Identifying qualities of physics graduate students valued by faculty
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Faculty members involved in graduate admissions decisions have to determine who will be offered admissions
to their respective graduate programs. In this study, we interviewed faculty at four institutions who currently
serve or have served on their program’s graduate admissions committee. The focus of this study was twofold:
first, to explore what qualities faculty value in graduate students and second, to identify what sources of evidence
faculty utilize in determining if a student possesses a desired quality. Results from these interviews showed that
while qualities such as content knowledge and programming skills were valued, non-cognitive qualities such
as self-motivation, resilience, and self-learning were also highly desired. The faculty noted that while current
admissions practices can easily identify if a student has taken certain coursework, they typically lack the means
to quickly assess non-cognitive qualities, which must often be inferred from the contents of personal statements
and letters of recommendation. These results suggest that transparency on the part of graduate programs to
better advertise the qualities they desire will assist letter writers and students writing personal statements to
increase the impact of their application materials.



I. INTRODUCTION

A typical application for a prospective physics graduate
student includes a transcript (detailing institution, course-
work, and GPA), standardized test scores (General GRE and
Physics GRE), letters of recommendation, a personal state-
ment, and a CV (highlighting leadership roles, presentations,
and publications). Faculty serving on their department’s grad-
uate admissions committee determine who will be offered ad-
mission to their program based upon a culmination of the
application materials. Prior research has shown that faculty
place substantial value in quantitative measures such as an
applicant’s GPA and Physics GRE scores [1]; this is prob-
lematic because Physics GRE scores have been shown to be
bias against women and underrepresented minorities [2, 3].
While Potvin does suggest that letters of recommendation and
personal statements play a key role in the analysis of an ap-
plication [1], these documents have also been shown to be
potentially biased [4]. For example, in letters of recommen-
dation the language used to describe men can be “outstanding
and excellent,” while women are described as “hardworking
and caring” [4]. Understanding how physics and astronomy
faculty conceptualize their “ideal” graduate student allows us
to identify what qualities they value and would be seeking
in those letters of recommendation and personal statements.
This information allows letter writers and By ensuring that
faculty’s most desired qualities are highlighted for each ap-
plicant, we have the potential to level the playing field for all
applicants.

In this paper, we will discuss views of seventeen fac-
ulty members from four different institutions on their “ideal”
graduate student. Analysis of interviews will be presented
showing two broad themes: (1) research-field specific skills,
which varied depending on the nature of the faculty’s research
(theoretical, computational, experimental, or observational);
and (2) independence, a non-cognitive quality that emerged
from descriptions of self-motivation and resilience. Indepen-
dence was desired by the majority of faculty, regardless of
research field. Implications for graduate admissions practices
in light of this work will also be discussed.

II. METHODS

During an in-person visit to each institution, faculty partici-
pated in individual semi-structured interviews. All interviews
were audio-recorded and transcribed. Participants in this re-
search consisted of 17 faculty members (13 male, 4 female)
from four separate graduate programs, as described in Table
I. All faculty participants were serving or had served on the
graduate admissions committee for their program. This col-
lective group of faculty was diverse in term of the research
interests and fields (experimental, theoretical, observational,
and computational).

The interview protocol used in this research invited faculty
to share their opinion on a variety of topics related to gradu-

TABLE I. Faculty Participants.

Program Type Women Men
Physics & Astronomy Private Not for Profit 2 4
Astrophysics Private Not for Profit 1 4
Physics Private Land-Grant 1 1
Physics Public 0 4

ate admissions. Specific to this study, faculty were asked to
describe their “ideal” graduate student. Then, faculty were
asked how they selected for the qualities they had identi-
fied. The goals of the first question were to provide an open
space for faculty to identify many characteristics of some-
one that would likely be successful in graduate school, and
to identify how faculty ranked non-cognitive qualities (e.g.,
persistence, self-motivation) relative to traditional academic
achievements. The goal of the second question was to iden-
tify if, where, and how non-cognitive qualities were being
used by faculty during the admissions process.

Transcripts were coded in NVivo to identify desired quali-
ties and what pieces of a graduate application typically con-
tain evidence of those qualities. A list consisting of emer-
gent qualities was developed by the first author. The list of
qualities itself and a large sample of coded text from multi-
ple interviews were discussed and modified by the first and
second authors to ensure agreement of qualities identified.
For example, one faculty member said that his ideal gradu-
ate student would "persist when things inevitably go wrong."
Similarly, another faculty member said that they would want
a student who "doesn’t get frustrated at the first roadblock."
Both quotes describe a similar quality and were labeled as re-
silient by the authors, even though the word resilience was
not explicitly used in either description. Discussions between
the first two authors also resulted in the collapsing of multiple
identified qualities into a singular overarching theme.

III. RESULTS

Several qualities were repeatedly mentioned across fac-
ulty interviews as characteristics of an “ideal” physics gradu-
ate student, the most frequently cited being: self-motivation;
self-learning; resilience; and programming skills (see Table.
II). Faculty added that these qualities were necessary for any
physics graduate student’s success. The first four of these
qualities described a student’s non-cognitive abilities, rather
than academic measures. This section will discuss themes in
two contexts: qualities mentioned in research-field specific
contexts, and those that span across faculty specializations.
Many faculty stated that they considered an entire application
when making admissions decisions, but claimed that non-
cognitive qualities of students within a personal statement and



letters of recommendation played a key role.

A. Theme: Research-Field Specific Qualities

There were several cases where the sought qualities of an
“ideal” graduate student were driven by a faculty member’s
research. For example, an astrophysics professor indicated
that any prospective student needed to have robust knowl-
edge of thermodynamics and quantum mechanics in order
to be able to comprehend the latest literature in the field.
Faculty doing theoretical research tended to call out having
a “strong mathematical background” or a “broad range of
math courses,” in addition (but not always) to quantum me-
chanics. Many of the faculty whose research was theoreti-
cal or computational in nature cited a need for programming
skills, including a specific need for graduate students to know
Python in order to understand and generate code to run simu-
lations or evaluate complex mathematical models.

“I think the ideal [graduate student] would be somebody
with a strong background in physics and theoretical and com-
putational [research] because we do theoretical and compu-
tational work. And without any knowledge of programming,
nothing much can be achieved.”

For faculty running experimental research laboratories,
qualities such as creativity and tinkering were frequently
mentioned. These faculty indicated a need for students to
be able to play around with experimental setups, find creative
ways to solve problems in the lab, and identify workarounds
during equipment failures.

Faculty looked at transcripts to assess content knowledge,
including determining if applicants had taken key courses
(such as thermodynamics or quantum mechanics for the as-
trophysics professor mentioned above).

Applicants have two common ways to indicate their pro-
gramming skills. First, they could specifically call out pro-
gramming skills within CV or their personal statements in
relation to their research or a class project. Second, some
programs specifically asked students to rank their expertise
with MATLAB or Python.

B. Theme: Independence

All but one interviewee cited one or more non-cognitive
qualities in their description of an “ideal” graduate student,
many of which tie into an underlying theme of indepen-
dence. Non-cognitive qualities often held more weight than
research-specific qualities. Three quotes from various faculty
members highlight the importance of non-cognitive qualities:

“Mainly for me, is the motivation, I mean, from them. [
don’t care too much about the background. It’s the motiva-
tion and the resilience that essentially— so if they want to do
something because they are really interested in doing it, and if
they have the ability to adapt, or to change things, and things
like that, that’s all I need. The rest, they learn.”

“So the minimum requirements are ability to get things
done, some sort of drive, and capacity, and desire to accom-
plish things. That is above all the most important thing.”

“Enthusiastic, self-motivated, those are two big ones.”

Three frequently cited non-cognitive qualities were self-
motivation, resilience, and self-learning. Self-motivation and
self-learning were the two most commonly used phrases and
descriptions within the interviews. These three qualities to-
gether suggested that the faculty participants ultimately de-
sired a graduate student who was independent in nature.

One faculty member indicated that both self-motivation
and resilience were critical for success in graduate school,
and synthesized how resilience stemmed out of self-
motivation. He indicated that students who lacked intrinsic
drive also likely lacked resilience. “People who are success-
ful in graduate school and in life are the people who, even
when the job is hard, and demanding, and unpleasant, still
want to come in, and do the work as well as they possibly can,
and get to the answer. And many students have not developed
that or at least have not formalized their thinking about it yet.
Say, ‘Why did you come to grad school?’ and they say, ‘I
don’t know.” You say, ‘Okay. Well, I don’t know is not going
to get you through your fourth year when it seems like this
thing is never going to end, and it’s misery.”’

Self-motivation also emerged in the faculty’s discussion of
undergraduate research experiences. Simply having the ex-
perience was insufficient; faculty were more interested in if
the student demonstrated initiative in their undergraduate re-
search, whether it be seeking out the opportunity (such as ap-
plying for an REU) or taking ownership of a project.

Resilience was mentioned as critical for success by faculty
whose research was predominately experimental or compu-
tational in nature. One faculty member wanted a graduate
student who “can go and just isn’t bothered by challenging
issues or doesn’t get sort of frustrated at sort of the first road-
block that pops up.” The use of resilience was pushed further
by indicating that students not only needed to bounce back
in the face of unexpected delays but that they needed to be
able to do it quickly. “You need to be able to keep pressing
forward consistently without, kind of, losing great amounts of
time to random things that come along the way.”

Graduate students able to identify gaps in their knowledge-
base and proceeded to independently fill those gaps were
highly desired. According to the faculty, someone who could
teach themselves new skills or content had the ability to con-
tinually make progress on their research without the assis-
tance of faculty, post-docs, or more senior graduate students,
who were often pressed for time on their own projects.

“The ability to work out their problems a little bit for them-
selves before they come talk to me, right? They can dig in a
little bit. Being able to think about what the next steps in a
problem have to be, again, so they don’t have to always be
asking me about that. [...] I can’t necessarily have all the
time I would love to be able to devote to the student to say,
‘Okay. Let’s work on something together’ so they could do
that, right? I mean, so kind of by necessity, I kind of need stu-



TABLE II. Desired Qualities in Graduate Students. T = Theoretical, E = Experimental; C = Computational; O = Observational.

Code Definition Sources of Evidence Research Type
Content Background knowledge in physics, astro- Transcripts T.E,C,O
Knowledge physics, or mathematics
Programming Experience with specific languages Transcripts; CV; T,C
Skills Applications
Self-Learning Identifying gaps in one’s own knowledge Recommendation Let- T,E, O
and independently filling those gaps ters, Personal Statements
Resilient Continues to progress even when encoun- Recommendation Let- E,C
tering roadblocks; ability to quickly re- ters, Personal Statements
cover from difficult/frustrating situations
Self- Independently drive research projects; Recommendation Let- T.E,C,O
Motivated takes initiative; achievement orientation ters, Personal Statements

dents that are willing to just be like, ‘Okay. I'm going to go
work on something for a week, and I’ll make progress. And 1
don’t always have to just be asking a question every day.”’

Every faculty member cited a student’s personal statement
or letters of recommendation as the medium used to identify
these non-cognitive qualities. Identifying what counts as ev-
idence of these qualities was less clear cut, with the faculty
often citing having to infer this from those sources. For ex-
ample, “you can look in the letters of recommendation people
write for comments that speak to whether someone’s really
the type who is going to always show up and keep at some-
thing or not.” Others were able to give examples of situations
that would show evidence of certain qualities. For example,
a student can highlight how they took ownership of a project
in a personal statement to serve as evidence of being an inde-
pendent researcher.

“The students can sort of describe what they did in the
projects. 1 like to see them be able to do that. Because some-
times they can’t, and then it’s suddenly clear that okay, that
faculty member, whoever, drew up the research project and
the student was only tangentially somehow associated with
ir.”

IV. DISCUSSION AND CONCLUSION

The goal of this study was to understand what physics and
astronomy faculty consider to be the “ideal” graduate student.
There were two broad themes that emerged from the data.
The first was research-field specific qualities, which by their
nature varied between research disciplines. The other theme
described a non-cognitive quality at the core of many faculty
descriptions: independence.

A. Theme: Research-Field Specific Qualities

Every interviewed faculty member from the four universi-
ties that were sampled had an active research program. While

some faculty focused more on the needed content or skills
specific to their research than others, this was not linked to a
given research field nor to a specific department.

In general, the faculty desired a student who had the con-
tent background most appropriate for someone in their re-
search field. Quantum theorists desired a strong background
in mathematics and quantum mechanics. Astrophysicists
cited astronomy, thermodynamics, and quantum mechanics
content as key, depending on their specific projects. Only
two faculty volunteered an explanation for why understand-
ing such content was important: it allowed students to hit the
ground running and not have to wait until after they com-
pleted all their graduate coursework to begin research. When
probed, most faculty claimed very generally that understand-
ing specific content was necessary for research.

The ability to hit the ground running also served as an ex-
planation for why programming skills were so heavily de-
sired. While many faculty noted that programming could
be learned, they rationalized their preference for students al-
ready having this skill by saying that they would not have as
much of a learning curve when taking on a new project.

B. Theme: Independence

Faculty cited many different qualities of their “ideal” grad-
uate student that centered around a common theme of being
an independent researcher. For example, faculty indicated
that graduate students who were intrinsically driven were also
more likely to take initiative to solve problems or even drive
future research agendas on their own. For faculty who already
considered themselves to be pressed for time, the idea of hav-
ing a graduate student that did not need frequent meetings in
order to progress forward with research was highly desired.

The theme of independence was also seen when faculty
explained why having an undergraduate research experience
was so important for graduate school. Faculty were the
most interested in students being able to describe contributing
unique ideas to projects, initiating their own research project,



or taking a current project in a new direction.

Finally, content knowledge (research-field specific) and
self-learning (non-cognitive) shared an interesting link. One
faculty member described how having prerequisite knowl-
edge meant that graduate students could be more self-learning
in terms of being able to read and understand literature rel-
evant to their research field. In fact, one of the computa-
tional faculty discussed their own current undergraduate stu-
dent as exhibiting all the traits of the perfect graduate stu-
dent. In citing the student’s extensive content knowledge and
her ability to self-teach any new information, the professor
said that these two traits make the student more independent,
and therefore “low stress and low maintenance,”, which were
seen as critical because of the extensive amount of time and
stress involved in teaching, mentoring students (undergradu-
ate and graduate), and maintaining an active research agenda.

C. Limitations and Implications

This study has three notable limitations. First, faculty that
were recruited all had experience with their program’s admis-
sions process , and self-selected into the study. Therefore, the
opinions of other faculty at these same institutions were not
captured. Second, none of the participants identified as any

racial minority, an issue that could be addressed in future re-
search. Third, all four programs that participated in this study
were PhD-granting research-intensive universities and there-
fore did not capture the thoughts and opinions of faculty at the
master’s granting level, who may desire different qualities in
masters-level physics graduate students.

There are two notable implications of this study. First,
knowing what faculty on admissions committees are search-
ing for to determine if a student possesses the qualities they
desire gives insight to those writing letters of recommenda-
tion for students. Specifically highlighting a student’s abil-
ity to take initiative, independently progress on a project, or
teaching themselves new content or skills will contribute to
the positive impact that a letter of recommendation can have.
In addition, students applying to physics and astronomy grad-
uate programs should describe goals that they have set and
achieved, personal contributions to research projects, and any
problems that they have had to overcome. Second, since there
was some variance on exactly what qualities faculty were
looking for in applicants, we suggest that admissions com-
mittees provide directions or guiding points to let students
know the content sought from their personal statements, thus
allowing applicants to know what to showcase in their appli-
cation.
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