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Student-led Program to Improve Equity in
PhD Oral Qualifying Exams

Abstract

In this paper, we present a student-developed and led program implemented in our graduate
department to help students begin preparation for oral examinations on more equal footing.
Despite the common use of oral qualifying (preliminary) examinations to assess students’ ability
to succeed and continue in engineering PhD programs, the communication skills needed to be
successful in such settings are not always explicitly taught in courses students take to prepare. We
give a brief overview of historical and current qualifying exam practices, discuss the benefits and
potential inequities of oral qualifying exams specifically, and finally, present one resource
educators may use to address the gap in students’ preparedness for this particular exam

format.

During this department’s oral qualifying exams, students entering their second year solve
technical problems on the blackboard while professors engage with and evaluate not only their
final answer but also their approach and problem-solving process. While in theory evaluating a
student’s process alongside the final answer can be more equitable, the oral exam format itself
may actually amplify inequality via implied expectations that go beyond demonstrating mastery
of technical concepts (the nominal goal). Indeed, to succeed in an oral examination, students must
also exhibit confident communication and skill working at the board, but these skills are not
currently taught, practiced, or assessed during our first-year courses.

We created a progressive qualifying exam preparatory program to bridge the gap between the
technical knowledge developed during the first year and the critical communication skills required
to effectively demonstrate that knowledge in an oral exam format. Our program, led by graduate
student facilitators, consisted of voluntary hour-long weekly sessions with components targeting
board work preparation, mental well-being, and study skills. We present details on our
pedagogical framework, practical implementation, and lessons learned that highlight the
program’s main benefits and areas for improvement. This case study is designed to offer one
possible method to improve student success, well-being, and overall equity throughout the
qualifying exam preparation process.

*Jacqueline Tawney and Meredith Hooper contributed equally to this work.

I Introduction

I.A  Background and Motivation

As universities begin to prioritize diversity in training the next generation of technical experts,
researchers, and leaders, it is essential to address any institutionalized inequities that may hinder
their success. This push for diversity includes enrolling students with increasingly distinct



backgrounds, cultures, prior training, learning styles, and goals. However, simply enrolling a
more diverse student body does not guarantee a diverse set of graduates [1]. Instead, to provide
equitable instruction to all students, universities must not only focus on academic factors to
improve achievement gaps, but also socioemotional aspects that will encourage students to persist
within their academic track, as posited by the heads-and-hearts hypothesis [2]. In this context,
equity is about “ensuring that everyone receives what they need to be successful” [3], where
student needs can vary by individual and span from appropriate instruction and practice of
technical material to the cultivation of a community with a culture of inclusion.

In this paper, we focus on one traditional milestone towards earning an engineering PhD — the
qualifying exam — within a framework of equity. Equity-minded programs, like the model
presented in this paper, are a tool to increase the retention of people historically excluded from
and underrepresented within higher education. Qualifying exams (i.e., “quals”, also referred to as
comprehensive or preliminary exams) generally function as an assessment of a student’s expertise
in the subject matter required for pursuing their PhD and, ideally, assist in their development into
an independent researcher. However, inequities in the examination process can arise due to
hidden expectations and examiner biases. Despite their ubiquity across American universities, the
true purpose of quals is subjective and can vary between faculty even within the same department
[4] [5]. We will therefore briefly discuss some of the equity pitfalls associated with qualifying
examinations before describing one simple and effective student-led strategy, grounded in
pedagogical theory, for improving equity in the examination process, in the hopes that readers
may use this work as a starting point for re-imagining examinations at their own

institutions.

The National Science Foundation (NSF) Inclusive Graduate Education Network’s (IGEN) brief
on doctoral exams identifies that while faculty may perceive the purpose of qualifying exams
differently, there is a commonly held belief that the exams should serve to gatekeep who is
allowed to proceed to the dissertation stage [6]. However, this gatekeeping function can act as a
barrier to equity if certain populations of students struggle disproportionately at the ‘gate.’
Indeed, the researchers acknowledge that “it is not that the exams do not test important subject
matter. The problem is that the design and implementation of exams may carry cultural baggage
that creates disproportionate barriers for minoritized students” [6]. This ‘cultural baggage’ stems
from academic traditions built with a predominantly white and masculine perspective in mind;
one that prioritizes “individual prowess, stoicism in the face of adversity, dominance in
competition, and personal self-sacrifice” [7]. Whether or not these qualities are truly suitable for
determining the potential for academic and personal advancement warrants a critical and
comprehensive evaluation beyond the scope of the current study (for an in-depth treatment, see
[4].[5], [8]). Instead, we focus on the potential for inequities perpetuated by this cultural tradition
within the commonly utilized oral exam format and discuss opportunities for improvement.

In theory, oral exams have the potential to be more equitable than written exams because students
are evaluated on their process in addition to the final answer, and professors are there to provide
guidance to overcome minor gaps in knowledge. In practice, however, oral exams may amplify
inequity through hidden expectations and examiner bias. Hidden expectations are qualities or
skills examiners expect students to exhibit when demonstrating expertise, which are not
necessarily stated in a clear, identifiable way. For instance, many oral qualifying exams including



the ones held by the department considered in this study have the stated purpose of demonstrating
mastery of foundational technical material. However, what is often left open to interpretation is
precisely how one should demonstrate this: what does mastery look like in the context of this
exam, and who is more likely to already behave in the anticipated manner? This type of criteria is
far more subjective than the technical material supposedly at the core of the assessment, and the
ambiguity creates room for bias by distorting evaluations of a person’s ability to succeed. Correll
et. al. states that while meritocracy is the American ideal, “research finds that assessments of
individual performance are biased by gender, race, and other characteristics. These biases, in turn,
lead women and people of color to be rated as less hirable or promotable than similarly qualified
men and white people” [9]. Additionally, hidden expectations can have disproportionate effects
on minoritized students, who may already question their belonging in a graduate program in
STEM; for example, Chen et. al. states that “[s]tudents from all backgrounds may find the
experience [of an unexpectedly poor academic performance] threatening to their competence, but
students from minority groups must also contend with anxiety that this performance ‘confirms’
negative academic stereotypes attributed to their group memberships”[10].

Often, these biases and stereotypes reflect an automatic judgment without an awareness of
individuals’ specific abilities or experiences [11] [12]. Thus, the format of assessment, rather than
the rigor, quality, or intended learning can have undue effect on educational outcomes. For
example, IGEN performed a case study on a top-ranked physics program which noticed its
“passage rate [for a qualifying exam] had been marked by a stubborn gender gap that was related
to how women were experiencing the exam” [6]. To address this, the department replaced the
qualifying exam with an incoming diagnostic exam, so students who pass the diagnostic move
straight to research, and those who do not must pass the core courses within two years. The
change “effectively reduced the core problems of gender inequity and mental health crises that
induced reform” [6]. In another case study performed by IGEN, a middle-rank chemistry program
that had traditionally relied on qualifying exams to signal the rigor of their program replaced their
qualifying exam with a mock National Science Foundation (NSF) or National Health Institute
(NIH) grant proposal, which they consider equally rigorous and aligned with developmental
goals. They also added a scientific writing course to support students as they prepare for this
assessment, which transformed ‘““a one-time, individual performance of expertise into a collective
capacity building process” [6].

This ‘collective capacity building process’ presented in the second IGEN case study highlights
the role of constructive alignment in meaningful and equitable assessment. Though in principle
constructive alignment of teaching and learning activities’ supports the use of ‘performance
assessments’ such as oral qualifying exams or the preparation of a realistic grant proposal to
measure student knowledge [13], this relies on transparency in the alignment between the
learning process students participate in leading up to assessment, and the assessment process
itself. For example, if the learning objective for a qualifying exam is for students to confidently
communicate mastery of technical material, and the mode of assessment is an oral exam at a

TConstructive alignment can be briefly stated as the idea that activities students undertake during an educational
experience (their learning process) should align with the way they are assessed (their course outcome) and promote
their active involvement to achieve “deep, transformational learning as opposed to a surface involvement with facts
and information” [13]. This latter factor also has connections to students’ development as lifelong learners, especially
when assessment methods support students self-assessing progress [14].



blackboard in front of their professors, alignment in the learning process leading up to the point of
assessment could mean providing students the opportunity for oral assessment and professor
feedback within courses students take to prepare for the exam and an active discussion of the
way(s) in which such oral exams are indicative of situations the students may encounter beyond
the classroom.

This study aims to address a gap in this alignment for a particular department in which core
courses traditionally include only written assessment, whereas, during oral qualifying exams,
students are expected to exhibit confident communication with the examiners and strong skills
working at the board. These skills are not currently taught, practiced, or assessed during first-year
courses. Moreover, these expectations are not always explicitly communicated, compounding the
effects of hidden expectations mentioned previously. We present our efforts to create a new
resource to better support student preparation: a preparatory program, grounded in pedagogical
theory, that promotes essential skill development and emotional well-being. While our
preparatory program is student-driven and can be implemented regardless of faculty participation,
faculty could certainly implement a similar program with few administrative barriers and much to
gain. Our goal in sharing the development and results of our program is two-fold. First, we hope
to encourage other students to support each other’s success and well-being by providing simple
yet effective ways for senior graduate students to support junior students during the challenging
quals preparatory period. Second, we provide this case study as a starting point for our
department and others to reflect on the true goals and best practices for qualifying exams.

LB Our Department’s Quals

This section focuses on how qualifying exams were formatted for students during the two years in
which this program has so far been implemented. Details of the exam format can vary
year-to-year, but the fundamental aspects such as the number and duration of the exams are
constant. We intend to provide an understanding of the exam context motivating the program as
well as illuminate gaps which the program was intended to fill.

In our department, qualifying exams cover the content of the first-year curriculum in three areas,
chosen from solids, fluids, controls, and math, matching the student’s course of study. The exams
themselves consist of three separate hour-long oral exams, one on each chosen subject. All
students are required to take the math curriculum and qualifying exam. Each exam is scheduled
on a separate day during a week-long period. Students are examined by two examiners; usually, at
least one examiner in each subject is a professor who taught one term of the three-term
(year-long) class.

Many students spend 4-6 weeks of full-time study to prepare for quals, but there are students who
have utilized up to 10 weeks of full-time study. The amount of time given away from research
over the summer to study for quals is dependent on one’s advisor; students may have to advocate
for the amount of time they estimate they will need. After reviewing material individually for
several weeks, students generally transition to studying in pairs or groups, using a compendium of
past problems to mock-examine each other. During the two weeks immediately preceding quals,
senior graduate students self-organize to offer mock exams as well.

When students arrive at their exam, they are provided with the exam questions, and allowed up to



ten minutes of silent time to peruse them. Students may use this time to plan their response
without verbal communication or use of the blackboard. Although the examiners are intended to
leave the room during this time, some do not. In addition, the examiners may allow students to
begin the exam, if they wish, before the allotted reading time is over, allowing those who read
faster (or plan less) more working time on the exam. Students may select which problem of the
exam they would like to begin with. During the exam time, the examiners provide varying levels
of interaction with the student while the student speaks through their thought process and writes
their work to solve each problem on the chalkboard. The examiners provide hints, guidance, and
questions additional to what is printed on the exam sheet at their discretion.

No results are given immediately following each exam. The examiners collect the exam sheet
from the student and erase the board for the following student. Students are informed of their
results within a week of their exam date. The results available for each exam are “Pass”,
“Conditional Pass”, or “Fail”. Students who have conditionally passed an exam may be required
to retake the exam, serve as a teaching assistant for that course, take an additional course in that
content area, and/or perhaps even retake the original course, as determined by their advisor and
the examiners. Students who have failed an exam do not proceed on to the PhD. This is, however,
a rare outcome in our department.

I Methods

We created an annual preparatory program designed to bridge the gap between the technical
knowledge taught in the first year and the hidden communication requirements of the qualifying
exam. This program was designed and implemented by senior graduate student volunteers and
organically modified to fit students’ needs over the course of its first two years of implementation.
In the next two subsections, we present the current version of the program followed by a brief
discussion of the changes we made between the initial pilot year and the second, more formalized,
year of the program.

During the development and implementation of the program, data collection regarding student
experiences in the program was collected in the form of surveys administered to students after
completion of the program, and again after they had completed their qualifying exams. More
details about the data collection process is discussed in the survey procedures subsection
below.

The development and implementation of this program was made possible by our department’s
strong history of senior graduate students helping prepare junior students via mock exams. The
program was voluntary and occurred during the summer term, so there were no changes necessary
to the required first-year curriculum. In addition, it was also completely free, since it was
developed and run by student volunteers. Because of this, no faculty or administrative
involvement was needed; however, this also meant that the program could only address student
preparation for quals. Changes to the exams or first-year curriculum themselves were not
considered due to the administrative burden they posed. Instead, we chose to focus on addressing
inequities deriving from the hidden communication requirements of the exam process.



II.LA Program Objectives and Format

In this subsection, we present the current iteration of our preparation program which has been
refined using survey feedback and formalized with a syllabus and concrete learning objectives. A
syllabus is distributed to the first-year students prior to collaboratively scheduling the preparatory
program sessions. This syllabus aims to communicate and expand upon the four learning
objectives that were synthesized from the pilot year of the program. Selecting learning objectives
and communicating them to students “guide[s] efforts to make instruction more effective and
engaging” [15], and learning objectives are so prevalent in higher education as to even be used as
a criteria for accreditation of engineering programs [16]. The learning objectives we determined
to guide this program are:

By the end of this course, students will be able to:

1. Confidently and clearly communicate their thought process via use of a
blackboard.

2. Incorporate on-the-spot feedback and questions into their verbal presentations in
a collaborative, not combative, fashion.

3. Create and execute a 4-8 week plan of study that incorporates research-based
study techniques.

4. Approach the mountainous goal of preparing for quals armed with strategies to
maintain their mental well-being.

The program itself is a five-week series of hour-long informal sessions, set up by senior graduate
students and designed to give students experience with working at the board. The spectrum of
activities selected for each week of this program is best encompassed by Theobald et al.’s
“heads-and-hearts hypothesis”, wherein both deliberate practice (heads) and a culture of inclusion
(hearts) “are required to... reduce, eliminate, or reverse achievement gaps” [2]. The sessions are
collaboratively scheduled to fit the availability of all students and can be made available in a
hybrid virtual format to ensure that all students who wish to attend are able.

The following sections describe student activities during each week of the program.

Week 1: Connections with Senior Graduate Students

We kick off the program with a panel discussion with senior graduate students to answer any
questions about qualifying exams. This session is intended to allow senior students to both share
their experiences preparing for and taking the qualifying exams, and to also act as an unofficial
resource for information about the exam process. It is also an opportunity to set expectations for
the preparation program and the qualifying exam process. Furthermore, first-year students now
have connections with senior graduate students to reach out to for support while preparing. By
introducing the first-year students to a support network of senior graduate students who believe in
them and wish to see them succeed, this first session aims to fulfill the latter half of Theobald et
al.’s “heads-and-hearts hypothesis™ [2].



Week 2: Foundations in Active Communication

The second week of the program consists of a mini-workshop on active communication run by
our university’s Project for Effective Teaching (a graduate student organization under the auspices
of the Center for Teaching, Learning, and Outreach) followed by students answering ‘speed
prompts’ at the board. The mini-workshop on active communication is intended to highlight
specific, actionable means of building communication skills, and to spark ideas for how students
can best practice these during the sessions and their own study time. After priming students to
think about their communication with the mini-workshop, this session transitions to hands-on
practice with speed prompts. This is students’ first opportunity to work at the board in the
program, and the speed prompts are designed as a low-stakes introduction to speaking and writing
on the board at the same time. For example, one student was asked to “draw a rough map of your
hometown” and another student was asked ““are team sports or individual sports better?” A full
list of prompts used, categorized by week, are provided in the Appendix.

All prompts are nontechnical in nature and deliberately open ended or subjective, intended to be
answered with minimal stress and without needing to find a “correct” answer. In addition, each
answer’s duration is capped at four minutes to provide a bite-sized introduction to boardwork.
Students are asked to choose a prompt at random. They are allowed to peruse this prompt while
the student prior to them presents. This is to mimic how our qualifying exams function; students
are allowed time to read the problem and plan their response without use of the board. While the
student is responding to the prompt at the board, senior graduate student facilitators ask questions
designed to mimic examiner interaction. Finally, students are given informal feedback on their
performance from the senior graduate students as well as their peers. If time permits, more than
one round of prompts may be given. All weeks in which students were asked to respond to
prompts or problems follow this format.

Week 3: Incorporating Technical Content

The third week begins to incorporate on-the-spot technical thinking. The students randomly draw
from a bank of high-school level math problems which do not require any prior knowledge
beyond mathematical skills that students should already have from high school. For example, one
student was asked “A coin of radius 1 cm is tossed onto a plane surface that has been tesselated by
right triangles whose sides are 8 cm, 15 cm, and 17 cm long. What is the probability that the coin
lands within one of the triangles?” Thus, while the process of solving the problems requires
on-the-spot thinking, students should be equipped with all the information required to
successfully solve the problem at hand. For this week each student is given 8 minutes per
question, and draws a random prompt 2 minutes before the previous student finishes.

This week represents a step up in technical complexity from Week 2, since the problems
considered do have a ‘correct answer’ for students to determine; however, they allow students to
practice technical communication and board-writing in a lower stakes technical environment,
where the level of questions asked is not meant to challenge their knowledge of the subject
material.



Week 4: Increasing Technical Complexity

In the fourth week, students move on to problems requiring logic and estimation. A critical
qualifying exam skill we identified is being able to begin and continue a problem when one is
missing pieces of information, whether because of a gap in one’s own technical knowledge or a
gap in the problem statement. Thus, these prompts are designed to not only require on-the-spot
technical thinking, as in the week prior, but also require information that students would not know
a priori. For example, one student was asked “About how large is a mole of moles (the small
mammals) in radius?” [17]. As students identify the information they have and the knowledge
they are missing, they are encouraged to first outline how they would solve the problem, then
estimate the missing pieces. During this process, senior graduate students prompt the students
with hints or suggestions and eventually any missing values, mimicking how examiners may help
students recall details during qualifying exams.

This represents a further increase in both technical and communication complexity from Week 4,
as it asks students to engage with questions which may not have a completely satisfying ‘correct
answer’, while challenging them to communicate a technical process with a mock examiner. By
incorporating interaction with graduate student examiners, students are also able to practice
responding to questions, and accepting suggestions from observers in a collaborative and
constructive way.

Week 5: Plan of Study, Personal Wellbeing, & Qualifying Exam Demonstration

The last week of the program diverges from the structure of the previous four weeks, consisting of
a workshop run by our university’s occupational therapy and wellness staff and a demonstration
practice qualifying exam by a senior graduate student.

The process of studying full-time for between one and two months, culminating in three separate
oral exams, is a new and complex task for many students. The occupational therapy and wellness
workshop covers strategies for both studying and maintaining one’s mental well-being during this
stressful time.

The demonstration practice qualifying exam is intended to offer an example both of how a student
might work through a real exam problem, but also how an examiner might prompt a student
through the problem. Traditionally in our department, a significant portion of students’ study is
devoted to working through past exam problems passed down from year to year in a collaborative
document. These problems are usually worked out on the chalkboard by one student, while
another student fills the role of the examiner by offering prompts and questions. This
demonstration is intended to model this study style to students, and demonstrate the role an
examiner might fill during the real exam.

The Role of Active Learning in Program Development

The three middle weeks of the program deliberately incorporate evidence-based active learning
strategies, in alignment with the former half of the “heads-and-hearts hypothesis”[2].

Theobald et al. note four specific items of deliberate practice: “1) extensive and highly focused
efforts geared toward improving performance—meaning that students work hard on relevant



tasks, 2) scaffolded exercises designed to address specific deficits in understanding or skills, 3)
immediate feedback, and 4) repetition” [2]. All boardwork prompts were designed with the
original learning objectives in mind, ensuring that all tasks were relevant. The tasks increased in
complexity throughout the weeks; in the second week, the only new skill to learn was speaking
while writing at the board. In the third week, speaking at the board was paired with on-the-spot
technical thinking, and finally in the fourth week these two skills are joined by logic and
estimation skills, as well as real-time interaction with observers. This progression in complexity
of skills learned, called scaffolding, has been shown to effectively increase students’ performance
on multi-component skills [18],[19],[20]. Furthermore, students received informal feedback from
senior graduate students and peers immediately upon completion of the task, allowing them to
reflect and implement improvements when the task was either repeated in the same week or
repeated with greater complexity in the following week.

ILLB Changes from the Pilot Year

The pilot year of the program was similar to the current version presented above, but we
incorporated several changes into the curriculum based on the experience and feedback gained
after running the program for the first time. In particular, the following aspects were modified
based on student feedback from the pilot year:

1. Increased time for interaction with senior graduate students.

During the pilot year, both the senior graduate student panel and speed prompts took place
during the first session. Due to the quantity of students’ questions about qualifying exams,
this first session extended unexpectedly to an hour and a half. To better respect students’
time and scheduling constraints, we decided to dedicate an entire session (one hour) to the
senior graduate student panel in future years and move the speed prompts to their own
session.

2. Addition of the active communication workshop.

The active communication workshop was added to the beginning of the second session such
that the students could learn actionable strategies for improving communication, before
engaging in deliberate practice during the remaining sessions.

3. Addition of the demonstration practice exam.

The demonstration practice exam by a senior graduate student was an addition motivated by
specific feedback we received from the pilot year. While students said they found our pilot

program to be helpful in getting board work experience, they felt they were lacking a model
for what a successful exam looked like, both from the student and the examiner perspective.

4. Adjustment of program timing.

Another piece of specific feedback implemented was to shift the program one week earlier
in the summer, to avoid conflicting with the average duration of full-time study for quals.



II.C Survey Procedures

Surveys to receive student feedback on the program were given in both the pilot year and second
year of the program. These surveys were optional and hosted anonymously over Google Forms.
In the pilot year of the program, only one survey was given after students had taken their
qualifying exams. In the second year of the program, to access any temporal component of the
data, a survey was given immediately after the program, and another was administered after
students had completed their qualifying exams.

Since the original purpose of these surveys was to obtain information on how to improve the
program for the following year (purely for instructional/educational improvement), no IRB
approvals were granted at the time the program was held. Upon the decision to write a paper
using this data, our IRB was contacted and guided us through the process of gaining approval to
publish this data. Our data is thus published under our institution’s IRB Protocol Number
IR22-1270.

III Results

III.A Respondents

In this section, data from the second year of the program is presented. Data from the first year
aligns with the data drawn from the second year and is therefore omitted in this section. The
cohort taking quals in the second year of our program consisted of eight students. Five to six
students attended our program each week, with most students attending all sessions. Five students
responded to the survey given pre-quals, and four students responded to the survey given
post-quals. While the majority of students who attended the program also took the survey, it
should be noted that, due to the size of our department, our sample size is very small. This limits
both generalizability and strength of our conclusions; nonetheless, we believe it provides an
interesting case study for discussion.

IIILB Survey Data

In the survey given immediately after the program, students were asked how they felt they had
improved in two general areas: one being “readiness to present technical material at the board”,
and the other being “ability to cope with the stress of quals”. These outcomes are directly related
to the learning outcomes for the preparatory program. Students rated their improvement on a
scale of 1-5, with 1 labeled “Not at all.” and 5 labeled “By leaps and bounds!” As seen in Figure
la, all students felt that their readiness to present at the board had improved, with most students
rating their improvement a 4 out of 5. Students also felt that their coping abilities improved, but
not as significantly as their readiness to present at the board, as shown in Figure 1b. Most students
rated their improvement in this area as either a 2 or 3 out of 5.

Both immediately after the program as well as after taking their qualifying exams, students were
asked to rate how well they felt that the program had achieved its learning objectives. They rated
each objective on a scale from 1-5, with 1 being “Did not achieve”, 3 being “Achieved passably”,
and 5 being “Achieved very well”. In both surveys, most respondents felt that the program had

achieved its learning objectives at, or above, passably, with only one student rating one objective



# of participants

How do you feel your readiness to present
technical material at the board has improved
after the program?

Ranked on a scale of 1-5, with 1 being “not at all” and 5 being “by leaps and bounds!”

1 2 3 4 5

(a) Students’ perceptions of the level to which their readiness to present technical material at the board has
improved after the program. Five responses were received in total immediately following the program but
before the actual qualifying exams.

How do you feel your ability to cope with the
stress of quals has improved after the program?

Ranked on a scale of 1-5, with 1 being “not at all” and 5 being “by leaps and bounds!”
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(b) Students’ perceptions of the level to which their ability to cope with the stress of quals has improved
after the program. Five responses were received in total immediately following the program but before the

actual qualifying exams.



below passable (Figure 2). These learning objectives can be divided into the two general content
areas described above, with the first two falling under readiness to present at the board and the
latter two falling under coping abilities. Interestingly, while in the first survey students felt that
their coping abilities had improved less than their readiness to present at the board, their rating of
the associated learning objectives in the same survey did not show the same clear trend (Figure 2).
In fact, learning objective #3 (“create and execute a 4-8 week plan of study that incorporates
research-based techniques™) obtained more ratings of 5 than any other learning objective.
However, the post-quals survey does show a decline in the rating of the learning objectives
associated with coping abilities. Conversely, the post-quals survey shows an increase in the rating
of the learning objectives associated with readiness to present at the board.

Students were also asked to assess the usefulness of each individual session over the 5 weeks,
both immediately following the program as well as after taking qualifying exams, with results
presented in Figure 3. The usefulness of hearing the senior grad students’ subjective perspectives
(the quals panel) was initially perceived as very useful for most students, but this perception
changed to less useful after the actual exams. The active communication presentation and
nontechnical speed prompts were rated as less useful overall both pre- and post-quals. The spread
of usefulness in the nontechnical prompts increased post-quals; two students found them very
useful (one more than pre-quals), while one student found them not useful at all (the only
response with the lowest possible rating). The math and logic & estimation problems were rated
as useful. The wellness & occupational therapy workshop was mostly rated as useful with one
student responding neutrally to it post-quals. The demonstration math qual was rated the most
useful overall.

IV Discussion

Overall, students felt that they improved in their readiness to present technical material at the
board, and improved (but not as significantly) in their ability to cope with the stress of qualifying
exams. These results align with the focus of the program, as the majority of activities were geared
towards presenting technical material. Furthermore, the activities designed to improve
communication skills were naturally more interactive than the workshops surrounding mental
well-being. In order to fully participate in the activities designed to improve communication
skills, students used more skills emblematic of active learning, while in the workshops on mental
well-being, less active participation was requested. Therefore, it is possible that students
improved in their readiness to present at the board, but not as much in coping abilities, due to the
differences in the number and interactivity of sessions. It is also possible that students simply
were not experiencing large amounts of stress at this point in the summer, as most students would
have just begun studying full-time at the end of the program. If they were not experiencing much
stress, then there could be less room for improvement in this metric.

IV.A Perception of Program Efficacy in meeting Learning Objectives

When students were asked to rate how well the learning objectives of this program were achieved,
most students felt that these objectives were achieved at or above a passable level, with only one
student rating one objective below passable in each survey. Interestingly, the learning objectives



How well do you feel the program
achieved its learning objectives?

Ranked on a scale of 1-5, with 1 being “did not achieve”, 3 being “achieved passably”,
and 5 being “achieved very well”,

By the end of this course, students will be able to:

Pre-Quals Post-Quals
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o
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o
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Figure 2: Students’ perceptions of the level to which the preparatory program achieved its learning
objectives. The left column of feedback was taken immediately following the program but before
the students began formally studying for and taking quals. The right column of feedback was taken
immediately after the students took quals to compare their feelings about the program’s usefulness
before and after the actual exams.



How useful was each session?

Ranked on a scale of 1-5, with 1 being “not at all useful” and 5 being “super useful”.
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Figure 3: Students’ perceptions of usefulness of each individual session from week 1 through
week 5. The left column of feedback was taken immediately following the preparatory program
but before the students began formally studying for and taking quals. The right column of feedback
was taken immediately after the students took quals to compare their feelings about the program’s
usefulness before and after the actual exams.



associated with coping abilities did not show a lower score than the learning objectives associated
with readiness to present at the board on the first survey. This stands in contrast to students’
rating(s) of their self-improvement in these two areas, as discussed previously.

This disparity could be reflective of language used in the learning objectives, which makes their
link to coping with the stress of qualifying exams less explicit. For the third learning objective
(“Create and execute a 4-8 week plan of study that incorporates research-based study
techniques”), students may not recognize that creating and executing an appropriate study plan is,
in fact, a coping skill. In addition, the last learning objective (“Approach the mountainous goal of
preparing for quals armed with strategies to maintain their mental well-being”) is phrased in such
a way that it could be achieved if students learned, but did not fully comprehend how to
implement, strategies to maintain their mental well-being. One interpretation then is that students
finished the program with a toolkit full of coping strategies (including a study plan), and yet may
not have felt confident in utilizing those coping strategies to alleviate the stress of quals. Given
that students had not yet started full-time study at the time of the first survey, they may not have
had the opportunity to put these skills and strategies into practice, and would not have gained that
confidence yet.

Considering the temporal evolution of students’ ratings of the efficacy of the program in
achieving its learning objectives, we see that the learning objectives associated with readiness to
present at the board increased in rating between the first and second survey, while the learning
objectives associated with coping abilities decreased in rating. This is likely also related to
students not having begun full-time study at the point of the first survey, and then having the full
spectrum of the quals experience to reflect upon in the second survey.

The qualifying exam process is stressful and difficult for students in many individual ways, but it
is fairly common to experience an increase in stress as the exams approach. Immediately after
taking the exams, and thus immediately after a high point of stress, it is unsurprising that students
would rate the learning objectives associated with coping abilities lower. Similarly, immediately
after taking the exams, students are primed to consider the skills that they exhibited during the
exams: namely, those associated with readiness to present at the board. They may rate these
learning objectives higher because they now have concrete evidence that, throughout their study
and perhaps in their qualifying exams, they were able to fulfill these objectives.

IV.B Utility of Individual Program Sessions

Students were also asked to rate the utility of each of the individual sessions within the program.
Though they initially rated the utility of the quals panel highly, student ratings of this session
decreased post-quals. This may be because throughout the quals preparation period, students
receive more official information about the qualifying exam process; however, this doesn’t seem
likely because students reported experiencing a lack of clear communication from the department
on qualifying exams. The disparity of usefulness in the quals panel before and after the exams
could be a reflection of students realizing just how subjective the actual experience really is. It
may be comforting to hear from older graduate students and receive advice in the very beginning,
but each experience of the process is ultimately unique.

Students reported mixed feelings about the active communication presentation and nontechnical



speed prompts, with these sessions perceived as less useful compared to others both pre- and
post-quals. This could be due to an individual student’s prior experience with these skills outside
of the curriculum and the program, or it could be due to students’ lack of awareness of their
communication skill level (and therefore reduced value placed on intentional practice of these
skills). Our intention with the active communication presentation was to teach various actionable
and practical communication skills for students to practice during the preparatory program and
within their own study groups. Speed prompts were designed to introduce students to speaking
and writing at the board with less emphasis on finding a correct technical answer, easing them into
the program. One student responded particularly positively to these early sessions, expressing in
written feedback they were really useful as a good introduction. Others were more eager to get to
the technical board practice. It makes sense that the math and logic & estimation problems were
rated as useful, as these sessions were most similar in format and content to the actual qualifying
exams. One student reported that it was a big leap between the short board problems and the full
practice exams, so it may be worth exploring a more intermediate step in future iterations of the
preparatory program and expanding the technical content of the sessions.

V Conclusions

While the small sample size of students participating in the program prevents any understanding
of the generalizability of our data, we have presented a successful case study that has the potential
to improve student success, well-being, and equity throughout the qualifying exam process. It is
our hope that this case study may provide inspiration for the implementation of similar programs
elsewhere.

Our preparatory program is student-driven and can be implemented regardless of faculty
participation, but we encourage students to work with faculty when possible. This program is one
part of a broader re-imagining of what the qualifying exam process can look like, what it can
achieve and promote within the student body, and ultimately, what it means to be a qualified PhD
student. These are questions best explored by the entire academic community. Peer-led programs
like the one discussed herein present a dual opportunity for student development. While the
primary focus is to support students through their qualifying exam preparation, there are positive
unintended consequences for the students leading the program itself. By way of curricular
mapping, facilitation and assessment, senior students are not only expanding leadership skills, but
more importantly, refining a pedagogical approach. This skill set is seamlessly transferable to
professorship. These positive unintended consequences merit further exploration.

There is, of course, more work that could be done to increase equity throughout the qualifying
exam process involving active participation of academic departments. For instance, transparency
can be increased through the use of a rubric or otherwise clearly stated criteria for a ‘passing’
evaluation. Also, the exam could be framed as an opportunity for every student to learn about
themselves and improve by creating the expectation that examiners will provide all students with
both positive and critical feedback. Furthermore, the implicit soft skills that are tested by oral
qualifying exams could be made more explicit and potentially broadened to include a wider range
of communication styles and ways of being.

We envision any departmental reform process, qualifying exams and beyond, to be a collaborative



one with faculty working alongside students. The Carnegie Foundation’s book, “The Formation
of Scholars: Rethinking Doctoral Education for the Twenty-First Century” explores many
avenues of growth for higher education. One of their key highlights is the importance of student
involvement in evolving an educational program. Students are “the secret weapon for change”,
and they found that when faculty were asked to work alongside students while reforming their
programs, the faculty’s most transformative insight was “a newfound respect for students as

agents of change” [4]. We are grateful to participate as agents of change in shaping our own

program and to contribute this small but significant piece of student-developed insight to both our
graduate department and the engineering graduate education community at large.
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Appendix A Prompts and Problems

Week 2: Speed Prompts

Tell us the plot of your favorite movie or TV show.

What’s the difference between these things?
— Sweets, treats, and desserts

— Crackers and chips
Which is better, the summer or winter Olympics?
What sport should be in the Olympics but isn’t?
What sport or event is the best of the Olympics?
What is the best streaming service?
Explain how to make the best peanut butter and jelly sandwich.
What rules govern an automatic door?
Draw a rough map of campus.
Draw a rough map of your hometown or undergrad town.
Draw a rough map of your undergraduate campus.
Diagram the important parts of an airplane and how it works.
Diagram the important parts of a rocket and how it works.
Diagram the important parts of a quadcopter and how it works.
Diagram the important parts of a click pen and how it works.
Diagram the important parts of a stapler and how it works.
Diagram the important parts of a car and how it works.

Sketch a 4-way traffic intersection. How does it work? What are the light patterns? How does adding or
removing lanes change things?

Which is better, cats or dogs?

Week 3: Math Problems

Word problems are sourced from one author’s previous curriculum at Phillips Exeter Academy. [21]

Alex the geologist is in the desert, 10 miles from a long, straight road. On the road, Alex’s jeep can go 50
miles per hour, but in the desert sands, it can only go 30 miles per hour. Alex is very thirsty and wants to buy
some lemonade at a gas station which is 20 miles down the road from the point on the road, N, nearest to
Alex. If Alex takes the fastest route possible, it will take only 40 minutes to get to the gas station and sip some
cool lemonade. What route should Alex take? What if the gas station is 30 miles down the road?

A circular table is placed in a corner of a room so that it touches both walls. A mark is made on the edge of
the table, exactly 18 inches from one wall and 25 inches from the other. What is the radius of the table?

From the top of Mt Washington, which is 6288 feet above sea level, how far is it to the horizon?

Find simpler, equivalent expressions for the following. All parts should involve drawing a unit circle.
— sin(180+6)
— cos(180+6)



— tan(180+60)

In 1904, Helge von Koch invented his snowflake, which is probably the first published example of a fractal. It
is the result of an endless sequence of stages: Stage O (the initial configuration) consists of an equilateral
triangle, whose sides are 1 unit long. Stage 1 is obtained from stage 0 by replacing the middle third of each
edge by a pair of segments, arranged so that a small equilateral triangle protrudes from that edge. In general,
each stage is a polygon that is obtained by applying the middle-third construction to every edge of the
preceding stage.

— Sketch stage 2.

— Stage 0 has three edges, and stage 1 has twelve. How many edges do stages 2 and 3 have? How many
edges does stage n have?

— Stage 1 has twelve vertices. How many vertices does stage n have?
— How long is each edge of stage 1? of stage 27 of stage n?

— What is the perimeter of stage 1? of stage 27 of stage n?

— Does the snowflake have finite perimeter?

— Is the area enclosed by the snowflake finite?

Iluminated by the rays of the setting sun, Andy rides alone on a merry-go-round, casting a moving shadow on
a wall. The merry-go-round is turning 40 degrees per second. As the top view shows, Andy is 24 feet from its
center, and the sun’s rays are perpendicular to the wall. Let N be the point on the wall that is closest to the
merry-go-round. What is the speed (feet per second) of Andy’s shadow when it passes N? What is the speed
of this shadow when it is 12 feet from N?

Draw a square with vertices (0, 0), (1, 0), (1, 1), and (0, 1), then draw an adjacent r X r square with vertices (1,
0) and (1 + 1, 0). In terms of r, find the x-intercept of the straight line that goes through the upper right corners
of the two squares.

Robin is mowing a rectangular field that measures 24 yards by 32 yards, by pushing the mower around and
around the outside of the plot. This creates a widening border that surrounds the unmowed grass in the center.
During a brief rest, Robin wonders whether the job is half done yet. How wide is the uniform mowed border
when Robin is half done?

Given that P is three fifths of the way from A to B, and that Q is one third of the way from P to B, describe the
location of Q in relation to A and B.

Starting with a 2 X 4 x 4 wooden block, Sasha sculpted an object that has isosceles, triangular cross-sections
perpendicular to the 2 x 4 rectangular base. The height of each isosceles triangle equals its distance from the
short end of the block. What is the volume of the object?

Sasha took a wooden cylinder and created an interesting sculpture from it. The finished object is 6 inches tall
and 6 inches in diameter. It has square cross-sections perpendicular to the circular base of the cylinder, and is
the largest possible shape that has this property. What is the volume of the object?

P = (cos(t),sin(t)) and A = (1, 0) are on the unit circle, and Q = (1, t) makes tangent segment AQ have the same
length as minor arc AP. The line through P and Q intersects the x-axis at R = (r, 0). Express r in terms of t.

Graph y = (bx — 5)/(bx + 3) , assuming that the base b is greater than 1. Identify both asymptotes. Does this
graph have symmetry?

Consider a honeycomb pattern which consists of two rows of numbered hexagons. The bottom row consists of
odd-numbered hexagons in order from 1-13, and the centered top row consists of even-numbered hexagons in
order from 2-12. A honeybee crawls from hexagon number 1 to hexagon number 13, always moving from one
hexagon to an adjacent hexagon whose number is greater. How many different paths are there?
Multiply each of the following by 1 — 1:

- 14

- 147r+4r2



— 14r4r24 . 4195

A wheel of radius 1 meter is centered at the origin, and a rod AB of length 3 meters is attached at A to the rim
of the wheel. The wheel is turning counterclockwise, one rotation every 4 seconds, and, as it turns, the other
end B = (b(t), 0) of the rod is constrained to slide back and forth along a segment of the x-axis. Find b(t).

Three distinct vertices of a cube are to be randomly chosen. What is the probability that they will be the
vertices of an equilateral triangle?
Find the following sums.

- 1+2+3+..+100

- 156 + 179 4202 + ... + 1996

- 1+24+3+...+n
A bug jumps from lattice point to lattice point on a piece of graph paper, one jump per second, as follows:
From (m, n), there is a 60 percent chance that the bug jumps to (m + 1, n) and a 40 percent chance that it
jumps to (m, n+ 1).

— Find all the places the bug could be, two seconds after it leaves the origin (0, 0).

— Are all places equally likely?

— It would take the bug five seconds to reach (3, 2) from the origin. How likely is it that this will actually

happen?

Andy is riding a merry-go-round, whose radius is 25 feet and which is turning 36 degrees per second. Seeing
a friend in the crowd, Andy steps off the outer edge of the merry-go-round and suddenly finds it necessary to
run. How many miles per hour will he run at?

A segment that is @ units long makes a C-degree angle with a segment that is b units long. In terms of a, b,
and C, find the length of the third side of the triangle. What is the area of the triangle defined by «, b, and C?

A coin of radius 1 cm is tossed onto a plane surface that has been tesselated by right triangles whose sides are
8 cm, 15 cm, and 17 cm long. What is the probability that the coin lands within one of the triangles?

Devon’s bike has wheels that are 27 inches in diameter. After the front wheel picks up a tack, Devon rolls
another 100 feet and stops. How far above the ground is the tack?

Describe all the points on the earth’s surface that are exactly 4000 miles from the North Pole.

Given a triangle ABC in which angle B is exactly twice the size of angle C, must it be true that side AC is
exactly twice the size of side AB? Could it be true?

Week 4: Logic and Estimation Problems

How many steps would it take to walk from LA to NYC?

It’s 3:25 (or any time). What is the angle between the hands on an analog clock? After 3:25 (or any time),
when is the next time the minute and hour hands will overlap?

You have a set of 3 cup and 5 cup measuring cups, but would like to measure out 2 cups of water exactly. How
would you do it? Note that there are no markings other than the total volume of the cups you have on hand.

Place n queens on a n x n chess board (n>3) such that no queen can take another (i.e. no more than one queen
on each row, column and diagonal).

The Monty Hall problem. Contestants are faced with three doors, one of which has a valuable prize (usually a
car), and the other two which have a goat. After the contestant chooses a door, the host opens a different door
to reveal a goat and offers them the chance to switch their chosen door. Should they switch (assuming they
want the car)?

A cart is accelerating on an infinitely long, level track at a constant rate of 1g. It is carrying a bucket of water.
What angle does the water make with the ground? If a ping-pong ball were somehow placed in the center of
the bucket (assuming it is moving at the same speed as the water), which direction, if any, would it move?



A farmer needs to cross a river with his fox, chicken, and bag corn. The problem is the boat only can fit the
farmer and one other thing, and the fox and chicken are hungry. If the farmer leaves the fox alone with the
chicken on a bank, the fox will eat the chicken, and if they leave the chicken alone with the corn, the chicken
will eat the corn. What should the farmer do?

If seven days after 70 days ago was a Sunday, seven days before 70 days from today is what day of the week?
Estimate how massive the moon is.

About how large is a mole of moles (the small mammals) in radius [17]?

How many buckets of paint would it take to paint the entire land area of the world [17]?

Estimate the total number of hairs on your head [22].

One suggestion for putting satellites into orbit cheaply without using rockets is to build a tower 300 km high
containing an elevator. One would put the payload in the elevator, lift it to the top, and just step out into orbit.
Ignoring other problems (such as structural strain on the tower), estimate the weight of such a tower if its base
were the size of Washington DC and it were made of steel [22].

Estimate the total amount of time students in the US spent during this past year studying for exams in college
[22].

A floppy disk for a computer stores information by magnetizing small regions of the disk. For a typical floppy
disk, estimate the area of the disk that corresponds to a single bit of information [22].

Estimate the number of blades of grass a typical suburban house’s lawn has [22].
How much air (mass) is there in the room you are in [22]?

Estimate the angular momentum (about Earth’s axis) that your body has as a result of the earth’s turning on its
axis.

Estimate the kinetic energy the Earth has as a result of its orbiting the sun (assuming the sun is fixed in an
inertial frame).

An earthquake knocks off every book from the main campus library. How many hours of work would it take
to put them back? How many undergrads would they need to hire?



