Physics graduate
students at Michigan
State University
attending class (top),
working on a problem
set (middle), and
solving an in-class
problem (bottom).
(Courtesy of Harley
Seeley.)
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Preliminary results from the revamping of Michigan State
University's physics graduate admissions process suggest that
the changes have made the procedure fairer for all.

ver the years, national and international physics organizations, research labora-
tories, and physics departments have called on leaders in the field to address
issues of diversity, equity, and inclusion. In response, the physics community
has built programs that increase opportunity and support for a more diverse
scientific workforce and aim to address long-standing disparities in who earns

degrees in physics; physics educators have developed and implemented pedagogy and cur-
ricula that provide more equitable learning opportunities for our students;' and physics
organizations have developed and implemented codes of conduct across our organizations
aimed at making meetings and conferences more inclusive.

But the issues with ensuring a diverse, equitable, and
inclusive environment are systemic and pervasive. They
are perpetuated often not by actions but by inactions or
well-intentioned, yet misplaced, actions.? To make phys-
ics more diverse, equitable, and inclusive, we must ad-
dress systemic issues directly, collaboratively, and reflec-
tively. One area that we have chosen to focus on is
graduate admissions. It is especially important to con-
sider diversity there because of its potential ripple effect
across science and engineering. Individuals who com-
plete graduate physics degrees are well positioned to
become scientific leaders in industry and government,
and physicists who pursue academic careers will train
the next generation of scientists, engineers, teachers, and
even medical doctors.

The admission of graduate students to post-bachelor’s
physics programs is a complex and challenging system.

Any graduate director, faculty member, or graduate stu-
dent can recount their own vivid experience with that
complicated and, quite often, opaque process.> At Mich-
igan State University, we set out to understand the ad-
missions process, determine how it was functioning, and
make changes to it. We hoped to admit more diverse
candidates to our program, evaluate them more equita-
bly and holistically, and, ultimately, create a more inclu-
sive program where each student is valued and sup-
ported in their studies. We are far from ourideal collective
vision but feel that our progress toward that vision is
nonetheless important to share with our colleagues.

The traditional admissions process in physics

Unlike undergraduate admissions, which is typically
carried out by a centralized admissions office, individual
departments or programs usually handle the review and
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evaluation of graduate applications. An applicant to a US phys-
ics graduate program will typically submit their CV, under-
graduate transcripts, letters of recommendation, and multiple
written statements covering such topics as their personal his-
tory, research experience, motivations and goals for attending
graduate school, and, occasionally, how their experiences and
actions contribute to fostering a diverse community.

Depending on the program, an applicant may also be re-
quired to submit their scores for the general Graduate Record
Examination (GRE) and the GRE subject test in physics (GREP).
Currently only around 25% of physics and astronomy graduate
programs in the US and Canada require or recommend the
submission of GRE scores. Most of the other programs treat
score submission as optional.* A group of physics faculty mem-
bers reviews the applications and extends offers to the selected
applicants. Some departments also have postdoctoral research-
ers and current graduate students assist in reviewing applica-
tions, although our department does not.

From various studies conducted on the graduate admissions
process in physics, we know that quantitative parts of the appli-
cation, such as grade point average (GPA) and GREP scores,
usually drive the admissions decision. The strength of an appli-
cant’s letters of recommendation and the specific physics courses
they took as an undergraduate are also important.’ Although
that approach to admissions is somewhat successful —today the
number of physics PhDs awarded annually is near the all-time
high—it s inequitable. It favors applicants from groups who are
already advantaged in physics and hurts applicants who are
underrepresented in the field (see figure 1).

That pattern is most apparent in GREP scores, where Asian
and white men tend to score higher than everyone else.® In the
past, some physics departments required minimum GREP
scores for admission,® which meant that applicants who were
not Asian or white men were at a disadvantage.

The GREP also introduces inequities based on an applicant’s
financial resources. Taking the test and sending scores to each
institution one applies to can cost hundreds of dollars. More-
over, applicants at smaller schools might need to travel to a
testing location and potentially stay there overnight. For stu-
dents working jobs at the federal minimum wage of $7.25 per
hour, the cost of taking the exam can easily exceed 40 hours of
take-home pay.

Further, some of our previous work found that applicants
from larger departments or more selective schools tended to
score higher on the GREP than applicants from smaller depart-
ments or less selective schools.” Because students at those
larger departments or more selective schools tend to be less
diverse and more affluent than the college population at large,
using the GREP in admissions can further filter out many of
the students whom departments are attempting to attract
through diversity, equity, and inclusion initiatives.

Other sources of inequity

If the GREP were the only inequitable part of the application
process, it would be easy to make admissions more equitable
by removing it. Indeed, for all the above reasons, admissions
committees had already begun de-emphasizing GREP scores
even before pandemic disruptions, such as testing-site closures
and the lack of a virtual GREP exam, which meant that an en-
tire cohort of students who never took the test was admitted.
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FIGURE 1. A VISUAL REPRESENTATION of the potential applicant
pool for physics graduate programs. Each glyph corresponds to 1%
of US graduates of various races, genders, and ethnicities who
received physics bachelor’s degrees from 2016 to 2020. Students
who identify as American Indian, Alaska Native, Native Hawaiian, or
Other Pacific Islander represent less than 1% of physics graduates
and are not shown in the plot. (Data courtesy of the American
Physical Society and the Integrated Postsecondary Education Data
System.)

Unfortunately, that hasn’t changed the admissions pattern. Even
when GREP scores are removed, inequity permeates other parts
of the application process.

Grades, for example, are a major determining factor in
whether an applicant will be admitted, and they, too, have been
found to show gender and racial differences. For example, a
2021 study conducted by researchers at the University of Pitts-
burgh found that students who belong to underrepresented
minority groups earned lower grades than even the most dis-
advantaged students from any other group.?

In physics, various investigations have found that women
earn lower grades than men. For example, one multi-
institutional study found that even after accounting for prior
performance, women earned lower grades than men in intro-
ductory physics.” That result suggests that differences in
grades in those courses are more reflective of grading policies
than student ability. It thus follows that selecting applicants
based on GPA can hurt the admissions chances of applicants
currently underrepresented in physics.

The inequity can also appear implicitly through the bias of
those reviewing the applications. For example, in one 2012
study, researchers rated a male applicant for a lab manager
position as more competent and hirable than a female appli-
cant with, apart from the name, an identical application. A 2020
follow-up repeated that study with both race and gender. It
again found that men were viewed as more competent and
hirable than women and also revealed that white and Asian
applicants were seen as more competent and hirable than Black
and Hispanic candidates.”’ And since applicants are required
to submit statements and letters of recommendation from fac-
ulty, the nonquantitative portions of the application are also
susceptible to contributing to inequitable outcomes.

Because inequities exist throughout the entire admissions
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FIGURE 2. A SCHEMATIC OVERVIEW of the physics department’s
graduate admissions process at Michigan State University.
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process, we can’t simply change one part of the application
process to make it more equitable. Instead, we need to consider
a different approach to evaluating applicants and make the
process fairer while also acknowledging that students live and
learn in inequitable environments. That approach needs to
consider the student as a whole and consider broadly what
skills and traits an applicant needs to be successful in graduate
school.

How we’ve changed our admissions process

In recognition of those issues, our department began to rethink
its graduate admissions process in 2016. Although we expected
our students to have strong math and physics skills, we also
anticipated that they would be able to learn independently,
take initiative, and be resilient in the face of difficulties and
unexpected challenges. But our admissions process didn't have
a standardized way to assess applicants on the last traits. Nor-
mally it didn’t even take them into account, and if they were
considered at all, they were implicitly determined from the
applicant’s personal and research statements.

Around the same time, physics and astronomy departments
were beginning to think about how to increase diversity in their
programs. Many of them started to consider the idea of assess-
ing applicants’ noncognitive traits."! Given the subjective na-
ture of assessing such traits, one recommendation we received
about making the process more fair to all applicants was to use
a predefined rubric.”? By using one that defines all the evalua-
tion criteria ahead of time, applicants are compared on the
same basis, and evaluators have less to debate about whether
an applicant demonstrates the expected trait. Determining the
evaluation criteria ahead of time can also reduce subjectivity
in evaluations.”

The Inclusive Graduate Education Network, an NSF-funded
partnership working to increase the participation of racially
and ethnically marginalized students in graduate programs in
the physical sciences, has conducted work on holistic admis-
sions. After learning about their studies, our department in-
vited two members of its management team, Casey Miller and
Julie Posselt, to lead a workshop for faculty serving on our
graduate recruiting committee. As a result of that workshop,
faculty members decided on five categories for a rubric that
aligned with both their previous experience from reviewing
applications and the recommendations of the workshop lead-
ers: academic preparation, research experience, noncognitive
competencies, fit with program, and GRE scores. (Iterations of

our rubric since the pandemic no longer include GRE scores.)

Each of the categories was then further divided into sub-
categories that mapped onto specific information about the
applicant, such as their technical skills, their GPA in physics
courses, and whether their research interests aligned with
those of faculty members. Information to assess the sub-
categories, of which there are 18 in total, comes from the appli-
cant’s materials, which include transcripts, a CV, a personal
statement, a research statement, and letters of recommendation.
(The post-pandemic rubric, which eliminated the use of GRE
scores, now contains only 16 subcategories.) To evaluate the
nonacademic categories on the rubric, we asked applicants to
respond to specific prompts in their personal and research
statements. Those prompts broadly map onto at least one sub-
category of the rubric.

One of the subcategories rates applicants on their contribu-
tions to diversity in physics through their research, teaching,
or volunteering efforts (and not simply based on whether they
belong to an underrepresented group in physics). Because
public universities in Michigan—as in many other US
states—are legally prohibited from discriminating against or
granting preferential treatment to applicants based on race,
sex, or ethnicity, such a scoring system ensures our admissions
practices are compliant with state law.

A subset of the admissions committee then rates applicants
as low, medium, or high on each subcategory, with clear criteria
for what constitutes each level. By using a limited number of
ratings on our rubric, we hoped to help admissions committee
members avoid getting bogged down debating small differ-
ences, such as the distinction between a 3.70 and a 3.75
physics-major GPA. Although it’s not included on the rubric,
faculty members are also asked to note which subfields in
physics and astronomy the applicant expressed interest in.

After each application has been evaluated by members of
the admissions committee, a total score is calculated, based on
a weighted average of the five categories. The applications,
scores, and subscores are then sent to faculty representatives
in each of the department’s major research areas. They then
make a list of applicants in their research area to whom they
would like to extend an offer. Because the number of offers
depends on funding and research-area needs, we do not make
them based on a cutoff rubric score. Instead, we use the total
score as a guide for which applicants we might want to admit.

Figure 2 presents a schematic overview of our new admis-
sions process. Initial feedback from faculty who have served
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FIGURE 3. THE MOST COMMON SCORE on each rubric subcategory
for admitted and nonadmitted applicants. A rating of high was the
most common score for admitted applicants across the subcategories;
a rating of medium was the most common score for nonadmitted
applicants. Iterations of the rubric since the pandemic no longer
include the two GRE-related subcategories. (Adapted from ref. 14;
CCBY 4.0)

on our admissions committee has been positive. They like that
the rubric provides guidelines for how to review applications
and that it defines the measures of success. They also believe
that the rubric has not increased the time it takes for review,
which remains between 15 and 30 minutes per application.

Did we succeed?

The goal of rethinking our admissions process was to make it
more equitable. To see if that happened, we looked at the initial
three years of data. The results are promising.’* At the time of
the study, the university admissions system collected only bi-
nary sex data on applicants and no racial or ethnic data. Since
then, the system has been updated to allow applicants to dis-
close their gender, race, and pronouns if they want.

We first looked at how faculty assigned scores to the differ-
ent applicants. If the rubric was useful for determining whom
to admit, we would expect applicants who were admitted to
have higher scores than those who were not. That was indeed
what we found: Admitted applicants generally had higher
scores on rubric subcategories than nonadmitted applicants.
The most common rating among admitted applicants was high;
among nonadmitted applicants, it was medium (see figure 3).

Next we looked at whether the rubric was equitable with
respect to sex. If that were the case, we would expect males and
females to have similar scores on average. Aside from a few
subcategories, that is what we found, and we believe those
exceptions reflect the rubric capturing known systematic is-
sues. For example, males had higher rubric scores than females
did on the GREP subcategory, and females had higher rubric
scores than males on community and diversity contributions.
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But we’ve long known that males do better on the GREP than
females, so it is no surprise that the rubric would measure that.
Similarly, females are more likely to serve as volunteers and
are often expected to take on more outreach and community-
building efforts in academia. So we should not be surprised
that females earned higher scores than males on those rubric
sections.

We then looked at how applicants from different types of
institutions performed on the rubric. Our analysis considered
the overall selectivity of the institution and, as a proxy for de-
partment size, the typical number of physics degrees it
awarded. Based on our experiences, we assumed that appli-
cants from larger departments or more selective institutions
had access to more resources and opportunities than applicants
from smaller departments or less selective institutions. For
example, an applicant from a larger department or more selec-
tive institution might have more research opportunities or
have access to more advanced physics courses, and those dif-
ferences might be reflected in scores on the rubric.

But aside from the GREP subcategory, we did not find any
consistent differences between applicants from different types
of institutions. What was most surprising was that our faculty
members did not rate applicants from smaller departments
lower than applicants from larger departments on the research
subcategories. But prior studies have found that under-
graduate students with limited research experience may not
apply to graduate school in the first place,'® which may explain
why we did not find differences on those subcategories.

Lessons learned

In addition to thinking about equity in terms of rubric scores,
we also considered how the rubric affected the number of fe-
male and underrepresented racial minority students who en-
rolled in our program. Just because applicants receive similar
scores doesn’t mean that admissions decisions are made along
the same lines. For example, if faculty members had to choose
between two comparable applicants, they might consider cri-
teria outside the rubric to help make a distinction between the
applicants. We did not find that to be the case. Since imple-
menting the rubric, the percentage of admitted applicants who
are female has more than doubled, from 13% to 31%, and
the percentage of admitted applicants who are of an under-
represented racial minority group has increased from 9% to
12%. But those rates are still far from what we would hope for
to achieve parity in representation.

Finally, we examined whether the rubric fundamentally
changed our admissions process. We put countless hours into
creating the rubric, but we still hadn’t determined whether our
department was basing its admissions decisions on a broader
set of criteria or still relying mainly on grades and test scores.
So we used machine learning to create models of our admis-
sions process before and after we started using the rubric. Be-
cause we didn’t have access to the qualitative parts of the ap-
plication, such as personal and research statements for both
time periods, our models used only quantitative aspects, such
as the GRE scores and GPA. It also took into account the appli-
cant’s undergraduate institution and their physics subfield of
interest.

We found that before we started using the rubric, our
model could correctly predict whether three out of every four



See it online

Over the last 20 years, the number of students graduating with bachelor’s degrees in physics has nearly doubled, but the number

of positions at physics graduate programs has only grown slightly. Visit physicstoday.org/grad-admissions to learn about that
trend and its impact on efforts to make admissions more equitable.

applicants would be admitted based on only the applicant’s
GREP score, GPA, and score on the quantitative portion of
the standard GRE. The data from after we started using the
rubric are murkier. Those three numbers are no longer deter-
minative of whether an applicant will be admitted, which does
make it seem like we are evaluating applicants on a broader set
of criteria.

But even when we used the rubric scores to build a model,
the resulting simulation was not able to predict whether a
given student will be admitted. Perhaps the lack of a few pre-
dictive features signifies that our admissions process has be-
come more holistic and that the rubric has created multiple
routes to admission. We're currently working on determining
what parts of the application are driving admissions decisions
so that we can know for sure.

Using the rubric, our department has admitted more appli-
cants from underrepresented groups in physics without in-
creasing the time required for faculty to review applications.
Based on that experience, we recommend that other physics
departments implement rubrics in their admissions process to
help evaluate applicants on a wider range of criteria than sim-
ply grades and test scores. But using a rubric will not result in
a more equitable admissions process unless it is implemented
properly. Departments need to ensure that their process also
reflects a commitment to equity.

To do so, admissions committees should ensure that their
members do indeed use the rubric to review each application.
The committee itself should also be as diverse as possible so
that it is reflective of the applicant pool.'® Finally, we recom-
mend that departments conduct regular reviews of their ad-
missions processes. Just because a department has always done
admissions in a certain way does not mean that they need to
continue doing so, especially if the data suggest that their pro-
cess is not aligned with the goals of their program.

What’s next

We started using the rubric to evaluate applicants for the class
of graduate students who enrolled in fall 2018. Those students
are now beginning to complete our program, which means that
we are just starting to understand how changes to our admis-
sions process may have affected other areas of our program,
such as time to PhD candidacy and time to completion. The
initial results suggest that students admitted under the rubric
are no more likely to leave the program than students admitted
before we began using it.

Some might worry that reducing the role of the GREP and
undergraduate GPA will lead to a weaker or less prepared in-
coming class and, as a result, alonger time to degree, but recent
studies in engineering suggest that that hasn’t happened in
practice.”” Additional work with rubric-based admissions will
confirm whether those concerns are valid in physics graduate
programs.

While our work suggests that rubrics with a broader range

of admissions criteria make admissions more equitable, the
evaluation of applicants is only one part of the process. An-
other part of improving equity in physics graduate education
is ensuring that all groups have a fair chance in the admissions
process, and doing so requires that currently underrepresented
groups be included in the applicant pool. That means that fu-
ture efforts at making graduate admissions more diverse and
equitable need to focus on recruitment.

Moreover, once we’ve admitted diverse students, we need
to retain them in our programs. To do so, we need to consider
how our courses, qualifying and comprehensive exams, and
advising and mentoring structures affect our retention efforts.
At Michigan State, based on feedback from students and fac-
ulty, we've removed our qualifying exam requirement and
changed the timeline for when students take their comprehen-
sive exams. We've also added additional mentoring support
for students before they form their thesis committee. We are
not alone in making those types of changes: Other physics de-
partments have also changed their exam requirements and
added additional mentoring support for graduate students.’®

The future of physics can be diverse, equitable, and inclu-
sive if we work to make it so. Rethinking graduate admissions
is one place to start.
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