the first several years of study is
to complete the required coursework (Herzig, 2002). As a result, students’ main focus, in the
stage of transition, is gaining entry into the course-taking community of the department.
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Based on initial experiences, students must also determine whether they desire to
become integrated (i.e., full members) in the communities of their department. This decision is
mediated by the compatibility between the students’ own goals and the goals and requirements
of the community and by comparing the determined value of membership as opposed to the
estimated costs (including, temporal, economic, and psychological). Social and academic
interactions, with faculty and peers, play a significant role in each student’s resolution to remain
or leave and are therefore crucial. This decision is important for student persistence because
students who do not become integrated in the social and academic communities of their
graduate program are more likely to voluntarily withdraw from the program (Tinto, 1993). After
all,
Learning is intertwined with, and indeed inseparable from, students’ participation in the
communities of practice that reside in their graduate programs. This participation might
take many forms, including such activities as listening to lectures and taking notes,
working with other students to solve problems, reading texts, attending seminars,
teaching and grading papers, studying for exams, and conducting research (Herzig,
2004a, p.178).
Accordingly, the choice to work toward becoming a central member of departmental
communities marks the transition into the second stage of doctoral student persistence, the stage
leading to candidacy.
Throughout the second stage, students work through and complete coursework
requirements and, as a result, become more and more significant members of their departmental
communities. Centrality of membership in the course-taking communities of a mathematics
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department is determined primarily by students’ development of knowledge and competencies
(as demonstrated in performance on coursework and ability to help peers needing assistance
with coursework). This stage culminates for mathematics students in the successful completion
of qualifying exams, which demonstrate to the department that the student has become an
integral member of the course-taking community and is therefore, prepared to begin doctoral
research (Tinto, 1993).
Although interactions with faculty and peers pertaining to academic competence
strongly influence students’ academic development and determinations of competence (Tinto,
1993), graduate study is often marked by a lack of interaction between faculty and students
during the coursework phase of doctoral study. Johnson, Lee, and Green (2000) commented,
“The experience of isolation and abjection often appears so widespread as to be structural and
endemic, a seemingly ‘necessary’ feature of the doctoral program for many, rather than an
accidental and ameliorable problem” (p.136). Mathematics professors typically adhere to a
“transmission” model of teaching, which characterizes teaching as the imparting of knowledge
and learning as the absorbing of knowledge (Herzig, 2004a). In class, this is played out through
faculty lecturing and students simply listening and taking notes. It is not until outside of class
that students take an active role in studying and understanding their coursework, which occurs
extensively alone or with a few peers. Subsequently, the majority of faculty-student interaction
occurs as faculty grade assignments and exams. This is problematic, because as in the first
stage, a frequent cause doctoral students give for leaving graduate school is a feeling of
isolation, which results from lack of interaction with faculty and students (Herzig, 2002, 2004a;
Tinto, 1993).
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The final stage, the completion of a doctoral dissertation, marks the period between
passing comprehensive exams and receiving the doctoral degree. During this stage, students
complete a dissertation research proposal, go through the complete research process, and defend
their final dissertation (Tinto, 1993). Transition into this phase is difficult for many students,
and graduate faculty have not been able to predict who will successfully make the transition and
complete the doctorate. In fact, approximately, 15-25% of graduate students who advance to
candidacy leave prior to completing the Ph.D. (Lovitts, 2008).
Researchers have identified two primary issues students face during the transition, which
may be the cause of the late student attrition. First, the community of researchers is very
different from students’ prior experiences in the community of course-takers. In some programs,
including mathematics, students are often not introduced to the research community until their
qualifying exams and coursework requirements are successfully completed (Herzig, 2002).
Consequently, many mathematics doctoral candidates first encounter mathematical research
during their dissertation, which requires them to abruptly become full participants in the
community of researchers (Herzig, 2004a). By not providing students with earlier experiences,
the students do not develop the informal knowledge necessary to do research. Lovitts (2008)
explained, “Informal knowledge is tacit knowledge that is ‘caught’ (inferred) rather than
‘taught.’ Unlike formal knowledge, which draws on analytical intelligence and is about knowing
that, informal knowledge draws on practical intelligence and is about knowing how” (p.307).
The primary way to gain informal knowledge is through peripheral participation; so, not having
earlier access to the mathematical research community inhibits students’ development of
informal knowledge about research. Consequently, students do not smoothly transition from
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course-taker to researcher, which results in feelings of inadequacy and incompetence (Herzig,
2004b; Lovitts, 2008).
Second, mathematical doctoral research isolates students. Doctoral candidates no longer
take courses; so, interaction with faculty becomes limited to working closely with a single
advisor or a small group of professors on the doctoral committee. Mathematical research is very
highly specialized; so, students have a difficult time finding other students with whom they can
discuss their research (Herzig, 2004a). In addition, research in mathematics is fraught with large
periods of time in which no progress is made and dead-end after dead-end is reached. Isolation
can often exacerbate feelings of frustration and incompetence when it appears that no headway
is being made on a dissertation project. Consequently, effective mentoring and advising by key
faculty members is crucial in easing the students’ transition into research (Tinto, 1993).
Receiving moral support and encouragement from mentors makes a big difference in students’
persistence; unfortunately, however, in mathematics, graduate students are more likely to
describe negative relationships with mentors (Herzig, 2002, 2004b).
In summary, Tinto (1993) developed a model of doctoral student persistence that
identifies key communities in which doctoral students must become members in order to
persistence. In mathematics, doctoral students spend the first several years joining and working
toward full membership in the course-taking community. Then, upon successful completion of
coursework and qualifying exams, students must make an immediate transition into the
community of mathematical research.
Assuming that this model accurately portrays the study of doctoral mathematics,
developing greater understandings of the graduate student socialization process, through which
24

students become members of the graduate school communities and prepare for membership in
professional communities, adds to the research by further contextualizing the mathematics
doctoral student experience.
Socialization
In general, socialization is defined as the process through which individuals learn to
adopt the knowledge, skills, orientations, values, and norms that make them more or less able
members of their society (Ashforth & Saks, 1996; Ashforth et al., 2007; Brim Jr., 1966;
Gardner, 2010; Golde, 1998; Kuh & Whitt, 1988; Merton, 1957; Tierney, 1988). Although this
definition of socialization uses the term “adopt”, it is not a passive process of transmittal;
instead, socialization involves a give-and-take, where people make sense of the society through
their own unique backgrounds and the current contexts in which the society resides (Tierney,
1997).
More specifically, and for the purposes of this research, graduate school socialization is
the process through which individuals in graduate school become members of the community of
an academic discipline (Gardner, 2008a; Golde, 1998). This is important because the primary
purpose of graduate school is to prepare individuals for a career (i.e., participation), typically as
a professor and/or researcher, in a particular academic discipline (Stein & Weidman, 1989;
Weidman & Stein, 1990). At the same time, however, graduate students must participate in the
graduate school community. Therefore, the socialization of graduate school is a “double
socialization”, in which students simultaneously learn to participate in graduate student life and
prepare to participate in the community of their academic discipline (Golde, 1998).
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The (graduate school) socialization process has both affective and cognitive dimensions
(Brim Jr., 1966; Merton, 1957; Stein & Weidman, 1989; Weidman & Stein, 1990). The
cognitive dimension refers to learning the knowledge and skills of a role in the community, and
the affective dimension describes learning how to participate in the social aspects of the role
(i.e., learning the social norms or unwritten rules governing behavior). During graduate school,
students are cognitively socialized through taking courses, learning to participate in research,
and taking part in professional activities (including writing and publishing for professional
papers and attending and presenting at conferences) (Weidman et al., 2001).
The affective dimension, on the other hand, is primarily reflected in “the development
by graduate students of commitments to and identification with a profession, including its
ethical practice” (Weidman & Stein, 1990, p.2). The importance of affective socialization is
highlighted in the following statement by Gerholm (1990):
Any person entering a new group with the ambition of becoming a fully-fledged,
competent member has to learn to comply with its fundamental cultural rules… Most of
it will be acquired slowly through the interaction with others and without anyone ever
making deliberate effort to teach others and without anyone ever making a deliberate
effort to teach the newcomer the rules of the game. Nonetheless, failure to comply with
these implicit rules will undoubtedly affect the student’s standing within the group… [In
fact,] failure too acquire this implicit knowledge is often taken as a sign of failure to
have acquired the explicit knowledge itself (p.263).
In spite of its importance, the means programs use to affectively socialize graduate students are
often ambiguous. Affective socialization often appears to just be something that “happens”
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when students observe and interact (both formally and informally) with faculty and peers in the
graduate program (Austin, 2002).
The Wediman, Twale, and Stein (2001) Graduate Student Socialization Framework
Graduate school socialization does not occur in a vacuum, and each graduate student
comes with a unique set of characteristics. Therefore, Weidman, Twale, and Stein (2001)
developed a graduate socialization framework (see Appendix B) to conceptualize the
components and influences of the graduate student socialization process. This framework
improves upon earlier models by acknowledging that “socialization involves a give-and-take
where new individuals make sense of an organization through their own unique backgrounds
and the current contexts in which the organization resides” (Tierney, 1997, p.6).
In the center of the model is a circle representing graduate student socialization within
the culture of the institution in which the socialization takes place. Culture in higher education
is defined as
the collective, mutually shaping patterns of norms, values, practices, beliefs, and
assumptions that guide the behavior of individuals and groups in an institute of higher
education and provide a frame of reference within which to interpret the meaning of
events and actions on and off campus (Kuh & Whitt, 1988, p.12-13).
Each institution’s culture is different and impacts the experiences of its students. And, to be
successful in graduate school, students must “adapt to the institutional culture as it impinges on
the passage to their degrees in both academic (exams and other requirements) and social
(campus diversity) spheres” (Weidman et al., 2001, p.38).
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As stated earlier, socialization does not occur in isolation. Therefore, intersecting the
principal elements of graduate student socialization, in the model, are four ellipses. Each ellipse
represents a factor in graduate student socialization that is outside the university setting. The
factors are (a) students’ characteristics, (b) the student’s personal communities, (c) the
professional communities that the student wishes to join, and (d) the student as a novice
professional practitioner. The characteristics of students category consists of students’
backgrounds (including, undergraduate education, ethnicity, race, gender, sexual orientation, for
example) and predispositions (including, values, career aspirations, learning styles, beliefs, and
so on). A student’s personal communities are the groups outside of the program, in which the
student is a member. These include family (spouses, parents, children), friends (other than peers
in the program), and employers (if the student has a job outside of the program). The
professional communities that the student wishes to join consist of the practitioners of the
professions and the associations of the profession. Finally, the student as a novice professional
practitioner describes the student’s career commitment and identification with the chosen
profession.
In the model, the ellipses are concentric to represent the relationship among the
components as nonlinear and interactive. In addition, the ellipses have broken lines to represent
that their boundaries are permeable and shifting. Although the various components of and
influences on socialization are described as distinct, independent characteristics, they are
dependent upon one another (Weidman et al., 2001).
In summary, socialization theory and Weidman, Twale, and Stein’s (2001) graduate
socialization framework provide lenses for understanding the process through which
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mathematics doctoral programs prepare students for membership in the communities of the
discipline and thereby, further contextualize the mathematics doctoral student experience.
Summary
In summary, I approached this study from a constructivist paradigm and used a
qualitative approach to the study. Four substantive theories informed this study: the situative
perspective to knowing and learning, Tinto’s (1993) model of doctoral student persistence,
socialization theory, and Weidman, Twale, and Stein’s (2001) framework of graduate student
socialization.
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CHAPTER 3: LITERATURE REVIEW
A broad body of research has been conducted on the doctoral student experience and
factors contributing to the experience. And many studies have attempted to use these factors to
develop an understanding of doctoral student attrition and persistence. However, doctoral study
is not a uniform experience; a constellation of personal, departmental, and institutional factors
make doctoral study a unique experience for each student.
Nettles and Millet’s (2006) Conceptual Model of Doctoral Student Experiences was
modified for this study in order to accommodate the broad and varied foci of research studies on
the doctoral student experience. In the modified model (see Appendix C and Appendix D),
twelve personal and departmental factors are identified in the literature that may impact the
decision of doctoral students to persist or leave without completing the degree. These factors are
(1) Field of Study, (2) Program Characteristics, (3) Admissions, (4) Background, (5) Immediate
Post-Degree Career Expectations, (6) Funding During Graduate Study, (7) Graduate School
Experiences, (8) Research Productivity, (9) Interactions, (10) Orientation, (11) Satisfaction, and
(12) Rate of Progress/Time to Completion. It is important to note that within the doctoral
student experience, no factor occurs in isolation; the presence of one factor often impacts the
occurrence of another factor. Therefore, in addition to designating factors that impact degree
completion and/or attrition, the modified model also identifies and illustrates connections found
between factors (refer to Appendix C and Appendix D to see the hypothesized connections).
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In the remainder of this section, each factor will be defined. Then, the literature will be
explored in order to examine existing research on interactions and the impact of the factor on
students’ decisions to persist through their degree or leave prior to completion.

Defining the Factors
The twelve personal and departmental factors in the modified model (see Appendix C
and Appendix D) of graduate students persistence are (1) Field of Study, (2) Program
Characteristics, (3) Admissions, (4) Background, (5) Immediate Post-Degree Career
Expectations, (6) Funding During Graduate Study, (7) Graduate School Experiences, (8)
Research Productivity, (9) Interaction, (10) Orientation, (11) Satisfaction, and (12) Rate of
Progress/Time to Completion. Although no factor occurs in isolation, each factor represents a
distinct aspect of the gradate student experience.
Field of Study
Graduate students work within a particular field of study, and each field of study has a
distinct approach to and expectations for teaching, learning, and research. These differences
directly impact the experiences of graduate students.
Program Characteristics
Although programs within a given field of study have the same general approach to
graduate study and research, numerous characteristics differentiate individual programs and
result in vary different experiences for graduate students. Key characteristics of a program
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include the flexibility a student has in their program of study, whether there is gender-balance
among both students and faculty, the sensitivity of the program to family issues, the program’s
requirements and expectations, the program’s climate, and the size of the program. These
characteristics are included in the Program Characteristics category of the framework.
Admissions
Students are hand picked by graduate programs based on numerous criteria, including
their prior academic backgrounds, GRE scores (verbal, quantitative, and analytical), research
experience, and whether they have a Master’s on entry. In addition, during the admissions
process, graduate applicants choose a particular program to attend and become more informed
about life as a graduate student and in their chosen discipline. The decisions made by graduate
programs and students during the admissions process are included in the Admissions category.
Background
Students’ personal attributes, including their gender, race, age at start of doctoral
program, marital or domestic partner status, having children under the age of 18, household
income, and citizenship, also impact their experiences as doctoral students. Therefore, they are
included in the framework in the Background category of the framework.
Immediate Post-Degree Career Expectations
The primary reason a student attends graduate school is to prepare for a career (typically
as a professor or researcher) in a particular field. And, within any field, there are numerous
career options. Consequently, for students within a given field of study, different career
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aspirations and expectations impact students’ approaches to, perspectives on, and experiences in
graduate school.
Funding During Doctoral Study
Graduate study takes a considerable amount of time and money, and most students are
not be able to afford graduate study on their own. Consequently, graduate programs offer
several forms of financial support to students, including fellowships, graduate teaching
assistantships, and graduate research assistantships. In addition, spouses and families sometimes
help support students through their schooling. Even with these forms of support, many students
find it necessary to take out loans and incur debt in order to devote all of their time and energy
to graduate study. Thus, graduate students’ finances are the result of a complex conglomerate of
circumstances, choices, and consequences and directly impact the graduate student experience.
Graduate School Experiences
Graduate school is not a uniform experience for all students. Certain key components of
students’ experiences in graduate school, including the amount they are enrolled full-time and
their experiences with “new student” meetings and advising, looming hurdles, coursework, and
the dissertation, play significant roles in students’ overall graduate school experience. These
aspects are therefore included as Graduate School Experiences in the framework.
Research Productivity
Graduate study is designed to prepare students for careers in a particular field. And most
of these careers expect job applicants to demonstrate an ability to conduct research. However,
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graduate students vary greatly in their level of research productivity during graduate school,
which includes publications and conference presentations. Consequently, a student’s
productivity as a researcher may serve as an indicator of the quality of or may impact their
graduate student experience.
Interaction
During graduate school, students are socialized into the community of their academic
discipline (Gardner, 2008a; Golde, 1998; Weidman et al., 2001). In addition to learning in
courses, students become socialized through personal interactions (both formal and informal)
with faculty and peers in their department. Academic and social interaction with faculty and
peers has been closely linked to both students’ intellectual development and doctoral persistence
(Golde, 2000, 2005; Tinto, 1993; Turner & Thompson, 1993). Therefore, academic and social
interactions with faculty and peers are included in the Interaction category of the framework.
Orientation
Orientation describes feelings, beliefs, dispositions, values, goals, and other personal
qualities that embody and define an individual’s approach to doctoral study of mathematics. A
student’s orientation impacts his or her perception of experiences during graduate school.
Therefore, it is included as a category in the framework.
Satisfaction
Graduate study takes a significant amount time and requires high levels of investment
and commitment. Therefore, it is important for students to feel satisfied with their decision to
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attend graduate school and their experiences within graduate school. In addition, their
satisfaction impacts their overall graduate school experience. Consequently, it is included as the
Satisfaction category in the framework.
Rate of Progress/Time to Completion
The amount of time it takes to complete a graduate degree varies greatly by field,
program, and individual student. Baird (1990) examined a national data set collected by the
National Research Council and found that doctoral programs in the biological, mathematical,
physical sciences, and engineering had relatively short average durations of study (with each
field taking between 5.9 and 7.1 years); while, doctoral programs in the humanities fields took
much longer on average to complete (with each field taking between 6.2 and 10.0 years). Even
within fields, there is a wide range of average times for completion at the program level. For
example, Baird found that to complete a doctorate in German, students at Minnesota averaged
11.8 years; while, students at Vanderbilt took only 7.0 years (Baird, 1990). And, even within the
same program, students progress through the degree requirements at different rates. A students’
rate of progress or time to degree impacts their overall graduate school experience; therefore, it
is included in the Rate of Progress/Time to Completion category of the framework.
Based on these definitions of the categories, the remainder of the paper will examine the
body of literature on graduate study and determine the relationships each category has with
other categories and with degree completion and/or attrition.
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Field of Study
Graduate study typically takes place within a particular field, and fields of study have
distinct approaches to and expectations for teaching, learning, and research. The results of broad
body of empirical research indicate that field of study impacts students’ finances during
graduate school, interactions with faculty and peers, research productivity, overall satisfaction
with graduate school, rate of progress, and likelihood of completing the degree or leaving prior
to completion.
Field of Study’s Relation to Finances
The amount and type of financial support given to students differs greatly by field of
study. Four studies indicate that students in the physical and biological sciences and engineering
are much more likely to receive teaching or research assistantships and fellowships than
students in the arts, humanities, social sciences, and professional schools (Berg & Ferber, 1983;
Kurtz-Costes et al., 2006; Nerad & Cerny, 1993; Seagram, Gould& Pyke, 1998). It is important
to note that all four of these studies examined students at a single institution; so, it is difficult to
determine from any one of these studies whether it is actually differences in the fields of study
(and not simply differences between departments at the institution). However, the corroboration
of all four studies makes it is safe to conclude that field of study does impact graduate students’
finances.
Nerad and Cerny (1993) hypothesize that difference in funding between departments at
an institution are often the direct result of the number of research grants obtained by faculty in
the program. Faculty in engineering, physical sciences, and biological sciences tend to have
36

multiple, large research grants; while, research grants are less common for faculty in the arts,
humanities, and social sciences, and those that are obtained are often much smaller. And, since
research grants help to fund graduate student assistantships and fellowships, students in
engineering, physical sciences, and biological sciences are more likely to receive these sources
of funding. This hypothesis appears valid on the surface; however, empirical research is needed
to actually establish if there is any truth to the claim.
Field of Study’s Relation to Interaction
Several studies note that differences exist in the nature of graduate education and
research between fields of study. In particular, some fields, including the physical sciences,
have students immediately begin work in research groups and, as a result, involve much more
collaborative work than other fields, including the humanities, where students work in almost
complete isolation. As a result of their varied approaches to teaching, learning, and research, a
student’s fields of study impacts the amount and types of interaction the students will have with
faculty and peers (Benkin, 1984; Golde, 1998; Hartnett, 1981; Lovitts & Nelson, 2000; Nerad &
Cerny, 1993; Seagram et al., 1998).
Four quantitative studies investigated these differences. Three of the studies compared
fields of study at single institutions. Seagram and colleagues (1998) surveyed natural science,
social science, and humanities doctoral graduates at York University and found that students, in
different fields of study, reported dissimilar experiences with their mentors. Students in the
natural sciences, for example, met much more frequently with their mentors than other
disciplines; and social science students collaborated with their supervisor on research paper
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presentations and on writing articles more than students in other fields. In addition, the
difficulty of finding a mentor depended on the field. Humanities students found supervisor
selection to be the easiest; while, social science students had the hardest time. Second, Nerad
and Cerny (1993) examined the responses to an exit questionnaire from the graduate division at
the University of California at Berkeley and, found that students in the social sciences were
more satisfied with the professional relationship with their dissertation advisors than students in
the biological sciences; humanities students were the most satisfied. Third, Weidman and Stein
(2003) surveyed Sociology and Educational Foundations doctoral students at a single
institution. And although they found no significant differences in departmental collegiality or
student-faculty interactions, students in educational foundations did report significantly less
interaction with peers than students in sociology. The problem with the results of all three of
these studies, however, is that they only obtained data from students at a single university. So, it
is unclear cannot whether the observed differences are truly the result of general differences in
fields of study or merely between the departments at each of the institutions.
Only the fourth study provides clear evidence of differences between fields of study. In
this study, Hartnett (1981) compared the experiences of psychology and history graduate
students at 25 U.S. institutions and found that psychology students were consistently more
satisfied with the amount of concern shown by faculty for their welfare and more frequently
reported the existence of supportive relations among graduate students than students in history.
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Field of Study’s Relation to Research Productivity
During graduate school, all students are expected to conduct research; yet, two studies
indicate that expectations for the kinds and amount of research vary by fields of study. First,
Seagram, Gould, and Pyke (1998) surveyed 154 doctoral graduates from the natural sciences,
social sciences, and humanities at York University and found that social science students were
more likely to collaborate with their supervisor on research paper presentations and articles than
other fields. Second, Benkin (1984) surveyed doctoral graduates and ABDs from all
departments at UCLA, and found that students in science fields consistently reported having
greater support and assistance in completing research projects than students in other fields. Both
of the studies took place at single institutions; so, although the research appears to indicate that
difference exist in the research productivity of students from different fields of study, more
research is needed to demonstrate that the findings are not just departmental differences at the
institution studied.
Field of Study’s Relation to Orientation
Two empirical studies (one qualitative and one quantitative) and one literature review
indicate that field of study has an impact on the degree of isolation that students feel during
graduate study. In these studies, students in mathematics and history more frequently describe
feelings of isolation and comment on a lack of social interaction during graduate school than
students in the sciences (Benkin, 1984; Gardner, 2005; Herzig, 2004a). All three of the
researchers attribute the difference to the fact that students in the sciences often work together
as teams in laboratories; while, research and study for students in other fields, including
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mathematics and history, tend to be solitary activities. However, more research is needed to
establish this relationship and to determine if it is indeed connected to dissimilarities in nature
of research and study between fields of study. Also, research has not connected field of study to
any other aspect of orientation.
Field of Study’s Relation to Satisfaction
Several studies have found that field of study impacts students’ satisfaction with
graduate school (Bauer, 1997; Hartnett, 1981; Nerad & Cerny, 1993); however, the type of
impact has not been consistent. In a comparison of history and psychology departments at 25
institutions, Hartnett (1981) found that graduate students in psychology consistently reported
more satisfaction with the concern faculty showed for their welfare, their assistantship
experiences, and the support given by departmental peers than graduate students in history.
Bauer (1997) found that at UCLA, students in the social sciences were significantly less
satisfied with their dissertation experience than students in the life sciences, physical sciences,
and humanities. And Nerad and Cerny (1993) found that at the University of California –
Berkeley, students in the social sciences and humanities were more satisfied with their
individual advisers than students in the biological sciences, but they were the least satisfied with
their departmental advising (the physical science, engineering, and natural resources students
were the most satisfied). Of these three studies, two looked only at differences between fields of
study at single institutions; so, the inconsistency of the findings may indicate that it is not the
field of the study but the individual programs that impact students’ satisfaction. Clearly, more
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research is needed to establish if a relationship truly exists between field of study and students’
satisfaction with graduate school.
Field of Study’s Relation to Rate of Progress/Time to Degree and Degree Completion/
Attrition
There is no doubt among researchers that field of study directly impacts students’ degree
progress, times to completion, and likelihoods of completion. A broad body of primarily
quantitative research demonstrates the great variability in time to degree and completion rates
for different fields of study. These studies show that on average, students in the humanities and
social sciences take the longest amount of time to finish and have the highest attrition rates;
while, students in the physical and natural sciences finish the most quickly and have the lowest
attrition rates (Abedi & Benkin, 1987; Bair & Haworth, 2004; Baird, 1990; Bauer, 1997;
Benkin, 1984; Berg & Ferber, 1983; Ehrenberg & Mavros, 1995; Ferrer de Valero, 1996; Ferrer
de Valero, 2001; Girves & Wemmerus, 1988; Golde, 2005; Herzig, 2004a; Lovitts & Nelson,
2000; Nerad & Cerny, 1993; Seagram et al., 1998; Smallwood, 2004; Tuckman, Coyle& Bae,
1989). Nerad and Cerny (1993), for example, found that at the University of California Berkeley, completion times varied greatly by field of study, with engineering and natural
sciences students completing the most quickly (5.5 years and 6.0-6.2 years, respectively) and
social sciences, arts, and languages and literature students taking the longest (8.4 years, 8.6
years, and 8.9 years, respectively). They also discovered that completion rates varied
significantly by field of study, with students in the biological sciences and physical sciences
having the highest completion rates (72% and 69%, respectively) and students in the arts and
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languages and literature with the lowest (39% and 37%, respectively). Although almost all of
the studies took place at single institutions, their abundance and consistency in findings
indicates that it is characteristics of fields of study (and not merely, departmental differences)
that result in disparities between average completion times and attrition rates.
There is, however, some disagreement about what specific characteristics of fields of
study result in such major differences in completion rates. Herzig (2004a) and Lovitts and
Nelson (2000), for example, cite socialization differences; while, Girves and Wemmerus (1988)
see it as the result of the differing natures of the field, based on Biglan’s three dimensions
(hard/soft science, applied/basic research, and life/non-life). So, more research is needed to
determine the aspects of field of study that result in such large discrepancies in times to
completion and attrition rates between fields of study.
Summary
An abundance of research has examined the impact of field of study on other aspects of
the graduate student experience, including finances, interaction, research productivity,
orientation, satisfaction, rate of progress, and degree completion. However, most of these
studies take place at single institutions, and therefore, fail to clearly demonstrate that it is
characteristics of the field of study, and not departmental differences, that make the impact. In
fact, the literature only establishes a clear connection between field of study and rate of progress
and likelihood of degree completion. In addition, because the majority of the research is
quantitative, more qualitative research is also needed to understand the nature of the
connections, once they are established.
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Program Characteristics
Although programs in the same field of study typically have the same general approach
to graduate study and research, major differences exist between individual programs in the same
field, which impact the experiences of graduate students. Key characteristics of a program
include the flexibility a student has in their program of study, whether there is gender-balance
among both students and faculty, the sensitivity of the program to family issues, the program’s
requirements and expectations, the program’s climate, and the size of the program. Research
indicates that program characteristics are related to students’ satisfaction with graduate school,
degree progress, and attrition rates. In addition, research suggests that there may be a
relationship between program characteristics and students’ interactions with faculty and peers,
student orientations, and students’ research productivity.
Program Characteristics’ Relation to Interaction
Family Issues Sensitivity’s Relation to Interaction
As a result of qualitative interviews with 8 African-American doctoral students and
graduates at a single Carnegie Research I university, Lewis and colleagues (2004) discovered
that programs characterized by insensitive faculty, minimal support programs, and antithetical
social activities limit students’ ability to participate in the socialization process. As a result, they
emphasize the need for departments and faculty to understand individual students and their
needs. Herzig (2004a) makes similar claims in a literature review on doctoral student
persistence in mathematics. This insensitivity is exemplified in situations when departments’
family-unfriendly scheduling prevents students with family responsibilities from participating in
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departmental practices and activities. These findings are not surprising; by not considering or
making possible the participation of students with family responsibilities in program functions,
programs limit these students’ abilities to interact with others in the program. However, no other
research examined the relationship between programs’ sensitivity to family issues and
interactions. Consequently, more research is needed to establish and clarify this connection.
Climate’s Relation to Interaction
The departmental climate was shown by two research studies to impact students’
interactions with peers and faculty. Stage and Maple (1996), in a qualitative interview study of
female mathematics graduate students at a large, Midwestern research university, found that a
competitive climate can be a detriment to peer socialization. Participants in the study claimed
that their peers went so far as to check out class-related books for entire semesters in order to
prevent other students from having access to them. In addition, the results of Weidman and
Stein’s (2003) quantitative survey study of 50 sociology and educational foundations doctoral
students at a single major, public, research institution, indicated that a supportive departmental
climate correlated with students scholarly encouragement, student-faculty interactions, and
departmental collegiality. Both of these studies took place at single institutions and looked at
limited samples of the student population; as a result, they provide limited insight into the
experience of students at the studied institutions, and it is questionable whether their findings
are generalizable to graduate study in general. As a result, more research is needed.
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Size’s Relation to Interaction
Gardner (2005), in a qualitative interview study of 40 Chemistry and History graduate
students at two institutions, found that students in large departments knew relatively few people
in their programs and often had not even met everyone in their departments. In contrast,
students in smaller departments reported having close relationships with peers and faculty in
their departments. For example, one student from a small department stated, “The faculty in the
department [are] so open with us and because we don’t have a huge department they really get
to know each of the students on an individual basis” (p.66). They also stated that they had talked
to or met everyone in the department at one time or another. Gardner’s findings suggest that a
connection exists between program size and the extent and quality of interactions with faculty
and peers; however, because of the limited nature of the study and the fact that no other study
connected department size to interactions, more research is needed before any claims can be
made.
Summary of Program Characteristics’ Relation to Interaction
It seems common sense that the characteristics of a program would impact a students’
ability to interact with others into the program. However, little research has investigated this
connection. The studies that do exist are four qualitative interview studies and a single smallscale quantitative survey study of individual program(s) at a limited number of institutions.
From these studies, it appears that program characteristics do have impact students’ interactions
with faculty and peers; nevertheless, more research is needed to determine its exact nature and
extent.
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Program Characteristics’ Relation to Research Productivity
The only program characteristic tied to research productivity was climate, and this was
only done in a single, quantitative study. For the study, Weidman and Stein (2003) surveyed 50
doctoral students in Sociology and Educational Foundations programs at a major, public
research university. They found that a departmental climate characterized by student scholarly
encouragement positively impacted students’ research productivity. However, since no other
study linked program characteristics with research productivity, more research is needed to truly
establish such a connection.
Program Characteristics’ Relation to Orientation
Gender-Balanced’s and Family Issues Sensitivity’s Relation to Orientation
In a quantitative, survey study of doctoral student experiences at a large public
university, Ülkü-Steiner, Kurtz-Costes, and Kinlaw (2000) found that students in genderbalanced departments had higher self-concepts, higher career commitment, and reported lower
partner and family support than students in male-dominated departments. In addition, women in
male-dominated departments experienced less sensitivity to family issues than students in
gender-balanced departments. The results of this study do not examine the possibility that it the
lack of sensitivity to family issues, and not simply the distribution of women in the department,
result in lowered self-concepts and career commitment. In a second study, Kurtz-Costes,
Helmke, and Ülkü-Steiner (2006) interviewed 20 doctoral students and found that mentors who
were supportive of students’ family issues helped to alleviate some of the stress students felt
from the conflict between their personal and academic lives. These two studies suggest that
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students’ orientations are impacted by the gender-balance of their program and the sensitivity of
their program to family issues. However, more research is needed to truly establish the
connection.
Climate’s Relation to Orientation
Several studies have established that the climate of a program impacts three aspects of
students’ orientation (namely, their feelings of isolation, stress levels, and self-concept). It is
important to note that in all of the studies, competitiveness was the primary or sole component
of departmental climate considered. Three qualitative interview studies done at single
institutions found that departmental environments, including the sense of community in a
department and the level of competitiveness, impact how isolated students feel during graduate
school (Ellis, 2001; Hollenshead, Younce& Wenzel, 1994; Lewis et al., 2004). It is important to
note that only one of these three studies interviewed a representative sample of students in
multiple departments; the other two examined a particular group of students (one interviewed
only females and the other only African Americans) in only one or two programs. Therefore,
only one study by Ellis (2001) can truly claim a correlation between climate and feelings of
isolation. The African-American students interviewed by Lewis and colleagues (2004), for
example, claimed an unsupportive climate leads to feelings of isolation; however, it was not
clear how these students would have felt if the climate was more supportive. On the other hand,
Hollenshead, Younce, and Wenzel’s (1994) interviews with female graduate students did
provide insight into possible reasons why a competitive climate leads to feelings of isolation
and increased stress. Their participants described competition as alienating, unfeminine,
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uncomfortable, and often distressing, especially during the pre-candidacy phases of graduate
study.
In addition, a literature review on graduate study of mathematics, by Herzig (2004a),
determined that competitiveness also has an impact on student’s self-concept. Based on the
research, she contended that competition often results in a confrontational atmosphere and
demeaning relationships with faculty, which in turn, has a detrimental affect on students’ selfconcepts.
Size’s Relation to Orientation
In a qualitative interview study of History and Chemistry graduate students at two
institutions, Gardner (2005) found that students in large department felt more isolated from
other individuals in the department than students in smaller departments. However, only four
programs (two History and two Chemistry) were included in the study, and no other study
connected size to students’ orientations. So, more research is needed to determine if such a
relationship holds across institutions and programs.
Summary of Program Characteristics’ Relation to Orientation
Several studies examined the relationship between program characteristics and student
orientations. In particular, these studies indicate that the gender-balance, supportiveness on
family issues, climate, and size impact student orientations. All but one of the studies were
qualitative interview studies that provide clear examples of situations in which the program
characteristics appear to impact student orientations. And only one or two studies examined the
impact of a program characteristic on students’ orientations. Therefore, more research is needed
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in to ascertain the generalizability of the existing findings and to determine the exact nature of
the relationships between program characteristics and student orientations.
Program Characteristics’ Relation to Satisfaction
Gender-Balance’s and Size’s Relation to Satisfaction
Only one study, a quantitative survey study of Psychology and History students at 25
institutions, attempted to connect the gender-balance of a program to students’ satisfaction with
their graduate school experiences, and the findings were inconclusive (Hartnett, 1981). In
addition, this was also the only study that investigated the relationship of program size to
student satisfaction. And, again, the findings were inconsistent (Hartnett, 1981). Clearly, more
research is needed in order to establish the existence or non-existence of a relationship between
both the gender-balance and the size of a program and student satisfaction.
Climate’s Relation to Satisfaction
Four studies examined the relationship between departmental climate and students’
satisfaction with their graduate school experiences. Of these studies, two (both qualitative
interview studies) determined that students in competitive departments appeared to be less
satisfied with their experiences than students in more cooperative departments (Gardner, 2005;
Hollenshead et al., 1994). The other two studies (one qualitative interview of 25 graduate
students and 42 graduates from numerous programs at a single institution, one quantitative
survey of 486 graduate students from 42 programs at 12 institutions) discovered that
departments in which faculty were interested in and supportive of students and treated students
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like junior colleagues had students with higher satisfaction ratings than those that did not (Ellis,
2001; Girves & Wemmerus, 1988). Consequently, there appears to be ample support for the
claim that competition has a negative impact on student satisfaction.
Summary of Program Characteristics’ Relation to Satisfaction
Five studies have investigated the relationship between program characteristics and
students’ satisfaction with their graduate school experiences. Four of these focus on the impact
of program climate on students’ satisfaction. These studies clearly demonstrate that
competitiveness, within a department or program, adversely affects students’ satisfaction; while,
supportiveness positively impacts it. The fifth study examined the impact of gender-balance and
size on satisfaction, and the findings were inconclusive. Consequently, more research is needed
to determine if any program characteristics, other than climate, have an impact on students’
satisfaction with graduate school.
Program Characteristics’ Relation to Rate of Progress/Time to Degree and Degree
Completion/Attrition
Flexiblity’s Relation to Degree Completion/ Attrition
In a qualitative interview study of 24 doctoral candidates and 16 faculty from eight
departments at a land-grant research university, Ferrer de Valero (2001) observed that
departments with more flexibility in students’ plans of study had higher completion rates than
those with little flexibility. But, this study has a very small sample size and only took place at a
single institution; so, more research is needed to determine whether these findings hold across
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programs and institutions. No studies examined the relationship between flexibility and rate of
progress or time to degree.
Requirement and Expectations’ Relation to Rate of Progress/Time to Degree and Degree
Completion/Attrition.
Not surprisingly, numerous studies have shown that the requirements and expectations
of a program significantly affect students’ times to degree and likelihoods of completing the
degree. First, four large-scale, quantitative studies compared the structure across programs and,
in two cases, universities and as a result, established that the amount of structure in a program is
positively correlated to both time to and likelihood of completion; in other words, little structure
and unclear deadlines often slow students down and increase the likelihood that students will
attrite (Bauer, 1997; Ehrenberg, Jakubson, Groen, So& Price, 2007; Frasier, 1993; Girves &
Wemmerus, 1988). These findings are consistent with the literature review findings of Herzig
(2004a) and are evident in McAlpine and Norton’s (2006) theoretical framework of doctoral
programs.
Second, two large-scale studies, one quantitative and one mixed methods, observed that
programs tend to view dissertations in one of two ways (Ehrenberg et al., 2007; Nerad & Cerny,
1993). Either the dissertation is a test of future ability to do research, or it should be complete
and polished research that makes a major contribution to the field and is ready for publication.
In addition, these studies found that the dissertation expectation that a program takes directly
influences their students’ times to degree and completion rates. Students in programs with the
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first perspective tend to take shorter times and are more likely to complete their dissertations
(and their degrees) than students in programs with the second perspective.
In addition to program structure and dissertation expectations, several other
requirements and expectations have also been found to impact students’ rates of progress and
likelihood of completing the program. In a quantitative study of 4,949 doctoral recipients from
all programs at the University of California – Berkeley, Nerad and Cerny (1993) found that
requiring (i) practica and/or internships and (ii) the complete Master’s thesis on the way to the
doctorate lengthened completion times; while, (i) requiring the dissertation prospectus as part of
the qualifying examination, (ii) providing the structure for an early start to dissertation research,
and (iii) evaluating students’ progress annually and suggesting improvements resulted in shorter
times to degree. These findings are evident in McAlpine and Norton’s (2006) theoretical
framework of doctoral programs. Finally, the results of two qualitative case studies, one largescale quantitative survey study, and one literature review indicate that by (i) emphasizing the
importance of finishing dissertations quickly and/or (ii) providing the support necessary for
students to make up for deficiencies in their preparation, programs can increase the likelihood
that their students will complete the degree (Ehrenberg et al., 2007; Golde, 2005; Herzig, 2004a;
Manzo, 1994).
Climate’s Relation to Rate of Progress/Time to Degree and Degree Completion/Attrition
The climate of a program has also been shown to impact students’ times to degree and
completion rates. For times to degree, two large-scale quantitative studies across multiple
programs and universities found that programs, whose faculty were interested in and supportive
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of students and treated students like junior colleagues, had faster degree progress than those that
did not (Girves & Wemmerus, 1988; Nerad & Cerny, 1993). Nerad and Cerny (1993), for
example, found that in departments where only star students were recognized by faculty,
students were likely to take longer times to complete their degrees. These findings are also
evident in Manzo’s (1994) case study of the most successful mathematics department in the
nation with regard to minority women; in this study, current students discussed how “personal
advising, and a strong sense that advisors want them to succeed, have kept them on a steady
course throughout their studies” (para. 15).
In addition, certain program climates have also been associated with higher completion
rates. Several qualitative interview studies found disparity in program descriptions between high
completion and low completion programs. High completion departments were characterized as
supportive, friendly, and collegial, with team-building approaches to learning. While, students
in low completion programs often complain about the lack of support provided, the
confrontational atmosphere, and the intense competition within their department (Ferrer de
Valero, 1996; Ferrer de Valero, 2001; Hollenshead et al., 1994; Nerad & Cerny, 1993). These
findings are consistent with the results of Herzig’s (2004a) literature review of doctoral study of
mathematics and are incorporated into McAlpine and Norton’s (2006) theoretical framework of
doctoral programs.
Size’s Relation to Rate of Progress/Time to Degree and Degree Completion/ Attrition
Only one research study, a quantitative survey study of 486 graduate students from 42
departments at 10 universities, examined the relationship between departmental size and
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students’ rate of progress. In this study, Girves and Wemmerus (1988) determined that
departmental size was not significantly related to degree progress at either the master’s or
doctoral levels. However, this is in contrast to the literature review findings of Herzig (2004a),
who ascertained that smaller student cohorts have lower attrition rates and shorter times to
degree completion than larger cohorts. Consequently, more research is needed to resolve this
discrepency.
Summary of Program Characteristics’ Relation to Rate of Progress/Time to Degree and
Degree Completion/ Attrition
A broad body of research examined the impact of program characteristics on graduate
students’ times to degree and degree completion rates. These study clearly demonstrate that the
requirements and expectations and climate of a program affect students’ degree progress and
attrition rates. In addition, they point to the possibility that program size and flexibility in
students’ plans of study may also influence times to degree and likelihood of degree completion,
but more research is need to establish these claims.
Summary
Although a broad body of research exists on the impact of program characteristics on the
graduate student experience, few relationships have been clearly demonstrated. In fact, the only
connections that have sufficient evidence from the research are that (i) the requirements and
expectations of a program affect students’ degree progress and attrition rates and (ii) the climate
of a program impacts students’ satisfaction with graduate school, degree progress, and attrition
rates. In particular, a climate characterized by competitiveness adversely affects students’
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satisfaction; while, a supportive climate positively impacts it. On the other hand, the research
suggests that (i) program characteristics, in general, impact students’ interactions with faculty
and peers; (ii) gender-balance, supportiveness on family issues, climate, and size impact student
orientations; and (iii) climate influences students’ research productivity. In addition, they point
to the possibility that program size and flexibility in students’ plans of study may influence
times to degree and likelihood of degree completion. Nevertheless, more research is needed in
to provide more evidence for and to determine the exact nature of these relationships.
Admissions
Students are hand picked by graduate programs based on numerous criteria, including
their prior academic backgrounds, GRE scores (verbal, quantitative, and analytical), research
experience, and whether they have a Master’s on entry. In addition, during the admissions
process, graduate applicants become more informed about life as a graduate student and in their
chosen discipline and choose a particular program to attend. Research indicates that the choices
made by graduate programs and students during the admissions process impact students’
graduate school experiences in numerous ways.
Admission’s Relation to Research Productivity
Students enter graduate school with a variety of backgrounds in research. And, not
surprisingly, one quantitative study of psychology graduate students at the University of Illinois
at Urbana-Champaign found that students who had some undergraduate research experience
were more productive researchers at the graduate level than those who did not (Hirschberg &
Itkin, 1978). This study is over thirty years old and only looks at students in a particular
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program at a single institution. Therefore, its use and generalizability are questionable. No other
studies attempted to find connections between admissions and research productivity.
Admission’s Relation to Satisfaction
Two qualitative interview studies found that students who are uninformed or
misinformed about what to expect in graduate school are more likely to become dissatisfied
with their studies when their unrealistic expectations are not met (Hollenshead et al., 1994;
Lewis et al., 2004). For example, Hollenshead, Younce, and Wenzel (1994) quoted one graduate
student as saying, “That was my big disappointment, when I went to graduate school. I expected
to be sort of working with a professor, which you do after a while. But when you first get here,
it’s ‘Now go in that class with 30 people and do homework every single day.’ It was very much
of a grind and didn’t have much to do with doing research” (p.79). Both of these studies took
place at single institutions and interviewed students from particular programs (one interviewed
Education students; the other interviewed Physics and Mathematics students). So, although they
clearly demonstrated that expectations did significantly impact the participants in their study,
more research is needed to determine whether these findings are true for students across
institutions and programs. No other aspect of the admissions process was connected to
students’ overall satisfaction with graduate school.
Admission’s Relation to Rate of Progress/Time to Degree
In a quantitative study of 4,949 doctoral recipients at the University of California –
Berkeley, Nerad and Cerny (1993) found that doctoral programs that required a master’s degree
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increased the total time it took students to obtain a doctoral degree. No other admissions
decision was connected to students’ rate of progress or time to degree.
Admission’s Relation to Degree Completion/Attrition
Numerous single-university studies across programs have investigated the relationship
between academic achievement indicators, such as GRE scores and undergraduate and preadmission graduate grades, and degree completion and found that academic achievement
indicators are not very strong predictors of successful completion of graduate degrees
(Abraham, 1979; Bair & Haworth, 2004; Bishop, 1981; Cook & Swanson, 1978; Ehrenberg &
Mavros, 1995; Ferrer de Valero, 1996; Herzig, 2002, 2004a; Hirschberg & Itkin, 1978; Kluever,
1997; Smallwood, 2004). However, high GRE scores and grades are criteria for admissions to
most programs; so, differences in GRE scores among students within a program may be too
small to find significant differences between groups.
In a multi-case study of attrition in four programs at a single institution, Golde (2005)
found that students, who entered a program with academic deficiencies, discussed being
required to fill in these gaps rapidly on their own and feeling that they were continually having
to play “catch-up” with their peers. As a result, Golde (2005) concluded that students’ academic
backgrounds may impact persistence in the doctoral program. This is consistent with Ehrenberg
and Mavros’s (1995) finding (from a quantitative study of doctoral students from four programs
at Cornell university) that individuals who had a master’s degrees (i.e., stronger academic
backgrounds) prior to entering the doctoral program were more likely to complete their program
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than individuals without master’s degrees. No other studies examined the relationship between
students’ academic background and likelihood of degree completion.
Two admissions attributes, which are not often discussed or even considered by graduate
programs, are how well informed students are about both graduate school and the life of a
professional in the discipline. If students are not informed or are misinformed about what it is
like to be a graduate student, they may decide that they are not as able or willing to pursue the
degree as they had originally thought. For example, in a study by Golde (1998), several attrited
doctoral students in the humanities reported that the graduate study differed significantly from
their undergraduate experience and that they were not prepared or inclined to make the
transition. And as a result, they chose to leave graduate study prior to finishing their degrees. In
addition, students who are informed have a better handle on the graduate school process and do
a better job navigating through their requirements. Consequently, how well informed a student
is about graduate school impacts their likelihood of completing the degree (Cooke, Sims&
Peyrefitte, 1995; Golde, 1998; Lovitts, 2001, 2008; Lovitts & Nelson, 2000; McAlpine &
Norton, 2006).
Similarly, two qualitative studies indicate that students enter graduate programs with
ideas about what their lives will be like in their chosen profession once they finish the degree,
but their ideas often do not match reality. As a result, many students realize during graduate
school that life in their chosen profession is not what they want, does not suit their skills or
personality, or is not as meaningful as they had hoped. This leads some students to choose to
leave their graduate programs without completing the degree (Golde, 1998, 2005; Lovitts,
2008). For example, Golde (1998) found that a common reason attrited doctoral students gave
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for leaving was the realization that “the life of a graduate student, which could encompass the
next half-dozen years of their life, and the life of a young faculty member were characterized by
a single-mindedness of purpose and an all-consuming lifestyle” (p.57).
There is a large body of research examining the impact of decisions made by programs
and students during the admission process on completion and attrition rates. A large body of
research (over 10 studies) indicates that academic achievement indicators, such as GRE scores
and undergraduate and pre-admission graduate grades, are not very strong predictors of
successful completion of graduate degrees. However, two studies do indicate that the strength of
students’ academic backgrounds does impact persistence in doctoral programs. In addition,
there is substantial evidence indicating that by ensuring that students are well informed about
graduate school, programs can increase students’ likelihoods of completing the degree.
Similarly, a few studies found that if students’ perceptions of life, in their chosen profession,
does not match reality, they are more likely to leave the program prior to completing the degree.
Summary
Research indicates that the choices made by graduate programs and students during the
admissions process impact students’ graduate school experiences in numerous ways. In
particular, there is strong evidence that these choices impact students’ likelihoods of completing
the degree. Although a limited body of research suggests that admissions choices affect
students’ research productivity, satisfaction with graduate school, and rates of progress, more
research is needed.
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Background
Students’ personal attributes, including their gender, race, age at start of doctoral
program, marital or domestic partner status, having children under the age of 18, household
income, and citizenship, also impact their experiences as doctoral students. Research indicates
that a relationship exists between two components of students’ backgrounds (namely, their race
and gender) and students’ satisfaction with graduate school, interactions with faculty and peers,
and orientations. Research has also demonstrated that no relationship exists between gender and
a rate of progress. In addition, research suggests relationships may exist between the other
components of students’ backgrounds (including their age, marital statues, number of children,
and citizenship) and students’ orientations, satisfaction with graduate school, interactions with
faculty and peers in the program, and rate of progress.
Background’s Relation to Finances
Gender’s Relation to Finances
Two quantitative survey studies examined the relationship between student gender and
financial support. One study of 459 graduate students from 32 programs at the University of
Illinois at Urbana-Champaign found that there was no significant difference between the
percentages of male and of female graduate students who held assistantships and/or fellowships.
And at the program level, education was the only field of study with significant differences
between the percentages of male and of female students who held assistantships and/or
fellowships (with 30% of males and 56% of females) (Berg & Ferber, 1983). In addition, they
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found that a significantly higher percentage of women received some financial support from
their parents (33%) and from their spouses (64%) than males (10% and 27%, respectively).
The second study, of 154 doctoral graduates from the natural sciences, social sciences,
and humanities at York University, also found that females received more financial support
from their spouses and parents than males (Seagram et al., 1998). They also found that women,
in the natural sciences and humanities, received scholarships more often then males; whereas, in
the social sciences, the opposite was true (i.e., males received scholarships more often then
females). No other studies examined the relationship between gender and financial support; in
addition, both of these studies are over 10 years old. So, more research is needed to establish the
relationship between gender and finances.
Race’s Relation to Finances.
Three studies found relationships between student race and financial support. In a
qualitative interview study of minority and majority women doctoral students at a Midwestern
land grant university, Turner and Thompson (1993) found that minority women were less likely
to hold research or teaching assistantships than majority women. However, minority students
were shown in the other two studies to be more likely to receive fellowships (Earl-Novell, 2006;
Lovitts & Nelson, 2000). Consequently, the findings are not consistent, and more research is
needed to determine if a relationship exists between race and finances. Children’s Relation to
Finances. Moyer and colleagues (1999) found that although 38% of the 213 doctoral candidates
and recent doctoral graduates surveyed mentioned financial concerns, those with children
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seemed to feel these concerns more acutely. No other study examined the relationship between
having children and finances.
Summary of Background’s Relation to Finances
The body of literature has not firmly established the existence of a relationship between
the aspects of students’ backgrounds and their finances. In some cases, the findings are
inconsistent; while, in other cases, only one or two studies exist. Consequently, more research is
needed to establish a relationship between students’ backgrounds and their finances during
graduate school.
Background’s Relation to Interaction
Gender’s Relation to Interaction
Numerous studies indicate that women graduate students have less opportunity to
interact with faculty and peers and more difficulty identifying with and being understood by
faculty (Berg & Ferber, 1983; Dua, 2007; Gardner, 2008a; Hartnett, 1981; Herzig, 2004a;
Hollenshead et al., 1994; Kurtz-Costes et al., 2006; Turner & Thompson, 1993). In part, this is
due to negative stereotypes of women. Women in mathematics and science, for example, are
stereotyped as less capable, uncompetitive, and not as serious about their studies as men. These
stereotypes impact their interactions with faculty (Herzig, 2004a, 2004b; Hollenshead et al.,
1994) and make it difficult for them even to find a faculty mentor (Berg & Ferber, 1983; Dua,
2007; Herzig, 2004a). Dua (2007) claims that because individuals tend to work with mentors of
the same sex, part of the difficulty that female mathematics and sciences graduate students have
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in finding a mentor results from the fact that most mathematics and science departments have
few (if any) females faculty. Other studies have observed similar difficulties for women in other
fields of study (Berg & Ferber, 1983; Gardner, 2008a; Hartnett, 1981).
In addition, several studies found that many female students try to find a balance
between their family and career and seek to find mentors that have obtained such a balance.
However, participants continually indicated that few female faculty had this balance.
Consequently, female students became dissatisfied with interactions with their mentors. (Berg &
Ferber, 1983; Ellis, 2001; Kurtz-Costes et al., 2006; Nerad & Cerny, 1993; Seagram et al.,
1998).
Race’s Relation to Interaction
As with gender, race also impacts interactions. Students from under-represented racial
groups are often less socially integrated into their programs and feel a sense of detachment from
that community (Gardner, 2008a; Herzig, 2004a; Lewis et al., 2004; Turner & Thompson,
1993). In a study of women graduate students, Moyer, Salovey, and Casey-Cannon (1999)
found that “tokenism, lowered expectations of performance, a lack of minority peers and
faculty, exclusion, being held as an example or spokesperson for a given ethnic group, pressure
to do work related to their ethnicity, racial insensitivity, and racism” (p.616) were all difficulties
that impacted minority students’ interactions with faculty and peers. In an interview study of
female doctoral students, Turner and Thompson (1993) found that almost all of the minority
participants in the study stated that they did not have a mentor in graduate school. And Ellis
(2001) discovered, from interviews with graduate students and recent graduates across
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departments, that even when minority students had mentors, they were still much less satisfied
with these relationships than their White peers.
Age’s Relation to Interaction
Two studies made connections between age and interactions. Gardner (2008a) found that
the students over the age of 30 felt like they did not “fit the mold” of graduate school and, as a
result, were less socially integrated into their programs than younger students. Similarly, in a
survey of doctoral students, Ülkü-Steiner and colleagues (2000) found that older students
reported less peer support than younger students. Although these two studies indicate that age
impacts socialization, more research is needed to establish and better understand this
relationship.
Marital/Domestic Partner Status’s Relation to Interaction
Two studies discussed the relationship between marital status and interactions. Herzig
(2004a), in a review of literature, found that married women graduate students in science
receive less faculty support than other students because they are often viewed as not serious
about their studies or as unreliable and not worth the investment. Married men, on the other
hand, did not appear to face the same bias. Ülkü-Steiner and colleagues (2000) found that
although married students reported more support from partners and family; they reported
receiving less support from peers than single students. These two studies indicate that being
married may be detrimental to interactions with faculty and peers in graduate school; however,
more research is needed.
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Having Children’s Relation to Interactions
Students with children (and women with children, in particular) are often less socially
integrated in graduate school than other students (Gardner, 2008a; Herzig, 2004a; Ülkü-Steiner
et al., 2000). Gardner (2008a) states, “In regard to socialization, academic structures,
conventions, and traditions are typically not designed to allow students with children, whose
schedules and responsibilities are often demanding, much flexibility” (p,133-134). In one study,
graduate students with children expressed less peer support compared with their non-parenting
peers (Ülkü-Steiner et al., 2000). And, in regard to social interaction with faculty, another study
found that students with children encountered the full spectrum of faculty reactions, from truly
supportive to only supportive in appearance to unabashedly against (Kurtz-Costes et al., 2006).
Citizenship’s Relation to Interaction
One quantitative survey study, of Sociology and Educational Foundations students,
found that foreign students had fewer interactions and were more reticent in the interactions that
the did have with faculty than their American peers (Weidman & Stein, 2003). No other study
investigated the relationship between citizenship and interactions.
Summary of Background’s Relation to Interaction
A broad body of literature indicates that certain student characteristics negatively impact their
ability to become socially integrated into their field of study. In particular, women and
minorities are less likely to interact with faculty and peers, and when they do, these interactions
are often negative. A limited number of studies have also found that a student’s age, marital
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statues, number of children, and citizenship also impact a student’s interactions with faculty and
peers in the program; however, more research is need to truly establish the connection.
Background’s Relation to Research Productivity
Gender’s Relation to Research Productivity
Two studies indicate that male graduate students have greater research productivity than
females. One study, a quantitative survey study of 154 doctoral graduates at the York
University, found that more men than women collaborated with advisors on research paper
presentations; however, they found no gender difference in the number and amount of
collaboration students have with their advisors on articles (Seagram et al., 1998). The second
study, a case study of female higher education administration and educational psychology
doctoral students enrolled in a qualitative research course at the University of Arkansas – Little
Rock, uncovered numerous barriers to female research productivity (Conners & Franklin,
1999). First, the female participants perceived a faculty bias against working with female
students on research. For example, they believed that their male peers were given much more
leniency in making mistakes and the time to learn from those mistakes in research. This led to
an overall belief that female graduate students had fewer opportunities to truly succeed in
research. In addition, female participants saw their family commitments as a barrier to research
(a barrier that they believed did not exist for males). Repeatedly, the participants discussed
feeling guilty whether or not they agreed to participate in research - they felt guilt when they did
not work with faculty and peers on research projects because they feared they were missing an
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important component of graduate study, and they felt guilty if they participated in extra research
work because of the time away from family, work, and friends.
Race’s Relation to Research Productivity
In a qualitative interview study of female doctoral students at a Midwestern land grant
university, Turner and Thompson (1993) found that majority female students were given more
apprenticeship and mentoring experiences than minority females students. For example, 53% of
majority and 27% of minority women reported having co-authored articles, and 48% of majority
and 38% of minority women had the opportunity to co-present papers with faculty members at
professional conference. No other study examined research productivity based on race.
Summary of Background’s Relation to Research Productivity
Three studies have made connections between students’ backgrounds and their research
productivity. Two of which, focused on the impact of gender; while, the third examined race.
Because of the limited number of studies, more research is needed to establish this connection.
Background’s Relation to Orientation
Gender’s Relation to Orientation
Numerous studies examined the relationship between gender and various aspects of
students’ orientations, including feelings of isolation, stress, self-concepts, career commitment,
and partner and family support. First, one qualitative interview study discovered that female
students were more likely to feel isolated than their male counterparts (Ellis, 2001). According
to Dua (2007), the prevalence of feelings of isolation for females results from the limited
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number of females in academia. Second, a single qualitative interview study examined the
relationship between gender and stress and found that the amount of stress and ways of dealing
with stress did not differ by gender (Kurtz-Costes et al., 2006).
Third, analysis of two quantitative survey studies revealed that females tended to have
lower academic self-concepts than males (Berg & Ferber, 1983; Ülkü-Steiner et al., 2000). For
example, Berg and Ferber (1983) found that 63% of women and only 37% of males, in the
physical and biological sciences, doubted their ability to handle graduate school work. Fourth,
several studies found connections between gender and career commitment. In one study of
psychology graduate students, students consistently rated their male peers as having more career
commitment than female peers (Hirschberg & Itkin, 1978). Two other studies determined that
the career commitment of males and females are impacted by different variables (Kurtz-Costes
et al., 2006; Ülkü-Steiner et al., 2000). In the first of these studies, an interview study of
doctoral students at a large public university, Kurtz-Costes, Helmke, and Ülkü-Steiner (2006)
found that women’s career commitment was lowered if they perceived that their personal and
professional goals were not compatible. Males, on the other hand, only considered this
compatibility if they already had children. Then, in a two part survey study, Ülkü-Steiner,
Kurtz-Costes, and Kinlaw (2000) found that for men, mentor support, academic self-concept,
and peer support were significant predictors of career commitment; while, for females,
academic self-concept, mentor support, and stress were significant predictors of career
commitment. Their analysis also revealed that both males and females had lower career
commitment in male-dominated programs than those in gender-balanced programs, with
females in male-dominated programs having the least career commitment.
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Finally, three studies found relationships between gender and students’ beliefs in the
level of familial and partner support. Two of the studies, both surveys, found that women
reported receiving greater family and partner support than men (Berg & Ferber, 1983; ÜlküSteiner et al., 2000). While, the third study indicated that women did not feel supported by their
partners and families; in fact, some of the women discussed experiences in which their partner,
children, or both would place demands on them to either finish their degree quickly or to drop
out of the program completely (Conners & Franklin, 1999).
Race’s Relation to Orientation
Researchers have found connections between race and two aspects of their orientation,
namely, feelings of isolation and motivation/interest. African-American students (especially,
African American women), in four qualitative interview studies, stated that they felt isolated
from their departmental communities (Ellis, 2001; Gardner, 2008a; Lewis et al., 2004; Turner &
Thompson, 1993). These findings were contradicted by a single quantitative survey study of 230
in business, engineering, public administration, and education Master’s programs at a single
university, which did not find significant relationship between minority status and feelings of
isolation (Cooke et al., 1995). Cooke and colleagues’ study (1995) was also the only study to
examine the relationship between race and motivation. They found that minority students had
lower intentions to continue their degree program and higher intention to quit (which translates
to less motivation) than White students.
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Age’s Relation to Orientation
Ülkü-Steiner, Kurtz-Costes, & Kinlaw’s (2000) survey study was the only study to make
connections between students’ age and orientations. They found that younger students reported
significantly lower self-concept and lower career commitment than older students.
Marital/Domestic Partner Status’s Relation to Orientation
Kurtz-Costes and colleagues (2006) interviewed 20 doctoral students in 7 departments at
a large public university and found that students’ marital status impacted their stress and career
commitment. Married students perceived conflict between their personal lives and the demands
of graduate study and questioned the compatibility of their personal lives goals with future
careers in academia. As a result, married students felt stress in attempting to balance their
personal and professional lives and began to question whether they truly wanted careers in
academia. This is in contrast to Ülkü-Steiner and colleagues’ (2000) finding that married
students reported receiving more support from their partners and families than single students.
No other studies investigated the relationship between martial status and students’ orientations.
Having Children’s Relation to Orientation
Two studies investigated the impact that having children had on students’ orientations.
In the first study, doctoral students indicated that having children impacted their stress and
career commitment (Kurtz-Costes et al., 2006). Students with children (especially, female
students with children) faced difficulty balancing the demands of their personal lives and those
of graduate study. Although they indicated that faculty and mentors could help alleviate the
stress resulting from this conflict, many doubted how supportive faculty truly were. The study
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also found that some students with children observed the impact careers in academia had on
faculty members’ roles as parents and, as a result, began to question whether they truly wanted
careers in academia. In contrast, Ülkü-Steiner and colleagues (2000) found that students with
children reported having higher career commitment than students with children.
Summary of Background’s Relation to Orientation
The body of literature firmly establishes that students’ gender and race impacts their
orientations during graduate school. There are a limited number of studies, with mixed findings,
on the impact of students’ age, marital status, and number of children on students’ orientations.
Consequently, more research is needed to establish the extent and nature of the relationship
between student orientations and students’ age, marital status, and number of children.
Background’s Relation to Satisfaction
Gender’s Relation to Satisfaction
Numerous studies have found that gender impacts student satisfaction. In general,
women are less satisfied with their graduate school experiences than males (Bauer, 1997; Ellis,
2001; Gardner, 2008a; Nerad & Cerny, 1993; Nettles & Millett, 2006; Seagram et al., 1998).
Three studies indicated that the amount of difference varies by the type of program; in
particular, supportive, collaborative environments with small class size, high quality of
instruction, and professors who take an interest in students have the highest female satisfaction
and the least difference between genders (Hartnett, 1981; Hollenshead et al., 1994; Nerad &
Cerny, 1993).
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Race’s Relation to Satisfaction
Several studies also examined the relationship between race and students’ satisfaction
with graduate school experiences; however, no consensus has been reached. Two found that
minority students tend to be less satisfied than majority students (Cooke et al., 1995; Gardner,
2008a). A third study found that Black male graduate students reported the highest overall
satisfaction scores of all graduate student groups (White male, White female, Black male, and
Black female); while, Black female graduate students reported the lowest (Ellis, 2001). The
fourth study found that significantly more underrepresented minority doctoral candidates (78%)
were satisfied with their dissertation experience than Asian candidates (49%) or
White/Caucasian candidates (58%) (Bauer, 1997). And, a final quantitative survey study of
9,036 doctoral students from 21 universities and 11 fields of study, found no significant
difference in overall satisfaction with graduate school between racial-ethnic groups (Nettles &
Millett, 2006).
Age’s and Having Children’s Relation to Satisfaction
Only one study examined the relationship that age and having children have with
satisfaction with graduate school. In this study, Gardner (2008a) found that students over the
age of 30 and students with children perceived that they did not “fit the mold” of traditional
graduate education and as a result, were less satisfied than younger students. In particular, these
students indicated that negative interactions with others, structural impediments to success, and
general feelings of “differentness” led to their lower satisfaction.
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Summary of Background’s Relation to Satisfaction
A broad body of research has firmly established that gender impact students’
satisfaction, with female students tending to be less satisfied than their male peers. Similarly,
numerous studies have indicated that race has an impact on satisfaction; however, the findings
have been mixed; so, more research is needed to better understand this impact. Finally, a single
study found that older students and students with children tend to be less satisfied with graduate
school; clearly, more research is needed to establish the relationship of age and number of
children with satisfaction.
Background’s Relation to Rate of Progress/Time to Degree
Gender’s Relation to Rate of Progress/Time to Degree
Five studies investigated the relationship between gender and degree progress. One
quantitative survey study, of 4,255 doctoral graduates from UCLA, found that gender was
among the top variables to predict total time to degree (Abedi & Benkin, 1987). In the
remaining four studies, however, no substantial difference in time to degree between men and
women was evident (Ehrenberg & Mavros, 1995; Moyer et al., 1999; Nerad & Cerny, 1993;
Seagram et al., 1998). The differences found in the first study can be, at least partly, explained
by field of study; since, women often opt for fields with longer times to degree than men (Abedi
& Benkin, 1987). Therefore, it is possible to conclude from the research that gender does not
significantly impact time to degree. It is important to note, however, that all five of the studies
are over 10 years old; so, more recent studies are needed in order to assure that this conclusion
still holds.
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Race’s Relation to Rate of Progress/Time to Degree
Only one study examined the relationship between race and time to degree and found no
significant difference in time to degree between minority and non-minority students (Nerad &
Cerny, 1993).
Age’s Relation to Rate of Progress/Time to Degree
Only one study investigated the relationship between students’ age and their rate of
progress (Moyer et al., 1999). This study found that age was unrelated to graduate degree
progress.
Marital/Domestic Partner Status’s Relation to Rate of Progress/Time to Degree
Moyer and colleagues (1999) were also the only researchers to investigate the
relationship between students’ marital status and their rate of progress. This study found that
marital status was unrelated to graduate degree progress
Having Children’s Relation to Rate of Progress/Time to Degree
Abedi and Benkin (1987) found that students with children often take longer to complete
their degrees. They attributed this to two reasons. First, students with children have to spend
time with their families, which could otherwise be spent on their studies. Second, students with
children are more likely to have to work to help support their families. These findings were
corroborated by one other study, in which degree recipients with dependents were found to take
1.5 to 2.2 years longer to complete their degrees than degree recipients with no dependents
(Nerad & Cerny, 1993).
74

Citizenship’s Relation to Rate of Progress/Time to Degree
Abedi and Benkin (1987) were the only researchers to connect citizenship to rate of
progress and found that American students took longer to complete doctorates than their foreign
peers.
Summary of Background’s Relation to Rate of Progress/Time to Degree
Research has established that gender does not have an impact on students’ rate of
progress; however, because of the age of the studies, research is needed to confirm that the
findings still hold. In addition, one or two studies each have investigated the relationship of
race, age, marital status, children, and citizenship with rate of progress. In these studies, race,
age, and marital status did not have an impact; while, children and citizenship did. However,
more research is needed to establish the generalizability of these findings and the extent and
nature of the relationships that do exist.
Background’s Relation to Degree Completion/Attrition
Gender’s Relation to Degree Completion/Attrition
Although numerous researchers have examined the impact of gender on degree
completion, the findings have not been consistent. Three quantitative studies at single
universities found that gender was not a significant predictor of degree completion (Bishop,
1981; Ehrenberg & Mavros, 1995; Frasier, 1993). Three other quantitative studies at single
universities determined that women’s completion rates were significantly lower than males
(Benkin, 1984; Hirschberg & Itkin, 1978; Nerad & Cerny, 1993). For example, Nerad and
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Cerny (1993) determined that, at the University of California – Berkeley, women had a 47%
completion rate overall; while, men has a 63% completion rate. In literature reviews, Herzig
(2004a) and Bair and Haworth (2004) similarly found similar discrepancies in research findings.
It is important to note that females enroll disproportionately in fields that have higher attrition
rates or in which the master’s degree is the common terminal degree. This may account for the
studies in which gender was determined to have an impact on attrition rates (Berg & Ferber,
1983; Herzig, 2004a; Smallwood, 2004). However, women also face issues, such as the scarcity
of female faculty and negative stereotypes, which have been found to result in women’s
decisions not to complete their degrees (Gardner, 2008a; Manzo, 1994; Moyer et al., 1999).

Race’s Relation to Degree Completion/Attrition
There have also been mixed findings as to race’s impact on degree completion. One
survey study of College of Education doctoral candidates at the University of MissouriColumbia found that race was not a significant predictor of attrition or persistence (Frasier,
1993); this finding is consistent with the results of Bair and Haworth’s (2004) literature review.
However, other studies have found that race does impact student attrition rates, with minority
students leaving at a much higher rate than their White counterparts (Lewis et al., 2004; Manzo,
1994; Moyer et al., 1999; Smallwood, 2004). Three studies indicate that it the underrepresentation of minorities in academia that leads many minority students to choose not to
persist in their degree programs (Gardner, 2008a; Lewis et al., 2004; Moyer et al., 1999).
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Age’s Relation to Degree Completion/Attrition
Although the findings of one study indicated that students’ age at the start of a doctoral
program was not a significant predictor of degree completion (Frasier, 1993), three other studies
found that younger students were more likely to complete their degrees (Benkin, 1984; Carlson,
1995; Cook & Swanson, 1978). In a quantitative survey study of 1022 doctoral graduates and
243 ABDs at UCLA, for example, Benkin (1984) found that only 19% of students younger than
23 dropped out without a degree compared to 51% of those older than 35 (and 31% of the total
population).
Marital/Domestic Partner Status’s Relation to Degree Completion/Attrition
There have not been consistent findings with regard to the impact marital status has on
students’ persistence in graduate school. Two studies found that students with a marital status
other than married (i.e., never married, divorced/separated, or widowed) were more likely not to
persist than married students (Benkin, 1984; Carlson, 1995). This is consistent with Willis’s
(2007) finding that divorce was a common reason for students to attrite. However, two other
studies found that marital status was not a significant predictor of students’ likelihood to persist
or attrite (Bair & Haworth, 2004; Frasier, 1993).
Having Children’s Relation to Degree Completion/Attrition
There have not been consistent findings with regard to the impact having children has on
students’ persistence in graduate school. Two studies found that having children was not a
significant predictor of persistence or attrition (Bair & Haworth, 2004; Frasier, 1993); while,
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two other studies found that having children increased students’ likelihood to attrite (Gardner,
2008a; Herzig, 2004a).
Household Income’s Relation to Degree Completion/Attrition
The results of Carlson’s (1995) quantitative survey study, of 160 female graduate
persisters and 52 female graduate non-persisters at the Ohio State University – Columbus,
indicated that females who persisted tend to have higher family incomes than those who did not.
No other study examined the connection between household income and degree completion.
Citizenship’s Relation to Degree Completion/Attrition
Herzig (2002) found that mathematics doctoral students educated in the U.S. believed
that they were at a disadvantage to students educated outside the U.S., whose undergraduate
training was at a much higher level than their own. As a result, they believed that students
educated outside the U.S. were much more likely to successfully complete their degrees. This
perception was corroborated by Benkin (1984), who found that U.S. citizens were more likely to
drop out and less likely to complete doctorates than non-U.S. citizens. However, Benkin’s study
is over 25 years old, and no more recent studies provide any empirical evidence for this
perception.
Summary of Background’s Relation to Degree Completion/Attrition
The body of literature has not firmly established the existence of a relationship between
the aspects of a student’s background and likelihood of degree completion. In some cases, the
findings are inconsistent; while, in other cases, only one or two studies exist. Consequently,
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more research is needed to establish a relationship between students’ backgrounds and their
degree completion or attrition.
Summary
A broad body of literature indicates that two components of students’ backgrounds
(namely, their race and gender) significantly impact graduate student experiences. In particular,
female students tend to be less satisfied with their graduate school experience. Women and
minorities are less likely to interact with faculty and peers, and when they do, these interactions
are often negative. Researchers agree that students’ orientations are impacted by gender and
race; however, the exact nature of this interaction is still unclear. Similarly, numerous studies
have determined that race impacts satisfaction, but the exact nature of this impact remains
unclear. Finally, research has established that gender does not have an impact on students’ rate
of progress; however, because of the age of these studies, more research is needed to determine
whether the findings still hold.
A limited number of studies indicate that other components of students’ backgrounds
(including their age, marital statues, number of children, and citizenship) impact students’
orientations, satisfaction with graduate school, interactions with faculty and peers in the
program, and rate of progress. In addition, the existence of relationships between students’
backgrounds and their finances, research productivity, and likelihood of degree completion has
not been firmly established. In some cases, the findings are inconsistent; while, in other cases,
only one or two studies exist. Consequently, more research is needed to substantiate these
relationships and determine the extent and nature of any relationships that do exist.
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Immediate Post-Degree Career Expectations
Graduate study is designed to prepare students for careers in a particular field. Although
academic jobs tend to be the focus of most graduate programs, there are numerous career
options for students with advanced degrees in any field. Students typically enter graduate
programs with specific career aspirations and expectations. Numerous studies investigated the
impact of these aspirations and expectations on the graduate student experience. In particular,
the majority of these studies focused on its affect on attrition rates and found that a poor job
market increases the likelihood that students will leave the graduate school prior to complete the
degree.
Immediate Post-Degree Career Expectations’ Relation to Interaction
Only one study, a quantitative survey study, examined the relationship between postdegree career expectations and interaction (Wang, 2003). In the study, Wang surveyed 2,054
students from all graduate programs the University of Missouri and discovered that students
who planned on becoming faculty were significantly more socially and academically involved
with both faculty and peers than students with other post-degree career plans, including those
who intended to do research or work in industry upon degree completion. However, because
this study was limited to a single university, more research is needed to demonstrate the
generalizability of these findings and understand why this difference may exist.
Immediate Post-Degree Career Expectations’ Relation to Orientation
Students’ career aspirations have also been connected to stress, motivation, and interest.
Wang’s (2003) quantitative survey study found that students who were preparing to be future
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faculty were more motivated and engaged than students who intended to do research or work in
industry upon degree completion. In addition, a qualitative survey study of 213 doctoral
candidates and recent doctoral graduates from life sciences, humanities, and social science
disciplines at multiple institutions, found that more than half (54%) of the participants perceived
the job market to be highly competitive and as a result, felt stress about preparing themselves to
be qualified and successful job applicants (Moyer et al., 1999). Clearly, more research is needed
to determine the generalizability of these findings and to further understand the nature of the
impact of career expectations and aspirations on students’ orientations.
Immediate Post-Degree Career Expectations’ Relation to Rate of Progress/Time to Degree
Two studies, a quantitative survey study of 4,255 doctoral graduates at UCLA and a
mixed method study at the University of California - Berkeley, examined the relationship
between students’ postdoctoral plan and their rate of progress and completion times. The
quantitative study found that students planning on going into post-doctoral positions spent
significantly less time in graduate study then those planning on seeking employment (Abedi &
Benkin, 1987). And, through interviews with faculty, the mixed methods study found that a
poor job market (i.e., lack of academic jobs) was consistently cited as a major reason for student
to take longer to complete their degrees (Nerad & Cerny, 1993). The limited amount of research
makes it difficult to determine the true impact of career aspiration on times to degree. In
addition, since the two studies that do exist are over 15 years old, changes in graduate
education, financial support, and the job market and economy may alter the findings.
Consequently, more research is needed before any conclusions can be drawn.
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Immediate Post-Degree Career Expectations’ Relation to Degree Completion/Attrition
During graduate school, students often discover that the job market in their aspired field
is poor. Although one quantitative study of doctoral students at Cornell University (Ehrenberg
& Mavros, 1995) found no correlation between a poor job market and doctoral student attrition,
the majority of studies have found that when students realize that there is little likelihood of
obtaining their desired job, it becomes less likely that they will complete the degree (Bauer,
1997; Golde, 1996; Golde, 1998, 2005; Herzig, 2004a). During interviews with attrited doctoral
students at one Midwestern university, Golde (2005) found that once the students had learned
the truth about the job market, they performed informal calculations to assess their place in the
future job market. This assessment was based on three sets of standards: their willingness to
take available jobs; their perception of whether they were good enough to pursue their desired
job; and the availability of alternative jobs options. In addition, students pursuing doctorates in
fields where students are able to find high-status, well-paying jobs with a Masters’ degree were
more likely to drop out than students in fields, which have limited opportunities for individuals
with Masters’ degrees (Golde, 1996; Golde, 1998; Herzig, 2004a).
Summary
Most students enter graduate school with the objective of becoming prepared for a
particular career. Research indicates that this objective impacts several aspects of the graduate
school experiences. In particular, a significant number of studies established that a poor job
market in their inspired career impacts students’ likelihood of completing the degree. A poor job
market may also increase the amount of stress students’ feel and lead to students to take longer
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to complete their degrees, but these connections are the results of single studies. Similarly,
single studies found that aspiring faculty were more socially and academically involved with
faculty and peers and were more motivated and engaged than students with other career
aspirations and that students planning on going into post-doctoral positions spent significantly
less time in graduate study then those planning on seeking employment. More research is
clearly needed to confirm the single-study findings.
Funding During Graduate School
Graduate study often takes a considerable amount of time, and students are often
expected to devote all of their time and energy to graduate study. As a result, it is often very
expensive for students to pay for graduate study on their own and would require them to
accumulate large amounts of debt. Most graduate programs offer several forms of financial
support to students, including fellowships, graduate teaching assistantships, and graduate
research assistantships. In addition, spouses and families sometimes help support students
through their schooling. And many students find it necessary to take out loans and incur debt in
order to devote all of their time and energy to graduate study. Consequently, graduate students’
finances are the result of a complex conglomerate of circumstances, choices, and consequences.
Research indicates that (i) the amount of funding a student receives from the program or
university impacts their likelihood of completing the degree; (ii) the process of obtaining and
maintaining funding for graduate school impacts students’ orientations; and (iii) the sources of
students’ funding impact their satisfaction and rates of progress. In addition, research suggests
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that the sources of students’ funding might also relate to students’ research productivity,
orientations, and likelihood of degree completion.
Funding’s Relation to Interaction
Two research studies (one quantitative survey study and one qualitative interview study)
establish that the type of financial support received is directly related to graduate students’ level
of involvement in their program (Gardner, 2005; Girves & Wemmerus, 1988). These findings
are consistent with the claim made by Lovitts and Nelson (2000) that students with no financial
support and those on full fellowships participate the least because they often do not have an
office and as a result, have less daily contact with other graduate students. Students with
graduate assistantships become part of research or teaching teams within their departments,
often get a desk with other graduate students, and spend most of their time in the department.
This results in more opportunities for informal interactions with both peers and faculty and
more integration into the departmental community (Gardner, 2005; Girves & Wemmerus, 1988;
Lovitts & Nelson, 2000; Smallwood, 2004).
Funding’s Relation to Research Productivity
Two quantitative survey studies across disciplines found that students with teaching or
research assistantships are more involved in professional society activities and produce more
scholarly articles than other students (Ethington & Pisani, 1993; Girves & Wemmerus, 1988).
Both Ethington and Pisani (1993) and Girves and Wemmerus (1988) hypothesize that this
discrepancy is a direct result of students with assistantships’ increased social integration in their
departments. Because the number of studies is limited, more research is needed to determine if
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the findings are generalizable. In addition, qualitative research is needed to understand the
impact of assistantships on graduate students and investigate the researchers’ hypothesis.
Funding’s Relation to Orientation
The kind and amount of funding was a major source of stress for students. Three
qualitative studies indicated that finding and maintaining financial support during graduate
study was stressful for students (Hollenshead et al., 1994; Kurtz-Costes et al., 2006; Moyer et
al., 1999). This essence of this sentiment is clearly evident in the following student’s quote,
which was made during one of the focus groups in Hollenshead and colleagues’ (1994) study,
I think a lot of people are worried about the jobs they’re going to get. I was scared about
getting a job after my second semester. I thought, I’m never going to find a job. I was
too intimidated by the professors to say, ‘Look, do you want me?’ I’d heard horror
stories that they ask you all these questions and I don’t know what the answer is… You
have to sell yourself, somehow, and how am I going to sell myself to a professor (p.79)?
Even after students obtain funding through a research or teaching assistantship, new stresses
emerge. One qualitative study found that students often stress about balancing their teaching
(and research) assistantship duties and their coursework. Some of the teaching assistants, for
example, found that they were not able to perform as well as teachers as they wanted because of
the limited amount of time that they had to devote to teaching; while, others felt that they were
losing the opportunity to do as well in their classes because of their teaching and research
responsibilities (Hollenshead et al., 1994).
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Funding’s Relation to Satisfaction
Three studies examined the relationship of students’ funding to their overall satisfaction
with their graduate school experience. One quantitative, survey study found the students with
only teaching assistantships were the least satisfied of all graduate students; in particular, they
felt like they did not grow as much professionally or improve their research capabilities as much
as they had hoped (Ethington & Pisani, 1993). This is in contrast to Gardner’s (2005) finding,
from a qualitative interview study, which held that overall, students who did not have to worry
about their financial support (including students who were supported through teaching
assistantships) were generally the most satisfied in their programs. In fact, many graduate
teaching assistants viewed their teaching experiences positively and commented that it was this
experience that made them want to continue teaching in the future and to find an academic
position at an institution that emphasized teaching. The third study, a qualitative interview
study, found that difficulties in obtaining an assistantship can lead to decreased satisfaction;
especially in fields, such as the sciences, where working in the laboratory is viewed as crucial
(Hollenshead et al., 1994). So, from these three studies, it appears that students’ sources of
funding do impact their satisfaction; however, the exact nature of this impact is far from clear.
More research is needed before any conclusions can be decided upon.
Funding’s Relation to Rate of Progress/Time to Degree
Numerous studies have linked the type and amount of financial support students receive
to the amount of time it takes students to complete their degrees. Four survey studies (one of
which surveyed students at 228 universities in 32 disciplines) all found that the amount of
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financial support was positively correlated with times to degree (Baird, 1990; Bauer, 1997;
Maher, Ford& Thompson, 2004; Nerad & Cerny, 1993). However, it is more than simply the
amount; the type of funding also matters. The results of six studies (three qualitative, two
quantitative, and one mixed methods) indicate that students with teaching assistantships or offcampus employment take longer to complete their degrees than students with fellowships
(Abedi & Benkin, 1987; Bauer, 1997; Earl-Novell, 2006; Ferrer de Valero, 1996; Golde, 1998;
Nerad & Cerny, 1993). These studies had disparate findings, however, about the impact of
research assistantships on times to degrees. Nerad and Cerny (1993) claim that the discrepency
results from the differing roles research assistants play in different fields of study. In the
sciences, students’ work as research assistants often constitutes their dissertation research and
therefore, actually helps them to progress; while, in many other fields, such as the humanities,
work as a research assistant is unrelated to their doctoral study and results in longer times to
degrees. Consequently, it can be safely assumed that students’ sources of funding do impact
their times to degrees; more qualitative research is needed to examine the exact nature of the
impact.
Funding’s Relation to Degree Completion/Attrition
Five research studies and a literature review examined the relationship between the
amount of funding students receive and their likelihood of completing the degree. All but one
quantitative study found that the amount of funding a student receives increases the probability
that they will complete the degree (Bair & Haworth, 2004; Bauer, 1997; Ehrenberg et al., 2007;
Ferrer de Valero, 1996; Gardner, 2005). Gardner (2005) goes as far as to state, “Financial
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support is integral to success and retention of graduate students” (p.149). The study that did not
find a correlation between financial support and doctoral student persistence was a quantitative
survey study of 186 doctoral graduates and ABDs in a single program at one institution and
took place over 15 years ago (Frasier, 1993); the limited nature and age of the study limit the
impact of its findings on the claim made by the majority of studies that amount of funding is
positively correlated to likelihood of degree completion.
As was found with times to degrees, the type of financial support also makes a
difference in likelihood of degree completion. Two quantitative studies, a qualitative study, and
a literature review determined that research and teaching assistantships and fellowships increase
students’ likelihoods of completing the degree; other sources of support (including, loans and
outside employment) decrease their likelihood (Bair & Haworth, 2004; Cook & Swanson, 1978;
Girves & Wemmerus, 1988; McAlpine & Norton, 2006; Willis, 2007). In another quantitative
study, Ehrenberg and Mavros (1995) examined the data on all graduate students who entered
Ph.D. programs in four fields during a 25-year period at Cornell and found that although
students with teaching assistantships were more likely to complete than students with outside
support, they were significantly less likely to complete than students with fellowships or
research assistantships. Based on her extensive research on graduate school attrition and
socialization, Lovitts believes that assistantships help to increase chances of completion because
they increase the likelihood that graduate students will interact with faculty and peers
(Smallwood, 2004). However, the research on the impact of source of funding on socialization,
as discussed earlier, is sparse; so, more research is needed to investigate Lovitts’ claim and
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qualitatively explore the connection between sources of funding and degree completion and
attrition.
Summary
Two aspects of students’ graduate school funding impact their experiences during
graduate school. First, students typically have to find and/or acquire financial support during
graduate school. This is important because the amount of funding a student receives increases
the probability that they will complete the degree. However, funding is often not guaranteed,
and as a result, the process of obtaining and maintaining funding can be very stressful for
students.
Second, there are many kinds of funding available to students. Students’ sources of
funding have been shown to impact their satisfaction and times to degrees. And a limited
number of studies (1 or 2) indicate that students with teaching and research assistantships
appear to be more involved in their programs and in professional society activities and produce
more scholarly articles then their peers; however, students with assistantships must balance their
assistantship duties and coursework, which a single study indicates increases stress. In addition,
there have been mixed findings as to the impact of source of funding on likelihood of degree
completion. Consequently, more research is needed to firmly establish the impact of sources of
funding on interaction, research productivity, orientation, and degree completion.
Graduate School Experiences
Graduate school is not a uniform experience for all students. And research indicates that
certain aspects of students’ experiences in graduate school, including the amount they are
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enrolled full-time and their experiences with “new student” meetings and advising, looming
hurdles, coursework, and the dissertation, play a role in students’ overall experience in graduate
school.
Graduate School Experiences’ Relation to Interaction
Full-time/Part-time Status’s Relation to Interaction
Two qualitative interview studies determined that part-time students are less socially
integrated into the departmental community and field of study than full-time students. In a
qualitative interview study of doctoral students by Gardner (2008a), the 3 part-time students
interviewed consistently discussed issues of separation and a lack of integration. These students
had much more limited opportunities to interact with faculty and peers than full-time students,
and the majority of the interaction that they did have in the department was with faculty
members rather than other graduate students. Similarly, in an interview study of graduate
students across numerous fields of study at three institutions, Golde (1998) found that students
who were not full-time had difficulty becoming integrated into the campus community.
“New Student” Meetings and Advising Experiences’ Relation to Interaction
Based on interviews with 40 graduate students at two universities, Gardner (2005) found
that students consistently discussed the importance of their “new student” meeting experience
for allowing them the opportunity to meet and interact with peers and faculty. As a result, she
states, “[The new student meeting] serves the socialization process as it provides not only
information about the degree program and structure, but also provides social integration into the
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department; all important aspects of the socialization process” (p.72). No other study examined
the role of “new student” meetings and advising on interaction.
Summary of Graduate School Experiences’ Relation to Interaction
Three qualitative studies have found connections between students’ graduate school
experiences and their interactions with faculty and peers. In particular, two studies indicate that
part-time students are less socially integrated then their full-time peers; while, the third study
points to the importance of “new student” meeting experiences in the interaction of graduate
students with faculty and peers. Yet, more research is needed to truly understand the impact of
graduate school experiences on interaction.
Graduate School Experiences’ Relation to Orientation
Coursework Experiences’ Relation to Orientation
Researchers have found that coursework experiences can make students feel isolated,
affect their motivation and interest, and impact their self-concept. In a review of research on
doctoral study of mathematics, Herzig (2004a) found that doctoral study of mathematics is often
described by students as isolating and with limited social interaction. No other study discussed
the relationship between coursework and students’ feelings of isolation.
Herzig (2004a) also found that, for mathematics graduate students, the coursework has a
negative impact on many students’ motivation and interest. This finding is consistent with the
results of Stage and Maple’s (1996) qualitative interview study of female mathematics graduate
students. They state,
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The increasingly narrow focus of the upper levels of mathematics became
unsatisfying… Most [students] described a growing frustration with the seeming lack of
connection of mathematics with the work surrounding them. Mathematics began to seem
an endless series of puzzles that could be solved if enough time or effort was invested
(p.32-33).
Finally, two studies found relationships between coursework and students’ self-concepts.
During interviews with 58 attrited doctoral students from 4 fields of study, Golde (2005) found
initial coursework experiences made the majority of the participants feel that they started
graduate school a few steps behind their colleagues and as a results, lowered their self-concepts.
However, the results of Carlson’s (1999) quantitative survey study of female graduate students
from all departments at Ohio State University, indicated that retaking courses with difficult
content can help to remedy deficiencies and increased confidence and self-concepts.
Looming Hurdle Experiences’ Relation to Orientation
Research has consistently demonstrated that looming hurdles, such as qualifying
examinations, make students feel isolated, increase their stress, and affect their self-concept.
Typically, each student must face a looming hurdle on their own; as a result, they separate
students from their peers and contribute to feeling behind, overwhelmed, and isolated (Ali &
Kohun, 2006). In addition, students in three qualitative studies repeatedly discussed feeling
extremely stressed when preparing for and taking qualifying exams (and other hurdles) (EarlNovell, 2006; Gardner, 2005; Hollenshead et al., 1994). In fact, the majority of participants in
Gardner’s (2005) study believed that preparing for qualifying exams was the most stressful
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phase of graduate study. Finally, two qualitative studies found that as students approached
qualifying exams, they began to question their abilities (Gardner, 2005; Herzig, 2002);
successful completion of the examination, on the other hand, led to increases in self-concept,
according to students in a third study (Earl-Novell, 2006).
Dissertation Experiences’ Relation to Orientation
Researchers have consistently found that dissertation experiences make students feel
isolated, increase their stress, and affect their motivation and interest. The dissertation phase of
graduate study is characterized by “students working alone with their advisor in the absence of
extensive daily social interaction and communication with their peers or with other faculty” (Ali
& Kohun, 2006, p.27). Therefore, it is not surprising that participants, in several studies,
reported feeling isolated while working on their dissertation (Ali & Kohun, 2006; Gardner,
2005; Monsour & Corman, 1991). In a theoretical paper, Monsour and Corman (1991) discuss
the large amounts of stress involved in the dissertation process. They believe that students feel
two types of stress: stress in the social sense and stress in the task sense. Stress in the social
sense arises from a lack of companionship and emotional support, including empathy, when
working on the dissertation; while, stress in the task sense results from attempting to manage the
continuous onslaught of minor and major tasks involved in completing the dissertation. They
also discuss the difficulty of maintaining motivation throughout the dissertation experience.
“Staying motivated is a continual battle. It involves all the traditional peaks and valleys;
sometimes the student is so excited about the dissertation that she or he is almost manic about it,
incessantly rambling on about the dissertation to anyone who is foolhardy enough to innocently
93

inquire. At other times, the same innocent questions cause the student to scowl at the
questioner” (Monsour & Corman, 1991, p.185).
Summary of Graduate School Experiences’ Relation to Orientation
Researchers continually refer to the impact of graduate school experiences on students’
orientations. However, in this review of literature, only a limited number of studies provided
empirical evidence for the assertion. The studies that do exist indicate that coursework, looming
hurdles, and dissertation experiences affect students’ feelings of isolation, stress, motivation and
interest, and self-concept. However, more empirical research is needed to corroborate the
existing findings and to further explore the impact of graduate school experiences on students’
orientations.
Graduate School Experiences’ Relation to Satisfaction
Full-time/Part-time Status’s Relation to Satisfaction
Two qualitative studies indicate that student satisfaction with graduate school is
impacted by their full- or part-time status. Gardner (2008a) interviewed 40 doctoral students and
found that part-time students tended to have limited interactions with faculty members and
peers, and consequently, felt that they were missing a large part of the overall graduate
experience. In the second, a qualitative survey study of graduate students at all institutions in
Australia by Neumann and Rodwell (2009), part-time students had the same level of satisfaction
as full-time students with their research experiences; however, they were less satisfied with the
intellectual climate (including their integration into the departmental research culture and social
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community, provisions of a good seminar program for research students, and the overall
departmental research environment) and infrastructure (including access to working space,
technical support, computing facilities, and necessary equipment, as well as financial support
for research activity) of their graduate programs. Since only two studies exist (and one of which
took place outside the United States), more research is needed to understand the extent and
nature of the impact of full- or part-time status on students’ satisfaction with graduate school.
Coursework Experiences’ Relation to Satisfaction
Three qualitative interview studies examined the impact of coursework experiences on
students’ satisfaction with graduate school. Two of the studies found that students were
unhappy with their coursework experiences (Herzig, 2002; Hollenshead et al., 1994). In both
studies, students cited poor teaching and lack of interaction with the instructor as major issues
for them during the coursework phase of graduate school. For example, many of the students, in
Herzig’s (2002) study, mentioned that they were unhappy with not being allowed to ask
questions and being chastised when they did. In the third study, Gardner (2005) found that
students were generally satisfied with their coursework experiences and believed that the
coursework was an important part of their preparation for their future professions. Although the
levels of satisfaction students had with their coursework experiences were not consistent across
studies, it is clear that students’ satisfaction with graduate school in general was impacted by
their coursework experiences.
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Looming Hurdle Experiences’ Relation to Satisfaction
In a qualitative interview study of mathematics doctoral students and faculty, Herzig
(2002) found that half of the students were not satisfied with the primary looming hurdle in their
department, a qualifying examination. Various reasons were given for their dissatisfaction; these
included courses not adequately preparing them for the exams; inconsistency in exam difficulty;
exams being too difficult; the demoralizing and intimidating nature of the exams; testing for
obscure ‘tricks’ rather than important concepts on the exams; and arbitrary grading. No other
study connected looming hurdles to student satisfaction.
Summary of Graduate School Experiences’ Relation to Satisfaction
Five studies explored the impact of students’ experiences during graduate school on
their satisfaction with graduate school. These studies found that full- or part-time status,
coursework experiences, and looming hurdle experiences can impact satisfaction. However,
there are a limited number of studies, all of which are qualitative, that make these connections;
so, more research is needed.
Graduate School Experiences’ Relation to Rate of Progress/Time to Degree
Full-time/Part-time Status’s Relation to Rate of Progress/Time to Degree
Two survey studies question the relationship between full- versus part-time and rate of
progress. Girves and Wemmerus (1988) found that being registered full time was not positively
associated with degree progress at the doctoral level. And Neumann and Rodwell (2009) found
that, in equivalent-time terms, part-time doctoral students actually completed their degrees
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faster than full-time students (note: full-time equivalent time to degree was calculated by (year
of graduation – year of commencement) multiplied by 0.5 if the student’s attendance was
primarily part-time or unadjusted if attendance was primarily full-time). No other studies
examined the relationship between full- versus part-time and rate of progress.
“New Student” Meeting and Advising Experiences’ Relation to Rate of Progress/Time to
Degree
Two studies connected “new student” meeting and advising experiences to times to
degree. Both found that “new student” meetings and advising helped to prepare students for
graduate school and ensured that students were heading in the right direction and not drifting.
As a result, students, who experienced “new student” meetings and received advising, had
shorter times to degrees than those who do not (Maher et al., 2004; Nerad & Cerny, 1993).
Coursework Experiences’ Relation to Rate of Progress/Time to Degree
The findings of two studies indicate that the way students and programs approach
coursework relates to students’ rate of progress. In the first study, Ferrer de Valero (2001) found
that programs with short times to degree completion made more connections between
coursework and research than programs with long times to degree completion. Second, Nerad
and Cerny (1993) found that students, who saw coursework as a hurdle and simply tried to get it
out of the way, had more trouble getting through the dissertation and as a result, took longer
than expected to complete their degrees than students who saw coursework as an opportunity to
develop an overview of their field and to decide on a research project. Together, these studies
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indicate that both the program’s and the student’s perspective on coursework impacts the
student’s rate of progress and time to degree; however, more research is needed.
Looming Hurdle Experiences’ Relation to Rate of Progress/Time to Degree
Only one study found connections between students’ experiences with looming hurdles
and their times to degree. In this study, Nerad and Cerny (1993) found two aspects of the
qualifying exam experience that led to longer times to degrees. First, students, who believed that
qualifying exams were simply hurdles to jump, took longer than students, who viewed them as
opportunities to develop an overview of the field and decide on a dissertation topic. Second,
being well-informed about exams and knowing what to expect can help students to avoid
spending exorbitant amounts of time (over-) preparing for the exams, and as a result, to lessen
their times to completion.
Dissertation Experiences’ Relation to Rate of Progress/Time to Degree
Nerad and Cerny (1993) were also the only researchers to find a connection between
students’ dissertation experiences and times to degree. They found that it took some students
years to come up with a dissertation topic and to write their dissertation prospectus; while, other
students were given or quickly decided on a topic and were able to complete their prospectus in
a single semester. In addition, students who wrote their dissertations in complete isolation often
took longer times to complete the degree.
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Summary of Graduate School Experiences’ Relation to Rate of Progress/Time to Degree
Full- or part-time status and experiences with “new student” meetings and advising,
coursework, looming hurdles, and dissertation were each connected to students’ rate of progress
and times to degree by one or two studies. So, although these relationships were clearly
demonstrated by these studies; more research is needed to further establish and better
understand these connections.
Graduate School Experiences’ Relation to Degree Completion/Attrition
Full-time/Part-time Status’s Relation to Degree Completion/Attrition
Two studies (one qualitative and one quantitative) found positive correlations between
the amount of time students spent in full-time study and their likelihood of completing the
degree (Cook & Swanson, 1978; Gardner, 2008a). Gardner (2008a) goes on to hypothesize that
programs are typically designed with only full-time students in mind, which results in part-time
students getting left out and feeling that they do not “fit in”, and consequently, attriting.
“New Student” Meeting and Advising Experiences’ Relation to Degree Completion/Attrition
In the only study examining the relationship between “new student” meetings and
advising and degree completion, Ferrer de Valero (2001) found that, out of the eight
departments in the study, high completion departments offered more “new student” meetings
and advising to graduate students than low completion departments. However, since the number
of departments in the study was quite limited, more research is needed to determine if this
relationship truly exists.
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Coursework Experiences’ Relation to Degree Completion/Attrition
Based on her research, Herzig (2002, 2004a) determined that the way faculty approach
coursework impacts students’ decisions to persist in their programs. When faculty see
instruction as an avenue for students to prove themselves (not to teach students) and as a way to
weed out students, students do not receive the support they need from faculty and as a result,
may decide to leave the programs before completing the degree. No other researcher made
connections between coursework experiences and attrition.
Looming Hurdle Experiences’ Relation to Degree Completion/Attrition
In several qualitative studies, students stated that they perceived preliminary or
qualifying exams as indicators for whether they would be able to make it through the program
(Earl-Novell, 2006; Gardner, 2005; Golde, 2005; Herzig, 2002). Golde (2005) states,
Failing this milestone or seeing it approaching and fearing failure, led a number of
students to reassess their abilities and goals. The high hurdle could lead to attrition by
students who might well have been able to complete it. However, the screening function
of the requirement (particularly those for advancement to candidacy) is served. This is a
mechanism that fostered attrition – and perhaps rightly so (p.693).
In particular, Gardner (2005) found that for those students who had previously questioned their
abilities to make it through the program and had considered leaving, it was during their
preliminary examination experiences that they finally decided to do so. Once successfully
completed, however, looming hurdles often provide students with much needed encouragement
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and a boost in morale, which help to them to get through the dissertation and complete the
degree (Earl-Novell, 2006).
Dissertation Experiences’ Relation to Degree Completion/Attrition
Three studies (only one of which was empirical) found that dissertation experiences
contribute to late attrition; however, each study had a different reason behind its assertion. In the
first study, Cook and Swanson (1978) examined data from the Educational Administration
doctoral program at the State University of New York – Buffalo and found that acceptance of
the proposal by the dissertation committee was the strongest predictor for degree completion.
The second, a theoretical study by Monsour and Corman (1991), contended that the stress
involved in writing the dissertation leads some students to decide to leave the program prior to
finishing the degree. Finally, Bair and Haworth (2004) reviewed literature on doctoral student
attrition and persistence and found that difficulties with various aspects of the dissertation
related to attrition. These difficulties included having to change the dissertation topic, needing
to narrow the topic and make it more manageable in scope, not having an appropriate or strong
dissertation topic, and inaccessible participants. In contrast, they found that selecting a
stimulating, strong, exciting, and manageable dissertation topic was associated with successful
degree completion.
Summary of Graduate School Experiences’ Relation to Degree Completion/ Attrition
A few studies made connections between each aspect of students graduate school
experiences and degree completion/attrition. However, only looming hurdles were clearly
associated with increased attrition rates by at least three empirical studies. This finding is not
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surprising, since the primary purpose of looming hurdles is to filter out students who are not
qualified or prepared to continue on in graduate school. However, since all of the studies on
looming hurdles were qualitative, quantitative research is needed to determine the
generalizability of the findings to all graduate students. In addition, more research of all types is
needed to examine the nature and extent of the other aspects of students experience on graduate
student completion and attrition.
Summary
A limited amount of research has investigated the impacts of key graduate school
experiences (full- or part-time status, “new student” meetings and advising, coursework,
looming hurdles, and dissertation experiences). In fact, only students’ experiences with looming
hurdles were clearly associated with increased attrition rates by at least three empirical studies.
However, from the existing studies, it appears that (a) part-time students are less socially
integrated into their departments, are less satisfied with graduate school, and are more likely to
attrite then their full-time peers; (b) orientation experiences are important in the interaction of
graduate students with faculty and peers; (c) coursework, looming hurdles, and dissertation
experiences effect students’ feelings of isolation, stress, motivation and interest, and selfconcept; and (d) each aspect of students’ graduate school experience impact students’
satisfaction with graduate school, rate of progress and likelihood of degree completion or
attrition. Consequently, more research is needed to examine the effects of key graduate school
experiences.
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Research Productivity
Graduate study is designed to prepare students for careers in a particular field. And in
most fields, job applicants are expected to demonstrate their ability to conduct research.
However, students vary greatly in their level of research productivity, which includes
publications and conference presentations. A small body of research indicates that a student’s
productivity as a researcher impacts his or her graduate school experiences in numerous ways.
Research Productivity’s Relation to Orientation
Three qualitative studies found connections between research productivity and student
orientations. In two of the studies, researchers interviewed graduate students from multiple
fields of study at numerous institutions and found that respondents consistently indicated that
research experience strengthened their commitments to their professions, improved their
independence as professionals, and increased their confidence in their ability to frame research
questions, design studies, and write for publication (Austin, 2002; Haworth & Bair, 2000). The
third study had 213 female doctoral candidates and recent graduates at multiple institutions fill
out an open-ended questionnaire; data analysis revealed 38% of the respondents discussed the
stress they felt from having limited experience with research (Moyer et al., 1999). Although
these studies provide strong evidence for the impact of research productivity on student
orientations, only two studies found connections between research productivity and
commitment and self-concept; and only one study found connections between research
productivity and stress. So, more research is needed to truly establish these connections.
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Research Productivity’s Relation to Satisfaction
The complementary findings of two qualitative research studies link students’ research
productivity to satisfaction. First, Haworth and Bair (2000) interviewed graduate students and
recent graduates from multiple fields of study at numerous institutions. Both students and
alumni indicated that participation in research-based activities challenged them to apply and
understand what they already knew in deeper and more meaningful ways. As a result, they felt
that research-based activities were extremely beneficial to them and enriched their doctoral
experiences. In the second study, Ellis (2001) interviewed graduate students and recent
graduates from multiple fields of study at a single institution. During the interviews,
respondents, who had not been given as many opportunities to engage in research as they
thought they should, were less satisfied with their graduate school experiences. Although these
two studies provide some insight into the link between students’ research productivity and their
satisfaction with the graduate school experience, more research is needed to determine the
extent and exact nature of the link.
Research Productivity’s Relation to Rate of Progress/Time to Degree
Two large-scale quantitative survey studies, across multiple fields at numerous
institutions, found positive correlations between the number of projects and research
opportunities in which a student participates and the student’s rate of progress and time to
completion (Baird, 1990; Girves & Wemmerus, 1988). However, since there are a limited
number of studies, both of which are over 20 years old, more research is needed to determine
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the generalizability of these findings and if they still apply in current graduate programs. In
addition, qualitative research is needed to develop a deeper understanding of the connection.
Research Productivity’s Relation to Degree Completion/Attrition
The more experience students get with all aspects of the research process, the better
prepared they are for completing the dissertation phase of graduate school and for engaging in
research in the future. This is evident in the findings of two studies (one multi-case and one
quantitative survey study), where experience with research prior to the dissertation increased the
likelihood that students would finish the dissertation and successfully complete their degrees
(Haworth & Bair, 2000; Kluever, 1997). In addition, one qualitative survey study, on the
attrition of White and minority female students from graduate school, found that many (38% out
of 213) participants were concerned about their lack of research experience and professional
accomplishments (such as publishing and presenting research at conferences); the researchers
hypothesized that this concern may lead to the loss of women graduate students (Moyer et al.,
1999). Again, the research into this connection is limited; so, more research is needed to
determine its extent and exact nature.
Summary
A small body of research indicates that a student’s productivity as a researcher impacts
his or her orientation, satisfaction with graduate school, rate of progress, and likelihood of
completing the degree. However, the limited number of studies makes it difficult to ascertain
the impact of research productivity on graduate students in general, or to truly understand the
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connection between research productivity and students’ orientations, satisfaction with graduate
school, and likelihood of completing the degree or attriting.
Interaction
During graduate school, students are socialized into the community of their academic
discipline (Gardner, 2008a; Golde, 1998; Weidman et al., 2001). A major component of the
socialization process occurs through interactions (both formal and informal) with faculty and
peers in their department. Research has demonstrated that these interactions shape multiples
aspects of the graduate school experience.
Interaction’s Relation to Research Productivity
Two quantitative studies found that the more socially integrated students are into their
department, the more they participate with faculty and peers in projects and other activities
outside the classroom (Girves & Wemmerus, 1988; Hirschberg & Itkin, 1978). In addition,
Ellis’ (2001) qualitative interviews with doctoral students revealed that students with “good”
advisors or mentors, participated in more research activities, made more presentations at
conferences, and presented more co-authored papers.
Interaction’s Relation to Orientation
Not surprisingly, a broad, body of research demonstrates that students’ interactions with
peers and faculty impact several aspects of their orientation, including feelings of isolation,
stress, motivation and interest, self-concept, and career commitment. First, a lack of interaction
with peers and faculty results in feelings of isolation (Ali & Kohun, 2006, 2007; Herzig, 2002,
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2004a). Smith and colleagues (2006) state, “The absence of a sense of community in a doctoral
program has the effect of isolating students from one another and from faculty” (p.22). The
emotional support and companionship given by peers throughout graduate school helps students
not to feel alone, especially during the dissertation process (Monsour & Corman, 1991). In
addition, interaction with faculty is central to socializing students into the departmental
community, and in so doing, faculty play a key role in helping students to overcome feelings of
isolation and loneliness during graduate school (Gardner, 2005; Girves & Wemmerus, 1988;
Herzig, 2002; Lewis et al., 2004).
Second, graduate school is often a very stressful experience for students. Several studies
have found that social interaction with peers and mentors can help to eliminate, or at least
reduce, the effects of stress on students (Bargar & Mayo-Chamberlain, 1983; Kurtz-Costes et
al., 2006; Monsour & Corman, 1991; Ülkü-Steiner et al., 2000).
Third, the results of a single empirical study indicate that interactions also have an
impact on student motivation. In this study, students discussed how academic interaction with
faculty helped them to find connections among key ideas and see the ‘big picture’, which they
maintained was important for maintaining their motivation in graduate school (Herzig, 2002). In
addition, Monsour and Corman (1991) base their theoretical paper, in part, on the premise that
peers are an important motivators for students maintain during the long and arduous dissertation
process.
Fourth, two studies found positive correlations between students’ interactions with
mentors and their self-concepts (Haworth & Bair, 2000; Ülkü-Steiner et al., 2000). Haworth and
Bair (2000) state, “First, mentoring often strengthened students’ confidence in themselves as
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learners. Second, the validation students received from their mentors not only enhanced their
confidence, but it also helped them to see themselves as intelligent, skilled leaders for their
professions” (p.27-28).
Finally, several studies have also noted the impact interactions with peers and faculty
have on career commitment. Some interactions make students question whether they truly want
to enter academia. Three qualitative studies and one literature review found that by simply
observing the lives of faculty, many students came to believe that it is not possible to have a
“balanced life” in academia; instead, they perceived that they had to adjust or give up personal
interests and goals to meet professional requirements (Austin, 2002; Bargar & MayoChamberlain, 1983; Gardner, 2005; Kurtz-Costes et al., 2006). For example, Gardner (2005)
found
While many of the students planned to eventually pursue an academic career, their
experiences in graduate school soured them toward pursuing a position in a researchextensive institution… The socialization these students are receiving are turning them
against academic careers similar to those of their faculty advisors (p.104).
In addition, one quantitative study found positive correlations between mentor and peer support
and career commitment (Ülkü-Steiner et al., 2000).
Thus, a broad body of literature examined the relationship of students’ interactions with
peers and faculty and their orientations. These studies provide significant support for the
importance of social interactions in reducing feelings of isolation and increasing career
commitment. Limited evidence is also found for the impact of interactions on students’ stress,
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motivation, and self-concepts; however, more research is needed to further explore the extent
and nature of this impact.
Interaction’s Relation to Satisfaction
Numerous studies have found that students who are social integrated, by faculty and/or
peers, into their departments tend to be more satisfied with their graduate school experiences. In
three qualitative studies, students indicated that developing supportive relationships with their
peers enriched their experiences and was one of the most important and valuable parts of their
graduate experiences (Gardner, 2005, 2007; Haworth & Bair, 2000).
Social and academic interactions with faculty (and especially mentors) have also
consistently been shown to impact students’ satisfaction (Anderson, Oju& Falkner, 2001;
Austin, 2002; Ellis, 2001; Gardner, 2005, 2007; Girves & Wemmerus, 1988; Haworth & Bair,
2000; Herzig, 2004b; Hollenshead et al., 1994; Kurtz-Costes et al., 2006). Upon completion of
graduate school, students expect to be successful in their chosen careers; and their satisfaction
with graduate school is directly linked to how well they are prepared for success. In addition to
developing sufficient knowledge of content and methods, their preparation requires learning
how to be productive and ethical members of the academic community, which comes mainly
from interacting with faculty. Consequently, students’ satisfaction with graduate school is
impacted by their interactions with faculty (Anderson et al., 2001; Gardner, 2007; Haworth &
Bair, 2000; Herzig, 2004b; Hollenshead et al., 1994). In addition, Herzig’s (2004b) and
Gardner’s (2007) semi-structured interviews with doctoral students revealed the importance of
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moral support and encouragement from faculty in doctoral students’ success in and satisfaction
with their graduate school experiences.
In the case of mentors, Ellis (2001) interviewed 25 graduate students and 42 graduates
and found that simply having a mentor or a good academic advisor positively influenced
students’ satisfaction with doctoral study. Other researchers have gone a step further and
demonstrated that the nature of students’ relationships with their mentors also impacts their
satisfaction (Anderson et al., 2001; Gardner, 2005; Girves & Wemmerus, 1988; Haworth &
Bair, 2000; Herzig, 2004b; Kurtz-Costes et al., 2006). For example, Kurtz-Costes and
colleagues (2006) conducted a qualitative interview study of doctoral students at a large, public
university in the southeast. Analysis of the interviews resulted in the following list of mentor
characteristics that respondents indicated positively impacted their satisfaction:
(i) took interest in a student’s work, (ii) possessed a breadth of knowledge, (iii) was
constructive, supportive, encouraging, reliable, available, and facilitative, (iv) pushed the
student to stay on track, (v) encouraged and aided students in finding funding, and (vi)
represented and defended the student within the program (p.143).
Mentors can also negatively impact students satisfaction by not providing the guidance and
support (both moral and academic) needed to tackle challenges successfully; not taking an
interest in students or their progress; and not demonstrating how they think about the discipline
and approach research (Haworth & Bair, 2000; Herzig, 2004b).
Thus, numerous researchers examined the relationship of students’ interactions with
peers and faculty and their satisfaction with graduate school. These studies leave no doubt that
interactions with faculty and mentors have an effect on students’ satisfaction with gradate
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school; and the nature of the interaction determines whether that effect is positive or negative.
In addition, three studies indicate that peer interactions also have an impact; however, more
research is needed to better understand this finding.
Interaction’s Relation to Rate of Progress/Time to Degree
There is no doubt that faculty impact students’ progress through degree programs. In one
mixed method and several quantitative studies, students indicated that receiving emotional and
academic support from faculty facilitated their progress through the degree (Benkin, 1984;
Girves & Wemmerus, 1988; Maher et al., 2004; Nerad & Cerny, 1993). Maher and colleagues
(2004), for example, found that participants, who finished their degrees in relatively short
amounts of time were more likely to describe faculty as advocates and “removers of roadblocks” to degree progress.
Of all program faculty, mentors and advisors play the most influential roles in students’
degree progress (Benkin, 1984; Earl-Novell, 2006; Ellis, 2001; Ferrer de Valero, 1996; Girves
& Wemmerus, 1988). Earl-Novell (2006) states, “A good choice of advisor was viewed as
fundamental by the majority of participants, since doctoral completion was facilitated by
advisor support, input, and encouragement. If an advisor placed the onus entirely on the student,
time-to-completion was lengthened” (p. 53). Researchers have determined that students, whose
advisors (i) encouraged them, (ii) clarified departmental expectations, (iii) helped them to
choose courses, (iv) meet departmental deadlines on time, (v) prepare for qualifying exams, (vi)
participate in research and teaching, (vii) make more conference presentations, (viii) publish
more articles, and (ix) remain more involved in social activities of the department, made greater
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degree progress than other students (Bargar & Mayo-Chamberlain, 1983; Ellis, 2001; Herzig,
2004b; Maher et al., 2004; Manzo, 1994; Nerad & Cerny, 1993). In addition, the mentor or
advisor plays a central role in a student’s progress during the dissertation phase of doctoral
study. By having regular meetings with the student, advising the student in selecting an
appropriate and feasible dissertation topic, and assisting the student in developing a dissertation
prospects and writing the dissertation, the advisor increases the speed of a student’s degree
progress (Bargar & Mayo-Chamberlain, 1983; Nerad & Cerny, 1993).
The impact of peers on students’ degree progress is less clear. Two studies found that
receiving help, support, and guidance from peers positively impacts students’ degree progress
(Gardner, 2007; Maher et al., 2004). However, no other studies made this connection.
Consequently, more research is needed to determine if peer interactions have an impact on
degree progress.
Interaction’s Relation to Degree Completion/Attrition
For many graduate students, successful degree completion is more likely if they become
socially integrated into their programs (Ali & Kohun, 2006; Gardner, 2008a; Herzig, 2002,
2004a; Kluever, 1997; Lovitts & Nelson, 2000; Smith et al., 2006). According to Lovitts and
Nelson (2000), one reason for this connection is that graduate students must acquire informal
(or tacit) knowledge in order to get through the graduate program, and this informal knowledge
can only be acquired through interactions with other members of the department. Another cited
reason is that peers and faculty can provide much needed emotional support for students during
graduate school (Hollenshead et al., 1994; Kluever, 1997; Smith et al., 2006).
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There is disagreement in the research findings as to whether interaction with peers has
an impact on students’ persistence. Several studies found that peer support did not have a
significant impact on students’ likelihood of persisting through the degree (Carlson, 1995;
Cooke et al., 1995; Golde, 2000; Kluever, 1997); while others found that integration into a
community of peers can promote successful completion of graduate degrees (Austin, 2002; Bair
& Haworth, 2004; Gardner, 2005, 2007; Golde, 2005; Hirschberg & Itkin, 1978; Monsour &
Corman, 1991; Smith et al., 2006). Clearly, more research is needed in order to ascertain the
exact role peers play in students’ persistence.
In contrast, there appears to be no doubt that faculty interactions with students, both
social and academic, affect students’ success in graduate school (Bair & Haworth, 2004;
Benkin, 1984; Carlson, 1995; Golde, 2005; Herzig, 2002; Hirschberg & Itkin, 1978;
Hollenshead et al., 1994; Lewis et al., 2004; Stage & Maple, 1996). Students in five studies
stated that, by simply providing emotional support, faculty made a positive difference in their
decision to persist in graduate school (Benkin, 1984; Carlson, 1995; Golde, 2005; Herzig, 2002;
Hollenshead et al., 1994); one study found that in programs with competitive climates, this
impact was especially significant (Hollenshead et al., 1994). In addition, a lack of academic
support by faculty can negatively impact students’ persistence. Students often have to make up
for various deficiencies, and in order to do so, need academic support from faculty (Lewis et al.,
2004). However, in a study of students who departed mathematics doctoral programs prior to
completing their degrees, Herzig (2002) found that students consistently discussed their
inability to get advice or mentoring from faculty when they had difficulty with coursework or
qualifying exams and that this lack of support impacted their decisions to leave.
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Although interactions with faculty, in general, are important, many researchers assert
that the interactions students have with mentors or advisors have the most significant impacts on
student persistence. Students who do not have a mentor/advisor or are forced to change
mentors/advisors are less likely to persist (Dua, 2007; Earl-Novell, 2006; Ferrer de Valero,
1996; Lewis et al., 2004; Stage & Maple, 1996; Willis, 2007). But simply having an advisor is
not enough; the degree and quality of interactions with a mentor also has a significant impact on
student persistence (Bair & Haworth, 2004; Bauer, 1997; Carlson, 1999; Dua, 2007; EarlNovell, 2006; Ehrenberg et al., 2007; Ferrer de Valero, 2001; Frasier, 1993; Gardner, 2005;
Golde, 2000, 2005; Herzig, 2002; Hollenshead et al., 1994; Kluever, 1997; Kurtz-Costes et al.,
2006; Lewis et al., 2004; Lovitts & Nelson, 2000; Manzo, 1994; Moyer et al., 1999; Willis,
2007). Based on their interviews with graduate students, Kurtz-Costes and colleagues identified
six key characteristics of a mentor that promote student success. They are (i) taking an interest
in the student’s work; (ii) possessing a breadth of knowledge; (iii) being constructive,
supportive, encouraging, reliable, available and facilitative; (iv) pushing the student to stay on
track; (v) encouraging and aiding the student in finding funding; and (vi) representing and
defending the student within the program (Kurtz-Costes et al., 2006).
Summary
Numerous studies have investigated the impact that students’ interactions, with faculty
and peers in their program, have on their graduate school experience. These studies leave no
doubt that simply having contact with faculty and peers reduces feelings of isolation. In
addition, social contact with faculty (and mentors, in particular) has been shown to significantly
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affect students’ research productivity, career commitment, and their progress through,
satisfaction with, and success in graduate school. Whether this impact is positive or negative
depends on the nature of the interactions.
A limited number of studies also indicates that interactions, in general, lower students’
stress and improve their motivation and self-concepts. More research is needed to corroborate
these findings. Additionally, interactions with peers impacted students’ research productivity,
satisfaction, and degree progress in a few studies. There is disagreement in the research as to
whether interaction with peers also has an impact on students’ persistence. Consequently, more
research is needed to investigate the impact that peer interactions have on all aspects of
students’ graduate school experience.
Orientation
Orientation describes the feelings, beliefs, dispositions, values, goals, and other personal
qualities that embody and define an individual’s approach to doctoral study of mathematics.
Research indicates that a student’s orientation influences his or her perceptions of and
experiences during graduate school.
Orientation’s Relation to Research Productivity
Interestingly, career commitment is also the only aspect of a student’s orientation that
has been connected to research productivity. And, again, a single quantitative study made this
connection. For the study, Hirschberg and Itkin (1978) examined data on all graduate students
who entered the psychology department of the University of Illinois at Urbana-Champaign
between 1965 and 1970 and found that the single best predictor of the number of publications,
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in which the student was a first author, was the student’s career commitment. This study is quite
limited in its scope (since it takes place at a single institution and focuses on only one program)
and is over 30 years old; so, its generalizability and applicability to current graduate students is
questionable. Therefore, more research is needed.
Orientation’s Relation to Orientation
Feelings of Isolation’s Relation to Stress
Although no empirical research study investigated the relationship between feelings of
isolation and stress, two theoretical studies discuss the connection. First, Monsour and Corman
(1991) claim that during the dissertation, students work in isolation and have little or no
emotional support. As a result, the stressors in writing the dissertation become exacerbated. In
the second study, Ali and Kohun (2007) claim that stress contributes to students’ feelings of
isolation. Clearly, empirical research is needed to verify these claims.
Confusion’s Relation to Feelings of Isolation
Ali and Kohun (2006) also claim that students will often begin to feel isolated when they
are either uninformed, misinformed, or confused about the degree program and its requirements.
However, no other study made connections between confusion about requirements and
expectations and feelings of isolation; so, as in the previous case, empirical research is needed
to verify their claims.
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Motivation and Interest’s Relation to Stress
Monsour and Corman’s (1991) theoretical study also indicates that, during the
dissertation phase of doctoral study, students often feel stress to maintain motivation. No other
study made this connection; consequently, empirical evidence is needed to verify the claim.
The Relationship between Stress, Self-Concept, and Career Commitment
A single quantitative study, which surveyed 565 graduate students across disciplines at a
large southern state university, found strong negative correlations between stress and academic
self-concept and between stress and career commitment and a strong positive correlation
between self-concept and career commitment (Ülkü-Steiner et al., 2000). No other study
investigated these connections; more research is needed to determine the generalizability of
these findings and to investigate the exact nature of the connections.
Partner/Family Support’s Relation to Career Commitment
The results of Ülkü-Steiner, Kurtz-Costes, and Kinlaw’s (2000) study also indicate that
students, who believed that their partners supported them in their decision to attend graduate
school, had higher career commitment than those who did not. No other study made this
connection; so, again, more research is needed.
Conflict with Personal Life’s Relation to Career Commitment and Stress
Two studies by Ülkü-Steiner, Kurtz-Costes and colleagues (Kurtz-Costes et al., 2006;
Ülkü-Steiner et al., 2000) found that students who reported conflict between their personal and
professional goals, or who faced other family issues, had lower career commitment than those
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who did not. In one of the studies, they also found that students, who described conflict between
their personal and professional lives, felt more stress than those who did not; students indicated
that stressors from the conflict included not having enough time for one’s family, finding ways
to adequately support their children financially, and feeling torn between wanting to be with
their families and feeling the need to work on their doctoral studies (Kurtz-Costes et al., 2006).
More research is needed to better establish this connection.
Self-Concept’s Relation to Procrastination
Green (1997) surveyed 142 doctoral graduates and 97 ABDs from the School of
Education at the University of Denver and found that students with lower self-concepts were
more likely to procrastinate. This study is quite limited in its scope (only looks at students from
a single department at one institution), and no other study examines the relationship between
self-concept and procrastination. Consequently, more research is needed to determine if these
findings are generalizable and to understand the nature of the connection.
Summary of Orientation’s Relation to Orientation
Several theoretical research studies and a few empirical studies indicate that
relationships exist among aspects of orientation. In particular, theoretical studies claim that
feelings of isolation and stress often occur in conjunction, that confusion leads to feelings of
isolation, and that the need to remain motivated during the dissertation phase of graduate school
can be stressful for students. In addition, a few empirical studies indicate that (i) stress is
negatively correlated with academic self-concept and career commitment; (ii) self-concept is
positively correlated with career commitment; (iii) perceiving that partners are supportive of
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their decision to attend graduate school results in higher career commitment; (iv) lower selfconcept leads to a greater likelihood of procrastination; and (v) conflict between personal and
professional goals or other family issues results in lower career commitment and increased
stress. None of these relationships has been adequately demonstrated by empirical research;
consequently, more research is needed.
Orientation’s Relation to Rate of Progress/Time to Degree
Feelings of Isolation’s Relation to Rate of Progress/Time to Degree
In a theoretical paper, Dua (2007) cited feelings of isolation from faculty and other
students as a major cause for women to take longer to complete their degrees. No other study
made the connection. Therefore, empirical research is needed to establish Dua’s claim.
Motivation’s and Interest’s Relation to Rate of Progress/Time to Degree
Three quantitative studies found that motivation was positively correlated to rate of
progress (especially, during the dissertation phase) and time to degree (Bauer, 1997; Frasier,
1993; Maher et al., 2004). In Maher and colleagues’ (2004) study of women doctoral students,
for example, the typical early finishing woman was characterized as highly motivated and
described herself as “goal-oriented” and “disciplined.” It is important to note that all three
studies took place at single institutions, and two only examined Education departments.
Consequently, the generalizability of the findings is questionable. More research is needed to
determine whether this connection exists for graduate students across disciplines and
institutions.
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Self-Concept’s Relation to Rate of Progress/Time to Degree
Two quantitative studies investigated the relationship between self-concept and rate of
progress. The results of the first study indicate that doctoral candidates with low self-concepts
take longer to complete their dissertations (Bauer, 1997). Bauer claims that this is because they
are more likely to get “blocked” in choosing a topic, in “endless” literature reviews, and in
expressing their own ideas. In the second study, Bishop (1981) hypothesized that ABD students
(i.e, students who take longer to complete their degrees) would have lower self-esteems than
those who completed quickly; yet, the results of his study failed to confirm this hypothesis.
Procrastination’s Relation to Rate of Progress/Time to Degree
In a quantitative survey study of University of Denver’s College of Education doctoral
students and graduates, Green (1997) found that elements of procrastination, such as low
frustration tolerance, rebellion, self-denigration, insufficient reinforcement of lack of structure,
and task aversion, significantly predicted delayed completion of the dissertation.
Persistence’s Relation to Rate of Progress/Time to Degree
Graduate-level study and research is not easy; therefore, it is not surprising that several
studies found that persistence is a personality trait that positively impacts degree progress
(Carlson, 1999; Green, 1997; Kluever, 1997; Lovitts, 2008). Carlson (1999), for example,
observed that all of the successful graduate students in his study possessed exceptionally strong
persistence.

120

Summary of Orientation’s Relation to Rate of Progress/Time to Degree
A limited number of studies investigated the relationship between students’ orientations
and their rates of progress or times to degree. These studies clearly demonstrate that persistence
helps students to progress more quickly through their programs. In addition, they provide some
evidence that motivation and self-concept positively impact degree progress, and procrastination
delays it. In addition, one theoretical paper claimed that feelings of isolation result in longer
times to completion. Clearly, more research is needed to examine the effect that motivation,
self-concept, procrastination, and feelings of isolation have on students’ rates of progress.
Orientation’s Relation to Degree Completion/Attrition
Feelings of Isolation’s Relation to Degree Completion/Attrition
Research appears to indicate clearly that feelings of isolation are a major cause of
graduate student attrition (Ali & Kohun, 2006; Dua, 2007; Golde, 2005; Herzig, 2004a; Lewis
et al., 2004; Lovitts, 2001; McAlpine & Norton, 2006; Monsour & Corman, 1991; Moyer et al.,
1999). Lovitts (2001), for example, found that the primary reason for students leaving their
program was integration-related reasons, and feeling isolated was among the most frequently
cited integration-related reasons. It is important to note one quantitative study that did not find a
correlation between feelings of isolation and degree completion (Cooke et al., 1995). However,
the participants of this study were 230 students in business, engineering, public administration,
and education Master’s degree programs at a single university; so, the generalizability of the
findings to all graduate students is questionable.
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Stress’s Relation to Degree Completion/Attrition
Each phase of doctoral study has been shown to have numerous stressors, including
deadlines, finding funding, and balancing teaching and research responsibilities. And several
studies have connected these stressors to students’ decisions to leave doctoral programs before
completing their degrees (Monsour & Corman, 1991; Moyer et al., 1999; Smith et al., 2006).
Confusion’s Relation to Degree Completion/Attrition
In a survey of Education doctoral students and graduates at the University of Denver,
Kluever (1997) found that students who had a clear understanding of college and university
dissertation guidelines, seminars on approaching the dissertation, and regularly scheduled
meetings with their advisor were more likely to complete their dissertation. No other study
made connections between students’ confusion about requirements and expectations and degree
completion or attrition. Therefore, more research is clearly needed to establish this relationship.
Motivation’s and Interest’s Relation to Degree Completion/Attrition
Numerous researchers have demonstrated and discussed the importance of motivation in
completion of a doctoral degree (Bauer, 1997; Cooke et al., 1995; Ferrer de Valero, 1996;
Frasier, 1993; Geraniou & Tall, 2004; Hirschberg & Itkin, 1978; Lovitts, 2008; Monsour &
Corman, 1991; Stage & Maple, 1996; Willis, 2007). Lovitts (2008) states,
Motivation – the nature and strength of a person’s desire to engage in an activity – is a
key factor that mediates between what a person can do and what a person will do. Not
only can it spell the difference between more and less successful career performance, but
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it can also spell the difference between doctoral degree completion and noncompletion
(p.313).
The role of intrinsic motivation in degree completion becomes crucial during the dissertation
phase, when students can no longer rely on external motivators (such as deadlines and grades)
to keep them working (Geraniou & Tall, 2004). Closely connected to students’ motivation is
their interest in what they are studying or researching. Students who are not interested in their
dissertation topic, for example, have more difficulty maintaining motivation and, as a result, are
more likely not to complete their dissertations (Carlson, 1999; Lovitts, 2008; Stage & Maple,
1996).
Self-Concept’s Relation to Degree Completion/Attrition
Several studies indicate that a certain amount of self-esteem and self-confidence are
necessary for students to complete graduate degrees (Bishop, 1981; Carlson, 1999; Hollenshead
et al., 1994; Lovitts, 2008; Moyer et al., 1999; Willis, 2007). Lovitts (2008) found that faculty
believed high self-concept was especially important during the transition into the third stage of
doctoral study (the dissertation phase), during which students are expected to work
independently.
Partner/Family Support’s Relation to Degree Completion/Attrition
Several studies reported that partner and family support positively impacts students’
decisions both to attend and to persist in graduate school (Conners & Franklin, 1999;
Hollenshead et al., 1994; Kluever, 1997; Kurtz-Costes et al., 2006). In a qualitative study of
female, higher education administration and educational psychology doctoral students at the
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University of Arkansas – Little Rock that were enrolled in a qualitative research methods
course, Conners and Franklin (1999) found that lack of partner and family support can result in
graduate student attrition; some of their participants, for example, discussed how their mate or
their children, or both, would place demands on them to either finish the degree quickly or drop
out of the graduate program completely.
Conflict with Personal Life’s Relation to Degree Completion/Attrition
Numerous studies have also found that perceived conflicts between a student’s personal
and professional goals can lead the student to not complete the graduate degrees (Bauer, 1997;
Conners & Franklin, 1999; Dua, 2007; Herzig, 2004a; Kluever, 1997; Kurtz-Costes et al., 2006;
McAlpine & Norton, 2006; Moyer et al., 1999; Stage & Maple, 1996).
Procrastination’s Relation to Degree Completion/Attrition
In a quantitative survey study of University of Denver’s College of Education doctoral
students and graduates, Green (1997) found that elements of procrastination, such as low
frustration tolerance, rebellion, self-denigration, insufficient reinforcement of lack of structure,
and task aversion, significantly predicted failure to complete the dissertation. No other study
made this connection; therefore, more research is needed.
Persistence’s Relation to Degree Completion/Attrition
Graduate-level study and research is not easy; therefore, it is not surprising that several
studies found that persistence is a personality trait connected with degree completion (Carlson,
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1999; Green, 1997; Kluever, 1997; Lovitts, 2008). Carlson (1999), for example, observed that
all of the successful graduate students in his study possessed exceptionally strong persistence.
Summary of Orientation’s Relation to Degree Completion/Attrition
Numerous studies have investigated the impact of students’ orientations on their
likelihoods of degree completion. This research provides strong evidence that feelings of
isolation lead many students to decide to leave graduate school prior to completing their
degrees; and that motivation, partner and family support, and a certain amount of self-esteem
and self-confidence are necessary for (or at least very beneficial for) students to complete their
degrees. In addition, one study found that confusion about requirements and expectations made
students less likely to complete their dissertations; however, more research is needed to confirm
this finding.
Summary
A student’s perspective on all aspects of the graduate school experience is defined and
embodied by their orientation. And there is no doubt that orientations impact a student’s
likelihood of completing the degree. In particular, feelings of isolation lead many students to
decide to leave graduate school prior to completing their degrees. And motivation, partner and
family support, and a certain amount of self-esteem and self-confidence are necessary (or at
least very beneficial) for students to complete their degrees. Studies have also clearly
demonstrated that persistence helps students to progress more quickly through their programs.
In addition, research indicates the existence of other interactions among aspects of
students’ orientations and factors in the graduate student experience. First, career commitment
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has been positively associated with interactions with faculty and peers and with research
productivity. Second, feelings of isolation appear to result in longer times to completion. Third,
confusion about requirements and expectations seem to make it less likely that students will
complete their dissertations and consequently, their degrees. Fourth, there is some evidence that
motivation and self-concept positively impact degree progress; while procrastination delays it.
And, finally, aspects of orientation seem to be interrelated. In particular, (i) stress is negatively
correlated with academic self-concept and career commitment; (ii) self-concept is positively
correlated with career commitment and negatively correlated with procrastination; (iii)
perceptions of partner support results in higher career commitment; and (iv) conflict between
personal and professional goals or other family issues results in lower career commitment and
increased stress. However, because the research on these five interactions are limited, more
research is needed.
Satisfaction
Graduate study takes a significant amount time and high levels of commitment. Students
must often give up a lot of other aspects of their lives in order to attend graduate school.
Therefore, it is important for students to feel satisfied with their decision to attend graduate
school and their experiences within graduate school. Research indicates that satisfaction with
doctoral study is positively correlated with probability of completing the degree.
Satisfaction’s Relation to Degree Completion/Attrition
Five studies found clear connections between students’ satisfaction with doctoral study
and their completion of the degree. All of the studies were quantitative survey studies, which
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included items on satisfaction in their survey instruments, and after analyzing the survey results,
they all uncovered significant correlations between degree completion and higher satisfaction
scores and between attrition and lower satisfaction scores (Benkin, 1984; Cooke et al., 1995;
Frasier, 1993; Girves & Wemmerus, 1988; Lovitts, 2001). These findings are also consistent
with the conclusions of Bair and Haworth’s (2004) review of literature.
Summary
Thus, research indicates that students’ satisfaction, with their decision to attend graduate
school and their experiences within graduate school, has an impact on whether they choose to
complete the degree or leave prior to finishing. This finding is makes sense; since, students elect
to attend graduate school, and if they are not getting the experience that they want, they are free
to pursue other career or schooling options. Research has not investigated the impact of
satisfaction on any other aspect of the graduate student experience.
Rate of Progress/Time to Completion
The amount of time it takes to complete a graduate degree varies greatly. This literature
review has already examined the impact various factors (including field of study, program
characteristics, students’ backgrounds, graduate school experiences, financial support,
interaction, and orientations) have on students’ rates of progress. It is important also to examine
the effect of students’ rates of progress on other factors. Limited research exists on this topic;
however, it appears that rate of progress is negatively correlated with motivation and positively
correlated with feelings of isolation and likelihood of attrition.
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Rate of Progress’s Relation to Orientation
Two studies have claimed that longer times to degree completion negatively impact
students’ orientations (Ali & Kohun, 2007; Frasier, 1993). The first, a theoretical study by Ali
and Kohun (2007), maintains that doctoral programs with long times to completion contribute to
students’ social isolation. The second, a quantitative survey study of doctoral degree recipients
and ABDs in the College of Education at the University of Missouri – Columbia, found that the
longer students are in doctoral study, the less motivated they become to complete the degree
(Frasier, 1993). These studies indicate that rate of progress may have an impact on students’
orientations; however, more research is clearly needed in order to truly establish a correlation.
Rate of Progress’s Relation to Satisfaction
One qualitative study of 342 doctoral candidates, 95 graduates, and 193 faculty
dissertation advisors at UCLA determined that the amount of time it took students to complete
the dissertation made no difference on students’ satisfaction with the dissertation process
(Bauer, 1997). No other study examined the relationship between students’ rate of progress and
satisfaction with any other aspect of the graduate school experience. Consequently, it remains
unclear what impact, if any, rate of progress has on student satisfaction.
Rate of Progress’s Relation to Degree Completion/Attrition
Two quantitative studies found that the more slowly students progressed through the
various degree requirements and the longer they were in graduate school, the more likely they
would attrite (i.e., leave the program prior to completing the degree) (Frasier, 1993; Hirschberg
& Itkin, 1978). However, each study took place in one department (one was psychology and the
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other was education) at a single university (one was at the University of California – Berkeley,
and the other was at the University of Missouri – Columbia); so, the generalizability of the
findings across departments and institutions is unclear. In addition, both are over 15 years old;
so, their applicability to today’s programs is also questionable. The findings are, on the other
hand, consistent with the conclusions of Bair and Haworth’s (2004) review of literature, which
found that these findings “went uncontested in the research, despite the small number of studies
that examined this particular variable” (p.513). Thus, it appears that more slowly students
progress through their programs, the more likely they are to attrite; however, more research is
needed to strengthen the claim.
Summary
Very few researchers have examined the impact time to degree or rate of progress has on
students. Yet, the existing research indicates that longer times to degree lower students’
motivation, increase their feelings of isolation, and make them more likely to attrite. More
research is needed, however, to truly establish the existence of these relationships.
Conclusion
The modified version of Nettles and Millet’s (2006) Conceptual Model of Doctoral
Student Experiences (see Appendix C and D) provided a useful framework for examining the
extant research. In the model, twelve personal and departmental factors were identified that
impact the graduate student experience and may influence the decision of doctoral students to
persist or leave without completing the degree. These factors are (1) Field of Study, (2) Program
Characteristics, (3) Admissions, (4) Background, (5) Immediate Post-Degree Career
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Expectations, (6) Funding During Graduate Study, (7) Graduate School Experiences, (8)
Research Productivity, (9) Interaction, (10) Orientation, (11) Satisfaction, and (12) Rate of
Progress/Time to Completion. By separating the factors and looking at their interactions with
each other and with degree completion and/or attrition, the model made strengths, as well as
holes, in the existing research become strikingly apparent.
The majority of the research focused on making connections between degree completion
(and/or attrition) and departmental or personal factors. In so doing, it has clearly demonstrated
that academic achievement indicators (such as, GRE scores and undergraduate grades) are not
good predictors of students’ probabilities of completing graduate degrees. In addition, field of
study, immediate post-degree career expectations, graduate school funding, students’
satisfaction with graduate school, and aspects of (i) program characteristics (namely,
requirements and expectations of a program and climate), (ii) the admissions process (namely,
how well a student is informed about graduate school), (iii) graduate school experiences
(namely, looming hurdles), (iv) interactions (namely, interactions with faculty and mentors), (v)
students’ orientations (namely, feelings of isolation, motivation, self-concept, and perceptions
of partner and family support) have been shown to impact students’ likelihoods of degree
completion and/or attrition.
Departmental and personal factors do not occur in isolation. Yet, their interactions have
only been of interest to a limited number of researchers. Consequently, only a handful of
relationships have been established in the research (see Appendix E). The majority of these
interactions deal with students’ satisfaction with graduate school and their rates of progress
through the degree. From the research, it is clear that field of study, source and amount of
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graduate school funding, interactions with faculty and mentors, level of persistence (a
component of orientation), and both a program’s climate and its requirements and expectations
(two components of program characteristics) affect students’ rates of progress. The level of
satisfaction that students have with graduate school, is influenced by the program’s climate (an
aspect of program characteristics), students’ gender and race (two components of their
background), amount and sources of graduate school funding, and their interactions with faculty
and mentors. Other demonstrated relationships are that (i) a student’s gender and race influence
the amounts and kinds of interactions the student has with faculty and peers as well as the
student’s orientations; (ii) students’ orientations are also affected by the amount and sources of
their graduate school funding; (iii) students’ interactions with peers impact their orientations;
and (iv) students’ interactions with faculty and mentors influence their research productivity and
orientations. As is evident in the diagram (see Appendix E), there are also numerous other
interactions that have been suggested by a few studies, but more research is needed in order for
them to be established.
Mathematics Graduate Programs
Theories of graduate student socialization discuss the importance of social interaction in
affectively socializing students into the graduate school community and the community of their
chosen profession. In addition, the review of literature above interaction with faculty and peers
as being a central component of the graduate student experience and as influencing students’
rates of progress, orientations, research productivity, satisfaction with and likelihood of
completing graduate school. Consequently, developing a deeper understanding of the
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interactions that students have with faculty and peers may provide insight into ways to improve
students’ graduate school experiences and reduce their attrition rates.
The literature review also indicated that field of study impacts students’ interactions
with faculty and peers. So, findings from research on interactions in non-mathematics graduate
programs cannot necessarily be applied to mathematics graduate programs; instead, an
understanding can only come from research that focuses on interactions in mathematics
graduate programs. This is problematic since few studies have looked specifically at
mathematics graduate study.
A search for research on graduate study of mathematics produced eleven empirical
studies and one literature review. Of these, eight touched on the impact of interactions with
faculty and peers on mathematics graduate students (Carlson, 1999; Earl-Novell, 2006; Herzig,
2002, 2004a, 2004b; Hollenshead et al., 1994; Manzo, 1994; Stage & Maple, 1996). In most of
these studies, students discussed feeling invisible and isolated in their mathematics graduate
program and claimed that contact with faculty outside the classroom was very limited or even
non-existent. Some of the students went on to state that this lack of interaction is problematic
since faculty support and encouragement was important in their continued persistence in
mathematics graduate study (Herzig, 2002, 2004a, 2004b; Hollenshead et al., 1994; Stage &
Maple, 1996). Participants, in one of the empirical studies on mathematics graduate study, also
mentioned the importance of peer encouragement during graduate school (Hollenshead et al.,
1994). In addition, none of the studies examined what successful interactions with peers and
faculty look like in mathematics graduate programs; instead, the discussion consistently focused
on problems students had with the interactions (or lack of interactions). Consequently, this study
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seeks to fill this gap in the research by exploring successful graduate candidates’ interactions
with faculty and peers.
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CHAPTER 4: METHODOLOGY
The research aims of a study should dictate which research method is used (Merriam,
1998; Seidman, 1991; Weiss, 1994). In this study, I sought to explore doctoral students’
interactions with faculty and peers (in their program) during graduate school and construct a
holistic, detailed description of the perceptions and understandings mathematics doctoral
students give to these interactions. In particular, I wanted to ascertain their perspectives on the
role that interactions with peers and faculty play in graduate school experiences and in
continued success in graduate school. Based on these aims, an in-depth, open-ended qualitative
interview study was the best choice for the study’s research method (Seidman, 1991; Weiss,
1994).
Researchers engage in qualitative interviewing to “gather descriptive data in the
subjects’ own words so that the researcher can develop insights on how subjects interpret some
piece of the world” (Bogdan & Biklen, 1998, p.96). The purpose of these insights is not to
generalize or extract facts or laws from the data, but to understand the meaning participants give
to experiences and life worlds (Patton, 2002; Warren, 2002; Weiss, 1994). Interviews are unique
in their ability to find out about the feelings, thoughts, intentions, and perceptions of participants
and the affect and meaning events hold for participants. After all, “every word that people use in
telling their stories is a microcosm of their consciousness. Individuals’ consciousness gives
access to the most complicated social and educational issues, because social and educational
issues are abstractions based on the concrete experiences of people” (Seidman, 1991, p.1). In
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addition, interviews allow a researcher to examine events that the researcher did not observe,
such as those that took place in the past (Hatch, 2002; Merriam, 1998; Seidman, 1991).
Individuals’ experiences can be studied through examination of personal and
institutional documents, observation, questionnaires and surveys. However, in-depth, qualitative
interviews are the best means for understanding the sense people make of their experiences, the
organization they give to the world, and the meaning behind their actions (Patton, 2002;
Seidman, 1991). The aim of this study was to explore doctoral students’ interactions with
faculty and peers and investigate graduate students’ perspectives on the role that interactions
with peers and faculty play in graduate school experiences and in continued success in graduate
school. Thus, for this study, qualitative interview was the best way to hear graduate students’
voices and understand their perspectives.
Context and Participants
Context
The study took place at a large, public research university in the southeastern United
States. The university’s mathematics department has a variety of degrees, including a doctoral
program, with an optional masters degree along the way. Thirty-five faculty members teach in
the department, and approximately 80 students are enrolled in the department’s graduate
programs. The department expects approximately 10 students to complete their doctoral
program annually. At the time of the study, about 30 students were working on dissertations.
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Participant Selection
Generalization of results to the larger population is not the goal of qualitative research;
therefore, it is not necessary to choose a representative sample of a population. Instead,
qualitative researchers use purposeful sampling, in which the researcher carefully picks
individuals for study who have the potential to add key insights into the research problem or
central phenomenon under study (Creswell, 2007; Merriam, 1998). The key aspect of
purposeful sampling is to determine what participant characteristics will elicit the richest and
most pertinent information cases.
In this study, I was interested in exploring mathematics doctoral students’ interactions
with faculty and peers in their program. In order to obtain the most useful data, criterion
sampling was used to choose participants based on two predetermined characteristics (Patton,
1990). First, participants were doctoral candidates in the mathematics department (meaning that
they had completed all coursework, passed preliminary examinations, and begun work on their
dissertation). Second, participants’ entire educational experience occurred in the United States.
The reason for selecting only doctoral candidates for participation in this study is multifaceted. Rubin and Rubin (2005) claim that interviewing people who are especially
knowledgeable and experienced in the topic under investigation often provides the best data. In
this case, doctoral candidates were the most knowledgeable and experienced because they had
successfully maneuvered through the coursework phase and entered the dissertation phase of
doctoral study. Consequently, they were able to discuss the kinds and amounts of interactions in
each of the phases of graduate study. In addition, their advanced stage in doctoral study allowed
them to be more cognizant of the impacts of interactions in their degree progress than less
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advanced students. Doctoral candidates were also better suited for this study than professors or
recent graduates because, by still being entrenched in doctoral study of mathematics, they were
experiencing their program from the student’s perspective. Finally, research has indicated that a
lack of interaction with faculty and peers is a major reason for mathematics doctoral student
attrition (Herzig, 2002, 2004a, 2004b). So, attrited students are more likely than continuing
students to have few interactions with peers and faculty and consequently, were not used for this
study.
Students who were not educated in the United States were not included in this study
because cultural differences can lead to differences in interaction with peers and faculty. One
quantitative survey study of Sociology and Educational Foundations graduate students found
that foreign students had fewer interactions and were more reticent in the interactions that they
did have with faculty than their American peers (Weidman & Stein, 2003). In addition,
discourse socialization research indicates that international students, who are non-native English
speakers, face difficulties in negotiating the competence, identities, and power relations
necessary to participate and become recognized as legitimate and competent members of
graduate school communities (Morita, 2004).
Nine individuals participated in this study. For qualitative researchers, the decision on
the number of participants for a qualitative study depends on the type of research and the aims
of the research (Creswell, 2007; Hatch, 2002; Merriam, 1998). Creswell (2007) holds that “one
general guideline in qualitative research is not only to study a few sites or individuals but also to
collect extensive data about each site or individual studied” (p.126). Collecting extensive data
for an individual or site requires a large time (and often monetary) commitment; therefore, a
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careful balance must be made between number of participants and the depth of information
gathered for each participant. The sample size of nine participants seems to have achieved this
balance. Although approximately even numbers of men and women enter the program, only
four of the doctoral candidates were women, and only one agreed to participate in the study.
The department does not have any African American doctoral candidates and only one Hispanic
doctoral candidate; so, although I would have liked to have minority participants, all of the
participants were Caucasian due to the make-up of this particular department.
All of the participants, except Drew, were in their twenties. Drew was middle-aged, and
had a career in engineering prior to entering graduate school. Arthur, Sarah, Sean, Sam, Tom,
and Seth were married; Dustin had a long-time girlfriend, whom he referred to as his wife. Tom
was the only participant with a child, who was born during his first year in graduate school.
Andy entered the doctoral program in 2003; Sarah, Sean, Dustin, and Sam entered in 2004; and
Arthur, Seth, Drew, and Tom entered in 2005.
Mathematics departments are typically divided between applied and pure mathematics.
Pure mathematicians focus on developing theory, and students seeking a degree in pure
mathematics are usually driven by the study of mathematics as a field in itself. Applied
mathematicians utilize mathematics as a tool for applications in fields outside of mathematics,
such as the sciences; so, students pursuing a degree in applied mathematics typically enjoy
seeing mathematical theory put into practice. For example, an applied mathematician might
develop a mathematical model for the spread of rabies in bats. In this study, two of the
participants were in areas of applied mathematics, including industrial mathematics, and seven
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were in areas of pure mathematics, including commutative algebra and algebraic topology. The
exact area of each participant will not be given in order to maintain confidentiality.
In sum, this qualitative interview study took place at a large, public research university
in the Southeastern United States. Nine doctoral candidates in the mathematics department,
whose K-graduate education took place in the United States, participated in the study.
Data Collection Procedures
Access and Entry Procedures
The data collection procedures of this research occurred in the following chronological
order. First, I provided the mathematics department head with a study information sheet and
asked that he sign a letter of approval. With his approval, I sought Institutional Review Board
(IRB) approval from the university. Once the study was approved, students who met the criteria
(i.e., doctoral candidates in mathematics whose entire educational experience occurred in the
United States) were given formal invitations to participate via email (see Appendix H). Only six
participants agreed to participate in the study. Therefore, a second recruitment email was sent
two weeks later (see Appendix I). The second email resulted in an additional three participants.
Once the nine students agreed to participate, their interviews were scheduled. At the beginning
of the first interview, each participant was given time to read, ask questions, and sign the
informed consent form, which included written information about the study (see Appendix F).
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Data Collection Methods
The interview technique for this study was semi-structured (also called “formal” or “indepth”) interviewing. In-depth interviewing lies somewhere between the two extremes of
highly-structured and unstructured interviews. Highly-structured (or standardized) interviews
are basically oral surveys, in which the interviewer strictly adheres to a set of standard questions
given in exactly the same order and wording to each respondent. Interview questions in
unstructured (or informal) interviews, on the other hand, are completely flexible and allow the
respondent to bring up issues or topics of interest during the interview. In-depth interviewing
seeks to find a balance between the other two approaches. It sacrifices the uniformity of the
standardized interview in an attempt to provide participants with the time and opportunity to
fully recreate their experiences. However, enough structure is maintained to focus the interview
and ensure that the respondent provides data addressing the research questions of the study
(Hatch, 2002; Merriam, 1998). In-depth interviews allowed me to achieve depth, coherence, and
density in the data each participant provided and thereby, supplied me with enough material to
construct a cohesive account of the participants’ perceptions of key interactions with faculty and
peers and the meaning they gave to those interactions (Hatch, 2002; Seidman, 1991; Weiss,
1994).
Although the study was not ethnographic, the interview process was guided by
Spradley’s (1979) description of ethnographic interviewing. In particular, Spradley (1979)
discussed three primary categories of interview questions (descriptive, structural, and contrast),
which “give researchers an organizer for thinking about how to frame questions” (Hatch, 2002,
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p.105). Utilizing Spradley’s (1979) descriptive, structural, and contrast questions in each
interview enabled me to better understand the mathematics doctoral students’ perspectives.
Descriptive questions aim to encourage an informant to talk about a particular cultural
scene. In this study, for example, participants were asked to describe a recent conversation with
their advisor. “Informants are selected for interviews because they have some special
knowledge that the researcher hopes to capture in his or her data. Descriptive questions ask
informants to put that knowledge into words” (Hatch, 2002, p.104). One particular type of
descriptive question, the grand tour question, was used at the beginning of each interview. To
begin each participant’s first interview, he/she was asked, “How would you describe doctoral
study of mathematics?” The grand tour question asks respondents to give a verbal tour of
something they know well. It gets respondents talking, but in a fairly focused way. More
specifically, it meets the objective of encouraging participants to talk and elaborate on topics of
interest (Spradley, 1979).
Structural questions investigate how informants organize their knowledge. A structural
question asks the informant to categorize his or her knowledge. In other words, “They provide
questioning tools for going beyond descriptive information into exploring what relationships
informants see in their cultural experiences” (Hatch, 2002, p.104). For example, participants
were asked, “What types of interactions did you have with peers in your classes?” and “What
does it take to do well in your program?” Asking structural questions allows the interviewer to
get some understanding of how informants think about and make sense of the social phenomena
under investigation (Hatch, 2002, p.104).
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Contrast questions ask the informant to differentiate between or to compare two objects
or events. In this study, for example, participants were asked, “What are four differences
between the course-taking and the dissertation phases of graduate school?” The use of contrast
questions allows the researcher to “discover the dimensions of meaning which informants
employ to distinguish the objects and events in their world” (Spradley, 1979, p.60).
Descriptive, structural, and contrast questions made up part of each interview and
provided three distinct angles from which to approach the perspective of the informant (Hatch,
2002) (see Appendix G). Through asking a blend of descriptive, structural, and contrast
questions, I was able to (i) develop a picture of the participants’ own unique experience in
graduate school; (ii) have the participant reconstruct key interactions with faculty and peers in
detail and within the context in which they occurred; and (iii) identify the ways key interactions
impacted their study of doctoral mathematics.
The combination of data from two interviews allowed me to construct a detailed
description of the perceptions and understandings the mathematics doctoral candidates gave to
their interactions with faculty and peers in their program. The second interview built upon the
previous one and was helpful in reconstructing participants’ interactions and exploring the
meanings given to these interactions (Seidman, 1991). In addition, a second interview allowed
me to follow-up on ideas that arose from analysis of the first interview and provided participants
with an opportunity to reflect upon their responses to the first interview.
As with the number of participants for a study, there is no clear answer for determining
how long to make each interview. Yet, it is important to set a time and keep it. In this study,
each interview was approximately 60 minutes in length. All interviews were recorded using
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both the computer recording software, Audacity, and an audiotape recorder. The audiotape
recordings served as a backup in case something went wrong with the computer recording. As
soon as was possible after each interview, a verbatim transcription of the interview was created.
In summary, each of the nine participants were asked to participate in a series of two
one-on-one, semi-structured, 60 minute interviews. The interviews utilized Spradley’s (1979)
three primary types of questions (descriptive, structural, and contrast) to gather data about the
students’ unique graduate school experience, have the informants reconstruct their interactions
with faculty and peers in the mathematics doctoral program, and provide an opportunity to
develop an understanding of the meanings that participants give to the interactions discussed
throughout the interviews. All of the interviews were audio-recorded and transcribed verbatim
in preparation for data analysis.
Data Analysis Procedures
In qualitative research, multiple viable options are available for formally analyzing data,
including typological, inductive, interpretive, and political. As with all other decisions in
qualitative research, the decision of which type of analysis to use depends on the researcher’s
paradigm and the study itself (Hatch, 2002). In this study, typological analysis was used. In
typological analysis, the data are divided into categories based on “some canon for
disaggregating the whole phenomenon under study. Such typologies may be devised from a
theoretical framework or set of propositions or from common-sense or mundane perceptions of
reality” (LeCompte & Preissle, 1993, p.257). In this study, I sought to understand what life is
like in this graduate school community, to understand membership and how people learn to be
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members in both the graduate school community and the community of mathematicians and
mathematical researchers. Therefore, although typological analysis is less flexible than analytic
induction or constant comparison, I believe that the three stages of Tinto’s (1993) model of
doctoral student persistence, experiences outside of normal coursework that impact affective
socialization, and the groups of people with whom doctoral students typically interact, namely,
peers, faculty, and advisors, provided clear categories to begin disaggregating the data.
Consequently, the framework for typological analysis of this study was divided into
three sections (see Appendix J). The first examined the graduate school experience and was
partitioned by the three stages of Tinto’s (1993) model of doctoral student persistence. The
typologies for the coursework phase were (i) coursework (in general); (ii) studying for courses,
with sub-typologies (a) interactions with professors during office hours, (b) group work with
peers, and (c) dealing with being stuck; and (iii) professors’ teaching of courses. The typologies
for the preliminary (or qualifying) exam stage were (i) preliminary examinations (in general);
(ii) preparation for the exams with sub-typology (a) dealing with being stuck; (iii) interactions
with peers; and (iv) interactions with faculty. Finally, the typologies for the dissertation were (i)
the dissertation process; (ii) choosing an area; (iii) the advisor, with sub-typologies (a) choosing
an advisor and (b) interactions with the advisor; (iv) choosing a topic/problem; (v) research with
sub-typologies (a) dealing with being stuck, (b) connections to prior learning, and (c) impact of
undergraduate research; and (vi) interaction with peers. In addition to the three phases, two
typologies were included in the graduate school experience section for interactions with peers
(in general) and interactions with faculty (in general).
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The second section of the framework for the typological analysis of this study explored
students’ affective socialization. This section was included in the framework to highlight
doctoral student interactions and experiences, which affectively socialize doctoral students into
the community of mathematicians and mathematical researchers. The typologies in this section
were (i) conferences, (ii) collaboration, (iii) the job search, (iv) publishing, (v) teaching, and (vi)
research workshops.
The final section of the framework examined students’ experiences that led them to
consider leaving the program. Results of the literature review indicated that interactions with
peers and faculty may impact students’ persistence in graduate school; therefore, Thoughts of
Leaving was included as the third section in the framework. The typologies in this section were
(i) thoughts of leaving during the coursework; (ii) thoughts of leaving during preliminary
examinations; (iii) thoughts of leaving during dissertation; and (iv) impact of people on decision
with sub-typologies (a) peers, (b) faculty, (c) advisors, and (d) other.
It is important to note that although pre-determined categories were used to analyze the
data, I remained aware that other important categories were likely to be in the data and searched
for them in my analysis. In addition, I maintained a research journal throughout the study to
note initial impressions, observations, and informal theories. While collecting data, transcribing,
recording thoughts in my research journal, and planning subsequent steps, I continually
reviewed the data as a whole and tried to fill in any gaps I discovered along the way.
In this study, the analysis was based on the procedures of Hatch’s (2002) model of
typological analysis and consequently, data collection and analysis occurred in the following
steps:
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(i)

The typologies to be analyzed were identified based on findings from the
literature review and the theoretical framework (see Appendix J).

(ii)

All nine participants completed their first interview, and the interviews were
transcribed.

(iii)

For each typology, the interview transcripts were read through completely, and
entries related to the typology were marked.

(iv)

Typologies that each participant had not addressed were identified. In addition,
some tentative ideas and themes were also identified.

(v)

All nine participants completed their second interview. During the second round
of interviews, participants were specifically asked to speak to typologies not
discussed in their first interview and to weigh in on any tentative ideas and
themes identified in step iv.

(vi)

The participants’ second interviews were transcribed.

(vii)

For each typology
a. The set of two interviews for each participant was read through
completely and entries related to the typology were marked.
b. The entries for each participant were read, and the main ideas were
summarized and recorded on a summary sheet.
c. Based on the summary sheets for the typology, patterns, themes, and
relationships were identified.
d. The entries related to the typology for each participant were re-read to
determine the salience of the patterns, themes, and relationships. And the
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possibility of refining, eliminating, or creating new patterns, themes, and
relationships was explored.
e. In addition, negative case analysis was conducted. This means that each
entry that appeared to contradict a pattern, theme, or relationship was
reconsidered. The apparent contradiction was resolved through a decision
to change the pattern, theme, or relationship; to develop a new
understanding of the data that eliminated the contradiction; or to
completely abandon the pattern, theme, or relationship. Hatch (2002)
maintains, “These are difficult decisions, but making them allows you to
look yourself (and your critics) in the eye and say with confidence that
your findings are supported by your data” (p.171). In this study there
were several patterns that I thought were salient on a first reading but
were eliminated after this step.
(viii) A summary sheet of patterns, themes, and relationships for all of the typologies
was written.
(ix)

The data were examined in an attempt to find broad themes that cut across
typologies and bring the individual typologies together to provide a “big picture”
of the data.

(x)

A master outline of all of the relationships within and among the typologies was
created.

(xi)

Key data excerpts were selected to use in the final report as support for each of
the elements in the master outline.
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Methodological Issues
It is important to ensure that any research study meets certain standards. Initially,
qualitative research was held to the same standards as quantitative research, and researchers
were expected to demonstrate a study’s internal validity, external validity, reliability, and
objectivity. However, this expectation is problematic. Qualitative research has very different
aims than quantitative research. So, assessing qualitative studies by the same standards does not
make sense. In addition, constructivists are not concerned with traditional, positivist
methodological concerns. The final aim is not to ascertain the Truth about an objective,
universal Reality. Instead, the attempt is “understanding and reconstruction of the constructions
that people (including the inquirer) initially hold, aiming toward consensus but still open to new
interpretations as information and sophistication improve” (Guba & Lincoln, 1994, p.211). This
point of view led Lincoln and Guba (1985) to identify four criteria of trustworthiness for
qualitative research: (a) credibility, (b) dependability, (c) confirmability, and (d) transferability
of the findings, which are alternatives to traditional quantitative criteria. Consequently, issues
surrounding the trustworthiness of this study were addressed in the following manner:
Credibility
Credibility is the fit between the participants’ constructed realities and the researcher’s
reconstructions. It is achieved through referential adequacy. Referential adequacy refers to
returning to the archived recordings of the interviews to further test the findings. Upon
completion of the data analysis, I reviewed the recorded interviews to ensure that they were
consistent with the findings.
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Dependability and Confirmability
Dependability is the degree to which the study, if replicated with the same (or similar)
participants in the same (or a similar) context, would have the same (or similar) findings.
Confirmability is the degree to which the findings are the product of the inquiry and not altered
by the biases of the researcher. Auditing, maintaining a research journal, and writing a detailed
account of the research process in the final report established both the dependability and the
credibility of the study. To audit the study, I examined the findings, interpretations, and
recommendations and can attest that they are supported by data and are internally coherent. A
research journal helped me to recognize the influence my background and prior knowledge have
had on the research. Finally, by including a sufficiently clear account of the research process in
the final report, I have provided readers with access to my thinking and the thought processes
behind the conclusions I made about the data so that they can assess the dependability and
credibility of the findings on their own. In so doing, I also enhanced the confirmability of the
study (Hatch, 2002; Lincoln & Guba, 1985; Rubin & Rubin, 2005).
Transferability
Although the findings of qualitative research are defined by the specific context in which
they took place, it is the researcher’s responsibility to provide enough information for others to
determine the transferability of the findings to their own settings. In other words, “It is … not
the naturalist’s task to provide an index of transferability; it is his or her responsibility to
provide the data base that makes transferability judgments possible on the part of potential
appliers” (Lincoln & Guba, 1985, p.316). The transferability in this study has been established
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through thick descriptions. Upon completion of this study, each participant’s experience was
presented through rich, thick description, with the aim of providing sufficient detail and
precision for readers to determine the transferability of the findings (i.e., degree of congruence
and applicability of the findings to the readers’ own contexts).
Summary
Within a constructivist research stance, this research project utilized a qualitative
interview study approach to explore the interactions doctoral candidates have with faculty and
peers and gain an understanding of mathematics doctoral candidates’ perspectives on the role
that these interactions played in their graduate school experiences and in their continued success
in graduate school. Nine doctoral candidates from the mathematics department at a large, public
research university in the Southeastern United States who had attended United States schools
throughout their K-graduate education agreed to participate in the study. The researcher
conducted a series of two, semi-structured, approximately sixty minute, one-on-one interviews
with each participant. The interviews were recorded using both computer recording software
and an audiotape recorder and then, were transcribed. Typological analysis was used to analyze
the data.
CHAPTER 5: FINDINGS
This chapter presents the first component of the findings of this study, which is a thick
description of the participants’ graduate school experiences. To improve readability, this chapter
is organized according to the framework established for typological analysis of this study (see
Appendix J). In the next chapter, the Conceptual Model of the Doctoral Student Experience (see
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Appendix E), which was presented in Chapter 3, will be reexamined in light of the findings.
Then, in Chapter 7, the second component of the findings, themes found across these categories,
will be presented.
Graduate School
The first section of the framework of typological analysis examined the graduate school
experience and was partitioned by the three stages of Tinto’s (1993) model of doctoral student
persistence. The typologies for the coursework phase were (i) coursework (in general); (ii)
studying for courses, with sub-typologies (a) interactions with professors during office hours,
(b) group work with peers, and (c) dealing with being stuck; and (iii) professors’ teaching of
courses. The typologies for the preliminary (or qualifying) exam stage were (i) preliminary
examinations (in general); (ii) preparation for the exams with sub-typology (a) dealing with
being stuck; (iii) interaction with peers; and (iv) interactions with faculty. Finally, the typologies
for the dissertation were (i) the dissertation process; (ii) choosing an area; (iii) the advisor, with
sub-typologies (a) choosing an advisor and (b) interactions with the advisor; (iv) choosing a
topic/problem; (v) research with sub-typologies (a) dealing with being stuck, (b) connections to
prior learning, and (c) impact of undergraduate research; and (vi) interaction with peers. In
addition to the three phases, two typologies were included in the graduate school experience
section for interactions with peers (in general) and interactions with faculty (in general). The
participants’ responses addressed all of the typologies in each of the phases of graduate school;
however, subheadings were included in the findings to improve readability.
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All of the participants’ comments reflected the difficulties of pursuing a doctoral degree
in mathematics. Tom described graduate school as “probably the most stressful thing that you
could embark on. Graduate school is so much harder than I ever thought it would be.” Seth
agreed that graduate school is hard. For him, the research was very frustrating, and the classes
were much harder than the mathematics courses he took as an undergraduate. Sarah commented,
“If you haven’t had an easy undergraduate in math, you’re going to kill yourself if you try to go
to graduate school in math.” Because of its difficulty, two of the participants, Andy and Arthur,
described doctoral study of mathematics as a rollercoaster. Andy stated,
I would describe it as an emotional rollercoaster. Ups and downs. Bad days and good
days. In classes, you have good tests; you have bad tests. That takes an emotional toll.
The dissertation, there’s definitely good days and bad days with that. A lot of frustration,
but then if you get somewhere, a lot of excitement. So, it really is like deep lows and
high highs.
Arthur went on to say that it takes a special personality to enjoy the constant hurdles. In
particular, many of the participants agreed that you have to really enjoy mathematics. Dustin
stated, “If you don’t have a really strong love for the material, then you’re in for a hard life.”
Similarly, Drew argued that you have to like mathematics a lot because “there’s kind of an
unwritten expectation that you are going to spend all of you time doing it.”
Coursework
According to participants, the coursework was very similar to their experiences with
coursework in undergraduate mathematics, except for the speed and the level of difficulty. Drew
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clarified, “It was deeper material then what you see in undergrad, and they’re going through it at
a much faster pace.” Because of the increased speed and the greater depth, participants had to
find new strategies for studying. Tom commented, “Of course, when I first started, I was
expecting it to be like undergraduate where I would read the problem and write down the
answer. And then, when I got to graduate school, I realized that’s not the case.” Each participant
had his/her own unique approach to studying; however, they fell into one of two categories: the
“do-it-on-your-own” group and the collaborative group.
Two participants, Dustin and Andy, were in the “do-it-on-your-own” group and did
everything on their own. Dustin remarked, “I took it upon myself to just do it on my own. If I
couldn’t learn it on my own, then I couldn’t do it.” Andy’s philosophy was as follows:
I would work through [coursework] on my own. I thought it actually built character,
helped make me a better mathematician, because when you’re in your career, who do
you go talk to? If you’re already the expert in the field, whom do you go ask for advice?
So, you’ve got to, at a point, learn to do it on your own.
Dustin and Andy both believe that working in solitude is essential for becoming an expert in the
field. Dustin stated,
I’ve had to learn a lot of things outside my research area, or what become my research
area, on my own. And if I hadn’t studied on my own and learned how I learn on my
own, then I wouldn’t have been able to do it. I think a lot of people just know who the
best graduate students are, and they kind of buddy up and coast for a while. And they
become sub par in their area.
From a similar perspective, Andy argued,
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I think, for when you’re studying and when you’re doing the dissertation, it needs to be
you. So, for the most part, your graduate education needs to be you… Because this is
your learning phase… You’re not an expert yet. You’re trying to become an expert. And
if you go to somebody else, and somebody else figures it out, then you’ve missed out on
that stuff… I’m not saying that it’s bad to collaborate. But I am saying that in grad
school, that’s your chance to see, “Is this for me? Can I do this? Can I put in the hours to
figure stuff out?”
They were both careful to highlight the fact that they did struggle to understand some of the
material, and they did get stuck. But they believed that being able to get unstuck on their own
was a crucial skill for graduate students to acquire. Interestingly, they both utilized books and
the internet to figure out problems that they could not get. Andy stated, “When I get stuck, … I
found it very, very useful to just stop, go to other sources, look at other points of views.” But
from their perspective, going to books or the internet is distinct from going to peers or faculty
for help. Dustin clarified,
In the book, you kind of have to know what you’re already looking for; you have to
know enough to know what you don’t know. Whereas, if you go to somebody else and
say, “Man. I’m totally stuck,” they might be able to provide you with the first step. But
without the first step, the book will never actually give you any new insight.
Thus, Dustin and Andy felt strongly about doing everything on their own; yet, they both believe
that collaboration will be important once they complete their doctorates.
Although all of the participants worked on their own a majority of the time, the rest of
the participants indicated that they frequently worked with peers during the coursework phase
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and therefore, are classified in the collaborative group. These participants described two ways in
which they worked with peers. First, when they got stuck on a problem and tried everything
they could imagine, they would go to peers for help. Tom, for example, described his approach
to coursework, “So, I would read the problems, then read the notes, read the book, and think
about it. And sleep on it, and then try later. Whenever that wouldn’t work, we would always
have classmates to ask some ideas, ‘What are you thinking about this problem?’ type stuff.” In
the second approach, students worked through problems together. Sam said, “We would all
meet, and no one would have a solution or maybe just a couple would have a couple ideas. And
then, we would just bounce ideas off each other until something fell out.” Seth indicated that the
majority of this type of group work was focused on figuring out how to get started:
It would sort of be, “What do we know? What’s the problem telling us? What theorems
can we maybe use on this problem? … The group I worked with, for that stuff, we were
all sort of on the same level. And so, sometimes, it would be one person would just sort
of see maybe this is the path we should be going down. And we’d try it, and sometimes,
it’d work. Sometimes, it would seem like it should work, and it would just get stuck.
And we’d have to think about, “Okay. So, where is the door we need to go through
now?” And that’s even with the bouncing ideas off people.
Sarah had a similar description,
Well, we kind of bounced ideas basically… We’d be looking at a certain problem, and
someone would say, “You know we could try this.” And someone else would say, “We
could try this.” And we’d usually go our separate ways and try those things and come
back twenty, thirty minutes later and say, “Okay. Where’d you get?” And usually, one of
155

those ways would get somewhere, and the other one had been banging their head for the
last twenty minutes. So, we figured out, “Okay. This is probably the way to go.”
Two of the participants indicated that their approach to coursework was to try it on their own,
then work with peers on the difficult problems (i.e., utilize the second approach), and if they
remained stuck, ask another peer that they knew would already have the answer (i.e, utilize the
first approach). Thus, within the collaborative group, participants had two distinct approaches to
group work. Some people saw the group as a resource during the initial inquiry. For others,
peers were used as a lifesaver when all other options were exhausted.
All of the seven participants in the collaborative group felt that group work was an
important learning tool. In particular, working with peers allowed these students to see
mathematics from different perspectives. Sean stated, “Everyone brings their own past into the
game… For example, maybe the reason you’re not seeing some problem is because this is your
first exposure to these ideas. But maybe they’ve seen these ideas come up in a similar, or maybe
in a different, context, but the same idea.” Along the same lines, Drew held,
The idea of talking to someone and getting a new perspective on it that can come up
even in something you’re strong in… They might just have a sort of different intuitive
feel for it or just might have a better explanation than the one in a book I’m looking at
that I got from a certain teacher.
He goes on to state that, “Even looking at a book is sort of going for help; it’s just sort of not
viewed the same way as going to a person and getting help.” This perspective is in stark contrast
to the view held by Andy and Dustin that using a book is immensely different than group work
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because it still doing it on your own. Drew also elucidated on why he believed there was a
tension between doing it yourself and working with peers,
Most of us were really good at math coming through, even through undergrad. It was
sort of, you didn’t need a whole lot of help to get through things. And so, I think it’s sort
of an ingrained thing from our experience that you need to sit down, and you need to do
as much as you can by yourself. And I think this idea of “You need figure out who you
can go to, to get help for things,” I think the recognition of needing help is something
that a lot of us are getting in graduate school. And so, it’s not something that we’ve
grown up with. And… I think it ends up, we need both things. Because if you can’t just
sit down and chug through a bunch of stuff by yourself, you’re not going to be carrying
your weight in a collaboration. It’d be mostly, one person doing all the work, and then,
the other one sort of trying. So, both things have to be there.
Office Hours
Participants’ utilization of office hours was along similar lines to their group work, in
that they were typically at one extreme or the other. Three participants, Sean, Tom, and Drew,
indicated that they frequented office hours; while the other six went rarely or not at all.
Tom and Drew utilized office hours on almost every homework assignment to get help
on difficult problems. Both Tom and Drew’s approach to office hours was illustrated by Drew
in the following statement.
I went in there basically and told them what I had tried or told them what I was thinking
of trying. And I didn’t want them to get the impression that I was trying to get them to,
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you know, do the homework for me… I didn’t go in there and say, “I don’t know how to
do this problem.” … I would always have something… “I’m having trouble on this. I
tried this, and I can’t quite get it to work out. Am I on the right track? Is this what I need
to be doing?” … I got to this point, where I didn’t feel worthy of going to office hours
unless I had something; I had to have something to ask him about.
Sean also frequented office hours during his first few years in the program, but he went to get
clarification on concepts from the course, not help on the homework. Sean explained, “When I
would visit an office hour, it would not have to do with a specific problem, usually. But maybe,
just to chew up a concept a bit, like, maybe discuss the importance of a certain theorem or say,
“Hey. I’m not sure I exactly understand the import of this definition. Can you maybe explain to
me what this definition means?” The three participants who frequented office hours agreed that
the professors were supportive and helpful. Tom commented, “I would go to the professors, and
they were always really helpful. Very rarely would they just tell you the answer; they would
kind of point you in the right direction.” In addition, professors made Tom comfortable with
asking questions. “When I felt like I was stupid and didn’t know anything, many of them were
very supportive. They were saying, ‘No. You’re doing fine.’ Or ‘Keep up the good work.’ A lot
of the times, they would give me positive reinforcement.”
The other six participants did not go to office hours. Sam did not go because he just does
not like to interact. He stated, “If I have questions, I usually don’t go ask. I usually just don’t
worry about it instead of going and asking.” Seth and Arthur rarely went to office hours because
neither wanted to be perceived as an idiot. Seth stated, “Historically, I’ve been one of these
people that just doesn’t like going to professors’ offices because you don’t want to go in and be
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like, ‘I’m stupid. How do I even get started?’” Similarly, Arthur said, “I’m always intimidated
… They’re almost on pedestals. ‘I’m a professor; I’m so bright. This is all so trivial.’ … It’s
maybe my shortcoming that I don’t want to be perceived as an idiot… It’s just so intimidating!”
Andy rarely got help from professors because he believes that he needs to work it out himself.
Sarah saw office hours as a last resort. “I went to friends first, usually, to see if they had any
ideas. But ultimately in the end, I would go to professors… I didn’t have to do it too much, but I
was able.” Finally, Dustin indicated that at first he went to office hours but stopped because he
“never got any help from them.” In fact, he claims, “in almost all cases, I’ve been completely
rebuffed. So, I just stopped going.”
Teaching
For the most part, participants were happy with the teaching of graduate mathematics
courses. Four of the participants believed that a teacher’s preparedness is key for positive
classroom experiences. Each described a negative classroom experience, in which the instructor
came to class unprepared. The lack of preparation in one of Tom’s classes resulted in inefficient
use of the class’s time and a lack of confidence in the instructor:
His lectures didn’t seem very well prepared. And sometimes, someone would ask him a
question about something in the book, and he didn’t know the answer. And so, we’d
spend the whole class trying to prove something that turned out to be really false, like
with a trivial counter example or something. And so, when I was taking notes in that
class, I wasn’t confident that the things I was writing down were true.
Andy described a similar situation,
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I wasn’t entirely positive he knew what he was teaching… When he assigns homework,
which is what our grade was based off of, he doesn’t necessarily know a priori how to
solve the problems. His philosophy is to take the best student and try to understand the
solution from their work… That was frustrating as hell because you would do a solution,
whether it was right or wrong, he may be able to comment on it or not. But it did not
exactly inspire confidence in him… So, I guess one improvement would be a little more
effort in teaching.
Andy goes on to say that this instructor’s lack of preparation was an exception and not the
norm; he felt like most professors did a good job and were prepared. Similarly, Tom liked a
faculty member’s teaching because he was “very organized in the way he presented the
material.” Sarah described one faculty member’s teaching as her favorite because of his
preparedness.
It seemed like when he came to class, he thoroughly knew exactly what he was going to
do that day, had a purpose for everything, and there wasn’t any fluff or stuff that I felt
like I didn’t need to be there for… Every single example, everything, has a reason. And
that’s one thing I aspire to do when I’m teaching is make sure that every minute of class,
they’re getting something.
Dustin described two groups of professors that he claims are typically unprepared and
consequently, poor teachers. The first are those up for tenure and promotion. “My worst
teaching experiences were people who were right up for either promotion or retention. And they
just absolutely threw everything out the window in terms of teaching responsibilities. It was
pretty egregious.” The other group is the striving researchers.
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These people want to be the best. They want the name recognition… And they teach
like absolute armpit most of the time. They are absolutely terrible because they teach
for themselves. They don’t teach for you. They don’t teach to tell you the information.
They teach something that they haven’t taught in 10-12 years… and it’s all about them
seeing if they can do proofs that they did 12 years ago on the fly.
In contrast, he claimed that professors, who have tenure and enjoy doing research but are
content with where they are in the field, were some of the best teachers he had.
Three participants also defined a good instructor as one that provides insight into the
material. Sean felt that the instructor is the only person who can supply a bird’s eye view of the
material, which he indicated was central to really understanding it. Andy described a good
teacher as follows,
A book is nothing more than a very finished, refined sequence of thoughts. Research
isn’t anything like that. Life isn’t anything like that. So, having a teacher who sort of
guides you through the processes to get you to that finished result is best… So, the best
teachers are the ones that provide the most insight rather than provide the most material
or provide the best graded homework or the best solutions or the easiest test. I usually
choose the ones that give the best insight.
Seth agreed that good teachers add clarity to the textbook for the course.
Seth also wanted an instructor to answer questions during class both clearly and
concisely. He described an instance in which the instructor had trouble answering questions
because of a language barrier:
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That one class was probably the only class that I had a really hard time with… We were
confused, and we couldn’t get the confusion cleared up… We would ask him questions,
and he would not understand the question and answer a completely different question.
So, we would repeat the question, and he would go on to answer another completely
different question. And so, we started giving up on asking questions… So, it was a
rough class to get through, and that was for one of the prelim sequences and a prelim
that I took.
Sam also discussed the importance of clarity in instructor’s explanations:
There are definitely [teachers] that are better than others, and it’s usually a matter of just
how well the professor explains exactly what he’s doing… There are some people who
just have a hard time explaining. They clearly have a good grasp of things, but then,
dumbing it down for the students is very difficult.
In addition to answering questions clearly and concisely, four students discussed the impact of
faculty’s ego. Tom’s favorite instructor “has a personality and an air about him that’s very
welcoming.” This instructor’s welcoming personality made students feel comfortable to
approach him both in and out of class with questions. Arthur agreed that it is important for the
instructors to make you feel like they care about you and your learning. In contrast, Sarah,
Arthur, and Sean described faculty egos that intimidated students and made them not want to
ask questions or interact. For example, Arthur indicated that some professors teach in such a
way that everything is obvious, and if you don’t see it, you’re dumb.
Several of the students discussed how much they disliked the Moore method of
instruction, in which the content of the course is presented mostly, or entirely, by the students
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(Jones, 1977). Sarah explained that she disliked being put on the spot to do stuff in front of a
class, when she did not have a clue what she is doing. Similarly, Sam did not like Moore
method courses because when he presents, he does not really understand what he is presenting,
which is stressful. In addition, he assumes that the other students have an equally poor grasp of
the material; so, he does not feel like he learns a lot. Andy agreed that he did not learn in Moore
method courses. In fact, he commented, “I hate them. I honestly hate them… I think they’re
awful. They’re nothing more than problem sessions.”
Prelims
Mathematics Ph.D. students at this university are required to pass two preliminary
examinations (called “prelims”). Each prelim is based on the material students learn during a
year-long course, and there are seven courses to choose from: algebra, analysis, computational
and applied mathematics, differential equations, stochastics, topology-geometry, and
mathematical ecology. Participants indicated there is an unwritten rule that one of the prelims
must be on the area of research that a student plans on pursuing. Preliminary examinations are
given twice a year at the end of the summer break and at the end of the winter break. Typically,
upon completion of the course, students spend the summer preparing for the prelim at the end of
the summer. The winter break exams tend to only be taken by students who fail the summer
exams. An additional stipulation, according to the Mathematics Graduate Student Handbook, is
that “a student must pass one examination by the middle of his/her third year and both
examinations by the middle of his/her fourth year. A student may not take any examinations after
four failures.”
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Preliminary (or qualifying) examinations are a major hurdle for students in this
department. All but two of the participants indicated that the prelims are more than simply a final
exam for the courses because they require a deeper understanding of the material. Consequently,
students are not ready for the prelim after taking the course. For example, Arthur stated, “It’s
almost like the prelim level course prepares you for your studies for the summer. It’s like to give
you a foundation, almost.” Andy clarified that the problems on the prelim are “problems that
[professors] think (1) that you haven’t seen and (2) that sort of fit the bill of ‘have they learned
the base knowledge?’.” Similarly, Sam explained,
I think for the prelim, you really have to have a good sort of outlay of the subject as a
whole, how things fit together… When would you use this theorem? Not at the end of
section three because that’s when we talked about it. But what kinds of problems lend
themselves to that?
During Sarah’s interview, she articulated the difference between the course’s final exam and the
prelim.
A final exam is more “Can you sit down for fifty minutes or two hours and give us a
basic idea that you knew what you were doing this semester?” Whereas, a prelim is
twice as long, and it’s not “Do you have a basic idea what you did?” It’s “Do you fully
understand everything that you did?”… When I was really studying for my prelims, I
almost felt like I was preparing to teach it. I had to have that understanding instead of
just being able to work some problems. I needed to be able to fully understand the
working of those problems.
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According to Drew, the level of difficulty of the prelims at this department is much higher than
at comparable graduate schools.
Some of the participants discussed their perspective on why the prelims are so much
harder than the course finals. According to Seth, the prelims require a deeper understanding
than the course’s final exam because the final exam in the course is not geared solely for people
taking the prelim. Students are required to take three of the year-long prelim preparation courses
but only have to take two prelims. So, the yearlong courses have students in them who do not
plan on taking the prelim. Consequently, he held, “You don’t want to completely punish them
for not having as deep of an understanding of the material as somebody that is going to be
working in [that area]. Somebody who’s dealing with [that area] in their research needs to really
understand what’s going on.” Andy, Drew, Dustin, Sean, and Tom discussed the importance of
the preliminary examinations as a filter. Andy stated,
The fact of the matter is here, orals are a wash. It is a formality. It is nothing else than
that… Prelims are the only thing that separates people from getting Ph.D.s and people
not. And so, from a school or a faculty perspective, if you want to graduate somebody
and send them out into the world and say, “This is an expert,” you want to be sure.
Consequently, they held that the deeper understanding of the material, which is required on the
prelim, is essential. Tom argued, “I thought they were just so hard, but I guess they have to be…
I would love to say I want them to be easier, but they can’t. If you’re getting a doctorate, you
really do have to be a specialist in those areas.”
It is important to note that, although many of the participants believed the prelims were
an important filter, six of the participants questioned the validity of prelims as unbiased filters.
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Arthur, Drew, Sam, and Seth considered that prelims to be unpredictable filters. Seth explained,
“It’s inconsistent. I would say this is true with individual prelims… They’re not consistent sort
of difficulty from year to year. But there’s also a fairly noticeable difference across the prelims.
There are some that seem easier than others.” This led Arthur to comment, “I think if there was
more of a standardization among the prelims, it’d be a little more fair.”
In addition, Arthur, Dustin, and Sean noted that politics appear to be involved in the
grading of prelims. Dustin stated, “I think there’s a lot of politics going on around there too…
Politics can kind of shift what grade you get. Depending on who you are, you’ll be graded
differently.” He went on to describe the following example,
I understand a couple of years ago that too many people attempted one prelim, and they
pretty much just said, “We don’t have spots for everybody if we pass them; so, we’ve
just got to fail people. So, they failed a lot of people that, by rights in terms of their
mastery of the content, should not have failed; only because they did not have enough
faculty that could have overseen dissertations in that area.
Similarly, Arthur remarked, “I’ve debated this with my friends, you know, how much politics
really goes on when they go to these committees… I have a strong suspicion there’s something
else in the works because [the cut-offs] seem very arbitrary.” Sean also discussed the apparently
subjective grading: “It’s not just if you get a certain percent, you pass or fail, before you walk
in. It’s kind of a sliding scale, kind of arbitrary.” Of the remaining three participants, two, Sarah
and Andy, did not agree that there was anything political or biased in the prelims. Andy argued,
“Honestly, if they had been prepared enough, it wouldn’t have been an issue. It’s only an issue
if you’re borderline, and that’s when you complain.” And Tom didn’t comment on this topic.
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Preparation
All of the participants used a standard set of materials to prepare for the exams, which
included class notes, the course’s textbook, both assigned and unassigned problems from the
textbook, class exams, and old prelims. However, their degree of solitude in preparing for the
prelims went from one extreme to the other. Arthur and Drew relied heavily on peers in their
preparation for prelims. Arthur stated, “What got me through the prelim was all of my friends
because I was studying with four or five people… We’d meet on a daily basis during that
summer in order to study. When asked to explain how they worked together, he stated,
So, we’d sometimes set it up to where we’d all work on a certain set of questions the
night before, and we’d get back together and compare answers or solutions if we
couldn’t figure them out. Or we’d just throw a problem on the board and all brainstorm
together to try to solve it… If it was a really hard problem, we just all kind of stare at it
for 10 minutes trying to figure the first step. And then, somebody blurts out, “Why don’t
we try this?” And we all kind of collectively think about it… So, that’s kind of how that
proceeds… I think the brainstorming was the best part because… it helps you see how
they think about it in order to kind of see how you should be thinking.
Conseqeuntly, Arthur saw the group as a checking mechanism for his work and a part of the
inquiry or brainstorming process. Drew also worked a lot with peers and gave a similar
description as Arthur of the different ways he worked with peers. In addition, Drew remarked
that the group work absolutely helped him to prepare because it allowed him to catch content
that he might have otherwise missed. He gave the following illustration,
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Two days before the prelim, we were working…, and a peer came in with what he
thought was a really good question. And we were like, “Wait a minute. I don’t see how
to do that.” And we thought about it and thought about it. And eventually, we figured it
out together. And we were like, “Okay. I see that. Yeah.” … And darn it if it didn’t show
up on the prelim two days later, and we were the only ones who got it!
The rest of the participants worked primarily on their own. Andy, Sean, Seth, Sarah, and Tom
did work some with peers; while, Sam and Dustin did not work with peers at all. Sarah stated, “I
studied a little with people, but I think we got together once, maybe twice… I do better just
studying by myself. So, I just sat on my couch for five, six hours straight every day.” Tom also
studied alone for most of the summer, and then, towards the end of the summer, he met some
with another student in the class. During the meetings, they would go over problems that one
person had solved and the other had not. Similarly, Seth primarily worked on his own, but he
did interact a little bit with peers. He explained,
At different times, getting stuck on looking at some stuff for prelims, it would be email
or go talk to somebody else. And we’d pass around some information like maybe one of
us jotted down some comment in class that somebody else didn’t. And the other person
was working through something and realized, “There was some comment made, but I
didn’t write it down. And it’s critical to the understanding of this.” And “Hey! Did you
get that piece written down?” You know, sometimes notes get smeared or something.
And “What happened that day? I don’t remember.” [laugh].
It is important to note that Sean, Seth, Sarah, and Tom did not appear to see peers as vital to
their success. Instead, they viewed them simply as helpful resources.
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Sam and Dustin worked in complete isolation, neither consulted peers nor faculty
throughout the process. Sam did not work with peers because he likes doing things on his own.
Consequently, he remarked, “If there was something I couldn’t get, I just hoped it wouldn’t
show up… I guess I got lucky!” Dustin, on the other hand, was opposed to group work and
believed that everything should be done in isolation. Therefore, he was proud of the fact that he
work really hard on his own and was able to figure everything out without needing help from
anyone.
Andy’s discussion of his preparation for the prelim contained an interesting paradox,
which seemed to touch on a thread running through graduate study of mathematics. Andy
agreed with Dustin that students should work alone, and similarly to Dustin, when he got stuck,
he would seek assistance either from books or the internet, instead of from other people:
I found it very, very useful to just stop, go to other sources, look at other points of view.
Also, that was good in the sense that it gets you away from that specific thing for a
while, and lets your mind move in a different direction, and then come back to it.
In contrast, Andy also explained how working with a peer helped him to gain key insights into
the material on a prelim and helped him to pass the prelim. The following is Andy’s description
of their interaction and its benefit:
He’d come in, and he’d be like, “Which prelims have you worked on?” We’re like,
“Blah blah blah.” And he was like, “Okay. Let’s do one you haven’t done. Let’s see if
you can figure out the problems.” And then, just on the spot, he’d show us how to work
them. It was absolutely remarkable… And you’re sitting there going, “What the hell?
How did you think of that?” But it turned out that, just as with all the prelims, when you
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look at enough, you start to notice common trends in solutions and the kinds of
questions they ask, like common overriding things. And it was there, when he was
actually doing the solutions, that I started to get a feel for it. I would not have passed if
he hadn’t of done that.
Interestingly, when questioned about the apparent contradiction, Andy replied,
I can see how you can look at what I’m saying as being confusing… It’s strange how I
look at it… Maybe the most important thing is that I feel like it’s still my own. I don’t
feel like I passed the prelim because of him. I did all of the work. He just showed me
some tricks… I think it’s important making stuff your own. I think that’s huge because a
lot of times when I talk to students who aren’t doing well, they haven’t made it their
own. They still talk about it as being an outsider. Maybe that’s part of it. I already felt
like it was my own, and he helped. He was very helpful.
Thus, when preparing for prelims, two of the nine participants discussed the importance of peer
interaction; four interacted some with peers but did not indicate that it was vital to their success;
two had no peer interaction; and one described a peer interaction that he believed was vital to
his success yet also indicated that students should not work with peers.
Only one of the nine participants, Tom, had a substantial amount of interaction with
faculty during his prelim preparation. He stated that the preparation for one prelim was “95%
individual study with the other 5% being talking to my professor… When I was working on
prelims, and I got stuck, I went to him.” Of the other eight participants, two, Sam and Dustin,
did not interact with professors at all. If they got stuck on a concept or problem, they either
figured it out on their own or, in the case of Sam, just skipped it. Similarly, Andy and Sean
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indicated they rarely would go to professors for help. For example, Andy stated, “I for the most
part believe that I needed to work it out myself… Again, it made me a better person, a better
mathematician… I rarely would go for help.” The rest of the participants went to the professors’
offices as a last resort. For example, Arthur stated, “If I got stuck during the personal time, I’d
go talk to my friends. And if we got stuck during the group meetings and we remained stuck,
we’d go talk to the advisor, or the person [who was writing the prelim].”
All of the participants were asked how they knew that they were ready to take the
prelim. Interestingly, only Andy felt ready, who said, “I felt ready when I could do a prelim in
less time than the four hours, and I felt reasonably confident on three quarters.” The rest of the
participants believed that no one is ever ready for a prelim. Sean argued, “I think anybody that
thinks they’re ready for a prelim is fooling themselves.” Similarly, Arthur stated, “I never felt
ready… I don’t think there’s ever going to be a point where you feel like you’re ready for a
prelim. The questions they can ask are just so absurd sometimes that no level of preparation can
prepare you for them. It’s really luck of the draw.”
Three of the participants explained what it would have taken to be ready. Seth held that
you are ready when “you understand most of the material in the class at least enough that you
could sort of say what you need to do, even if you can’t get through a problem… because…
even if you get lost in what you’re doing, if you can explain what you need to do, that’s what
they’re really looking for.” Similarly, Tom stated, “You will know that you’re ready when you
feel confident that you can state and prove most named theorems in your area and that if you
can… work any problem or at least have a really good start or a good idea of how to work any

171

problem in the textbook and the same for the [old] prelims.” Finally, Sean stated, “I wanted to
know the definitions and main theorems and be acquainted with sort of the usual examples.”
Dissertation
Upon passing two preliminary examinations, doctoral students in this department are
expected to pick a field of specialization for their dissertation research and pass an oral
examination in that field. According to the participants, students are asked to talk about papers
or other readings that introduce them to their specific research topic or problem for the oral
examinations (called “orals”). For example, Drew’s oral was a discussion of a couple of papers
that contained the results his advisor wanted him to generalize for the dissertation. And Tom’s
oral was over the first few chapters of a book that introduced him to a general concept, which
was utilized in a lot of the papers he needed to read in preparation for research. The participants
also indicated that in this department, orals are a formality; everyone passes them. Andy stated,
“Look, the fact of the matter is here, orals are a wash. It is a formality. It is nothing else than
that… It’s tradition. I think that’s why they do it.” Upon completion of the oral examination,
students begin work on their dissertation. And according to the Mathematics Graduate Student
Handbook, “The dissertation is a written presentation of original and significant research
completed by the student.”
Preparation for the Dissertation
For many of these participants, the dissertation was their first encounter with
mathematical research, and they did not feel prepared. For example, Arthur commented, “My
first bout with research was last year basically. I didn’t know how to do it. I don’t feel like
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anything that I did earlier prepared me.” Consequently, before talking about the participants’
dissertation experiences, it is important to discuss the participants’ comments regarding their
preparedness for research. In particular, most of the participants did not feel that the coursework
prepared them for research, and most of those who did undergraduate research in mathematics
believed that it was helpful because it gave them insight into what to expect.
When asked if they felt prepared for research, eight participants commented that the
coursework did not sufficiently prepare them for research. For example, Drew stated, “I don’t
think the classes helped me with the research much to be honest with you.” The participants had
two distinct reasons for believing this. Four of the participants, Sarah, Tom, Seth, and Dustin,
did not learn the content knowledge they needed to do research in their area from the courses.
Dustin explained, “[The coursework] didn’t instill me with a lot of the raw content that I
needed… I’ve had to completely learn entire areas of math that they don’t even teach here just
to try to get off the ground in terms of research.” Similarly, Sarah stated, “It’s very applied with
[my advisor]. Very. So, a lot of the coursework I did hasn’t been all that helpful because I had
to learn a lot [from fields outside of mathematics] to be able to do what I’m doing.”
For the other four participants, Andy, Arthur, Drew, and Sean, the thought processes
utilized in research were different from what was taught in the coursework. Andy stated, “[The
coursework] is based off things you know; whereas, research is what you can find out.” So,
these participants indicated that they did not learn how to approach research. Arthur explained,
[The coursework] didn’t do anything… When you see a problem [in the coursework],
for one you have the hypotheses, and you have the conclusion that’s definite. So, you
know where you’re starting and where you’re ending. And with research, you’re just
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like, “Well, I wonder if this will happen.” And you just kind of run with it and see what
hypotheses you need.
Similarly, Drew commented,
[Another graduate student] mentioned one time to me, just sort of off the cuff… She
said, “It’s easy to prove things when you know they’re true.” And that’s absolutely true.
It’s a lot harder to answer an open question about something… Honestly, I have to agree
with her. When you’re doing a homework problem and you know how it’s going to turn
out, it’s a lot different.
Sean articulated the same idea in a different way:
I’ve never felt prepared for research. Certainly, I haven’t. In the coursework, you start to
get a feel for the methodology, but the problem is, with a course, everything has been
cleaned up too much. They’ve covered their tracks. So that you really can’t follow them.
And it’s the same way with papers; when you pick up a paper, they’ve covered their
tracks. So, you have no idea how they got the motivation or the inspiration.
However, four of the participants, Tom, Arthur, Dustin and Drew, did indicate that the
coursework helped them indirectly on the dissertation. Tom and Drew utilized some very basic
content from courses on fields outside of their area of specialization in their dissertation
research. Arthur commented, “I guess it all culminates and is helpful.” And Dustin stated, “I
think it helped me to mature as a mathematician, and I feel like I’ve become a lot better just at
reading math and understanding math and figuring out how my brain works so that I can absorb
mathematics.”
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Five of the participants did undergraduate research projects in mathematics, and four of
them found that endeavor at least gave them an idea of what to expect. Andy stated,
I guess I just knew from that [undergraduate research project] that research is not at all
dandy. You know, when you read the book, you get this impression, especially in math,
that ideas just flow out, like there’s an obvious progression. But if you don’t know
where things are going, then it’s not obvious… So, I kind of expected it. I knew research
would be frustrating like that.
Similarly, Drew stated that, “In classes, the teacher should know the answer, but in research,
somebody doesn’t necessarily know the answer.” Consequently, he believed that undergraduate
research got him prepared for “the pains of the research phase.” Similarly, Sarah and Tom
believed that undergraduate research gave them an idea of what research is really like. Sean was
the only participant that did not find undergraduate research to be helpful; he explained that it
was because the undergraduate research project was very computational, which is very different
from the theoretical research he is doing for his dissertation.
Choosing an Area, Advisor, and Topic
Unlike many other fields of study, mathematics doctoral students typically have not
selected an advisor or even an area of specialization when they begin graduate school. This was
definitely the case for the nine participants in this study. The nature and process of choosing an
area, advisor, and a research topic were quite different depending upon whether students are
studying pure or applied areas of mathematics. Consequently, the discussion of participants’
responses related to choosing an area, advisor, and research topic will be separated into two
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sections: pure and applied. In this section, the specific areas of mathematics may not be named
when that would jeopardize confidentiality; some areas have so few faculty members and so
few students that it would be possible to identify individuals if the specific areas of mathematics
were named.
Pure Mathematics. The pure mathematics participants began by selecting a field of
specialization. The areas that participants in this study chose were Algebra, Probability, and
Topology. From there, they picked an advisor in their field of specialization and, finally,
worked with their advisor to determine a topic or problem for their dissertation.
Of the seven pure mathematics participants, five discussed the process of choosing an
area of research. Two, Tom and Drew, selected the area in which they felt the most successful.
Tom commented that he chose his area of research because “it was the one I was the most
successful in, and also, the one I enjoyed the most.” He went on to define success in the
following way,
I guess basically it boiled down to, whenever a new concept was introduced, I could
wrap my mind around it a little more quickly and then, kind of relate it to some other
stuff I was studying. And also, whenever I would learn something new, it would prompt
me to ask more questions… It was interesting enough to me to make me question things
and want to learn more. So, I just kind of went for it. And the more that I did, the more I
learned. And so, the more I learned, the better my grades were.
Drew’s decision process followed a similar line of thought. When he began graduate school, he
knew he wanted to study one of his two favorite areas of mathematics from undergraduate.
Then, during his first semester in graduate school, he took a course in one of the two areas and
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realized that it was “not where my strengths lie. I just realized I just don’t have a nose for that
stuff.” He felt like the other area came easier to him and was more natural. So, even though he
remained interested in both areas, he decided to go with the area where his strengths lay.
In contrast, Sean chose his area because he liked it the most, even though it was not the
field where he was the most successful. In fact, his lowest grade during graduate school was in
the preliminary exam course for that area. Two other students, Sam and Arthur, picked areas by
process of elimination. Sam stated, “I don’t like the applied stuff. And I’m just not very good at
[one area]. And [another area] was too vague or something. So, that just left [the area I chose].”
Similarly, Arthur stated, “I wanted to do [one area], but I was not interested in the people there
or the options. So, I picked [another area].”
Once the pure mathematics students had chosen their fields of specialization, they
selected a professor from that field for their dissertation advisor. It is important to note that all
of the participants got their first choice of advisor. In the three fields of pure mathematics that
the participants chose, there are multiple professors from whom doctoral students may select a
dissertation advisor. Tom simply went with the professor who taught the year-long prelim
course for his field of specialization; he didn’t consider any of the other professors in that area
because he already had a relationship with his advisor. Arthur was interested in a specific area
within his field of specialization, and only one professor worked in that area; so, he selected that
professor for his advisor.
Two students, Dustin and Sam, chose based on a process of elimination. Dustin
explained,
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He was the least worse of all possible options… I had had a class with [my advisor], and
I liked his teaching style. And I thought if he could explain it, then I could understand
it… The other people in the department, I felt like they were either distant, uncaring, or
very intimidating, or caught up in their own things.
Similarly, Sam stated,
I actually talked to a few different people… But there were just some issues with people
thinking maybe they would leave and stuff like this, and so not really wanting to take on
students. And there’s already a ton of [students in my area]. So, one of the advisors
already has 10 students or something crazy. So, that’s just sort of who I ended up with.
Finally, Andy and Drew seemed to put the most thought into their choice of advisor, and each
carefully selected the professor who seemed to be the best fit. Drew explained that there are two
domains within his field of specialization, and he decided he did not want to go into one
because it has a very long apprenticeship, it is very competitive, and there is a lot that you have
to study before you can really contribute anything. Two professors worked in the domain that he
chose. He selected his advisor after reflecting on both professors based on several criteria: (i)
their working styles, which he determined from looking at their recent publications, (ii) the
number of doctoral students who currently had them for dissertation advisors, and (iii) their
records of graduating students.
Andy also put a lot of thought into choosing his advisor. There were two domains within
his field of specialization that he found interesting. He had already worked with a professor in
one of those domains, Andy liked his research, and the professor expected Andy to work with
him. However, Andy was more interested in the other domain. There were two professors who
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worked in the second domain. But one was intimidating, and the other he didn’t know. In the
end, Andy chose the professor he didn’t really know in the more interesting domain.
Once the area and the advisor were chosen, the pure mathematics participants worked
with their advisors to select a topic or domain for their research. Dissertation research in pure
mathematics involves the development of new theory, and for many in this program, focused on
generalizing or extending established theorems or conjectures. All of the advisors asked the
participants about their interests, chose a topic or domain that seemed like a good fit, and then,
instructed the participants to read introductory papers or books on it. From there, it depended on
the advisor. Some of the participants were given problems; while others were given a topic and
then had to figure the questions out on their own.
Tom, Drew, Sam, and Arthur were given problems by their advisors. For example, Tom
explained the way in which he got a topic for the dissertation:
Basically, I told him I didn’t have any idea of where I wanted to start. And so, he just
said, “Well, here’s something I was thinking about.” It was basically a generalization of
some stuff that he and a coauthor had done before. And so, that’s basically what I’m
doing. I’m just taking a lot of results that have been done before but generalizing to a lot
more difficult situations.
Similarly, Drew stated,
[My advisor] asked me a lot. He looked at my background a lot and kind of decided,
“What’s something I can put him in?” Because he knew I hadn’t had a lot of [courses in
my area]… So, he kind of had to make a judgment call, you know, putting me
somewhere where he thought I wouldn’t have to do a tremendous amount of reading
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before I’d be up to speed. So, I did like a reading course with him for one semester, and
then, he gave me some papers to read over the Christmas holiday. And when I got back,
he said, “Okay. If you’ve read this stuff, I think you’re ready to work on the problem
that I have for you whenever you’re ready.” And I said, “Well, I want to read a few more
things before I do that.” So, around March is when I finally asked him for the problem.
And he gave it to me.
Instead of just asking about his interests, Arthur’s advisor had him read a couple of papers and
pick the one that he found the most interesting before giving him problems to work on:
I saw that he had kind of two trains of thought in his research… I went to him and was
like, “I’m interested in [this topic]. What would you want me to look at?” And he gave
me a couple of papers to look at. And I kind of thumbed through them to see which ones
were interesting to me. And I came back to him and was like, “Well, I like this paper the
most. What can we do from here?” And he gave me a couple of problems that he wanted
to solve that he couldn’t. I felt like it was a really nice process. It was smooth.
Two other participants, Sean and Dustin, had to figure out problems on their own. For example,
Sean stated,
[My advisor] never gave me a problem. I didn’t get a problem… [My advisor] sort of
handed me a paper. He said, “You might want to look at this paper.”… And I looked
into that somewhat… But then, I decided I wanted the dissertation to be on something
else. So, I went kind of in a totally different direction.
Dustin described his experience:
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I had collected some background information and basically asked my advisor, “Is there
any good open area?” And he said, “Well, what do you like to do?” And I said, “I don’t
know what I know. I don’t know what’s out there. So, I don’t really know what I want to
do.” He gave me a little direction. He said, “Here’s a paper. I wrote it. It basically is an
introduction to this area.” … He said, “See what you can do with this paper.” So, I read
some stuff. Some conjectures were proposed in there, and I thought that I could do some
work there, not that I knew what that entailed or what type of methods I would need or
what type of mathematics that would ultimately lead me to. I just thought, “Hey. I think
I can do that.” And eight months later, I did. So, that was nice.
The final participant, Andy, did not make it clear whether his was given a problem to
work on or if he had to figure it out on his own. However, the following was the process he
went through to select a topic. Andy stated, “I actually was pretty frustrated. I spent a year with
[my advisor] before he gave me a topic because he was like, ‘I want you to know stuff; so, read
books.’” After a while, Andy got tired of reading books and really wanted to start on his
research; so, he went to his advisor and said, “I’m ready. I’m tired of reading this stuff.” It turns
out that his advisor had two projects in mind, an easy one and a hard one, and he wanted Arthur
to go ahead and get the background for both because he thought if Arthur went with the hard
one and could not make any headway, then he could quickly get something on the easy one. In
the end, Arthur went with the hard one and was able to get results on it.
Applied Mathematics. The two applied mathematics participants got involved in
research early on in graduate school. Sarah, for example, began working on a research project
during her first semester of graduate school. She said, “About a month [into my first semester in
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graduate school], [the professor of one of my courses] said he had grant money for a graduate
student to start working on research. I was like, ‘Okay. I’ll see if I like it.’ And I did.” This
helped both Sarah and Seth, the two participants in applied mathematics, to determine who to
choose as an advisor and what to pursue in their dissertation. In contrast to the pure mathematics
participants, the applied mathematics participants determine their research topic prior to
choosing their advisor. Seth explained,
It’s one of these things that when I finally figured out who I was wanting to work with, it
was more who’s doing something that I find interesting and that I would feel like I
would be interested in it enough to be able to work on it for two plus years and fight
through all of the frustration and what not because if it was a problem that I wasn’t
interested in, even if I liked the advisor, it just would have been painful.
Both Seth and Sarah determined that they were interested in their advisors’ research by
participating in research projects. For example, Sarah stated, “He has two areas of research, two
grants, going on at the same time. That first year, I did one of them. The next year, I did the
other… When I got to start research, he let me choose, and I chose the second that I’d worked
on.”
Mathematical Research
The next step in the dissertation process is actually doing research. Research in applied
mathematics has different objectives than research in pure mathematics. Seth explained that in
pure mathematics, researchers are typically asking, “What can I prove about this problem?”
While, in applied mathematics, the focus is on computer simulations, and researchers are
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asking, “What does this computer demonstrate?” So, as with the last section, this section will be
divided into two parts, one for pure mathematics and the other for applied mathematics.
Research in Pure Mathematics. Once each of the pure mathematics participants had a
dissertation problem and had acquired the necessary background content knowledge, he began
work on his dissertation research. There are several aspects to doing research in pure
mathematics. The first part, as with research in any field, is asking the questions that the
research will try to answer. As stated earlier, for most of the participants, the advisors asked the
questions, at least at first. While other students were expected to ask their own questions from
the beginning, Dustin explained that as a mathematical researcher,
You read and ask questions. It kind of depends on being a very active reader instead of
this more passive way that we kind of collect information. So, we kind of read and ask
questions, like “Is this all of the story?” “Is there more story?” “Isn’t this connected to
something else?” And just kind of collect your thoughts.
Next, mathematical researchers work to answer the questions they raised in the first part. Arthur
stated, “With research, you’re just like, ‘Well, I wonder if this will happen.’ And you just kind
of run with it and see what hypotheses you need.” Several of the participants indicated that the
most difficult part in mathematical research is not knowing answers to the questions. Andy
stated, “You know when you read the book, you get this impression, especially in math, that
ideas just flow out, like there’s an obvious progression. But if you don’t know where things are
going, then it’s not obvious.” Sean explained, “Half the time, you don’t even know if it’s true or
not.” Therefore, his approach is to begin by searching for a proof. “I try to string together the
theorems to find sort of a minimal effort path to get somewhere. The problem with that is it’s
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like your stumbling around in the dark, blind.” Then, if he cannot find a proof, he begins
looking for a counter-example. However, he has trouble finding them. He explains,
The problem is examples are hard… Some people seem to have a knack for it… The
people that are really good with examples, they tend to have some insights usually,
because the example gives you the insight. You sort of get a feeling for what you think’s
going to happen; so, you get an idea of what to prove. I’m sort of the guy that I don’t
think in terms of examples.
Drew found that with each result, he got a little better footing, and it became a little easier to
know how to approach the other questions.
Well. It took me a while until I got my first result… I really didn’t know how to
approach this thing. It took a while until I found something that actually worked. I mean
I didn’t know what the answer to the question was… Once I got that first result, then it
was like lighting the first candle in like a dark room… And then, you can start to see
some other things. And then you kind of feel a little bit comfortable moving around. And
so once I got that first thing, the ball kind of started rolling. Maybe it was that I started to
get some confidence or maybe it was because my intuition was starting to develop. But
it took a while to get that first one. And then once I got that, I got stuck on the second
one, and I kind of set it aside and started working on something else. And it was an idea
I had when I was working on that second one, that I went back and revisited what I did
on the first one, and I immediately saw how to approach the problem that I got stuck on.
So, it really was kind of like getting that first candle lit in like a really dark room.
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Several of the participants discussed the ebb and flow of research. Arthur stated, “You’ll have
like these stints of progress, and then long stints of no progress.” And the long stints of no
progress can lead to frustration. For example, Andy stated, “I didn’t get anything for six to nine
months. Like I got nowhere. I got absolutely nowhere. And it really sucked.” However, when he
did finally get somewhere, there was a lot of excitement. So, for him, “It really is like deep lows
and high highs.”
Research in Applied Mathematics. Instead of trying to prove or disprove theoretical
statements, researchers in applied mathematics focus on computer programming because,
according to Seth, “The code’s what really backs up what the math says, as far as confirming
that, because the math only says so much and the computer simulation tells you sort of more
than what the math says.” As a result, the applied mathematics participants spend most of their
time writing and debugging code. For example, Sarah indicated that 80-90 percent of her time
was spent coding.
In pure mathematics, researchers publish proofs. In applied mathematics, however,
researchers simply publish the results of their computer programs. Therefore, one of
participants, Sarah, described her frustration in trying to find resources to help with her code:
It’s not like I was able to pick up a bunch of books, read about [my research area], and
take it a little farther. I mean there’s pretty much no book written on what I’ve done.
There’s been a couple of papers… And in applied math, you never publish your code.
So, I can’t look at these people’s code and learn from what they’ve done… If I’m lucky,
in their paper, they put steps for an algorithm. And sometimes, one step of an algorithm
can be ten pages of code… I have never understood exactly why they don’t [publish
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their code]. Sometimes, they’ll say, “If you want a copy, you can email us.” But most of
the time, they won’t even do that. It’s like they don’t want people to see the code. So, I
don’t know. It’s odd because sometimes I really wish that I could see them… You just
kind of [have to go] by what algorithm they put in their paper and the things that they’ve
said that this would cause. And then usually, in the conclusion section, they’ll say this is
how fast it ran. But… It seems like they could make up stuff… It seems like 80-90
percent of what I do, no one will ever see. They’ll just see the pictures that I create with
it. That’s about it.
This created a problem for Sarah because she wasted a lot of time trying to write code based on
another person’s flawed algorithm. She explained, “There was a paper written that did [this
algorithm]… [My advisor] was assuming they knew what they were doing. And basically, what
we realized is that… It happened to work for them, but it wasn’t mathematically right.” So, after
three months of trying to write code for a faulty algorithm, her advisor finally agreed that the
algorithm was faulty, and they decided to go in another direction.
The applied mathematics participants also described the frustration involved in their
research. Seth stated, “So, once we got to the research phase, that’s been the most frustrating but
also the most rewarding… Frustrating in that you’ll just sit there for months and not really have
a good grasp on what’s going wrong.” However, their hurdles were different from those in pure
mathematics; the two major issues applied mathematics researchers face were translating
mathematics into code and debugging programs. Seth elucidated his frustrations in the
following statement.
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There is some sort of pure-ish type stuff that goes on because … I have to sort of figure
out some things with how to get [mathematical equations] into the code. And so,
sometimes that’s been where some of the problems have been. It’s just working with the
equations to put them into the code is where the problem is rather then just something
bad with the code. And so, then, it’s, a lot of the time, just thinking about, “Well, how’s
the best way to sort of approach this?” … I mean there’s been a couple of things that
we’ve tried three different things that sort of, in a theoretical sense, should all work, but
in practice, one of them just works way better than the other ones… [But] that other stuff
works great in other situations, just not ours… It’s not like we’re trying sort of
completely novel methods… It’s just how they fit together and work on this problem…
There are certain methods that’ll work well in certain situations, and others will just
work so much better in others.
In addition, he also spent a lot of time finding bugs in his code:
And for me, it was writing a lot of code and doing that. And then, since I have code
involved, I have the situation where we got to a point where we thought we kind of
understood what was going on. But we needed the code to work, and there were bugs in
the code. We couldn’t find the bugs in the code and spent a lot of time sort of rebuilding
different parts of the code trying to check, “Are these things by themselves correct?”
Similarly, Sarah stated, “I’ve worked on the same piece of code for a week, six to eight hours a
day, trying to find one bug. In the end it ends up being an ‘L’ that should have been an ‘I’ or
something stupid like that… That’s probably the worst part about my research.”
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Getting Stuck
All of the participants got stuck at some point during their dissertation and had to find
ways of getting unstuck. Sam described a common approach:
Well, I keep bashing at it, and try a different approach. Or I go look and see if there is
some existing research somewhere that might help. And if those don’t work, then I just
assume it’s not going to work out, and I try to sort of change tack or take a step back and
come at it from a different angle.
Similarly, Drew stated that he found that getting familiar with the literature and determining
whether anybody else had looked at it helped him. However, for some participants, looking at
existing research was not very helpful. For example, Tom explained, “I can look at the old stuff,
and kind of have, maybe an idea of where I should be going. But that doesn’t always work. You
just change one little requirement in a lemma or a theorem, and things go in a totally different
direction.”
One strategy that several of the participants discussed using was putting the problem
away for a little while and then coming back to it. For example, Sarah stated,
Well, I usually stay stuck for a long time because when I get stuck on something, I can’t
go away from it. It drives me absolutely crazy. So, I usually stay stuck for probably
longer than I should… I have to walk away for a day or two and come back. And then,
sometimes, I immediately see the problem and its fix. But I also have to be careful too.
If I walk away for too long, I come back to my code, and I’m like, “What was I doing?
What does this even mean?” So, it’s been kind of a hard balance as far as my coding
goes on what to do when I get stuck.
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Most of the participants firmly believed that the dissertation had to be done in isolation, without
the help of peers. Dustin believed that the dissertation is supposed to show “your coming of age
as an independent scholar” and consequently, it should be entirely done without the help of
anyone. Arthur stated,
I feel like, at least for me, my dissertation is supposed to more reflect my own work.
And like, it should be completely done by me because it’s my dissertation. I feel like it’s
more serious than homework, and therefore, I can’t go outside of this room. It’s almost
like a take-home exam.
He also indicated that he doesn’t get help from other people because,
It would be fear of being at my defense, and somebody on the committee asking me a
detail about that. And I just say, “I have no idea.” … I’d hate for my explanation to be,
“I asked so and so, and they told me how to do it.”
This led several students to state that it is an interesting contradiction to what researchers are
actually doing in the field. For example, Sean stated,
It’s like they want us to have one experience here, and then, a totally different
experience when we’re out of here… I guess maybe they want us to have the ability to
do something on our own. But in the end, it does seem like some of the most fruitful
stuff [in the field] does come from the collaboration. So, I don’t know. I guess they want
to set us up for maybe a situation where we can’t find collaborators or we’re just starting
an investigation; so, we’re not to the point of gathering collaborators.
However, a few participants indicated that they sometimes did ask general questions of peers.
Seth stated,
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As far as my dissertation stuff, nobody is working on the same sort of thing as I am. So,
it’s not really go and talk with somebody about my research… With code issues, I can
sort of talk with somebody sort of generally about, “This is what I’m trying to do. And
this is what I’m doing. And there’s a problem. Do you have any ideas?” I haven’t done
that much, hardly at all.
Tom often interacts with peers in his area of mathematics. They will go to each other and say,
“Hey! Do you remember this theorem or this lemma?” And they’ll just talk about it. Similarly,
Sam will ask peers about general mathematics, like “Is there some kind of theorem about blah
blah blah?” He saw this as useful because “it’s usually the more general stuff that I’m struggling
with, things that are less specific. Like I want to do something very general, and just can’t
remember if I learned it or if I didn’t learn it.”
When all else failed, several of the participants indicated that their advisors were helpful.
The following section describes the varying amounts of support participants received from their
advisors.
Interactions with Advisor
The amount of interaction participants had with their advisors during the dissertation
varied greatly. Two participants, Andy and Dustin, indicated that they were pretty much on their
own. One participant, Sean, was also on his own until recently, when he confronted his advisor
and asked for more support. The rest of the participants received a lot of support from their
advisors. Sarah appeared to get the most support and direction from her advisor. The following
is her description of a typical interaction with her advisor:
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Well, he always starts with, “What do you have for me?” That’s always his first
question. So, I always come in with a few pages of notes of stuff that I’d worked on that
week. And if I’ve worked on the program at all or ran anything, I’ll show him graphs of
things that have happened. And if I’m not seeing what I’m supposed to see, I’ll show
him those. I usually circle it on the graph. “These are some problems. What’s happening
here?” And then, I have this wonderful advisor who kind of thinks about the stuff I’m
working on while I’m working on it. So, if I have a problem, he pulls out this folder, and
he looks at his notes. And he’s like, “Why don’t you try this?” … And every once and a
while, if I get really stuck, he’ll just hand me a sheet of it and be like, “Look at this for a
while.”… And then he’ll always be like, “Make a copy of that, but I want it back.” So,
that’s really nice. And that’s usually how it goes. He has me initiate everything, pretty
much. He’ll throw out ideas every once in a while, but I have to usually ask for that idea,
at least… And I’ve gotten pretty good at asking the better questions because if I don’t
ask questions and I’m still stuck or he thinks I’m stuck, he sends me on crazy chases that
kind of waste a lot of time… Especially, in the past year and a half, I’ve gotten there. It
made our meetings go a little better.
Tom has a relationship with his advisor that is similar to Sarah’s:
Actually, I went to my advisor’s office today… So, I’ll describe it today. I was working
on a problem, and I got stuck. And I was very confused. And I tried to think of it in
different ways and stuff but I couldn’t get anywhere. So, I just walked over to his
office… And he was sitting in there. And I just knocked on his door. And he said,
“Hey.” And I said, “You got a minute?” He said, “Yeah.” So, I walked in there and
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showed him what I was working on, so I could refresh him on the background of what I
am doing, showed him where I was stuck. And I just basically asked him, “What am I
doing wrong? Am I not thinking about this the right way? Or I am just going at the
wrong direction?” And he basically just went through an explanation of exactly what
was going on with the problem and why things were set up in the way they were. And
then from that, I could easily see the generalization that I was working on and how it
applied. So, basically, I just go to him and say, “I’ve got a question.” And he says,
“Okay.” And he just answers the question… He doesn’t always just give me an answer
or something. Sometimes, he say, “Well, this is something you should really think
about,” especially if it’s something big. The question I asked today was kind of small.
Seth also gets support from his advisor. However, he indicated that he used his advisor more as
a sounding board than to actually get help. It is important to note that, since Seth is applied,
most of the places where he got stuck were in writing code. The following is a typical
interaction when Seth goes to his advisor with a problem in the code:
He won’t look at my code, which is reasonable because looking at someone’s code is a
gigantic pain… Well, so what I’ve had to do at different times, is sort of write down sort
of the gist of what’s the code doing… Pseudo-code basically. So that he can look at that,
which is much simpler to look at and say, “Here’s something that I think maybe needs to
be changed to something slightly different.”… And sometimes, it’s just been, I just talk
through it. I go and sit in his office and talk through it and realize I’ve been stupid.
[laugh] … And, so I can sound off of somebody else and not even register. Sometimes, I
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don’t know if it’s facial expressions from the advisor or what, but sometimes, it’s just,
“Here’s what I’m doing. Such, such, such. Oh geez!”
Drew met with his advisor weekly. During those meetings, he would go over his work:
He would ask me, “Okay. So, what have you got for me?” And I would have to go over
any results that I had from the week or any questions that I had. And I would tell him
how things were going and if I had something new or if I had a hunch that a question
was going to work out a certain way… Most of the time, he would just say, “Okay.
That’s sounds good. Just keep following that train of thought.” Sometimes, he would
say, “Well, I wonder what would happen if we did this.” Or he would say, “My hunch
tells me that this is what’s going to happen. See if you can prove that, but I have a
feeling it’s going to turn out this way.” So, that was basically the back and forth.
Sam also got support from his advisor. His advisor helped to improve proofs and directed him
toward the next step in his dissertation. He described a typical meeting with his advisor as
follows:
So, usually, I bring in what I’ve done, and I sort of go through it with him. He asks
questions, makes sure everything is looking good. Sometimes, he’ll try to clarify an
argument, streamline it, make it nicer, something like that. Then, he sort of points
toward the next step. He says, “Now, you can do this and this” and then, sort of, pushes
me a little but further, and I sort of go that direction.
Tom has also gotten a lot of support on his dissertation, especially in the beginning: “I think
I’ve got it easy because he gives me good feedback (where I should be going, what I should be
looking at, and just if I am doing well or not).” During the early stages of the dissertation, he
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said that he would go to his advisor a lot and say, “I’m reading through this paper. I have no
idea what’s going on here. Explain this to me, please!” But lately, he hasn’t needed as much
support. “Lately, it’s been a lot of just me going in there and saying, ‘I’ve done this. I’m done.’
And I just go. I feel like I just work on it on my own, and I don’t really have to ask for much
help.”
Andy did not get a lot of support from his advisor on the dissertation. In fact, he would
go for months without seeing his advisor. But when they did meet, his advisor ensured that
Andy’s work was sound. He explained,
I’d be like, “Okay. I’ve got this idea, this idea…” And then, he’d be like, “This worked.
This worked. This didn’t work. Here is the counter-example.” And then, I’d be like,
“Okay. Do you have any ideas on how to fix it?” “Nope. Nope. Do whatever you need
to.” “Alright thanks.”
After Andy defended his dissertation, he met with his advisor and said, “Why so hands off?”
Andy described his advisor’s response as follows:
And [my advisor] said that’s because how his professor was, and he had liked it. He said
he liked the freedom. He thought it was the best for creative work. Being free, kind of on
your own, doing your thing… It’s an interesting approach. He said he thought it was
important to give students room to be creative in their own work.
Dustin was left completely on his own to do the dissertation. He explained,
[My advisor’s] default is he’ll just kind of let you go. And if you say, “Well, I’m stuck,
and I don’t know what to do.” Then, he’ll be like, “Well, you should keep working.”
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And if he keeps telling you to keep working enough and you figure it out, then great; he
doesn’t have to do anything.
Dustin believes that his advisor’s lack of involvement is based on his own experience:
I think his advising philosophy is, “If the student had enough initiative, then I don’t have
to do anything.” So, I think that reflects his own experience… He talked to his advisor
three times. One, “Will you be my advisor?” Two, “I’m going to do this.” And three,
“Here’s my dissertation.” … I feel like there’s a very strong incentive for him to
encourage me into that paradigm because it’s a lot less work for him. And if I can do
everything on my own, that helps me because I kind of foster that research muscle and
kind of learn how to formulate questions on my own. The less help I need from him, the
better I should be as a mathematician because when I’m gone, then I won’t have him to
turn to. So, it would be best if I’d learn it on my own at first instead of having to learn it
on my own later in maybe a more high-pressure environment. Yet, I kind of think that he
just doesn’t really want to do a lot of work… So, I feel like if he can encourage me to do
more work on my own, then that’s better for me.
During his first interview, Sean discussed getting nothing from his advisor:
And he usually, just sort of nods. And very quickly, the conversation deteriorates… He
likes to talk about anything not math-related. I think he likes to keep his math very
personal. I think he likes his students to… He expects his students to be the same way.
However, between the first and second interview, Seth described a major change in his
relationship with his advisor:
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For the first time, I actually got him to think about something with me, which was pretty
interesting because we actually had a little result by the end of this conversation. One
that I pretty much had scouted out… We looked at an example carefully together and
then realized what was going on precisely. And again, I had already made the key
observation there, but it was nice to just be able to sound off of him a little bit.
Seth believed that the change was a result of an interaction that he had with his advisor:
I said, “Look. I don’t feel like I’m getting any direction out of this here.” So, I asked
him, point blank, “What is your role in all of this?” And he was kind of taken aback, but
then later than night, I get an email from him saying, “Okay. We need to make a plan to
get you out of here.” So, it’s like he was wanting to sort of ignore it and hoping that I
would just do it on my own. But when I told him, “Hey. I need some direction here.” …
I’m hoping now that we’re going to have a more productive relationship.
Finishing the Dissertation
How much is enough? Research in mathematics is not a well-defined project.
Sometimes partial solutions are all that can be found. Some students get lots of little results;
while others get a few big results. Consequently, there is not a clear standard for when students
are finished with their dissertations. Instead, they keep working until their advisor is satisfied.
Drew stated, “You’re done when your advisor thinks you have enough. And you know he thinks
you have enough when he asks you to write up a summary of everything you’ve done.” When
asked when he will be done with the dissertation, Sam stated, “Does anybody know the answer
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to that? Does anybody know when they’re done?” The amount that it will take to satisfy an
advisor seemed ambiguous to the participants. Dustin stated,
I really don’t understand what needs to be in a dissertation. That has never really been
explained to me… I don’t know what constitutes a dissertation. I mean I know one of his
former students took three published papers, stapled it together, and called it a
dissertation. And the other one, kind of reads like a book. I know some of them where
they kind of… They give you a lot of history, and they give you a lot of “This is what I
tried and it didn’t work.” And I’ve never really been told what goes into it and what
doesn’t go into it.
When Sean was asked when he will be done with the dissertation, he replied,
That’s unclear. That’s totally unclear… I still don’t know. Essentially, the way my
advisor put it; he said, “Well, you have to satisfy me.” As soon as I have him satisfied,
I’m going to be done. And that’s going to be it. His word is pretty much final, from what
I understand. There is a committee, but it is pretty much a formality, is what I
understand. So, as soon as I have satisfied him… So, I asked him, “How much will it
take to satisfy you?” He said, “Well. That’s not exactly clear.” It depends on what I’m
able to find. On the rate I’m going, mostly little results, nothing too big, he wants about
forty pages, if it keeps up like this. If I find something really good, I might be able to
knock off a few pages.
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Writing it up. Once students have done enough to satisfy their advisors, the last step is
to write it all up. Some of the participants indicated that they found the write up to be difficult.
Arthur explained his experience:
I mean I had to ask [my advisor] a couple of weeks ago because I had the results written
down by hand but as far as actually formally typing it up, I had no idea where to start…
I mean like organization of the entire thing. So, I downloaded the template from the
Math Department’s server. And you know, there’s all these things like the introduction,
abstract, blah blah blah. And I was like, “I don’t even know where to start.” I talked to
[my advisor] and was like, “So, what do I do?” And I finally figure out myself that you
write your chapters first, and then you go back, and you write your abstract and
introduction when you are done. And all that kind of stuff. But the actual writing of it…
I don’t know. I mean I’m still trying to figure it out, myself… From what I’ve gathered
it’s like… My results, I pretty much just put those in as theorems and prove them. And I
guess the filler, I kind of fill in later… you know, make the transitions… [All of my
theorems] are kind of in the same stream of thought, and you kind of use the same
methods to solve them. But they’re different results.
Dustin was also struggling with the writing. He explained,
For all intents and purposes, [my dissertation] is completely done. My thing is the way I
understand mathematics is not up to snuff when it comes to the stylistic demands of the
presentation of mathematics. So, I tend to make things more conversational. I kind of
drift away from formal definitions, and I get gists of things. And then all of your proofs
are, “This gist is actually in one-to-one correspondence with the definition. Let’s just
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manipulate the gist, and we’re done.” So, that’s how I think of mathematics. So, I’ve had
100 pages of dissertation typed. And every week, I just go through and just turn it into
this mathematical stylings. “Oh, do you put a comma here? Do you not put a comma
here?” This type of bullshit.
Sarah commented that her biggest struggle in the dissertation has been in the write up:
My struggle is in the write-up… Well, after about a year and a half, I had a goal for my
dissertation, and just I needed to fill in all of the details, which kind of randomly
happened… I’ve got [all my results] in a nice order right now. It’s just I wish I could do
a dissertation in bullet points. I really do. It would be so much easier… When I finished
my bullet points, I was like, “Okay. I feel good now.” But every time I try to put them
into paragraph form, I just get writer’s block.
She has found the applied part of the write-up to be the most difficult: “The applied stuff that I
should be able to write a lot about, I don’t feel as comfortable with."
Interactions with Peers (in general)
Five of the participants, Arthur, Sarah, Sam, Seth, and Tom, discussed “hanging out”
with other graduate students outside of school a lot early on in the program, but said that as time
progressed, they spent time with classmates less and less. Sarah explained,
I did more when I was in coursework. So, we’d all have classes together and be talking
about stuff. And then, on Friday, we’d go do something together. But once I stopped
taking classes, I stopped really doing things with people outside of classes much. So,
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that kind of went away. So, I really don’t do anything now… I think a lot of us that have
been here for a while are just ready to go.
Sam stated,
There does seem to be a lot more camaraderie amongst the early students, first year,
second year. It seems like everybody gets increasingly isolated as they go along… Part
of it might have to do with the literal, physical office space considerations your first few
years. You’re very cramped.
Tom explained his thoughts on why the interactions became less frequent,
I don’t know [why we don’t hang out as much now]. I wish I knew the answer because I
want to hang out with everybody more… When I came in I knew I immediately wanted
to make friends with everybody. And so, I did that… I mean you move to a new place,
and there’s new people. And you want to get to know everybody… I guess it kind of
tapers off. For me, I had less time to hang out because I had a family. So, that kind of
put a strain on how much time I could spend away… And of course, with the
coursework, we were all in the same course and so we had that to talk about. And then
once everybody started specializing, you don’t really have that to talk about as much.
Arthur believes his interactions have tapered off for several reasons:
All of my friends moved away. My peer group left. But I’ve picked up a little more
lately… The research just kind of starts cutting into your free time. My teaching takes a
lot of my time. I’m not doing too much coursework. But it’s like every spare minute I
have now I want to devote to research just to get the thing done.
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Drew indicated that he had a lot of academic interactions with peers, but he rarely spent time
with peers outside of school. He stated, “Usually, when the day’s over, I just go home.” Finally,
Andy said that he really didn’t interact with peers much at all. He explained, “I never hung out
with people. I’m the kind of person who knows people, but then, it’s not like if it’s Friday night,
I’m out.” Andy went on to say,
I don’t see much benefit to talking to other people. Part of that is the philosophy of
figure it out yourself type thing. Part of it is that because I’m not terribly social, I didn’t
get into really getting to know people well enough to get into conversations… I’m a
lonely guy.
Dustin talked with peers frequently to compare his experiences with others. For example, he
stated,
I try to talk to people because sometimes I think they get better advice than me. So, I can
see if I can get any advice that their advisor may have given them, like “You should be
applying for jobs now.” And that was how I learned that I needed to be applying for jobs
in October and November. So, I feel like I do reconnaissance. I try to figure out, “About
how far is this person off?” or “What type of research is this person doing?” Not
necessarily, what exactly is their question, but “What is the advising style of their
advisor?” And “How much involvement does the advisor have in ensuring that the
person gets graduated?” which I think can be wildly different.
Seth believed that his non-academic interactions with peers were important for his sanity. In his
words,
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I talk with my officemates all of the time. Not necessarily, in fact most of the time, not
about math. We would probably go crazy if we sat in there and just talked about math or
just sat there doing work all of the time… I would probably have had a hard time sort of
sticking with it if it was sort of like me against the work. But having people that I can go
sort of joke around with or talk about football with or anything that breaks up the day,
makes life a little bit more interesting than just math.
Similarly, Arthur commented,
I’d tell [incoming graduate students] to get a good support network going of
mathematical friends… But get a group of friends together that have roughly the same
interests as you … in math but in life also… because you need to have people that you
can go outside the math department with and hang out and not just talk about math. And
they’re hard to find… I don’t want to go out for dinner and talk about the Le-Bray
integral. I mean I don’t care that much. But some people like that; so, that’s the group
they should probably hang with… Find a group that works for you. If someone was like
me, I would tell them realize there’s more going on. It’s actually advice I think I gave
this year when we were doing orientation. I told them there’s more going on in this
department then mathematics. Yeah. There’s more to life… Find that balance where you
can still be successful in what you’re doing and proceed… I mean it’s hard to find that
mix that is exactly… I was fortunate that [another graduate student] was the peer group
that I would go straight to for mathematical help, but he was also the person I would go
straight to because I wanted to hang out. We had a lot of similarities.
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Interactions with Faculty (in general)
Three of the participants, Sam, Sarah, and Tom, discussed how they really did not
interact much with professors other than those teaching their courses and their advisor. Sam
stated, “I’ve mostly liked my professors, but as far as interactions, I’ve never been one to
interact with my professors very much at all.” Similarly, when asked if she interacted with
professors much outside of the classroom, Sarah stated,
Not too much. And that was very different from undergraduate because as an
undergraduate, I knew almost every professor, and we interacted outside of class all of
the time. In graduate school, not so much. It was more class and office hours, and that
was it.
Five of the other participants described key interactions they had with professors. Dustin
discussed one professor, who was his “go-to-guy” if he had a question:
I think one guy knows everything in our department, and I’ve talked to him a little bit.
He sent me some of the right books… If I have a question about which book to use, I go
to him. He’s my resource. So, he knows everything.
Sean went through a difficult time early on in graduate school, and he was impacted by the
advice of several professors. He explained,
I’ve shifted as I’ve gone through the program from beginning to end. I’ve shifted from
very little amount of me-time to more and more me-time. And part of the reason I’ve
done this is because along the way, several professors said to me, “You better enjoy this
while it lasts because this is the most free time you’re going to have. It only gets worse
from here.” And I said to myself, “It only gets worse from here? I’m nearly killing
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myself here. I can’t believe it only gets worse than this.” And then I said, “Maybe
they’re hinting that I should be relaxing more.” So, that’s what I started doing.
Arthur described getting important career-related advice from a professor:
I always felt very welcome in his office, and I never thought that would have been the
case. I think that I went to his office … because I felt like he had good information… It
was like life lessons. I feel like I need those. You know it’s like, “What’s it mean to be a
mathematician?” He’d give those kind of stories, and I felt like that was priceless. He’d
talk to us about politics of being in the math department, things that they don’t tell you,
or the politics of publishing and journals and which journal’s editors and all that
nonsense that you wouldn’t have guessed.
Arthur went on to say, “If it wasn’t for him, I don’t think I would have had any guidance at all.”
In addition, Arthur commented on an issue that he had with mathematicians, in general, based
on his interactions with faculty:
Everyone, like I was saying earlier, gives the impression that everything they see is
obvious to them. And they won’t let up that it’s not obvious… I don’t want to play that
game. That’s one thing that I have a little shtick with the mathematical community is
that game they play of “This is all obvious. I’m not going to give up my pig-headedness
about it.” And it frustrates me.
Finally, Andy commented that he enjoyed joking around with professors, especially those in his
area of research. He went on to say, “I think it’s good as a grad student to know your
professors… I mean hopefully, when I get a career, I’m going to be working with people just
like them.”
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Affective Socialization
All of the participants in this study planned on obtaining mathematics faculty positions
at colleges or universities upon completion of the doctoral program. The programmatic
requirements (including the coursework, preliminary examinations, oral examination, and
dissertation) developed the participants’ content knowledge, but it did not completely prepared
them for their roles as mathematics faculty. In particular, the participants will need to know how
to search for and obtain a faculty position and how to fulfill professional duties including
attending and presenting at conferences, teaching mathematics courses, participating in
mathematical research (which typically involves collaboration), and publishing research.
Consequently, the second section of the framework for the typological analysis of this study
addressed these needs by exploring students’ interactions and experiences, which affectively
socialize students into the community of mathematicians and mathematical researchers and
prepared them for their roles as mathematics faculty. The typologies in this section were (a)
conferences, (b) collaboration, (c) the job search, (d) publishing, (e) teaching, and (f) research
workshops.
Conferences
All of the participants agreed that going to and presenting at conferences is an important
component of the graduate school experience for several reasons. First, job interviews take
place at the Mathematical Association of America (MAA) conference. Sarah, for example, had
seven interviews while she was there. This led Arthur, who has not attended a conference yet, to
state, “I need to go to the conference, the whatever, the sectional, the joint meetings, or
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whatever they’re called in January because that’s where you do all of your job interviews.”
Second, conferences are important places for students to network and find potential
collaborators for future research. According to Dustin,
You’re just networking at the conferences. And already, two of the mathematicians,
whose papers I read to kind of get ready for orals, they’ve already sent me a request for
my dissertation. So, I gave talks good enough for them to actually read what I have
done, which might be encouraging!
Similarly, Seth stated,
There’s one contributed paper session that mine’s in, where everything’s sort of closely
related to what I’m doing. And so, at least one of the people is somebody that we’re
already talking about collaborating with and things like that.
Even when students do not present, they are still able to meet people with similar interests. For
instance, Tom described his experience at one conference,
I got to talk to some of [my advisor’s] collaborators who know the area really well and
some other students who are working on similar things… One of [my advisor’s
collaborator’s] students is someone I’m probably going to do some collaboration with.
Finally, by hearing other students’ presentations and talking to students from other schools at
the conference, students are able to get a sense of how their experiences and their research
compare to those of other students. Drew, for example, spoke with students from another
university and discovered that his teaching experience during graduate school was unique:
I remember talking to… I talked to one or two students from [another university], and
they were amazed that we got to teach our own classes. Just literally amazed… They TA
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big lecture sections. They sit there in the corner and take attendance, while the professor
talks, and they grade homeworks and stuff. They don’t get to teach. They were amazed
that we got to teach.
After attending conference presentations by students from other schools, three students, Sean,
Andy, and Dustin, expressed their surprise at the amount of “hand-holding” some students
appeared to have gotten from their advisors on the dissertation. One of these students, Andy,
stated,
Actually, I get particularly frustrated, especially by the kids who go to better schools.
And the reason is because I feel like a lot of the kids who go to better schools, if you
listen to their talks sometimes… I don’t know if they’re just enamored with their
advisor, like their advisor is so brilliant that they’re just in awe so they’re constantly
talking of them, or if their advisor is giving them everything. But you go, and you listen
to them, and it is very little, “I did this” or “This is mine” or “This is my discovery.” It is
like “we” or “This is what he” or “This is what they” or “This is what somebody.” It’s a
lot of name-dropping; it’s not a whole lot on them. So, I actually get very frustrated with
that because I sit there, and I go, “What are you doing?”
In spite of the importance of going to and presenting at conferences, two of the nine participants
had never been to a conference and one had attended a conference but had not presented.
Seth, who has attended and presented at conferences, claimed that this was the result of
the fact that the department does not strongly encourage students to go to conferences. Arthur,
who has not attended a conference, cites three main reasons for not having attended or presented
at a conference. First and foremost, it is difficult to get funding. He said, “Basically, from what
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I’ve learned, the support to go to conferences isn’t the easiest to get. And that’s been a factor for
me, you know, thinking that if I go to a conference, it’s going to cost me a thousand bucks to fly
out there.” Second, the dissertation is usually pure mathematics students’ first experience with
research. So, students don’t typically have any research to present until they are almost finished
with graduate school. This is an issue because typically, students can only get funding if they
present. And finally, he reports that he has not been encouraged to go by his advisor or anyone
in the department.
Collaboration
Participants all identified collaboration as an important component of mathematical
research. Sean explained that in his area, “When you first start out of the gate, it should be all
you to get yourself initially recognized. And then, you start doing collaborations, and it gets
increasingly important.” Arthur, for example, discussed a conversation with a faculty member,
in which he was told, “the greatest strength you can have is to know your weakness and to know
who is good at your weaknesses.” Sarah explained the balance mathematicians (and doctoral
students) must find between doing things on their own and collaborating.
I mean, ultimately, when it comes to dissertation and a lot of publications, it’s all on
you. And you have to do it yourself. But then, along the way, you have to talk to people
to get over humps and to get past certain things. And that’s where the collaboration
comes in. And if you have to talk to someone a lot, they become a co-author.
The two applied students were the only participants who had actually experienced or observed
collaboration in mathematical research; the rest could only hypothesize. This led Dustin to state,
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“There is [a lot of collaboration in my area] after you get a Ph.D., which I think is totally mindblowing. How are you supposed to get good at something if you can never practice it?”
Similarly, Sean commented, “It’s like they want us to have one experience here, and then, a
totally different experience once we’re out of here.” He went on to hypothesize that this was the
case because “they want us to have the ability to do something on our own. But in the end, it
does seem like some of the most fruitful stuff does come from the collaborations.” Similarly,
Andy explained, “[Graduate school] is your learning phase… You’re not an expert yet; you’re
trying to become an expert. And if you go to somebody else and somebody else figures it out,
then you’ve missed out on that stuff.” He went on to clarify that he does think that once you are
an expert (i.e., after graduate school) collaboration is very useful and something that he plans on
doing.
In applied mathematical research, mathematicians typically collaborate with specialists
in areas outside of mathematics, like physics or ecology. In this type of collaboration, the
mathematician’s primary role is to check the mathematical correctness of work done by their
collaborators. For example, Sarah described a collaboration that she knew of between her
advisor and a physicist:
Like usually, how it’ll work is the physics guy writes a code that does what he thinks
should be happening and then, sends it to [my advisor]. And he looks at it and
mathematically decided, “Okay. This is mathematically sound. This isn’t.” And he’ll
look at the part that isn’t and see if he can find a way to make it more mathematically
correct. And then, back and forth. And ultimately, they get one code in the end that does
the right thing and has the right math and everything that fits together.
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Collaboration for pure mathematicians is more convoluted, and as stated earlier, none of the
participants had actually been involved in or observed this type of collaboration. However, the
seven students in pure mathematics all had similar ideas of about the nature of collaboration in
pure mathematics. They consistently assumed that collaboration in pure mathematics occurs
when someone, who has thought up a problem and is working on it, hits something that needs a
different area of mathematics and decides to pull in a person from that area of mathematics to
help work on the problem and get through the hurdle. Tom, for instance, described it as follows:
As far as I know, collaboration is basically like group work where you get together with
somebody, and you just keep bouncing ideas off each other until something works out…
That’s kind of my idea of kind of what they do. Or you’re working on a problem
independently, and you’re kind of stuck on something… You put your problem away
because you’re stuck. Then, you read some papers and say, “Oh. That’s kind of similar.”
And then, you contact them and say, “This is my problem. This is what you’ve done. Do
you think these relate? And if they do, how can we relate them?”
Although they had never seen collaboration, four of the pure mathematics participants had
already begun to consider whom they already know that they could collaborate with and how
they will find other collaborators once they are finished with graduate school. Tom had already
found a future collaborator through his advisor, by traveling with his advisor to an annual
conference that his advisor attends with his collaborators. While there, Tom got to talk to some
of his advisor’s collaborators and their students, and he will probably do some collaboration
with a student of one of his advisor’s collaborators. The other three, Andy, Dustin, and Sean,
indicated that in order to find collaborators, students have to attend conferences and read papers.
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Andy had an idea of a potential collaborator from reading his paper. He stated, “I can think of a
paper right now that I’ve already thought of somebody I’d like to collaborate with” because the
person’s work would supplement his research nicely. Dustin stated that people often find
collaborators by networking at conferences and thought that two of the mathematicians who
attended his conference presentation and whose papers he read to get ready for orals may want
to collaborate because they’ve already sent him a request for his dissertation. Similarly, Sean
stated,
The only way I know of ascertaining [who is good at a certain topic] would be to see
people talk, to look at the literature, and see who’s writing what. You’ll start to get an
idea of who has the expertise where. Then, after that, all you can really do is contact
them. Say, “I know you’re really into the homological methods. And I’m thinking this
problem may be approachable from that direction. What do you think about that?”
In addition, Sean had observed that “there are little cliques of people that work together again
and again because they know each other; they know the way each other work and think and
stuff.” Consequently, he thought his first collaboration would be with one of his classmates
because they are already good friends.
Both of the applied mathematics participants believed that advisors should play a role in
helping them to begin networking and meeting people for future collaborations. Sarah stated,
I guess one thing my advisor tried to do is when people would come to visit that were in
his area and mine, soon to be, he’d make sure I met them… He’d make sure I came by
his office and met the people that came by. And so, I know two of the people that he
works closely with. I’ve met both of those and actually, gone to barbeques at his house
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when they came over to kind of meet them and stuff. So, that is another thing I think
[advisors] need to do is help you to network.
Job Search
At the time of the interviews, six of the participants were in the process of applying for
jobs; the remaining three students were at least a year from completing their degrees. Between
the first and second round of interviews, three of the six participants who were looking for jobs
were offered and had accepted mathematics faculty positions at colleges (one of which was
tenure-track); while, the other three had not received any offers.
Only one of the students applying for jobs, Drew, indicated that he had received advice
on the job search from his advisor:
My advisor was pretty candid with me about when I was going to be getting out. And he
told me pretty much in late August that I was going to be getting out of here the
following May. And I didn’t realize why that was so important at the time. And he told
me, “The reason I’m telling you this now because if you’re going to find a job for next
year, you’re going to have to hit some of these early deadlines. And they’re going to be
in November.” And it didn’t dawn on me then that there’s a lot to do between then and
November… And it shocked me that there were some other people there who also
looked like they were going to graduate, and their advisor wasn’t telling them any of this
stuff… But I think it’s important that the advisors make sure that they tell them what
they need because I had no idea what the job search was going to be like. My advisor
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told me what to expect, and what was going to happen, and what I need to do. I wouldn’t
have known any of this stuff, any of it.
Being uninformed about the job search was a sensitive issue for three of the other students who
had received either no information or the wrong information. Dustin, for example, stated,
So, I feel like there’s just a lot of things that have not been clearly explained, like when
to apply for jobs. I learned when I needed to be applying to jobs through other graduate
students; my advisor said, “Oh. Most people don’t start until February.” That may have
been true 35 years ago, but… Well, when I started missing deadlines in October, I tried
to get him on the horse about these things. I was like, “Look. I’ll write all these
statements, and I’ll put together all the CVs and whatever.” … You never get any
actionable intelligence to use… You just have to kind of fumble through it… Research
is so hard, and there’s so many different pressures on your time that you just don’t have
time to waste, you know, fumbling through job applications, you know, for ten hours
before you kind of figure out, “Well, I think this is the optimal way of doing it.” I mean
it’s unfair to the student… It’s just unfair, you know, to expect students to just kind of,
you know, flounder around and if they make it, they make it and if they don’t, they
don’t… There should be ambition by the department to ensure that the students that do
get out reflect well on the university.
Similarly, Sean, Sarah, and Seth indicated that their advisors’ only help in the job search was
writing letters of recommendation. For Sean and Sarah, the departmental secretary was helpful
in answering technical questions, but they had to figure out everything else on their own.
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Publications
All of the students indicated that their first publication would be based on their
dissertation. This meant that, when they applied to jobs, none of them had any publications
listed on their curriculum vita. The only participant to have a publication was Drew, who had
finished his dissertation and had a piece of it accepted for publication between the first and
second interview. The article was submitted for publication a few months after he applied for
jobs.
More than half of the participants knew of mathematics doctoral students at other
universities who were publishing prior to the dissertation. Sean stated, “It seems like at some
schools they do get a lot more support than, for example, we do here. You know, a lot of times,
they will spoon-feed people almost worthless publications just to get them publications and just
to get them established.” Seth found that this was a disadvantage for him when he applied for
postdocs. When he looked at the vitae of students who got the postdocs that he did not, he found
that the major difference between his vita and theirs was that they all had multiple publications.
During the job application process, Sarah observed,
I guess that one thing I felt that was weak on mine was publications. My advisor didn’t
really push for that… I wasn’t trying to get a post-doc. I was just trying to get a teaching
job, which they don’t care as much about publications. But there were some jobs that
were more teaching jobs that still wanted a publication list, and I had to say, “No
publications.” And I am sure that didn’t go very well.
Sean indicated that he also would have liked to have had the opportunity to work on
publications with his advisor. And, although neither of the applied mathematics participants in
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this study had publications, he also believed that applied mathematics students were more likely
to co-author papers with their advisors than pure mathematics students.
Well, sometimes advisors will take on their student as a co-author for papers and stuff. I
would have liked to have the experience to do that so that I could have gotten my name
on some papers and gotten some publications… It has happened, mostly on the applied
side. The applied people seem to take their student in under their wing and put their
name on papers quite a bit; whereas, the pure guys don’t seem to do that at all… The
thing is, here on the pure side, they don’t even really give us the opportunity. They don’t
say, “Do you want to write a paper with me? You’re going to have to contribute.” It just
never comes up at all, until after you graduate. Now once you graduate, then you might
start collaborations with your advisor or something, but always afterwards. They want
your first publication to have only your name on it… I mean it seems like the pure guys,
they really want you to sink or swim on your own. Whereas, it does seem that maybe
some of the applied advisors, they really want to sort of push you into a good place.
Which must be really helpful. I’m jealous.
Teaching
All of the participants planning on obtaining mathematics faculty positions at
universities or colleges upon completion of their degrees. One major component of being a
mathematics faculty member is teaching mathematics. Consequently, teaching-related
experiences during graduate school are a part of the socialization process. The participants’
responses indicated four activities during graduate school that prepared them for teaching:
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attending teaching workshops, having teaching assistantships, observing the faculty’s teaching
methods, and interacting with peers.
All of the participants had the opportunity to attend professional development, including
teaching workshops, sponsored by the university’s Graduate School.; however, only two of the
participants, Arthur and Tom, had taken advantage of the opportunity and attended workshops.
Tom explained that one of the two workshops he attended focused on “Think-Pair-Share,”
which he has found extremely useful when teaching:
I went to one that was about teaching undergraduates, and they came up with a very
interesting idea that I use now. And I think it’s working well. It’s called Think-PairShare… And when I give lectures now, I’ll do an example, and then I’ll say, “Okay. Let
me give you one.” And I’ll put up another example and give them a minute to try it on
their own because one thing I hear from a lot of undergraduates is, “I understand it
during the lecture, but I can’t do the homework or I can’t do the exam.” And the reason
why is because they’re watching me work problems, but they’re not working them.
They’re just copying it down. So, I repeatedly tell them, “When I’m doing an example,
the way that you can tell if you really understand is instead of saying, ‘I know why he
did that step’, you should be saying ‘I know what the next step is’. So, don’t wait for the
step and try to justify it. Try to think of what’s coming next.” And the ones who know
what’s coming next are the ones that understand.
All of the participants had teaching assistantships throughout their time in the doctoral
program. In the participants’ mathematics department, teaching assistants are allowed to teach
their own courses after the first year. As stated earlier, three of the participants discovered, by
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talking with students from other schools, that this was not necessarily the norm. Dustin
explained, “Here at this university, graduate students have complete control over their classes
starting their second year… So, I was talking to some of the people at the meeting, and they
were like, ‘Oh yeah. We just TA. We TA the whole time.’” Similarly, Tom explained that the
main differences he saw between his experience in doctoral study of mathematics and the
experiences of students in other mathematics doctoral programs was in the programs’ teaching
requirements. He explained, “A lot of people I talked to, especially the ones that seemed to be
further along, had very little to no teaching requirements.”
All of the participants indicated that they learn from their own experiences as teachers,
but what they learned varied greatly. Three mentioned learning that not all students are like
them. Seth stated, “Whenever I started teaching, I had sort of a sense of wanting the students to
all be super awesome like I was… It’s pretty much just been more of a transition of my
expectations. I’m not teaching a class of me as an undergrad.” Similarly, Andy stated,
I’ve learned that not many people are as motivated as me. And that’s actually been the
hardest thing to do… My students aren’t as motivated because I think it’s natural, when
you go in, especially when you start teaching, to imprint yourself on the students that
you’re teaching or at least imprint your view of yourself on the people you’re teaching.
And you can go through school and say, “Man. I was really motivated. And I didn’t
always do well, but I tried really hard.” And so, then you take than impression and
superimpose that on your students. And especially if you’re teaching lower-level classes,
you’re going to be disappointed, inevitably.
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Andy was the only participant who took this observation as a challenge to find ways to reach
students. He stated,
I actually started trying very hard to make what the classes were that they were taking
relevant… If you have a kid going into farming, what do they care about infinity? …
How do you take kids who aren’t interested in a topic at all and try to make it at least
somewhat applicable?
Two participants, Drew and Sarah, also stated that being able to teach a variety of
courses helped them in the job search. Sarah stated,
I guess teaching at a school like this, where I got to have such a wide range. I mean I got
to see the College Algebra 119 type students that were less prepared for college all the
way to students in Calc I and II… So, I think, it was nice to get a wide range and also
learn how to work with the weaker students all the way up to the stronger students.
Similarly, Drew explained,
One other thing my advisor did was he insisted that I teach classes that I hadn’t taught
before, that I didn’t just teach the same thing over and over again. And I’m glad he did
that, too. I know a lot of students … kind of have the tendency to want to teach that
same class because you’ve got it prepared, and you know it’s minimal work on your
part. But I think it was definitely worthwhile teaching several classes.
Although Drew said that he did learn from being a teaching assistant and felt that it was
beneficial in his job search, he had also observed that little value was placed on teaching
preparation in academia. He stated,
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I’ll be honest with you. The thing about teaching is it’s the one part of a professor’s
job… I read this somewhere. It’s the one part of a professor’s job that they don’t really
expect you to have any expertise in. They hire you, and they put a Calculus book in your
hand and say, “Go teach.”
The participants also noted that observing the teaching methods of the faculty in their
program was a great way to learn how to teach (or how not to teach). Several of the participants
discussed that their teachers’ priorities were typically not on teaching. Tom explained, “Well, it
seems like a lot of the professors here are more research-oriented. Not all of them, but a lot of
them are. And that’s not what I want to be.” This led Dustin to comment,
It seems weird that [professors] would put such a large focus on the research side of
things, when for most people, it’s practically useless when you leave. But that’s what
their life is. Their life is all research because that’s how their tenure decisions or their
promotions or their raise systems are determined… So, all of their priorities are research,
whereas all our priorities should pretty much be teaching.
On the other hand, many of the participants found characteristics of professors’ teaching that
they planned to emulate in their own classroom. One participant, Sean, modeled his teaching
style directly off of the professors he had in the graduate program. He stated,
I did base most of my methodology off of that of my professors here. I like the standard
definition, theorem, proof, example, sort of format. Maybe the example will come before
the theorem or something, but I really like to stick to that formal sort of format, like in
the textbooks and all.
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When asked whether he used this teaching method in all of his classes, he replied, “Yes. I think
that is the way to do math… You should have a very, logical, straightforward approach to
everything.” Three other participants found certain professors’ teaching styles to be helpful in
their learning and consequently, have tried to emulate in the classroom. Tom explained, “I’ve
experienced classes where I feel like I’ve learned more, and I’ve tried to figure out why I
learned more in a class.” For example, Tom observed a professor’s organization and ability to
give homework problems that “made you reflect on lecture and also, think ahead and see where
it’s going” helped him to learn a lot. The observations are important to Tom because they give
him ideas on how to improve his own teaching and therefore help him to become a better
teacher. Sam wanted to have the clarity of some of his professors. He explained,
I like being very clear. I like knowing exactly what assignments are due… Being clear is
the absolute best thing… You write a theorem down, and you actually write down all of
the steps. You don’t sort of stop halfway through and wave your hands through it… I
mean that’s the one thing I would want to have when I’m teaching is just that I’m clear
that they understand what I’m saying probably more than anything else. Being clear.
Sarah aspired to be like one professor, who ensured that every moment of class time was well
spent. She explained,
It seem like when he came to class, he thoroughly knew exactly what he was going to do
that day, had a purpose for everything, and there wasn’t any fluff or stuff that I felt like I
didn’t need to be there for… And that’s one thing I aspire to do when I’m teaching is
make sure every minute of class they’re getting something. And that nothing is just,
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“Oh. Here’s another example.” But, you know, “Here’s an example. And here’s why this
example is important. And you should get this out of it.”
Only one participant, Arthur, described learning from peers. He stated,
From talking to other graduate students, especially the ones that I know that have more
education background, I’ve gotten some tips from them, like little activities that you
might be able to do. Like you work a couple of examples and then, you actually have
them work it at their desk. And you have them work it at their desk. You know little
things like that.
Workshops
During the summers, universities, mathematical associations, and institutes hold
research workshops. During the workshops, graduate students, mathematical researchers, and
others work together towards solving challenging applied mathematics problems. These
problems often come from a wide variety of subject areas and are amenable to mathematical
modeling and analysis. Both of the applied mathematics participants, Sarah and Seth, had
attended multiple research workshops and believed that the workshops prepared them for and
gave them insight into mathematical research. Seth described his experience at one of the
workshops,
They had four faculty members that were faculty at different institutions around. And
they presented problems, and we sort of picked which ones we most wanted to work on
down to which one we least wanted to work on. And we got split up into groups based
on that. But obviously, we all didn’t get our first choice, but… There were certain ones
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that had more people wanting to do them then others. And that’s just how it works. So,
basically for three and a half days, we worked on trying to get something out of the
problem. And a lot of it was just figuring out… Okay… They were all applied problems,
but some of them involved more theory than others… And so, part of it, for each of the
groups, was just sort of figuring out “Is there some sort of slice of this problem we can
get work done on in three and a half days?” Because it’s really easy, when you sort of
are formulating a problem to work on, to just go all out and just sort of be like “This is
the huge full problem.” And you can’t do anything with it. And you do a bunch of
assumptions to simplify it down to something you can actually work with… So, that was
where we were mostly working as a group of students, and the faculty that presented the
problems were there for part of it. There weren’t there for the whole time… When they
were there, it was more to sort of guide us down, “Okay. Maybe you’re making the
problem too big. You need to cut it down some.”
Seth indicated that these workshops helped him with networking, let him “see a little bit into
what professional mathematicians do,” and demonstrates to future employers that he is able to
work collaboratively. At her first workshop, Sarah was put into a group with a problem that she
didn’t know anything about:
I had no clue what I was doing. So, I just sat back and watched and learned… I got to
see kind of how [collaboration] works, although I ended up in a group that I was
collaborating with where they did everything. So, I was just kind of watching... I kind of
felt bad when I left, but I had taken away a lot and learned a lot.
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When asked if it is standard in applied mathematics to do these workshops, she replied, “Well, I
don’t know if I’d say standard. But I’d say it’s extremely helpful and useful. And I think
everyone that could should definitely do it at least once so that you kind of can see what that’s
like.” Only one of the seven pure mathematics participants had attended a workshop, but it was
more of a mini-course and did not provide insight into mathematical research. None of the
participants were aware of any similar research workshops available to pure mathematics
students.
Thinking of Leaving
The participants in this study successfully made it through a doctoral program in
mathematics. However, many students do not make it through and decide to leave prior to
completion. Thus, the final section of the typological framework examined students’
experiences that led them to consider leaving the program. The typologies in this section were
(a) thoughts of leaving during the coursework; (b) thoughts of leaving during preliminary
examinations; and (c) thoughts of leaving during dissertation.
All but two of the participants had seriously contemplated dropping out of doctoral study
at some point. Five considered leaving once during graduate school (two during the coursework,
one after failing a prelim, and two during the dissertation), and two contemplated leaving at
least once in each of the three stages. Each student’s reasons and timing were unique, but they
all reached a point (or points) where the constant hurdles led them to question their desire to
continue in the degree program.
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Arthur considered quitting in all three stages of graduate school. During the coursework,
he felt overwhelmed by the difficulty of the material. He did not think that his undergraduate
education prepared him for it. This feeling of being unprepared for coursework also led Tom to
question his ability to make it through graduate school. Arthur also considered leaving while
studying for both of the prelims. He explained,
When you really start studying for these things, you start to get a glimpse of what it’s
like to be a mathematician… Spending eight hours at a desk looking at a piece of
paper… Struggling over problems that you can’t solve. And you realize that these
problems that I’m studying for this prelim have been solved for 40 or 50 years; whereas
the problems I’ll be working on in a year or so, no one even knows what I’m talking
about. You realize that it’s going to get much worse… I’m still at this point now that, if I
hadn’t finished my prelims and orals, I would definitely question leaving just because I
don’t know how happy this is going to make me. I have much broader interests than
math.
But he made it through both of the prelims, and continued on to the dissertation. In fact,
between the first and second interviews, he decided to quit: “I was just so tired of it all. And I
just realized that I don’t want to do research anymore.” However, he did not get any of the jobs
that he applied to; so, he decided to go ahead and stick it out since the end was in sight.
Dustin and Sarah were the only participants who failed prelims, and it was at that point
that they both questioned staying. Sarah’s described her thoughts after she failed her first
prelim:
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After I failed my first prelim, I was like, “Okay” because if I failed a second time, I had
to figure out something else to do. After I failed once, I started thinking, “What I can do
other than this?” And I thought about teaching high school and completely threw that
out the window. That would never… I could not do that. And I thought about going into
other sciences because my research was kind of physics-oriented. I thought about going
into physics or engineering or all kinds of stuff. But ultimately, I kind of put it off, and
studied really, really, really hard for that next prelim. I ultimately decided I didn’t want
to do any of that other stuff; so, luckily it all worked out.
In Sarah’s mind, the failure was the result of not studying enough; so, she buckled down and
studied hard for the next prelim and passed.
Dustin, on the other hand, failed two prelims but believed that he should have passed
both times. In both instances, he appealed the grade:
One time my appeal was denied, and I felt it was denied without cause. I felt like they
just wanted to Bell curve the grades, and I got above the standard mark for passing. But
they had determined because too many people passed that the exam was too easy, and
hence, that I should not pass. So, I had to take the qualifier a second time. I thought that
was kind of a raw deal. The second time I had to appeal my qualifier exam was because
the style of grading was not fair. And I stand by this, in the following way, the entire
committee graded the exam, that’s true, but each member of the committee graded a
different part. So, the standards of the grader of the class that’s supposed to prepare you
for the qualifier was different from the standards of grading from the grader of the
qualifier because there were three graders. So, on multiple occasions, I handed in
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essentially the same answer from what was a correct answer, determined by one member
of the committee, that was marked incorrect or inelegant or not the best possible answer
by one of the other committee members, which I think is hardly fair. So, when I
petitioned this the second time and provided concrete examples, they eventually
recanted and said, “Yes. You did pass this.”
Dustin also considered leaving during the coursework and during the dissertation. During the
first interview, Dustin stated,
I felt like I’ve been wronged by the math department on multiple occasions… I have felt
like I wanted to leave, even within the past couple of weeks, even though I am so close.
And the one thing that keeps me going is the fact that I am so close to the end. That’s
what I tell myself now. I mean I want to quit right now. I do not want this pain to go on
anymore. But I’ve been here for five and a half years. And if I don’t graduate in this half
semester, then I’ll probably graduate over the summer. So, I’ll be done. And that’s the
only thing that’s keeping me going is the fact that I’m almost done.
In each phase of the program, he had issues, including three “completely failed teaching
experiences, where they’ve had to throw out entire courses and give everybody A’s” and an
advisor who did not give feedback. But he remained in the program by thinking, “Despite all of
the awful crap they throw my way, I can stay with this, and I can overcome any type of shit they
throw my way. So, it’s pretty much just me and, you might say, pride.”
No other participant had personal issues with the department. However, they all had
stories of attrited students they felt were not treated fairly. In particular, experiences on the
preliminary examinations were commonly cited as reasons for peers’ departures. Sean told the
226

story of a peer, Amanda, whom he believed failed the prelims and attrited due to departmental
politics. Amanda took the same preliminary examination twice and failed both times.
And where they put the cut off seemed to be sort of arbitrary. And it seemed like each
time, she was just on the wrong side of it. And so, there could be a number of reasons,
but one of them, if you remember Dr. Jones… I think he was up for promotion or tenure
about that time. And Amanda had been complaining about him a lot because she didn’t
like his teaching style… She is very vocal. And so that’s the thing. She had been
complaining about him a lot. Well, one day, Dr. Hamilton approached Betsy in the hall
and said something about, “I don’t like the way you guys are treating Dr. Jones. And
blah blah blah.” You know, kind of stuff like that. And Betsy tried to say, “Whoa.” And
Dr. Hamilton was like, “Well, I know who the ring leader is,” obviously referring to
Amanda. And it wasn’t a coincidence then maybe that Amanda kept failing… We got
the impression that Dr. Hamilton was trying to take out the complaints that Amanda was
making for a totally different class on her through the prelim. I mean the prelim can be
used, I guess… [laugh] … It’s not just a, you know, “If you get a certain percent, you
pass or fail,” before you walk into it. It’s kind of a sliding scale, kind of arbitrary.
Five other participants also described stories of peers who left because of failed preliminary
examinations, which they perceived as unjust. In all the cases, they did not believe that the
students failed the exams did so because of lack of ability or effort; failure was viewed as the
result of a departmental or professorial decision. Although Sean’s story and those of other
students are only hearsay and cannot be taken as fact; they do highlight students’ perspectives
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on preliminary examinations and the collective mythology developed by graduate students in
this particular program.
Half of the students claimed that they only stayed in the program because they did not
like any of their other options or that there were not any other options. For example, Andy said,
“I ended up staying because it was the only thing I really had to do I guess.” And Sam said,
“Right now probably because there’s no jobs to be had. If the economy was a little different, I
might think about it more seriously… Every day it’s frustrating; I’m just like, ‘I need to do
something else.’”
Summary
This chapter presented a thick description of the participants’ graduate school
experiences, which was organized according to the framework established for typological
analysis of this study (see Appendix J). In the next chapter, the Conceptual Model of the
Doctoral Student Experience (see Appendix E), which was presented in Chapter 3, will be
reexamined in light of the findings. Then, in Chapter 7, the second component of the findings,
themes found across these categories, will be presented.
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CHAPTER 6: REEXAMINING THE CONCEPTUAL MODEL OF THE DOCTORAL
STUDENT EXPERIENCE IN LIGHT OF THE FINDINGS
The findings from this study inform the Conceptual Model of the Doctoral Student
Experience (see Appendix E), which was presented in Chapter 3. As described in Chapter 4, the
purpose of qualitative interview studies is not to generalize or extract facts or laws from the
data, but to understand the meaning participants give to experiences and life worlds (Patton,
2002; Warren, 2002; Weiss, 1994). This study provided insight into the nature of the following
existing connections: field of study’s relation to research productivity and interaction; program
characteristic’s relation to research productivity; admission’s, immediate post-degree career
expectations’, and graduate school experiences’ relations to degree completion/attrition;
research productivity’s relation to orientation; interaction’s relation to orientation, research
productivity, and graduate school experiences; and orientation’s relation to interaction. It also
indicated the possible existence of three new relationships in the conceptual model: field of
study’s relation to graduate school experiences and program characteristics’ relation to graduate
school experiences and funding.
Field of Study
Graduate students work within a particular field of study, and each field of study has a
distinct approach to and expectations for teaching, learning, and research. Within this study, the
participants were either in pure mathematics or applied mathematics, which are essentially
different fields of study. In this study, the applied and pure mathematics participants had distinct
dissertation experiences, research productivity, and interactions with advisors.
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Field of Study’s Relation to Graduate School Experiences
The dissertation experiences of students in pure mathematics were extremely different
from those in applied. The nature and process of selecting an area, advisor, and a research topic
were quite different depending upon whether students are studying pure or applied areas of
mathematics. The pure mathematics participants began by selecting a field of specialization.
From there, they picked an advisor in their field of specialization and, finally, worked with their
advisor to determine a topic or problem for their research. The applied mathematics participants,
on the other hand, got involved in research early in graduate school and chose their advisor
based on the research topic they found most interesting, which they determined from
participating in research projects.
In addition, research in applied mathematics has different objectives than research in
pure mathematics, which impacted the dissertation experiences of the participants. Research in
pure mathematics involves developing proofs or coming up with counter examples to disprove
theoretical conjectures. In applied mathematics, researchers focus on developing computer
simulations. This difference in the nature of the research had a major impact on the participants’
experiences with the dissertation. For example, a common complaint for pure mathematics
participants was not knowing whether the theoretical conjecture was true of false, and as a
result, struggling to develop a proof when what they needed was actually a counterexample. In
contrast, the typical complaint for applied mathematics participants was not being able to find
the bug in their code. Thus, from the findings of this study, it appears that the field of study
directly impacts graduate student experiences.
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Field of Study’s Relation to Research Productivity
Many of the findings in the affective socialization category of the typological framework
directly relate to the students’ research productivity, namely, going to conference, writing
publications, and attending research workshops. The applied and pure mathematics participants
did not differ in the frequency of attending and presenting research at conferences or in the
number of publications written. However, both of the applied mathematics participants attended
multiple research workshops; while, pure mathematics participants were not even aware of the
existence of similar workshops in pure areas of mathematics. In addition, the pure mathematics
participants perceived that doctoral students in applied mathematics got more support than those
in pure; however, this perception was not supported by the findings of this study.
Field of Study’s Relation to Interactions
The applied mathematics participants in this studied appeared to have a much more
supportive relationship with their advisors than those in pure mathematics. For example, both of
the applied mathematics participants were introduced to their advisors’ collaborators; while,
only one of the seven pure mathematics participants discussed meeting their advisors’
collaborators. Applied mathematics lends itself to interaction because mathematicians need to
work with specialists in the area in which the mathematics is applied. Pure mathematics is
theoretical, and the need for collaboration seems much more convoluted. It seems natural for
this distinction to translate into the relationships doctoral students have with their advisors.
However, it is unclear whether this difference is truly the result of field of study or simply the
characteristics of individual advisors.
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Program Characteristics
Although programs within a given field of study have the same general approach to
graduate study and research, numerous characteristics differentiate individual programs and
result in different experiences for graduate students. In this study, all of the participants were in
the same program. However, several of them were aware of differences between their
experiences and those of students in other mathematics programs. In particular, their responses
indicate that program characteristics impact research productivity and graduate school
experiences.
Program Characteristics’ Relation to Research Productivity
As stated earlier, all of the participants indicated that their first publication would be
based on their dissertation. In addition, more than half of the participants knew that mathematics
doctoral students in other mathematics doctoral programs were publishing prior to the
dissertation. Their responses indicate that program characteristics impact students’ research
productivity.
Program Characteristics’ Relation to Graduate School Experiences
The participants in this study indicated that the level of difficulty and the significance of
looming hurdles vary across programs. In preparation for the preliminary examinations, Drew,
for example, found qualifying examinations for other schools and noted great discrepancies in
difficulty. In addition, three participants discussed the orals as a formality in their program,
which they recognized was not the case for many other programs. Consequently, the
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participants’ responses indicate that program characteristics impact students’ experiences with
looming hurdles.
Program Characteristics’ Relation to Funding
All of the participants in this study had teaching assistantships. For students in this
program, teaching assistants are able to take full control of their classes during their second
year. Three of the participants discussed realizing that students in other programs had different
teaching requirements. In particular, they found that teaching assistants in many other programs
never get to teach their own courses; instead, the teaching assistants take attendance, grade
homework, and assist professors in lectures. Thus, the findings of this study indicate that the
type and nature of funding is impacted by program characteristics.
Admissions
Students are hand picked by graduate programs based on numerous criteria. In addition
during the admissions process, graduate applicants choose a particular program to attend and
become more informed about life as a graduate student and in their chosen discipline. Several of
the students in this study were not well informed about aspects of graduate school and
considered leaving the program when they realized that it was not what they thought it would
be.
Admissions’ Relation to Degree Completion/Attrition
In the literature review, there was substantial evidence indicating that students are more
likely to complete their degrees when they are well informed about graduate school. And this
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study provides further insight and evidence for this generalization. In particular, several
participants discussed thinking of leaving the program prior to completion when their
expectations did not coincide with reality. Two students were shocked and considered leaving
the program when they realized how much harder graduate school was than they expected. In
addition, two of the participants, who had never done research prior to graduate school,
contemplated leaving when they began their dissertation research because they realized that it
was not something they enjoyed.
Immediate Post-Degree Career Expectations
The primary reason a student attends graduate school is to prepare for a career (typically,
as a professor or researcher) in a particular field. Within any field, there are numerous career
options. Consequently, for students within a given field of study, different career aspirations and
expectations impact students’ approaches to, perspectives on, and experiences in graduate
school.
Immediate Post-Degree Career Expectations’ Relation to Degree Completion/Attrition
Two participants in this study indicated that they had considered leaving but remained in
the program because of the job market. In fact, one participant applied for secondary
mathematics teaching positions and only remained in the doctoral program because he did not
get any of the positions for which he applied. Consequently, this study adds to an already large
body of research demonstrating that post-degree career expectations, and more specifically the
nature of the job market for their desired career, impacts degree completion.
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Graduate School Experiences
Graduate school is not a uniform experience for all students. Certain key components
including the amount they are enrolled full-time and their experiences with “new student”
meetings and advising, looming hurdles, coursework, and the dissertation, play significant roles
in students’ overall graduate school experience. For the participants in this study, their graduate
school experiences impacted their likelihood of completing the degree.
Graduate School Experiences’ Relation to Degree Completion/Attrition
Three participants in this study considered leaving graduate school because of their
experiences with the preliminary examinations. In addition, most of the participants described
negative experiences attrited peers had with the preliminary examinations and cited these
experiences as the primary reasons for their departure. Consequently, this study adds support to
the already broad body of qualitative studies connecting looming hurdles to attrition.
Research Productivity
Graduate study is designed to prepare students for careers in a particular field, and most
of these careers expect job applicants to demonstrate an ability to conduct research. However,
graduate students vary greatly in their level of research productivity during graduate school,
which includes publications, conference presentations, and research workshops. In this study,
students research productivity impacted their orientation.
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Research Productivity’s Relation to Orientation
A couple of the participants in this study expressed concern about their lack of research
experiences and professional accomplishments. In particular, one participant felt a lot of
pressure to get publications because he knew that post-doctorate research appointments expect
applicants to have numerous publications. This study is only the second study to imply a
connection between research productivity and stress; so, more research is needed to establish
the connection.
Interaction
During graduate school, students are socialized into the community of their academic
discipline. In addition to learning in courses, students become socialized through personal
interactions (both formal and informal) with faculty and peers in their department. This study
focused on the role of interaction in the doctoral student experiences of nine doctoral candidates
in mathematics. The findings of the study indicate that interaction impacts doctoral students’
research productivity, graduate school experiences, and orientations.
Interaction’s Relation to Research Productivity
This study adds further support to the well-established finding that mentors significantly
affect students’ research productivity. In this study, several participants were able to attend and
present at conferences because of their advisors’ connections. In addition, although none of the
participants had any publications, each was aware of students at other institutions whose
advisors helped them get publications. In fact, this was a sore point for some of the participants
because they felt it resulted in a disadvantage for them in the job search.
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Interaction’s Relation to Graduate School Experiences
The nature and amount of interactions students had with peers and faculty impacted their
graduate school experiences. For some students, graduate school was a solitary experience.
They worked alone on assignments, did not go to office hours, and rarely interacted with peers
outside of the classroom. In addition, they believed that if they got stuck on the dissertation,
they needed to figure it out on their own. For others, graduate school was extremely social.
These students worked in groups whenever possible. They frequented office hours and met with
their advisors weekly to discuss the dissertation. They even spent time with peers outside of
class. These differences in interaction led to dissimilar graduate school experiences. Although
such a relationship seems self-evident, no other study has made the connection.
Interaction’s Relation to Orientation
In participants’ descriptions of experiences during their coursework, many discussed
office hours. The three participants who frequented office hours described interactions that
positively impacted their self-concepts. For example, Tom commented, “When I felt like I was
stupid and didn’t know anything, many of them were very supportive. They were saying, ‘No.
You’re doing fine.’ Or ‘Keep up the good work.’ A lot of the times, they would give me
positive reinforcement.” On the other had, two other participants did not go to office hours
because they worried that such interactions would negative impact their self-concepts.
Consequently, the findings of this study indicate that interactions with faculty, both actual and
anticipated, impact students’ self-concept.
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Orientation
Orientation describes feelings, beliefs, dispositions, values, goals, and other personal
qualities that embody and define an individual’s approach to doctoral study of mathematics. A
student’s perspective on all aspects of the graduate school experience is defined and embodied
by their orientation. In this study, a reoccurring theme that distinguished students was whether
they approached graduate school from a “do-it-on-your-own” or a collaborative perspective, and
this orientation directly impacted their interactions with faculty and peers.
Orientation’s Relation to Interaction
During the coursework and preliminary examination preparation, the “do-it-on-your –
own” participants worked in isolation and believed if they were stuck, they had to figure it out
on their own. They did not go to peers or faculty for help; in fact, working with peers was
equivalent to cheating in their minds. Consequently, the “do-it-on-your-own” participants had
significantly fewer interactions than the collaborative participants, who often worked with peers
and frequented office hours. Those from the collaborative group felt that studying with peers
and going to office hours were important learning tools because they allowed them to get
clarification on concepts and see mathematics from different perspectives.
Summary
The findings of this study make it clear that the doctoral study of mathematics is not a
uniform experience, even within a single program. Consequently, the modified version of
Nettles and Millet’s (2006) Conceptual Model of Doctoral Student Experiences (see Appendix
C, D, and E) provided a useful tool for understanding factors in the overall graduate school
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experience and their relationships. The findings of this study provided insight into the nature of
the following relationships already found in the conceptual model: field of study’s relation to
research productivity and interaction; program characteristic’s relation to research productivity;
admission’s, immediate post-degree career expectations’, and graduate school experiences’
relations to degree completion/attrition; research productivity’s relation to orientation;
interaction’s relation to orientation, research productivity, and graduate school experiences; and
orientation’s relation to interaction. It also indicated the possible existence of three “new”
relationships: field of study’s relation to graduate school experiences and program
characteristics’ relation to graduate school experiences and funding (see Appendix K and L).
This study adds to the limited body of research on graduate study of mathematics. The
nine extant studies on interactions in graduate study of mathematics focused solely on the
experiences of attrited students. The current study gave voice to doctoral students who have
successfully made it through doctoral study, and in so doing, places the perceptions of attrited
students in context. The participants of this study did not describe a unified experience and had
disparate philosophies on the role of interactions in that experience. The opportunity existed for
students in this program to choose the extent and nature of interactions with faculty and peers,
and many described a very interactive and supportive (from both peers and faculty) doctoral
student experience. But what seemed appropriate for some doctoral students is the opposite of
what others want. For example, one participant indicated that if doctoral programs required
more interaction, then he would have attrited. As a result, this study indicates that a unified
vision of successful relationships and adequate support may not exist. Instead, doctoral
programs must find ways to accommodate the unique needs of each of its students.
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CHAPTER 7: THEMES
The purpose of this study was to explore the interactions mathematics doctoral
candidates at one institution had during graduate school and the value that they place on the
interactions in their pursuit of and success in doctoral study of mathematics. In particular, this
study sought to address the following research questions: What interactions do doctoral students
in mathematics have with faculty? What meaning and value do mathematics doctoral students
place on their interactions with faculty? What interactions do doctoral students in mathematics
have with peers? And finally, what meaning and value do mathematics doctoral students place
on their interactions with peers?
Nine doctoral students were interviewed twice in this qualitative interview study.
Typological analysis of the data resulted in the descriptions presented in Chapter 5, based on the
phases of graduate study, activities for affective socialization, and thoughts of leaving. The
purpose of this chapter is to illuminate themes that were found across the students’ experiences.
In the next chapter, conclusions that are suggested by study findings and a summary of
recommendations for further research and for practice will be presented.
Interactions with Faculty in Doctoral Study of Mathematics
The first two research questions guiding this study were: What interactions do doctoral
students in mathematics have with faculty? And what meaning and value do mathematics
doctoral students place on their interactions with faculty? From the data collected in this study,
a series of themes emerged that depict key interactions participants had with faculty and the
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meaning and value given to these interactions. These themes are (1) Inadequacy and
Importance, (2) Being Uninformed, (3) Self-Sufficiency, and (4) Collaboration.
Inadequacy and Importance
Students’ perceptions of their interactions with faculty are central to students’ feelings of
self-worth and importance. Overall, the majority of participants’ comments about their
interactions with faculty reflected feelings of inadequacy and unimportance. During the
coursework and preparation for preliminary examinations, students need to feel comfortable
approaching professors. Several of the participants described not asking professors questions
because, as described by Arthur, they felt that professors were “almost on pedestals. ‘I’m a
professor; I’m so bright. This is all so trivial.’” This perception resulted in fewer interactions for
many of the participants and left them with feelings of inadequacy if they were not able to
figure things out on their own. However, the few participants who did go to professors’ office
hours found the professors actually to be supportive and helpful. In fact, Tom found that
interactions with professors lowered his feelings of inadequacy. He stated, “When I felt like I
was stupid and didn’t know anything, many of them were very supportive. They were saying,
‘No. You’re doing fine.’ Or ‘Keep up the good work.’ A lot of the times, they would give me
positive reinforcement.”
The participants described numerous experiences with the professors who taught their
graduate courses and their perceptions of those experiences. First, a lack of preparedness on the
part of professors made students feel unimportant. For example, Dustin perceived that when
professors do not adequately prepare for teaching, they are either trying to further their own
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career or stroking their own egos. He stated, “They don’t teach for you. They don’t teach to tell
you the information. They teach something that they haven’t taught in 10-12 years… and it’s all
about them seeing if they can do proofs that they did 12 years ago on the fly.” Consequently,
Dustin and others perceived a lack of preparedness as indicating that the professor viewed the
students as unimportant. Second, professors’ approaches to the material can make students feel
inadequate or unintelligent. Sam explained that some professors “clearly have a good grasp of
things, but then, dumbing it down for the students is very difficult.” Similarly, participants
described situations in which professors taught in a way that implied everything was obvious,
and if a student did not immediately see it, then he/she was dumb. This inability to explain
material or assuming that things are trivial or clear can be perceived by students as a sign of
their own inadequacy or lack of intelligence.
Finally, during the dissertation, students begin to come into their own as mathematicians
and mathematical researchers. The dissertation is also the first experience many students have
with mathematical research. Therefore, the interactions students have with their dissertation
advisors impact their orientations toward research and perceptions of their own value in the
world of mathematics. Arthur, for example, believed that improved interactions with his advisor
indicated that he had become a mathematical researcher in his own right:
At first, [my advisor] wasn’t the most voice to what I should be doing. But lately, he’s
been much more vocal. So, I’m wonder if maybe I’ve finally reached a level where he
expects. Like earlier, he maybe thought that what I was doing should have been figured
out. “It’s pretty trivial; just figured it out yourself.” I wonder if now I’m reaching the
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point where, it’s not trivial now… And it’s stuff that maybe he hasn’t even thought
about yet.
Arthur’s experience illuminates the impact of students’ interaction with advisors on their
feelings of (in)adequacy. The frequency and quality of students’ interactions with their advisors
also affects their feelings of importance. For example, Sean got little feedback and had few
interactions with his advisor. As a result, believed that he was his advisor’s “lowest priority”.
He went on to comment, “I still feel pretty clueless about the whole process, which causes me to
get apathetic, and it causes me to sort of gear down and put in less effort… [My advisor] is
going to give me enough rope to hang myself with.” This theme is consistent with the findings
of Herzig (2002, 2004a, 2004b), who explains that research in mathematics is fraught with large
periods of time in which no progress is made and dead-end after dead-end is reached, and so,
effective mentoring by key faculty members is crucial in curbing feelings of frustration and
incompetence.
Throughout graduate school, students’ interactions with faculty impact their feelings of
importance and self-worth. In particular, participants’ responses highlight office hours,
teaching, and dissertation advising as three key opportunities for professors to help students’
overcome feelings of inadequacy and unimportance, and thereby, increase their likelihoods of
completing the degree.
Being Uninformed
Not being informed can give students the wrong idea about how things work and
constrain their membership in the community of practice (Wenger, 1998). For example, many
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of the participants questioned the fairness of the preliminary examinations, and their questions
were the result of not knowing. Arthur remarked, “I’ve debated this with my friends, you know,
how much politics really goes on when they go to these committees… I have a strong suspicion
there’s something else in the works because [the cut-offs] seem very arbitrary.” Having closeddoor meetings that decide the fate of students in the program and not being clear on what it will
take to pass the examinations contribute to students’ developing feelings of unfairness and
taking things as personal attacks. For example, Sean told a story of a peer in the department,
Amanda, who failed a prelim twice. He stated “where they put the cut off seemed to be sort of
arbitrary, and … each time, [Amanda] was just on the wrong side of it”, which led Sean to
theorize that Amanda only failed because of a professor’s vendetta. Although Sean’s story is
hearsay and cannot be taken as fact, the prevalence of stories, like Sean’s, in participants’
responses indicates that students in this program are not well-informed about the preliminary
examination, which leaves room for the creation of myths.
In addition, when students are not informed, they have to fumble through things, which
can lead to feelings of frustration. Dustin explained his frustration with having to figure out the
job search on his own,
I feel like there’s just a lot of things that have not been clearly explained, like when to
apply for jobs… Research is so hard, and there’s so many different pressures on your
time that you just don’t have time to waste, you know, fumbling through job
applications… It’s just unfair, you know, to expect students to just kind of, you know,
flounder around and if they make it, they make it and if they don’t, they don’t.
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And Dustin wasn’t alone in feeling uninformed; all of the participants on the job market, except
Drew, indicated that they had to figure it out on their own. The participants agreed that doctoral
study of mathematics and mathematical research are not easy. Therefore, by informing students
about standard activities and processes, including the job search, programs can help students to
avoid any unnecessary frustrations with mundane tasks and to focus on the activities central to
becoming mathematicians and mathematical researchers.
Finally, almost all of the pure mathematics participants reported being not well-enough
informed about research in their field of specialization to choose a problem or topic for their
dissertation. This may be a result of the nature of their research areas or it may be the particular
advisors. For example, Tom chose his advisor because he liked the advisor’s class, not based on
an interest in the advisor’s research. Then, according to Tom, “Basically, I told [my advisor] I
didn’t have any idea of where I wanted to start. And so, he just said, ‘Well, here’s something I
was thinking about.’ … And so, that’s basically what I’m doing.” By not being informed
enough to choose a dissertation topic, students may end up with topics in which they have no
interest and develop feelings of disenchantment and/or apathy.
Self-Sufficiency
In doctoral study of mathematics, students feel a lot of pressure to figure things out on
their own. Some believe that it is the only way they can become mathematicians. For example,
Andy stated,
I thought [working things out on my own] actually built character, helped make me a
better mathematician, because when you’re in your career, who do you go talk to? If
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you’re already the expert in the field, whom do you go ask for advice? So, you’ve got to,
at a point, learn to do it on your own.
Similarly, Dustin commented,
The less help I need from [my advisor], the better I should be as a mathematician
because when I’m gone, then I won’t have him to turn to. So, it would be best if I’d
learn it on my own at first instead of having to learn it on my own later in maybe a more
high-pressure environment.
For others, it is a matter of not wanting to look dumb. Seth commented, “Historically, I’ve been
one of these people that just doesn’t like going to professors’ offices because you don’t want to
go in and be like, ‘I’m stupid. How do I even get started?’”
The interactions students had with faculty and advisors during graduate school also
reinforced students’ perception that they need to be self-sufficient. This is apparent in the
comments of all of the participants who went to office hours. For example, Drew stated, “I
didn’t want them to get the impression that I was trying to get them to, you know, do the
homework for me… I didn’t go in there and say, ‘I don’t know how to do this problem.’… I
would always have something.” This statement illustrates Drew’s belief that he should be able
to do the work on his own and resulting concern that professors would judge him for needing
help. Similarly, dissertation advisors typically expected the students to figure thing out on their
own. For example, when Andy ran into problems on his dissertation and asked his advisor if he
had any ideas, the response was, “Nope. Do whatever you need to.”
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Collaboration
In direct contradiction to the idea of needing to be self-sufficient, students began to learn
from interactions with and observations of faculty the importance of collaboration in
mathematical research. All of the participants were aware of the prevalence of collaboration in
their area of mathematical research and knew that their advisors frequently collaborated. For
applied mathematicians, collaboration is almost a necessity. Sarah explained, “And again, as an
applied mathematician, you almost have to because there’s no way I could know everything
about every applied area.” Several of the participants had been introduced to their advisors’
collaborators. In addition, some participants had conversations with faculty that supported the
importance of collaboration. Arthur, for example, was told by a faculty member, “the greatest
strength you can have is to know your weakness and to know who is good at your weaknesses.”
Although students were aware of the importance of collaboration in mathematical research, only
two had been able to participate in collaborative research. The rest only had tentative theories of
what collaboration might look like in their area of research, which troubling for a few of the
participants who mentioned that graduate school had not prepared them to do collaborative
research.
Interactions with Peers in Doctoral Study of Mathematics
The second two guiding research questions for this study were: What interactions do
doctoral students in mathematics have with peers? And, what meaning and value do
mathematics doctoral students place on their interactions with peers? From the study conducted,
two themes resulted that reveal key interactions participants had with peers and the meaning and
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value they gave to these interactions. These themes were (1) Insight Versus Deficit and (2)
Gauging Their Experience.
Insight Versus Deficit
A paradox existed in the participants’ views on working with peers. On one hand, it is
perceived as a deficit; on the other, it provides insight. Doctoral programs in mathematics are
designed to prepare students for membership in the community of mathematicians and
mathematical researchers. Consequently, several participants worried that if they worked with
peers, they would not know enough. Arthur remarked that he had not talked to any peers about
his dissertation for the following reason: “It would be fear of being at my defense, and
somebody on the committee asking me a detail about that. And I just say, ‘I have no idea.’ …
I’d hate for my explanation to be, ‘I asked so and so, and they told me how to do it.’”
Yet, in different contexts, almost all of the participants discussed the insights they had
gained from working with peers. For example, Sean stated, “Everyone brings their own past into
the game… For example, maybe the reason you’re not seeing some problem is because this is
your first exposure to these ideas. But maybe they’ve seen these ideas come up in a similar, or
maybe in a different, context, but the same idea.” Along the same lines, Drew held,
The idea of talking to someone and getting a new perspective on it, that can come up
even in something you’re strong in… They might just have a sort of different intuitive
feel for it or just might have a better explanation than the one in a book.
This was also evident in Andy’s description of working with a peer in preparation for the
prelim:
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But it turned out that, just as with all the prelims, when you look at enough, you start to
notice common trends in solutions and the kinds of questions they ask, like common
overriding things. And it was there, when [a peer] was actually doing the solutions that I
started to get a feel for it. I would not have passed if he hadn’t of done that.
The participants’ responses indicate that the insights gained from working with peers were
beneficial and sometime crucial in their successful completion of coursework and preliminary
examinations.
The stark contrast between perceiving working with peers as leading to a deficit in
knowledge and as providing crucial insight was apparent in most participants’ responses. They
stated that they needed to be able to do things on their own in order to become experts, but they
also knew the value of working with peers and the importance of collaboration in mathematical
research. None of the participants had resolved the paradox, but seemed to either acknowledge
the paradox and struggle to find a balance between the deficit and insight perspectives or
adamantly adhere to one perspective and ignore their own utilization of the other perspective.
Gauging Their Experience
All of the participants agreed that graduate school is not easy. According to Andy, “It is
an emotional rollercoaster.” In addition, as discussed above, the students often are not well
informed about what they should be doing or what constitutes quality. Consequently, by
interacting with peers, the participants seemed to be gauging, “Is my experience similar to
everyone else’s?” All of the participants who worked with peers during the coursework or in
preparation for the prelims seemed to find solace in the similarity of their experiences. For
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example, Arthur commented, “If I got stuck during the personal time, I’d go talk to my friends.
And if we got stuck during the group meetings and we remained stuck, we’d go talk to the
advisor, or the person [who was writing the prelim].” This comment indicates that he was not
alone in getting stuck; they all did. This is important because it helped him to realize that it is
just the nature of the field. Everyone gets stuck. Similarly, Seth was in a course where the
instructor did not speak English very well, and all of the students in the class were confused. He
explained, “We would ask him questions, and he would not understand the question and answer
a completely different question. So, we would repeat the question, and he would go on to
answer another completely different question.” As a result, the students gave up on getting help
from the instructor. In order to deal with the issue, the students began working together to get
through the material.
In other instances, participants went to peers to discuss a particular experience. This is
evident in the detailed descriptions almost every participant provided about what happened to
other students on the prelims or on the dissertation. For example, Seth described his experience
with one prelim,
It was not how much somebody studied for it, which was is sort of frustrating because
there were several people that I know that did not pass it that studied way harder than I
did… I’m not really sure [how I passed] because I walked out of that exam and thought,
“Well. I guess I’m going to have to take this again in January.”
Finally, students also interacted with each other as they sought to understand/compare their own
individual experiences with that of the group. Dustin clearly articulated that his objective when
discussing graduate school experiences with peers was to compare his experience with theirs:
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I try to talk to people because sometimes I think they get better advice than me. So, I can
see if I can get any advice that their advisor may have given them, like “You should be
applying for jobs now.” And that was how I learned, like, that I needed to be applying
for jobs in October and November. So, I feel like I do reconnaissance. I try to figure out,
you know, “About how far is this person off?” Or “What type of research is this person
doing?” Not necessarily, what exactly is their question, but “What is the advising style
of their advisor?” and “How much involvement does the advisor have in insuring that
the person gets graduated?” which I think can be wildly different.
The participants utilized peer interaction as a tool for gauging their graduate school
experience to that of their peers. In particular, participants talked with peers to find solace in the
similarity of their experiences, discuss a particular experience, and understand/compare their
own experiences with that of the group. This type of peer interaction was important for the
participants because it helped them to recognize that they were not alone.
Living in a World of Paradoxes
The study also generated a final, over-arching theme, Living in a World of Paradoxes,
that represents participants’ doctoral study of mathematics. In particular, the participants in this
study struggled to come to terms with three paradoxes. The first paradox was related to the
participants’ views on working with peers. On one hand, it’s a deficit; on the other, it provides
insight. This paradox was described in the previous section because it addressed interactions
with peers; however, it is also a factor in this theme. Seth indicated that the graduate school is a
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time when students must shift from doing everything on their own to realizing that sometimes,
you need help, and it is important to know where or how to get that help.
Most of us were really good at math coming through, even through undergrad. It was
sort of, you didn’t need a whole lot of help to get through things. And so, I think it’s sort
of an ingrained thing from our experience that you need to sit down, and you need to do
as much as you can by yourself. And I think this idea of “You need figure out who you
can go to, to get help for things.” I think the recognition of needing help is something
that a lot of us are getting sort of in graduate school. And so, it’s not something that
we’ve grown up with. And I think it’s more of a… I think, it ends up, we need both
things. Because if you can’t just sit down and chug through a bunch of stuff by yourself,
you’re not going to be carrying your weight in a collaboration. It’d be mostly, one
person doing all the work, and then, the other one sort of trying. So, both things have to
be there.
Thus, students question the role of peers in their graduate school experiences. Should they
utilize them as tools to developing a greater understanding? Or do they need to struggle through
the material on their own in order to become experts?
The second paradox was self-sufficiency versus collaboration. Students believe that they
should be self-sufficient and do everything on their own in graduate school; yet, they also begin
to learn the importance of collaboration. Each of these components was prevalent in students’
comments about interactions with faculty and therefore, was included as a theme on its own.
However, their mutual prevalence results in a paradox. When Sarah was asked how these two
ideas are compatible, she stated,
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I think most of us wonder the same thing at a lot of points. I mean, ultimately, when it
comes to dissertation and a lot of publications, it’s all on you. And you have to do it
yourself. But then, along the way, you have to talk to people to get over humps and to
get past certain things. And that’s where the collaboration comes in. And if you have to
talk to someone a lot, they become a co-author.
This paradox led Sean to state, “It’s like they want us to have one experience here, and then, a
totally different experience when we’re out of here… I guess maybe they want us to have the
ability to do something on our own.” The paradox of insight versus deficit and the paradox of
self-sufficiency versus collaboration both focus on the role of interaction. The first considers the
role of peer interaction in becoming a mathematician; while, the second examines the role of
interaction as a mathematician and mathematical researcher. Participants’ responses indicated
that they had not resolved either paradox and that they had not discussed these paradoxes with
faculty.
The final paradox encountered in this particular program was that research is the priority
for the department; but the graduate students, for the most part, will be taking jobs at schools
where teaching, not research, is the priority. For example, Tom explained, “Well, it seems like a
lot of the professors here are more research-oriented. Not all of them, but a lot of them are. And
that’s not what I want to be.” This led Dustin to comment,
It seems weird that [professors] would put such a large focus on the research side of
things, when for most people, it’s practically useless when you leave. But that’s what
their life is. Their life is all research because that’s how their tenure decisions or their
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promotions or their raise systems are determined… So, all of their priorities are research,
whereas all our priorities should pretty much be teaching.
As stated earlier, the objective of doctoral study of mathematics is to socialize students into the
community of mathematicians and mathematical researchers. However, there are numerous
possible careers for mathematicians and mathematical researchers, with various teaching and
research requirements. When doctoral programs see socialization as a uniform process for all
students, a paradox arises for students whose career goals are not consistent with that of the
program. The students struggle to find balance between preparing for their career and meeting
programmatic requirements, as was the case for some of the participants in this study.
Summary
From the data collected in this study, a series of themes resulted that depict key
interactions participants had with peers and faculty and the meaning and value given to these
interactions. For faculty, the themes were (1) Inadequacy and Importance, (2) Being
Uninformed, (3) Self-Sufficiency, and (4) Collaboration; and for peers, (1) Insight Versus
Deficit and (2) Gauging Their Experience. In addition, Living in a World of Paradoxes was an
overarching theme in the findings. In the next chapter, Chapter 8, conclusions and
recommendations, based on these themes, are presented.
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS
In order to make the findings of a study relevant, they must be connected to extant
research and theory. Consequently, in the first part of this chapter, conclusions and
recommendations for practice will be discussed; then, recommendations for future research will
be presented.
Conclusions and Recommendations for Practice
In addition to shedding light on relationships in the Conceptual Model of Doctoral
Socialization, as discussed in Chapter 6, this study informs several lines of thought: (a)
collaboration is more than just a crutch; (b) graduate students struggle to find a balance between
independent scholar and active collaborator; (c) graduate school is not a uniform experience; (d)
knowing and learning in mathematics is conceived from the cognitive perspective; and (e) there
are multiple paths for socializing students.
Collaboration is More Than Just a Crutch
The participants’ responses indicated that their primary objective in graduate school was
to become experts in mathematics. In addition, collaboration and working with others were
perceived by most of the participants to result from personal weakness and to hinder one’s
ability to truly become an expert. I believe this perspective is the direct consequence of
traditional mathematics education, which focuses on individual students getting the right
answer. The best student is the one who gets the right answer the most frequently and the most
efficiently. In this view, group work typically involves all of the students working problems
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together and translates into the “best” student doing most of the work and the others just
following along and copying. The problem with traditional mathematics education, as described
by Boaler (2000), is
Practices of individualized work, memorization, and repetition of formal procedures are
not only limited in their usefulness outside the mathematics classroom; they discourage
meaning, engagement, and understanding… learning to be a mathematics learner
involved… at the very least, someone who could abandon natural human desires to
attain meaning and interact socially with others (p.392).
Consequently, traditional mathematics education does not foster an appreciation for multiple
perspectives or collaboration; both of are essential for expanding the range of mathematical
thought. As a result, it does not help “the profession flexibly meet the challenges posed by the
growing quantitative sophistication of economic and political structures of the 21st century”
(Herzig, 2004a, p.173-174). In general, the participants’ experiences in mathematics classrooms
taught them that learning mathematics involved sitting down and working through problems on
their own and that group work or collaboration was crutch for students that were not able do the
work on their own. Then, during graduate school, the participants began to appreciate group
work and collaboration but struggled to resolve the paradox between the importance of doing
things on their own and the value of peer interaction and collaboration. Consequently, the
findings of this study add support to the National Council of Teachers of Mathematics’ (NCTM)
call for reform in mathematics education at all levels by highlighting the need for developing an
appreciation for multiple perspectives and collaboration throughout mathematics education.
Mathematics teaching and learning needs to reflect the importance of examining topics from
257

multiple perspectives by including activities that involve multiple approaches and providing
students with more than one way of being successful.
Graduate Students Struggle to Find a Balance Between Independent Scholar and Active
Collaborator
The paradox of self-sufficiency versus collaboration, which was identified as a prevalent
theme in the findings in Chapter 7, stands in contrast to prior research on professional
socialization and identity. Extant studies discuss the difficulties graduate students have
transitioning from the student identity to a more professional identity. Gardner (2008b)
explains,
A constant need for support and guidance from their faculty is often tempered by the
need to feel competent and independent from them as well. From the standpoint of
socialization, this process of becoming independent is required for successful acceptance
as a potential scholar who mush also be independent within the professional world, but it
is often a drastic transition for many of these students who have become accustomed to
the structure of their previous educational experiences… Therefore, while the need to
become an independent scholar is necessary for the students’ professional socialization,
earlier and much longer socialization experiences in previous educational setting have
often prepared students to become anything but independent (p.344-345).
Thus, extant studies describe a transition that appears to be the reverse of what the participants
of this study faced. These participants’ previous educational experiences made them
independent scholars. They felt immense pressure to be independent and self-sufficient. During
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graduate school, these students faced the realization that they cannot do everything on their own
and that they need to embrace collaboration as a vital component of mathematical research. In
spite of the difference, the implication of the findings of this study is similar to those of
previous studies. In particular, these students “needed much more guidance in earlier phases to
prepare them for this transition” (Gardner, 2008b, p.347). Consequently, mathematics educators
at all levels should work with students to prepare them for the collaborative nature of
mathematical research by structuring experiences that require collaboration and foster an
appreciation for working with peers.
Graduate School is Not a Uniform Experience
The stories shared by these participants also make it clear that graduate study is not a
uniform experience, even for students within the same field of study and in the same program.
These students entered a doctoral program with disparate views on the purposes for and value in
peer and faculty interactions and, as a result, created experiences that coincided with their
perspective. For example, two participants from the “do-it-on-your-own” perspective described
graduate school as a solitary experience in which students work alone on the coursework,
prepare in isolation for the preliminary examinations, and had advisors were very hands-off. At
the same time, several participants from the collaborative perspective described working with
peers during the in courses and preliminary examination preparation, frequenting faculty
members’ office hours, and having advisors who were supportive and helpful with the
dissertation research. Thus, the findings of this study imply that students’ orientations
significantly impact interaction in graduate school. More research is needed to establish the
259

impact of students’ orientations on interaction in graduate school. In addition, prior research has
indicated that isolation and feeling invisible are central reasons for attrition from mathematics
doctoral programs (Carlson, 1999; Earl-Novell, 2006; Herzig, 2002, 2004a, 2004b; Hollenshead
et al., 1994; Manzo, 1994; Stage & Maple, 1996). This finding indicates that a lack of
interaction leads to attrition. However, the findings of this study suggest that students’
orientations impact their interactions. Consequently, future research needs to identify the
orientations of attrited students who have indicated that isolation and feeling invisible were
central reasons for leaving graduate school prior to finish their degrees in order to get a better
understanding of the relationships between students’ orientations, interactions, and attrition.
Knowing and Learning in Mathematics is Conceived from the Cognitive Perspective
From their comments, it is apparent these participants view knowledge and learning
from the cognitive perspective. As described in Chapter 2, individuals operating in the cognitive
perspective believe that knowledge resides solely in individual minds and conceive of learning
as an internal, cognitively-mediated process. From this perspective, students need to “do-it-ontheir-own” in order to acquire the knowledge necessary to become experts and working with
others results in personal deficits in knowledge and is therefore, problematic. Unfortunately, this
perspective is detrimental to the advancement of the field of mathematics because it limits what
can be done or conceived in the minds of individuals. The mathematical community should
consider reexamining knowledge and learning from the situative perspective, in which
knowledge is contextualized, cooperative activity that is interactively constructed by individuals
in a particular community and learning is not an individual’s acquisition of new information but
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the distribution of participation in activities among individuals, artifacts, and tools of a
community. From this perspective, the focus of mathematics doctoral programs changes from
“What do we need to teach students in order to make them experts?” to “How can we help
students to make greater contributions to group functions (including teaching and research),
achieve personal accomplishments and growth in the graduate school community and the
community of mathematicians and mathematical researchers, and thereby, become more
prepared for successful entry into the community of mathematicians and mathematical
researchers?”
There are Multiple Paths for Socializing Students
This study provides further evidence that socialization theorists and graduate programs
need to acknowledge that there are multiple ways to socialize graduate students and consider
making modifications to both theory and practice. Antony (2002) clarifies,
Although mainstream content and techniques are likely to be taught in relatively
standard or traditional ways, socialization can still shape students’ learning and
development through a variety of experiences. These varied experiences might entail
modification of pedagogy or curricular content (p.374).
Being uninformed and facing paradoxes were two themes in doctoral study of mathematics
identified in participants’ comments in this study. Both of these themes are related to inadequate
communication on the part of the program and its faculty. These themes indicate the need for
this doctoral program (and possibly mathematics doctoral programs in general and the
mathematical community as a whole) to reevaluate the socialization of its students and become
261

more deliberate in preparing students for success in today’s community of mathematicians and
mathematical researchers.
In particular, there are two primary modifications that should be considered, in light of
the findings of this study. First, in traditional mathematics courses and textbooks, students are
only able to see the final, polished version of mathematics. But there is a lot at work “behind the
scenes” in mathematics with which students need to become acquainted. For example, students
want to answers to the following questions: What is the motivation? Why is this part clear?
What were the wrong turns? How did they come up with a counter-example? How does this
area of mathematics relate to other areas? Students need to understand the connections between
different areas of mathematics and the importance of combining methods and strategies from
these areas in contemporary mathematical research. Students also need to learn that
mathematicians are people too. They are not perfect. They do not always get the solution
instantly. In fact, they may go down many wrong paths before they find the right one. They may
work for months to prove a theorem that turns out to be false by an “obvious” counter-example.
They work with other people, not because they are not capable, but because insight can be
gained from seeing problems approached from multiple perspectives.
Second, in general, the participants in this study were in a program in which the focus
was on mathematical content, and they were expected to figure everything else out on their own.
During the dissertation, most of the participants were content with the support their advisors
provided regarding mathematical content; however, they were often clueless about and
frustrated with all aspects of the process, including how to “write up” mathematics. In addition,
the students wanted more support when preparing for the job market. They wanted someone to
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help them get ready for the job search. They wanted their advisor to facilitate affective
socialization activities, including networking and publishing. In fact, they just wanted to know
that their advisors and professors cared about them and saw them as important members of the
graduate school community and as future members of the community of mathematicians and
mathematical reserachers. Consequently, designers of doctoral programs need to be cognizant
that there are more aspects in the socialization process than developing content knowledge and
more deliberate in the inclusion of those aspects in their preparation of students.
Recommendations for Future Research
This research provided insight into the roles that interactions with faculty and peers
played in the experiences of nine mathematics doctoral students in graduate school and their
continued persistence as mathematics doctoral candidates. However, more research is needed
into the role of interactions with faculty and peers in graduate programs. The findings of this
study lend themselves to four recommendations for future research (i) establish connections
between components of the Conceptual Model of Doctoral Student Experiences (see Appendix
K); (ii) continue to explore the mathematics doctoral student experience in order to build a more
substantial body of research; (iii) utilize Ashforth, Sluss, and Saks’s (2007) organizational
socialization framework in studies of graduate student socialization; (iv) explore the experiences
of “successful” women and minorities in doctoral study of mathematics.
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Establish Connections Between Components of the Conceptual Model of Doctoral Student
Experiences
The Conceptual Model of Doctoral Student Experiences, presented in Chapter 3 and
reexamined based on the findings of this study in Chapter 7, highlights the complex components
in the doctoral student experience and identifies limitations in current research on doctoral study
of mathematics (see Appendix K). Only a handful of relationships have been established in the
research, and the majority of these interactions deal with students’ satisfaction with graduate
school and rates of progress through the degree. As is evident in the diagram (see Appendix K),
there are numerous other interactions that have been suggested by a few studies, but more
studies are needed to determine their nature and prevalence. In particular, this study identified
three “new” relationships: field of study’s relation to graduate school experiences and program
characteristics’ relation to graduate school experiences and to funding (see Appendix L). This
study was qualitative, and therefore, did not seek to establish generalizable findings. Therefore,
more studies are needed to establish if these relationships exist in graduate study, in general.
Continue to Explore the Mathematics Doctoral Student Experience in Order to Build a More
Substantial Body of Research
The high attrition rates and under-representation of women and minorities in
mathematics doctoral programs are a major issue for the field of mathematics and mathematical
research (Herzig, 2004a; Lacampagne et al., 2007). Yet very few studies have examined
doctoral study of mathematics. In fact, this was the first study to explore the experiences of
“successful” mathematics doctoral students. And although the participants in this study had
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successfully made it through the program, their comments indicated several themes, including
paradoxes and being uniformed, that could be major factors in the attrition of students from
mathematics doctoral programs. More research is needed to establish the prevalence of these
themes in mathematics doctoral programs and their role in attrition. In addition, this study only
examined students’ perspectives. Future research should also obtain faculty perspectives in
order to develop a more balanced view of graduate study of mathematics.
Utilize Ashforth, Sluss, and Saks’s (2007) Organizational Socialization Framework in Studies
of Graduate Student Socialization
Historically, literature on socialization depicted newcomers as relatively passive
recipients of the various socialization tactics used by institutions. This is in stark contrast to the
findings of this study, which demonstrate the significant influence students themselves have on
their graduate school experiences. This study adds support for the more recent theoretical
models of socialization, which contend that the newcomer plays an active role in the
socialization process. More specifically, Ashforth, Sluss, and Saks’s (2007) organizational
socialization framework incorporates newcomer proactive behavior in the socialization process.
Newcomer proactive behaviors include information seeking, feedback seeing, job-change
negotiating (i.e., trying to modify one’s tasks and others’ expectations), positive framing (i.e.,
attempting to see things in an optimistic way), general socializing, building a relationship with
one’s boss (or in the case of graduate school, faculty and advisors), and networking (Ashforth &
Saks, 1996). These proactive behaviors describe the types of interactions participants in this
study had with faculty and peers. As a result, I believe that Ashforth, Sluss, and Saks’s (2007)
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organizational socialization framework would be a useful tool in future research for developing
an understanding of the role of interactions in graduate school socialization.
Explore the Experiences of “Successful” Women and Minorities in Doctoral Study of
Mathematics
Finally, there were few women and no minorities in the program from which the
participants were selected; so, only one female participated in this study. Future research should
explore the experiences of “successful” females and minorities in doctoral study of mathematics
in order to find ways to increase the representation of women and minorities in doctoral study of
mathematics.
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Appendix A: Tinto’s Longitudinal Model of Doctoral Persistence
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Appendix B: Weidman, Twale, and Stein’s (2001) Framework of Graduate Student
Socialization

PROFESSIONAL
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Institutional
Culture
Academic Programs
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Processes
Interaction
Integration
Learning

[Knowledge Acquisition]
[Investment, Involvement]

PERSONAL
COMMUNITIES
Family
Friends
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NOVICE
PROFESSIONAL
PRACTITIONERS
[Commitment]
[Identity]

Appendix C: Conceptual Model of Doctoral Student Experiences (Version 1)

Note: Connecting lines indicate that at least one study investigated the relationship.
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Appendix D: Conceptual Model of Doctoral Student Experiences (Version 2)

Note: Connecting lines indicate that at least one study investigated the relationship.
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Appendix E: Conceptual Model of Doctoral Student Experiences – Using Results of Literature Review

Note: Solid lines indicate that a relationship was established by the literature.
A dashed line indicates that the relationship has been indicated (but not established) by the literature.
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Appendix F: Informed Consent Form
INFORMED CONSENT FORM
Affective Socialization Processes in Mathematics Doctoral Study: Gaining Insight from Successful
Students
Dear Participant:
You are invited to participate in a research study. The purpose of this study is to explore mathematics
doctoral students’ interactions during graduate school and the value that the students place on the interactions
in their continued pursuit of and success in doctoral study of mathematics.
INFORMATION:
Your participation in this study includes two interviews with the researcher in person. Each interview will
last between 60 and 90 minutes. The interview will be audio-recorded and transcribed for analysis. Once
transcribing is completed for the analysis, the audio-recordings will be erased or destroyed.
RISKS:
There are minimal risks involved in participation in this study. The information found in the study will be
used as a doctoral dissertation. Furthermore, it may be published in research journals or may be presented at
conferences. Any information provided that could reveal your identity, including your name, will remain
confidential and anonymous in any published materials.
BENEFITS:
The findings of this study can contribute to the body of knowledge about mathematics doctoral student
persistence. Furthermore, this study not only can be conducive in designing and implementing support
systems in mathematics doctoral programs, but also can help mathematics doctoral students who may be
considering leaving the study of mathematics. However, participant benefits are incidental.
CONFIDENTIALITY:
The information in this study’s records will be kept confidential. Data will be stored securely and will be
made available only to the persons conducting or directing the study unless you specifically give permission
in writing to do otherwise. No references will be made in oral or written reports, which could link your
identity to the study.
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Participant’s Initials:
CONTACT:
If you have questions at any time about the study or the procedures, you may contact the researcher, Lauren
Wagener, at 53 Joyner Ave. Asheville, NC, 865-974-9323, and wagener@math.utk.edu. If you have any
questions about your rights as a participant, contact the Research Compliance Services section of the Office
of Research in the University of Tennessee, Knoxville at 865-974-3466.
PARTICIPATION:
Your participation in this study is voluntary; you may decline to participate without penalty. If you decide to
participate, you agree to participate in the interviews described above. However, you may withdraw from the
study at any time without penalty and without loss of benefits to which you are otherwise entitled. If you
withdraw from the study before data collection is completed, your data will be returned to you or destroyed.
CONSENT
I have read the above information and agree to participate in this study. I have received a copy of this form.
Participant’s name (Print):
Participant’s signature:
Date:
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Appendix G: Interview Protocol
Interview Protocol
Topic domain: Graduate School Experience
Lead off question: How would you describe your experience in doctoral study of mathematics?
Possible follow-up questions
1. Why did you choose to study math further?
2. Have you ever considered leaving the program? Tell me about it.
3. If you could change something about your program, what would that be?
4. What does it take to do well in your program?
5. Have you ever felt that you didn’t fit in during graduate school? Tell me about it.
6. What is some advice that you would give to a new student?
7. Who would you say is a very successful student in your program? Why?
8. What are supports that have been vital to your learning and doing well in the program?
9. What are aspects that have detracted from your learning?
Topic domain: Courses
Lead off question: Tell me about a typical day in graduate school before you finished your preliminary
examinations.
Possible follow-up questions
1. What are were your courses in graduate school typically like?
2. Tell me about an occasion when you couldn’t figure out how to solve a problem.
3. With whom did you interact? Tell me about one such interaction.
4. Describe what goes on in a typical class.
5. What types of interactions did you have with peers in your classes? Tell me about one.
6. Describe an interaction that you had with an instructor of a course.
7. If you could change something about the courses you took, what would that be?
8. What did it take to do well in your courses?
Topic domain: Preliminary and Oral Examinations
Lead off question: Describe the preliminary and oral examination process.
Possible follow-up questions
1. Tell me about how you prepared for a preliminary examination.
2. Describe what it felt like to successfully complete the preliminary and oral examinations.
3. Whom did you interact with in preparation for the preliminary examinations? Tell me about one such
interaction.
4. Give me four words to describe the preliminary examinations.
5. Did you pass all of the examinations on the first try? If not, how did it make you feel? Tell me about
preparing to take the examination again?
6. Were there any supports that influenced your successful completion of the preliminary and oral
examinations? Describe them.
Topic domain: Research
291

Lead off question: Tell me about the research you are doing (or are interested in doing).
Possible follow-up questions
1. Give me four words to describe mathematical research.
2. Have you had the opportunity to work with professors on their research? Tell me about it.
3. Tell me about how you decided upon an area of mathematics to research?
4. Tell me about the process of deciding on a research topic?
5. Describe an occasion when you reached a “stumbling block” or “get stuck” on your research. What
did you do?
6. Tell me about a typical day in graduate school after you finished your preliminary examinations (i.e.,
once you became a doctoral candidate).
7. Now that you are a doctoral candidate, whom did you interact with? Describe these interactions.
8. What are four differences between the course-taking and the dissertation phases of graduate school.
Topic domain: Peers
Lead off question: Tell me about your peers in the program. What are they like?
Possible follow-up questions
1. Tell me about peers in the department that you feel close to or comfortable with.
2. Do you have friends within the program? Describe them.
3. What is it about these peers that allows you to have good relationships? Why are they good
relationship?
4. Describe one recent conversation you had with one of these peers.
5. Give me four words to describe your relationship with these peers.
Topic domain: Mentor
Lead off question: Tell me about a professor in the department that you consider to be a mentor.
Possible follow-up questions
1. Why did you choose this professor to be your mentor?
2. What is it about this professor that allows you to have a good relationship?
3. Why is it a good relationship?
4. Describe one recent conversation you had with that professor.
5. Give me four words to describe your relationship with that professor.
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Appendix H: Participant Recruitment Email
Dear

,

I am emailing to request your participation in my dissertation research study, as it will focus on the
experiences of doctoral candidates within the mathematics department.
Mathematics has the highest undergraduate attrition rate among all liberal arts disciplines (and among all
disciplines, except for health professions) and the second highest attrition rate of all doctoral programs in the
United States (Council of Graduate School, 2008; Lacampagne et al., 2007). This means that as students,
who initially express an interest in studying mathematics, progress through undergraduate and graduate
mathematics, they become increasingly likely to lose interest and switch to less mathematical fields of study
(Herzig, 2004a).
Research has firmly established the impact of graduate students’ interactions with faculty and peers on their
likelihoods of completing the degree (Ali & Kohun, 2006; Austin, 2002; Bair & Haworth, 2004; Gardner,
2005, 2008a; Golde, 2005; Herzig, 2002, 2004a; Hirschberg & Itkin, 1978; Kluever, 1997; Lovitts & Nelson,
2000; Monsour & Corman, 1991; Smith et al., 2006). In addition, social interaction is a key component of the
graduate socialization process, in which graduate students develop the knowledge, skills, and dispositions
necessary for successful completion of graduate school and entry into a professional career that requires an
advanced level of specialized knowledge and skill (Weidman et al., 2001). So, improving these interactions
is one way that programs can increase students’ likelihoods of success in graduate programs and in their
future careers.
Consequently, the purpose of my dissertation study is to explore mathematics doctoral candidates’
interactions with faculty and peers during graduate school and the meaning and value that these students
place on the interactions in their continued pursuit of and success in doctoral study of mathematics.
More specifically, through individual interviews with eight to ten mathematics doctoral candidates, I hope to
answer the following research questions:
(1) What interactions do doctoral students in mathematics have with faculty?
(2) What meaning and value do mathematics doctoral students place on their interactions with faculty?
(3) What interactions do doctoral students in mathematics have with peers?
(4) What meaning and value do mathematics doctoral students place on their interactions with peers?
The information in this study’s records will be kept confidential, and no references will be made in oral or
written reports, which could link the participants or the department to the study.
Upon approval by the IRB, I would like to begin interviewing mathematics doctoral candidates. Please let me
know whether you would be willing to be interviewed at a location of your choice
If you have questions at any time about the study or the procedures, you may contact me, at
wagener@math.utk.edu, or my advisor, Dr. Colleen Gilrane (865-974-5448 or cgilrane@utk.edu).
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Sincerely,
Lauren Wagener
Doctoral Candidate
Mathematics Education
Department of Theory and Practice in Teacher Education
University of Tennessee – Knoxville
wagener@math.utk.edu
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Appendix I: Second Participant Recruitment Email
Dear

,

Is there any way that you would be willing to participate in my study? I really need a few more participants.
The following is a little information about the study:
I am emailing to request your participation in my dissertation research study, as it will focus on the
experiences of doctoral candidates within the mathematics department.
Mathematics has the highest undergraduate attrition rate among all liberal arts disciplines (and among all
disciplines, except for health professions) and the second highest attrition rate of all doctoral programs in the
United States (Council of Graduate School, 2008; Lacampagne et al., 2007). This means that as students,
who initially express an interest in studying mathematics, progress through undergraduate and graduate
mathematics, they become increasingly likely to lose interest and switch to less mathematical fields of study
(Herzig, 2004a).
Research has firmly established the impact of graduate students’ interactions with faculty and peers on their
likelihoods of completing the degree (Ali & Kohun, 2006; Austin, 2002; Bair & Haworth, 2004; Gardner,
2005, 2008a; Golde, 2005; Herzig, 2002, 2004a; Hirschberg & Itkin, 1978; Kluever, 1997; Lovitts & Nelson,
2000; Monsour & Corman, 1991; Smith et al., 2006). In addition, social interaction is a key component of the
graduate socialization process, in which graduate students develop the knowledge, skills, and dispositions
necessary for successful completion of graduate school and entry into a professional career that requires an
advanced level of specialized knowledge and skill (Weidman et al., 2001). So, improving these interactions
is one way that programs can increase students’ likelihoods of success in graduate programs and in their
future careers.
Consequently, the purpose of my dissertation study is to explore mathematics doctoral candidates’
interactions with faculty and peers during graduate school and the meaning and value that these students
place on the interactions in their continued pursuit of and success in doctoral study of mathematics.
More specifically, through individual interviews with eight to ten mathematics doctoral candidates, I hope to
answer the following research questions:
(1) What interactions do doctoral students in mathematics have with faculty?
(2) What meaning and value do mathematics doctoral students place on their interactions with faculty?
(3) What interactions do doctoral students in mathematics have with peers?
(4) What meaning and value do mathematics doctoral students place on their interactions with peers?
The information in this study’s records will be kept confidential, and no references will be made in oral or
written reports, which could link the participants or the department to the study.
Upon approval by the IRB, I would like to begin interviewing mathematics doctoral candidates. Please let me
know whether you would be willing to be interviewed at a location of your choice
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If you have questions at any time about the study or the procedures, you may contact me, at
wagener@math.utk.edu, or my advisor, Dr. Colleen Gilrane (865-974-5448 or cgilrane@utk.edu).
Sincerely,
Lauren Wagener
Doctoral Candidate
Mathematics Education
Department of Theory and Practice in Teacher Education
University of Tennessee – Knoxville
wagener@math.utk.edu
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Appendix J: Framework for Typological Analysis
I. Graduate School
a. How You Decided to Pursue Ph.D. in Math
b. Coursework
i. Studying
1. Office Hours
2. Group Work
3. What Do You Do When You Got Stuck
ii. Teaching
c. Preliminary Examinations
i. Preparation
1. What Do You Do When You Got Stuck
ii. Interactions with Peers
iii. Interactions with Faculty
d. Dissertation
i. Choosing an Area of Mathematics
ii. Advisor
1. Choosing
2. Interactions
iii. Choosing a Research Topic/Problem
iv. What’s Research Like
1. What Do You Do When You Get Stuck
2. Connection to Prior Learning
3. Undergraduate Research
v. Interactions with Peers
e. Interactions with Peers (in general)
f. Interactions with Faculty (in general)
II. Affective Socialization
a. Conferences
b. Collaboration
c. Job Search
d. Publishing
e. Teaching
f. Research Workshops
III. Thinking of Leaving
a. Coursework
b. Preliminary Examinations
c. Dissertation
d. Impact of people on decision
i. Peers
ii. Faculty
iii. Advisors
iv. Other
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Appendix K: Conceptual Model of Doctoral Student Experiences – Using Results of Literature Review and Findings from Current Study

Note: Solid lines indicate that a relationship was established by the literature.
A dashed line indicates that the relationship has been suggested (but not established) by the literature.
298

Appendix L: Conceptual Model of Doctoral Student Experiences – Using Results of Literature Review and Findings from Current Study –
With Relationships from Current Study Highlighted

Note: Solid lines indicate that a relationship was established by the literature.
A dashed line indicates that the relationship has been suggested (but not established) by the literature.
The highlighted lines indicate relationships suggested in current study
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