Journal of Women and Minorities in Science and Engineering 25(4):283-306 (2019)

METRICS FIRST, DIVERSITY LATER? MAKING
THE SHORT LIST AND GETTING ADMITTED
TO PHYSICS PhD PROGRAMS

Julie R. Posselt,”” Theresa E. Hernandez,’
Geraldine L. Cochran,” & Casey W. Miller’

"University of Southern California, Rossier School of Education, Waite Phillips
Hall 602G, 3470 Trousdale Parkway, Los Angeles, California 90089, USA

’Rutgers University, Office of STEM Education, Department of Physics
and Astronomy, 136 Frelinghuysen Rd, Piscataway, NJ 08854

*Rochester Institute of Technology, 1104 Thomas Gosnell Hall, RIT College of
Science, 84 Lomb Memorial Drive, Rochester, New York 14623, USA

*Address all correspondence to: Julie Posselt, University of Southern California, Rossier
School of Education, Waite Phillips Hall 602G, 3470 Trousdale Parkway, Los Angeles, CA
90089; Tel.: 970-310-4975, E-mail: posselt@rossier.usc.edu

Recent research suggests that faculty reliance on graduate record examination (GRE) scores early in the
graduate admissions review disproportionately limits access to doctoral education for women, Black,
Latinx, and Native American students. However, some faculty do engage in more holistic review—and in
so doing, weigh diversity—when evaluating applicants on a short list. This paper has three objectives:
to test the prevalence of this two-stage review process; to examine whether the factors associated with
an applicant s selection to a short list differ from those associated with receiving an admission offer; and
third, to assess implications of admissions preferences for equitable access. We conducted fixed-effects
logistic regression using application-level data from six large, selective physics programs who partici-
pated in a project piloting means to increase diversity in physics. We found that faculty in these programs
indeed placed a premium on standard evaluation metrics in the first round of review. Women are more
likely than men to both make the short list and be admitted, whereas Black and Latinx applicants do not
have significantly higher odds than white students of moving forward in the admissions process, all else
equal. Our findings add weight to a rising tide of evidence that faculty must revisit the narrow framing
they have traditionally used in the admissions process to increase diversity in their graduate programs.
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1. INTRODUCTION

Despite almost 70 years of predictive validity analyses of graduate admissions exams
(e.g., Cureton et al., 1949; Marston, 1971; Sternberg and Williams, 1997; Kuncel et al.,
2010), we have surprisingly little quantitative evidence about the relative importance of
academic and social background characteristics to an applicant’s odds of being admitted
to graduate programs. The most comprehensive analysis is now 20 years old: Attiyeh
and Attiyeh (1997) found that the three strongest predictors of admission to graduate
programs in five fields were high graduate record examination (GRE) scores, high col-
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lege grades, and attending a selective college. Due to group-level differences in selective
college enrollment and GRE scores, those preferences systematically privilege applicants
from groups that are already overrepresented in doctoral education—white, male, and
wealthy applicants.

Committees enact a preference for applicants with very high GRE scores through
several methods, one of the most common being the use of cutoff scores (Potvin et al.,
2017). Miller and Stassun (2014) documented that the typical cutoff score used in phys-
ics excludes 25% of Asian American applicants, 50% of white applicants, 75% of Mexi-
can American applicants, and almost all African American applicants. Posselt (2016)
found, through ethnographic research of doctoral admissions in nine fields including
physics and astrophysics, that professors created a short list largely by filtering applicant
pools on the basis of GRE scores and grades, the latter of which they contextualized by
curricular rigor and college reputation. However, applications that made the short list
were subjected to holistic review (“‘consideration of a broad range of candidate quali-
ties including noncognitive or personal attributes” [Kent and McCarthy, 2016, p. iii]),
including contributions to diversity. This pattern was exemplified by one participant
comment: “First you have to be above a bar, then we can ask the diversity question.” The
objectives of the current study were to examine the following research questions about
access to physics for applicants from underrepresented groups:

1. In physics PhD programs aiming to increase the enrollment of students from
underrepresented groups, are the academic and demographic characteristics as-
sociated with being shortlisted for admission different from those associated with
receiving an offer of admission?

2. How are GRE scores associated with the probabilities of being shortlisted and
admitted for women, Black, and Latinx” applicants?

3. In programs that do not require the physics GRE subject test (PGRE) for admis-
sion, do faculty place greater weight on applicants’ undergraduate GPA?

We use applicant-level administrative data from six large, selective physics programs
who are partners in the NSF-INCLUDES funded Inclusive Graduate Education Net-
work to examine student pathways through the admissions process. We assess the rela-
tive strength of various academic and demographic characteristics as predictors of two
outcomes: (1) being shortlisted and (2) being admitted.

2. BACKGROUND

Graduate admissions practices in physics is a research topic of importance to research-
ers, disciplinary faculty, and leadership alike. Physics is a large, powerful field among
the disciplines with deep racial and gender inequalities, and its strong-paradigm culture
and assumptions that inherent “brilliance” underlies performance make it especially re-
sistant to change (Leslie et al., 2015; Prescod-Weinstein, 2017; Rosa and Menash, 2016;

*Native Americans and Southeast Asians are also underrepresented in physics; however, we were unable to conduct
statistical analysis of access for these groups due to very small numbers and/or lack of disaggregated data in our sample.
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Blue et al., 2018; Tuttle, 2017). Therefore, understanding and dismantling barriers to
equitable access in physics graduate education and scientific careers may come with
important lessons for other disciplines that similarly struggle with such inequalities.
While there have been a handful of newsletters and opinion pieces touching on graduate
admissions in physics, particularly with respect to diversity issues (e.g., Ripin, 1996;
Glanz, 1996; Georgi, 2000; Ehrlich, 2007), the first significant analyses of admissions
practices in physics (among other disciplines) was conducted by Posselt (2014, 2015,
2016), from an ethnography focused on how faculty conceptualize merit throughout the
admissions process and its implications for diversity in graduate education. She found
that faculty focus on diversity as a factor in admissions only after applying extremely
high standards, using quantitative metrics to rapidly reduce the number of applications
that are fully reviewed. Potvin et al. (2017) provided evidence corroborating this trend
in physics, through a national survey of PhD program directors and similar leaders in
physics departments. Obtaining responses from nearly all programs, they found that
between one third and one half of programs apply GRE cutoff scores, or give scores
uncontrolled weightings (which may unduly affect the ultimate decision to admit or re-
ject a student). Furthermore, these faculty held applicants’ GRE Quantitative and GRE
Physics subject test in as high esteem as a student’s entire portfolio of undergraduate
courses; only letters of recommendation and undergraduate grades in physics and math
courses were more important.

The consequence of applying an initial, GRE-based filter is the disproportionate
exclusion of women, underrepresented ethnic/racial minorities (i.e., Black, Latinx, Na-
tive American), and US citizen applicants. These groups have mean GRE scores that are
significantly lower than their comparison groups, as noted by Miller (2013) and Miller
and Stassun (2014). A typical cutoff in physics for the GRE-Quantitative is about the
60th percentile among test-takers identifying as wanting to attend graduate school in the
physical sciences: 40% of women score above this bar, compared to 60% of men; less
than 25% of Mexican Americans and African Americans score above this bar, compared
to more than 60% of Asian Americans and 50% of white Americans.

Faculty justify their reliance on the GRE as an initial filter with several rationales,
including convenience in winnowing the pool and their belief that scores signal intel-
ligence and belonging, which they view as critical to success in the field (Posselt, 2016).
Scherr et al. (2017) went deeper into this pattern within physics, studying the prevalence
of fixed mindsets (viewing intelligence as an inherent capacity or ability) and growth
mindsets (viewing intelligence in terms of acquired knowledge and effort) about intel-
ligence among faculty who chaired physics graduate admissions committees (Dweck,
2000). They concluded that while both mindsets appeared within nearly all participants
to some extent, the majority dominantly exhibited one or the other mindset. Half exhib-
ited growth-dominant mindset, a quarter exhibited fixed-dominant mindset, and the re-
mainder had no dominant mindset. The implications of this are consistent with what was
found by Posselt: the genius narrative associated with fixed mindsets manifests itself in
physics as a (misplaced) belief among many professors that metrics such as grades and
GRE scores signal innate intelligence, and therefore who is destined to succeed in phys-
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ics graduate school, and that these metrics are thus justifiable as an initial filter. A major
study of the validity of common admissions criteria in 25 large physics PhD programs
did not find evidence to support these beliefs (Miller et al., 2019). When so many faculty
chairing physics PhD admissions committees conduct admissions in ways that are con-
sistent with such beliefs (Potvin et al., 2017), significant barriers to improving diversity
in physics are to be expected.

2.1 Theoretical Perspectives and Hypotheses

Judgments of admissibility depend upon available information about applicants and the
frames (i.e., “schemata of interpretation” [Goffman, 1974, p. 21]) with which admis-
sions committees interpret that information. We pair perspectives about framing from
sociology and behavioral economics, particularly as they have been applied to admis-
sions decision-making behavior, to understand how and why the same criteria may be
weighted differently throughout the admissions process.

Sociologies of undergraduate admissions suggest that frames shape decision-making
at multiple levels. Macrolevel institutional admissions goals and mesolevel approaches
to application review together shape microlevel interpretations of specific information
about applicants. At the macro level, colleges may view the aims of admissions as not
only identifying the “best” students but also correcting historic injustices against indi-
viduals from underrepresented groups, thereby preserving the legitimacy of admissions
contests (Grodsky, 2007). At the meso level, Stevens (2009) proposed that decision
makers frame admissions work as evaluative storytelling. Grades and test scores are
insufficient to distinguish among applicants in today’s competitive admissions environ-
ment; therefore, after “coarse sorting” on academics, committees construct composite
narratives about finalists that contextualize the minutiae of their strengths and weak-
nesses, highlighting potential to add to a cohort’s diversity.

At the graduate level, some faculty may similarly support diversity and equity re-
lated efforts in principle; however, the tendency to emphasize academic metrics first
and consider the diversity contributions only of those who make the short list suggests
that correcting inequities is not their primary priority (Posselt, 2016). Many professors
also frame admissions as investment, which inclines them to a risk aversion mesoframe
for initial file review (Posselt, 2016). When looking at GRE scores, they may display
tendencies toward narrow framing (i.e., approaching assessments of risk without at-
tention to context) that behavioral economics studies have identified among gamblers
(Barberis et al., 2006) and investors (Kumar and Lim, 2006). We therefore hypothesize
the following:

Hla: GRE scores will have positive, significant relationships with the odds of
being placed on a short list.

H1b: Women, Black, and Latinx applicants will have higher odds of admission
than men and white applicants, controlling for academic characteristics and be-
ing on the short list.
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Research indicates that reliance on GRE scores disproportionately excludes women,
Black, and Latinx students, but that faculty are aware of inequities and construct diver-
sity as a secondary obligation of admissions. We therefore hypothesize the following:

H2a: GRE scores will not be associated with higher odds of admission, control-
ling for student demographic characteristics and being on the short list.

H2b: In a model that controls for GRE scores, women will have higher odds
of being placed on the short list, relative to men, than in a model without GRE
scores.

H2c: In a model that controls for GRE scores, Black and Latinx applicants will
have higher odds of being placed on the short list, relative to white applicants,
than in a model without GRE scores.

Finally, we recognize the growing use of test-optional admissions and limited evidence
of how it changes the weight attributed to other criteria. Therefore, we consider whether
programs in our sample that do not require the PGRE may substitute this academic in-
formation by placing greater weight on undergraduate academic performance. We there-
fore hypothesize the following:

H3: In programs that do not require the PGRE, associations between under-
graduate GPA and odds of admission will be stronger.

When engaging in education research and reform related to equity, it is important to
provide an operational definition and a conceptual model of equity (Rodriguez et al., 2012),
as these determine the groups that are compared and how those comparisons are carried
out. Among definitions of equity outlined by Lynch (2000), this study aligns most with
“equity that compensates for social injustice for specific groups who have not received
fair treatment.” The project from which our analyses originated examines representation
in physics as a result of inequitable graduate education policy and practice and is trying to
counter the view that inequities are a function of inherent quality of individuals from those
groups. Among the three models of equity described by Rodriguez et al. (2012), this study
aligns most with the equity of parity model as it concerns access. In the context of admis-
sions, equity seeking parity would seek higher shortlisting and admissions odds for groups
that are disadvantaged relative to groups that have been historically more advantaged, with
the goal of parity, or similar outcomes for all. In this study, equity would therefore mean
that women, Black, Latinx, and other underrepresented groups have higher odds of being
shortlisted and admitted (i.e., that faculty reveal a preference for these groups), in an effort
to correct the longstanding disparities in opportunities and enrollment.

3. METHODS

We collected deidentified administrative data representing the admissions processes of
the six physics PhD programs of the Inclusive Graduate Education Network (IGEN),
an initiative of the National Science Foundation INCLUDES program. These are large
and selective programs and were selected for the project on the basis of these criteria
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as well as expressed and demonstrated interest in changing admissions, recruitment,
and/or retention practices in order to increase diversity and reduce inequities in their
programs and the field. In the fall of 2017, we worked with the director of graduate
studies and support staff in each department to establish a common set of academic and
demographic variables that reflect information each program collects about PhD ap-
plicants. Each program was then provided a spreadsheet to catalogue every applicant’s
GRE scores (verbal, quantitative, writing, and [in five of six programs] physics subject
test), undergraduate GPA, college attended, gender, race, and international/domestic sta-
tus. Program personnel logged the status of each application at key junctures including
whether an application was complete, whether the student had been placed on a short
list, and whether the person was admitted. Data from each program were then merged
into a common database.

3.1 Dependent Variables

We examined relationships of individual applicants’ academic and demographic charac-
teristics with two dichotomous outcomes: (1) whether or not a student was placed on a
short list of finalists for admission and (2) whether or not the applicant received an ad-
missions offer as of April 15. We did not distinguish applicants who may have received
an offer of admission after having been placed on a wait list.

3.2 Independent Variables

Our models include four sets of demographic and academic characteristics: (1) demo-
graphics: consisting of nationality (international or domestic), gender (male or female),’
and race/ethnicity; (2) undergraduate GPA (standardized to a 4.0 scale); (3) GRE general
test scores: including verbal, quantitative, and writing; and (4) physics GRE subject test
scores. When predicting admission, we also controlled for whether the student was on
the short list, to account for the separate selection process that determines the short list
versus when final admissions decisions are made.

Program data combined United States citizenship and permanent resident status into
one category of “domestic.” All GRE scores are reported in their raw scaled form, which
range from 130 to 170 for verbal and quantitative and 1-6 for the analytical writing.
PGRE was added separately due to one program not utilizing it.

Race/ethnicity categories were standardized across the programs and consist of
white, Asian/Asian American, Black/African American, Latinx, multiracial/ethnic, Na-
tive American, and race/ethnicity unknown. Three race/ethnicity categories required
standardization: Latinx, multiracial/ethnic, and race unknown. Four programs provided
data with Hispanic or Latinx as an option, while one provided more specific categories

T We acknowledge that gender is not a binary (Blue et al., 2016), but the dichotomous way that these PhD programs
collected gender data during admissions did not allow for other identities. This pattern of data collection leads to the
oversimplification of gender and contributes to the dearth of information and research available on gender nonconform-
ing physicists.
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within the Latinx or Hispanic umbrella, which were aggregated into the Latinx catego-
ry.* Five programs provided racial/ethnic data with a category for multiple or two or
more races and one program provided data with multiple categories per some applicants.
In order to standardize this data, applications that selected more than one racial/ethnic
identity were coded to the “multiracial/ethnic” category and were not counted in the
specific categories selected to avoid duplication. All six programs had some applications
where no race/ethnicity was selected, and one program also included the category other;
these comprise the race/ethnicity unknown category.

3.3 Data Analysis

The dichotomous structure of our dependent variables compelled logistic regression
analyses. Separate models for short list and admission permitted us to assess the rela-
tive strength of the same criteria at two key decision points, allowing for greater nuance
in claims about what matters to admission and when. Within each of these models, we
added variables in four blocks, as described above: demographics, GPA, GRE general
test scores, and GRE physics test scores. For the model predicting admissions, we also
added short list as a covariate. Because the applications are clustered by the program
to which they were received, we included fixed effects for program in both models. To
simplify interpretation, we report results in terms of odds ratios.

3.4 Predicting Shortlisting

To determine the predictive probabilities of demographics, undergraduate GPA, GRE
general test scores, and the GRE physics test score on an application being shortlisted,
we specified the following model:

Y, = By, + Demographics vars; + GPA; + GRE _ general; + PGRE; +¢,. 1)

In Eq. (1), Y, is an indicator variable that equals 1 when application ; submitted to pro-
gram is placed on the short list and zero otherwise. ﬂ refers to the constant. Demo-
graphlcsl is a vector of indicator variables for personal characteristics (domestic = 1;
female = 1; and Asian/Asian American = 1, Black/African American = 1, Latinx = 1,
multiracial/ethnic = 1, Native American = 1, and race/ethnicity unknown = 1), GPA is
undergraduate GPA, GRE _general, is a vector of GRE scores (verbal [VGRE], quan-
titative [QGRE], and analytical wrltlng [WGRE])), PGRE is the physics GRE subject
score, and ¢, is a vector of program-specific indicator variables (excluding one program
as the reference category) for program fixed effects. Because applications are clustered

1 One program provided data that included Hispanic identity separate from race, resulting in applicants who selected
Hispanic to also select racial categories of white, Black, Asian, and none. While it is impossible to know the intent of
the applicants’ selection patterns, for simplicity and consistency only applicants who selected Hispanic and none for
race were included in the Latinx category; all other applicants who selected Hispanic and a race were included in the
multiracial/ethnic category. We understand that this may lead to undercounting of Latinx applicants and overcounting
of multiracial/ethnic applicants from this one program.
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by the program that received, reviewed, and ultimately decided to short list it or not,
we included program-level fixed effects to account for within program variation and
improve our model’s probability estimates. Similarly, we used clustered standard errors
by program to improve model precision.

3.5 Predicting Admission

To determine the predictive probabilities of demographics, undergraduate GPA, GRE
general test scores, and the GRE physics test score on an applicant being admitted, we
specified the following model:

Z; = By, + Demographics; + GPA; + GRE _ general; + PGRE,; + Shortlist, +¢,. (2)

In Eq. (2), ZU_ is an indicator variable that is 1 when application , submitted to program ;
is admitted and zero otherwise. Shortlistl.j is an indicator variable for whether an applica-
tion was placed on the short list (shortlisted = 1), and all other model parameters are the
same as described for Eq. (1), including program fixed effects and clustered standard
errors. Nearly all applications that were ultimately admitted were drawn from the short
list that each program compiled. We therefore included short list as an independent vari-
able in model (2) predicting admission in order to isolate the predictive probability of
demographics, GPA, GRE general scores, and the PGRE in final admissions decisions.

3.6 Reliability

The sample sizes for underrepresented racial/ethnic groups (Black, Latinx, and women
of all race/ethnicities) are acceptable for making inferences through regression when we
aggregate across programs, but they are below standard thresholds for logistic regres-
sion (Long, 1997) for the individual programs. We therefore do not report point esti-
mates for Black, Latinx, and/or women for models limited to the sample of applicants
in individual programs.

With respect to model reliability, Wald tests (p < 0.00) confirmed that all the vari-
ables included in our models predicting short list and admissions improved the maxi-
mum likelihood estimation and contributed to the best fit possible given the available
data. We conducted Wald tests as opposed to likelihood-ratio tests due to the nature of
our data being clustered at the program level.

4. RESULTS
4.1 Descriptive Results

Table 1 displays the distribution of demographic attributes of applications within each
program. The total number of applications in our sample is 2904. The number of appli-
cations programs received ranges from 139 to 765, with an average of 484 per program.
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The majority of applicants in the sample were international (53%) and men (84%).
Three of the six programs, however, had a majority of domestic applicants. Across the
entire sample of applications, and independent of citizenship, the largest racial/ethnic
group was white (35%), followed by race/ethnicity unknown (29%) and Asian/Asian
American (27%). Among domestic applications only, white applicants remain the larg-
est group (31%), followed by Asian Americans (5%) at a much smaller percentage. In
addition, the race/ethnicity unknown group falls to just 3%, illustrating that the over-
whelming majority of applicants in this sample whose race/ethnicity is unknown are
international. In contrast, the Latinx (3%), Black/African American (1%), and Native
American (< 1%) percentages are stable, indicating that the majority of applicants who
self-identify with these categories are domestic.’

Table 2 shows the overall race and gender breakdown of applications, those that
were shortlisted, and those that were offered admission. White men make up the larg-
est group of total applicants at 29%, followed by men with race/ethnicity unknown and
Asian/Asian American men, both at 23%. For women identified as white, race/ethnicity
unknown, Asian/Asian American, and multiracial/ethnic, the percent of applications are
in the single digits, from 6% to 1%. The percent of applications is also in the single dig-
its for men identified as multiracial/ethnic, Latinx, Black/African American, and Native
American. Latinx and Black/African American women applications are less than 1%
of total applications received for the entire data set. Native American men also make
up less than 1% of total applications; there were no applications from Native American
women.

Next we describe the racial and gender makeup of those shortlisted and admitted.
White men make up 33% of the short list, which is four percentage points greater than
their share of the applicant pool. Latinx and Black men are just 3% and 2% of the short
list, respectively, a one percentage point increase each from their representation in the
applicant pool. White women make up 9% of the short list, which is a three percentage
point increase from their share of the applicant pool. All other groups in the short list
either maintain or drop in proportion relative to their share of the applicant pool. The
absence of Black women in the short list indicates that all of their applications had been
eliminated from consideration in this preliminary stage of consideration. Of those ad-
mitted, white men maintain the largest proportion with 29%, equal to their share of the
applicant pool. Meanwhile, white women make up 12% of admits, twice their propor-
tion of the applicant pool and attaining the only consistent increase in share from ap-
plicant pool to short list to admit. The proportion of Latinx and Black men and women
admitted remained relatively stable in the single digits compared to their proportion of
those shortlisted. None of the shortlisted Native American men were admitted.

§ Researchers argue that it is important to disaggregate racial/ethnic data to the extent possible in order to reveal discrep-
ancies in popular narratives about group access and achievement (Teranishi, 2007). Asian American students represent
a diverse umbrella category that is often further lumped together with international Asian students and, therefore, Asian/
Asian American students are often categorized as over-represented in STEM. However, disaggregation by citizenship
shows that Asian American applicants in our overall sample constitute a slightly smaller proportion of the sample than
the representation of Asians in the United States at 5.4% (U.S. Census Bureau, 2016). Within each program, the percent-
age of applicants who are Asian American varies considerably, from 3% to 13%.
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TABLE 2: Sample characteristics by gender and race

Applications Short List Admissions
Men Women Men Women Men Women
N 2420 476 753 209 469 173
White 29% 6% 33% 9% 29% 12%
Race/ethnicity unknown 23% 5% 17% 7% 15% 8%
Asian/Asian American 23% 4% 20% 5% 19% 7%
Multiracial/ethnic 4% 1% 4% <1% 5% <1%
Latinx 2% <1% 3% <1% 3% 1%
Black/African American 1% <1% 2% — 2% —
Native American <1% — <1% — — —

Note: Each cell for men and women under Applications is out of the total applications; similarly, each cell
under Short List is out of the total shortlisted, and each cell under Admissions is out of the total admit-
ted. The totals do not include observations where gender was missing. The total for each of applications,
short list, and admissions does not equal 100% due to rounding to the nearest full percentage point, except
when rounding would result in 0% and hide the small numbers present. A dash indicates N = 0.

Table 3 shows the distribution of academic metrics for applications in our sample
and by program. Applications across all programs had a mean undergraduate GPA of
3.63 (SD = 0.35), with a range of 1.65-4.0. The mean QGRE score was 165 (SD =
4.78), with a range from 146 to 170. The mean VGRE score was 158 (SD = 6.53) out of
170, with a range from 135 to 170. The mean WGRE score was 3.87 (SD = 0.80), with
a range of 1.5-6. Finally, the PGRE score was 843 (SD = 130.53) out of 990, with a
range of 410-990. Among the programs, GPA and GRE scores were similar in both their
ranges and means. The mean GPA for each program ranged from 3.52 to 3.70. Mean
QGRE scores for each program ranged from 164 to 166, VGRE scores ranged from 156
to 159, and mean WGRE scores ranged from 3.71 to 4.06. Mean PGRE scores displayed
more variation, from 788 to 865.

4.2 Multivariate Results

Table 4 displays the complete results of the logistic regression models estimating odds
of making the short list and receiving an admissions offer. The two models predicting
short list and admissions, respectively, build in blocks of covariates, starting with de-
mographics, then adding undergraduate GPA, GRE general scores, and finally physics
GRE." The admissions model also controls for short list as a covariate at each stage of
the model build. We report the findings according to our hypotheses and then present
predicted probabilities for given student profiles.

9| We added PGRE separately because one program did not use it in their admissions process. Analysis excluding phys-
ics GRE encompasses observations from all six programs, whereas analysis including physics GRE only incorporates
observations from the five programs that considered physics GRE scores. Where significant differences exist between
outcomes in models that do and do not consider the physics GRE, these results are noted below.
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TABLE 3: Distribution of academic metrics of applications

Program Mean SD Min Max

Undergraduate GPA 1 3.70 0.28 2.00 4.00
2 3.65 0.36 1.70 4.00

3 3.65 0.36 1.65 4.00

4 3.52 0.39 2.38 4.00

5 3.56 0.38 2.00 4.00

6 3.52 0.38 1.70 4.00

All 3.63 0.35 1.65 4.00

Verbal GRE 1 159.2 6.4 140 170
2 157.3 6.5 136 170

3 157.8 6.4 136 170

4 156.8 6.6 142 170

5 155.8 6.6 135 170

6 156.9 6.6 140 170

All 157.6 6.5 135 170

Quantitative GRE 1 165.9 4.4 147 170
2 165.8 4.7 147 170

3 166.0 4.2 149 170

4 163.6 54 150 170

5 164.1 5.3 146 170

6 164.1 5.6 146 170

All 165.4 4.8 146 170

Analytical writing GRE 1 4.1 0.8 2.0 6.0
2 3.8 0.8 2.0 6.0

3 3.9 0.8 2.0 6.0

4 3.9 0.8 2.0 5.5

5 3.7 0.8 1.5 6.0

6 3.8 0.8 2.0 6.0

All 3.9 0.8 1.5 6.0

Physics GRE 1 864.6 111.9 510 990
2 856.9 127.4 500 990

3 857.4 122.1 450 990

4 _ _ _ _

5 792.4 143.7 420 990

6 788.0 149.1 410 990

All 843.3 130.5 410 990

Note: GPA on a 4.0 scale. Quantitative, verbal, and physics GREs are raw, scaled scores.

Journal of Women and Minorities in Science and Engineering



295

Admission to Physics PhD Programs

(100°1) (9501 (90T'1) (268°0) (S11m (89¢'1)
L118T 966'C CCS'E 106'C w0STY 0809 VdD djenpersopun
) Q) ) ) (¥€0'8) (062 (9tL°0) (68€°0)
I I [ I 186'C TSS°1 659°0 TE€0 UBOLIOWY QANEN
(509'9) (¢v8°L) (0LTY) (898°2) (€v9°0) (689°1) (Lern (969°0)
LZIT'L €01°L L6S' Y vo1'€ ¥59°¢ LEV'E 1661 GLI'T  UBOLIOWIY UBOLYY/Soe[d
(885°1) (9¢8°1) (68L°1) (18¢'1) (82L°0) (¥8°0) (€£9¢°0) (zzeo)
€1S°T LLTE LYL'T vSTT 098°C ws000°€ v8Y'1 748! Xupe|
(¥6€°0) (L85°0) (098°0) (¥+8°0) 11°0) (tr1°0) (so1°0) (880°0)
VST 0ET'E S18°C LOIL'T 6LL°0 0¥6°0 ¥€8°0 LOLL0 OTU}Q/[EIRINA
(Fer0) (9¢+°0) (zzyo) (9L£°0) (661°0) (802°0) (szz0) (851°0)
€01 9101 70’1 €76°0 T6T'1 e 109°T £0S°1 W66€T UBOLISWY UBISY//UBISY
(sz1°0) (611°0) (€91°0) (951°0) (€01°0) (so1°0) ($60°0) (001°0)
v€8°0 998°0 vL8°0 $98°0 2990 758°0 7€8°0 6LL°0  umOuNUN KYOIULIo/0ey
(0052 (0o1°1) (z90'1) (626°0) (€05°0) (¥zTo) (00Z°0) (681°0)
LI1SY LFE0°€E W796'C W118T e I8T°€ w0961 nCLST €981 Srewd
(Ls¥'0) (00€°0) (€L2°0) (6LT°0) (0€$°0) (192°0) (€6¥°0) (615°0)
1860 LT9°0 TSL0 9L°0 wILL'T 9881 w9Y9'T V18T onsawo(]
soydeiSowaq
(z9120) (sz¢9) (90¢) (€L©)
S E8LT el TTE e8L6T S 69€ 1ST] HoyS
(8 1) ) (<) ¥) (©) (@) (
UoISSIWPY SuPdIPaId ISI'] 30y SundIpaId

UOISSIWpPE pue IsI| 110ys Jo sppo Sunorpaid suorssardar onsioT :p ATAV.L

Volume 25, Issue 4, 2019



Posselt et al.

296

parenbs y opnosd ‘d g1 ‘oouetadp ‘(pooyrayi] 0] 10J s oI 9S9Y}) [[ZFOU ‘WOPIAIJ JO SI2IZIP [opow ‘W Jp
"9ouai19ya1 10} paddorp weiSoid suo pue sojqerrea Awwnp weidord ym ‘werdoxd oy 10§ S1004J0 paxy apnjoul suoneoyroads [y ojduwes
110y oy 105 jsed] o3 syueordde Jo zoquunu 3189813 JO JOPIO dY) UI dIe AJIOIUYI0/A08Yy "Sasdyjuaed Ul SIOLID PIEPUR)S SSOIJRI SPPO UL SJUSIILYFI0)) 910N

1000>4,,,‘100>4,,50°0 >4,

619°0 LLS0 6950 6950 961°0 891°0 €TI0 vLLO0 d z1

1'L201 LEITI €'€sTl 06I¢€1 19T ¥'6L8C v TLOE 0°L6€€ [[8ou
€ ¥ v v € v v v w jp

vEST €69¢ 8€LT T68C LEST 969¢ LT 968¢ N
(000°0) (000°0) (000°0) (600°0) (000°0) (000°0) (000°0) (020°0)
0000 0000 0000 0100 :000°0 0000 0000 OET0 JuRISUOD
(100°0) (100°0)
S00'1 900°1 HYD so1sAyd
(zo1'0) (160°0) (zoz'0) (181°0)

61T LO0TT1 SOPS'T V€SI YD Sunum [ednkeuy
(€20°0) (L10°0) (S10°0) (020°0)

$96°0 LEO'T 0660 +090°T YD 2AnELINUERNQ)
(020°0) (610°0) (z10°0) (z10°0)

910°T 920°1 LFE0T V0T YD [6qIA

()] w 9 (9] ¥) (©) @ (1
UoISSIWPY SuPdIPaLq ISI'] 30y SuUndIPaId

(ponunuood) 1y AIAVL

Journal of Women and Minorities in Science and Engineering



Admission to Physics PhD Programs 297

4.2.1 H1a: GRE Scores Will Have Positive, Significant Relationships with Odds
of Being Placed on a Short List

We examined whether GRE scores had a significant relationship with the odds of be-
ing placed on the short list. In model 3 without PGRE, we find support for hypothesis
la. Each additional ten points on the verbal and quantitative score is associated with an
increase in short list odds of 44% (p < 0.001) and 60% (p < 0.01), respectively. Each ad-
ditional point on the writing score is associated with a 53% increase in the odds of being
shortlisted (p < 0.001). However, in model 4 predicting shortlisting that includes PGRE,
each ten-point increase in PGRE is associated with a 6% increase in the odds of being
placed on the short list, all else equal. And after adding PGRE to the model, the quanti-
tative GRE score is no longer a statistically significant predictor of being placed on the
short list. When PGRE is available, admissions committees may not rely as heavily on
the quantitative GRE score, but when PGRE is not available, the weight that might have
been given to it is shifted to QGRE. Alternatively, covariance in QGRE and PGRE may
help explain the difference in the QGRE’s significance across these two estimations.

4.2.2 H1b: Women, Black, and Latinx Applicants Will have Higher Odds of
Admission than Men and White Applicants, Controlling for Academic
Characteristics and Being on the Short List

Hypothesis 1b considered whether women, Black/African American, and Latinx stu-
dents had higher odds of being admitted compared to men and white applicants, respec-
tively, controlling for GPA, GRE, and being on the short list. We find partial support for
this hypothesis. Model 7 in Table 4 shows that on average, women on the short list have
3 times the odds of being admitted compared to men (p < 0.01) and 4.5 times the odds
of being admitted when PGRE is considered and held constant. Latinx applicants on the
short list have 3.3 times higher odds than white applicants of being admitted (p < 0.05)
when controlling for GPA and GRE general scores. However, they are not more likely
to be admitted when PGRE is also included and held constant (see model 8 in Table 4).
By contrast, Black/African American applicants on the short list do not have statistically
significant different odds of being admitted compared to white applicants when only
controlling for GPA and GRE general scores (see model 7). Yet, when PGRE is added
as a control in model 8, Black/African American applicants’ odds are about 7 times
higher than white applicants (p < 0.05). Results for African American students, however,
should be interpreted with care, given their low representation in the sample (1%).

4.2.3 H2a: GRE Scores Will Not Be Associated with Significantly Higher Odds
of Admission, Controlling for Student Demographic Characteristics and
Being on the Short List

We examined whether GRE scores would remain significantly associated with offers of
admission controlling for placement on the short list, demographics, and GPA. We do
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not find support for hypothesis 2a, suggesting that standardized test scores continue to
be weighed significantly during final decisions about who on the short list will be offered
admission. The exception to this overall finding is that VGRE is no longer significantly
associated with offers of admission in the final stage, as supported by models 7 and 8.

Contributing to the balance of evidence against hypothesis 2a, WGRE scores are
significant in predicting admission (p < 0.01, p < 0.05) in models 7 and 8, respectively.
Interestingly, a similar pattern of significance for QGRE and PGRE scores to that in the
short list models emerges in the models for admission. Specifically, in model 7, which
does not include PGRE, QGRE is significantly associated with offers of admission (p <
0.05); however, QGRE is not related to admission in model 8, which controls for PGRE.
In that model PGRE does predict admission (p < 0.001).

The pattern of QGRE predicting short list and admissions absent PGRE provides
further support for the suggestion that QGRE and PGRE explain the largely overlap-
ping variance in who gets into physics doctoral programs. Evidence for hypothesis la
indicated that GRE scores are prominent factors in initial filtering of the pool, and the
balance of the evidence against hypothesis 2a suggests that admissions committees con-
tinue to rely heavily on standardized tests in final decisions.

4.2.4 Models with and without GRE Scores

Recall: H2b: In a model that controls for GRE scores, women will have higher odds of
being placed on the short list, relative to men, than in a model without GRE scores and
H2c: In a model that controls for GRE scores, Black/African American and Latinx appli-
cants will have higher odds of being placed on the short list, relative to white applicants,
than in a model without GRE scores.

To model whether professors’ interpretations of applicant GRE scores is dispropor-
tionately filtering out applicants from groups that are underrepresented in physics, we
looked at how odds of being shortlisted change for women, Black/African American,
and Latinx applicants as we shift from a model with only demographics and GPA to a
model that also has GRE scores. Indeed, we do see support for hypotheses 2b and 2c, al-
though with some mixed results depending on whether or not the model includes PGRE.
To be clear about interpretation: We learn by adding new variables to a regression model
how much variation in the outcome of interest is explained by group variation in the new
variables. Thus, by adding GRE scores (a variable for which there is known gender and
racial/ethnic group variation) to models predicting who is shortlisted, we can see the
extent to which the consideration of GRE is affecting odds of women, Black, and Latinx
students making the short list.

For hypothesis 2b, we find that all else equal, women’s odds of being shortlisted
relative to men increase slightly when QGRE, VGRE, and WGRE are added to the
model and increase further to 3.2 times (p < 0.001) that of men’s odds when PGRE is
also included. Similarly, holding GRE scores constant, Latinx applicants gain a statisti-
cally significant advantage in the odds of being shortlisted relative to white applicants.
Latinx applicants’ odds of being shortlisted are three times higher than white applicants
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when controlling for the GRE general scores (p < 0.001). By adding GRE scores to the
model, we hold constant its effect in the admissions process and thus are able to envision
how other factors would relate to admissions outcomes if GRE scores had a weight of 0
in the minds of decision makers.

4.2.5 H3: Programs That Do Not Require the PGRE Will Have Stronger
Associations between Undergraduate GPA and Odds of Admission

Finally, we compared models of individual programs to examine whether those that do
not require physics GRE have stronger associations between GPA and admission offers
than those that do require the subject test. We find support for hypothesis 3a in that the
positive impact of GPA on admissions is strengthened by program 4, which does not
require the physics GRE. In our model for program 4, a one-point increase in GPA (i.e.,
from a 3.0 to a 4.0) is associated with 20 times greater odds of being admitted (p <0.01).
In contrast, programs 1, 5, and 6 have no significant association between GPA and offers
of admission, while a one-point increase in GPA is associated with 6.2 (p <0.001) and 4
(» <0.01) times greater odds of an admissions offer for programs 2 and 3, respectively.

4.3 Predicted Probabilities for Given Student Profiles

To show the consistency with which women applicants displayed an advantage in ad-
missions probability relative to men when academics are held equal, Figs. 1 and 2 sim-
ulate women’s and men’s predicted probabilities of being admitted. We display how
these probabilities vary according to two key quantitative metrics—physics GRE scores
and undergraduate GPA—as well as what happens to these probabilities when the other
metrics are simulated as average for the sample (to simulate probabilities for a “typi-
cal” applicant) vs. very high (to simulate probabilities for academically high achieving
applicants).

Figure 1 displays the increasing probabilities of admission that come with increasing
PGRE scores, with panel A setting other academic variables in the model (undergradu-
ate GPA, QGRE, VGRE, and WGRE) at their sample means (i.e., to resemble a typical
applicant) and panel B setting other academic variables at the sample maxima (i.e., to
resemble applicants with the strongest metrics under conventional admissions). Women
at the low end of this sample’s PGRE range, who have mean academics in other regards,
have approximately a 40% probability of admission compared to 17% probability of
admission for men with the same characteristics. However, women at the low end of the
PGRE range who are simulated as having very high grades and other GRE scores have
a 60% probability of admission. This probability rises to 100% (within model error) if
they also have other academics at the maximum for other metrics or to 90% if their other
academic metrics are at the sample mean. Men with high PGRE scores and maximum
scores on other academic metrics have a probability of admission in excess of 80%, still
lower than that of women, suggesting either a gender preference or gender contextual-
ization when interpreting applications. Figure 2 displays similar overall patterns, albeit
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FIG. 1: Probability of admission for men and women as a function of physics GRE scores with
UGPA, QGRE, VGRE, and WGRE set to (a) sample means and (b) sample maxima

across the range of UGPA rather than PGRE. Note here that the confidence intervals are
much wider at the low end of UGPA, largely because few people with GPAs below a 2.5
applied to these programs.

5. DISCUSSION

The physics PhD programs in this study are part of a project aimed at greater inclu-
sion of women and underrepresented ethnic/racial minority groups in physics. We
see with relative clarity that gender may be a consideration in the admissions pro-
cess. Women applicants have both greater odds of being placed on the short list and
greater odds of being admitted if they are on the short list in all models. However,
the same is not true for Black/African American and Latinx applicants. This implies
that gender diversity is likely a consideration in admissions decisions and that com-
mittees have a process, albeit informal, for addressing inequities in gender (Posselt,
2016). The difference in results for Black/African American and Latinx applicants
may indicate that admissions committees do not have a process for addressing ra-

Journal of Women and Minorities in Science and Engineering



Admission to Physics PhD Programs 301

Predictive Margins of GENDER with 95% Cls

6
L

Pr(Admit)

4
;

UGPA

l

Predictive Margins of GENDER with 95% Cls

male female

Pr(Admit)

UGPA

I

FIG. 2: Probability of admission for men and women as a function of undergraduate GPA with
PGRE, QGRE, VGRE, and WGRE set to (a) sample means and (b) sample maxima
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cial/ethnic diversity or that the process used is not successful. Multiracial/ethnic ap-
plicants on the short list had statistically significant higher odds of being admitted in
all models (5-8). Without qualitative data on how these applicants were perceived by
admissions committee members, speculation as to the reason for their higher odds is
unwarranted.

When controlling for GPA and GRE general scores, the Physics subject test is a
significant predictor for Latinx but not Black/African American applicants’ placement
on the short list. Counterintuitively, this relationship flips when also controlling for short
list to determine the odds of admission for these groups. These results provide evidence
consistent with previous research (Miller, 2013) that standardized tests are a barrier to
graduate school access for Latinx and Black/African American students. These findings
also support the need to disaggregate data by demographics where possible—in both
data collection and analysis (Teranishi, 2007)—rather than grouping individuals with
various identities as “underrepresented minorities.”

In addition, the results indicate a somewhat ambiguous role for the physics GRE
for Latinx and Black/African American applicants in the admissions process. This may
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be due, in part, to the small numbers of applicants from these groups; relatively small
n’s from these groups could be a sign of a type 2 error, in which insufficient statistical
power precludes us from seeing relationships that are present in reality. It could also be
that we added it after the other GRE exams. Our dataset also contained one program
that did not utilize the physics GRE, changing the samples analyzed by the models that
included this variable, which may have also contributed to the change in significance
of the physics GRE for different racial/ethnic groups across models for short list and
admissions. These results point to the need for further study of admissions factors com-
paring programs that currently require the physics GRE with more programs that do not
require or utilize this factor.

Verbal, quantitative, and writing GRE scores had significant relationships with
odds of being placed on the short list when the physics GRE was not included in
the model. This finding is consistent with previous research indicating that scores on
standardized tests are weighed heavily in the admissions process (Potvin et al., 2017).
In the model where the physics GRE was controlled along with undergraduate GPA
and general GRE scores, Black/African American applicants already on the short list
had greater odds of being admitted. This supports findings that the physics GRE, in
particular, is a barrier to admissions for Black/African American applicants (Miller
and Stassun, 2014). Since no Black/African American women made the short list, this
group may face additional, unexamined barriers to graduate school in the admissions
process.

6. LIMITATIONS

Our sample consisted of large, selective PhD programs in physics programs that opted
into a network aimed at changing admissions, recruitment, and retention practices.
These programs may be more subject to decision-making biases of large organizations,
but they may also be more inclined to consider gender and race/ethnicity in their evalua-
tion and selection processes. Regardless, they were not randomly selected, so the results
are not generalizable to all types of US physics PhD programs. Similarly, readers should
not generalize to all evaluations of students who identify with specific racial/ethnic or
gender categories.

This project exists because of extremely low participation of some groups in phys-
ics, a challenge that presents limitations for this research as well. For example, there is a
longstanding pattern of excluding indigenous groups from research studies (Jones, 2010;
Popejoy and Fullerton, 2016), and indeed, participating programs did not have enough
Native American applicants for us to perform statistical analysis on their outcomes.
Also, interpretation of the multivariate analysis in light of the descriptive statistics re-
veals that women’s greater odds of being shortlisted and admitted are true primarily
for white and international (both from Asian and race/ethnicity unknown) women ap-
plicants due to their overrepresentation among women applicants. The same implication
is true for reporting results for particular racial/ethnic groups that largely represent the
outcomes for only one gender. Due to the very low number or absence of Latinx, Black/
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African American, and Native American women, the results discussed are more practi-
cally applicable to men in these categories.

Analytically, we compared outcomes for women and Black/African American and
Latinx applicants to male applicants and white applicants, respectively. As researchers,
we created research questions and related hypotheses about whether or not the odds of
being placed on the short list and odds of admissions for women, Black/African Ameri-
can, Latinx applicants were greater than those for white men. Although this is a standard
practice, it runs the risk of implying white and male engagement in physics as a norm to
which other groups should be performing.

7. IMPLICATIONS FOR FUTURE RESEARCH

The mixed results in our findings for Latinx and Black/African American applicants
may be a function of their low representation in the sample of applicants. Groups un-
derrepresented in physics face a number of barriers to applying to graduate physics
programs (Cochran et al., 2017). Ambiguity and opacity about the way that applicants
are typically evaluated in the admissions process (Potvin et al., 2017) are two such
problems. This ambiguity is part of a vicious cycle that has long plagued research on
racial equity in STEM and graduate education: Institutions’ failure to provide equitable
access to African, Latinx, and Native Americans has resulted in persistently low enroll-
ment that makes rigorous, quantitative analysis of the reasons for their presence/absence
and success/struggle difficult to determine. In the case of physics, African, Latinx, and
Native Americans earn 9.4% of all physics bachelor’s degrees, which both caps the po-
tential for more equitable representation in graduate education and the workforce while
compromising quantitative analyses of the relationships with forces that may impede
their progress in this field.

To address this problem, we need data-gathering efforts across institutions in or-
der to create larger subsamples of students from underrepresented groups. With such
samples, it would be valuable to examine, for example, how much committees weigh the
GRE and whether it varies for different racial/ethnic groups. Given the large fraction of
international students in physics, it would also be valuable to analyze whether programs
that receive large numbers of applications from international students put greater weight
on the VGRE and WGRE scores, perhaps informally using these measures as proxies for
English ability. We need more research, too, on the role that socioeconomic status plays
in students’ opportunities within the field of physics.

Future research should consider study designs that allow for inclusion of Native
Americans, Southeast Asian, gender nonconforming, LGBTQ, and other rarely studied
populations in STEM. For example, we also need to continue qualitative studies that,
while not broadly generalizable across institutions, may exhibit theoretical generaliza-
tion—that is, they may elucidate mechanisms that explain the low baccalaureate pursuit
in physics among groups that are underrepresented in physics, and may uncover stimuli
to their loss throughout the various transitions leading to careers in the field. Qualita-
tive studies are especially useful in capturing phenomena among populations present in
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small numbers. These results point to the need for descriptive statistics disaggregated as
race/ethnicity by gender even when the absolute numbers are insufficient for statistical
significance testing.

8. IMPLICATIONS FOR PRACTICE

The combination of relationships we found corroborates descriptive analyses by Miller
and Stassun (2014): rigid reliance on the GRE (i.e., especially when faculty are con-
structing the short list) in physics PhD programs may be preventing underrepresented
groups from advancing in the admissions process. Our findings thus add weight to the
arguments of researchers and leaders in the physics and broader graduate education
communities, and increasingly by Educational Testing Service itself, that faculty must
revisit the narrow framing with which they approach the admissions process. Specif-
ically, how professors and admissions committees think about the GRE needs to be
addressed; its weight as a factor should be controlled and cutoff scores must not be
applied.

Implementing systematic holistic review offers one possibility for a more thought-
ful and complete, but still systematic, approach to admissions decision-making. It rep-
resents a practical approach toward broader framing through contextualizing students’
academic qualifications and by considering a wider set of applicant characteristics from
the start of the review process. If faculty decide to include GRE scores in application
review, they can control scores’ weight through a few means: folding test scores into
a broader judgment of academic preparation, for example, and viewing scores as one
of the last pieces of information about an applicant rather than one of the first. Putting
scores at the end of the file can prevent anchoring bias, in which judgments made about
people based on the first things you learn about them tend to stick. Many PhD pro-
grams in STEM disciplines are removing GRE requirements or no longer even collect-
ing scores. The impacts of test-optional graduate admissions have yet to be examined
empirically.

However, the best evidence about implicit bias teaches us that reducing reliance on
the GRE, eliminating it from the review process altogether, and evaluating applicants on
a broader set of criteria cannot be institutions’ only practical responses. Faculty should
receive opportunities to learn about the ways that gender and racial biases can creep
into the minds of even well-intentioned decision-makers and how to check those biases.
Further, they should become attuned to the distinctive biases and systems of oppres-
sion that affect opportunities of women and people of color, generally, and the specific
sets of biases and interlocking systems of oppression that affect women of color who
identify with different racial and ethnic groups. It is our belief that such consciousness-
raising about the distinctive challenges that women, Black, and Latinx students face
will be more productive for equity and inclusion in the long term than blinding gender
and racial data from applications, if STEM PhD programs wish to be intentional about
increasing representation and perspectives of these groups.
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As part of their participation in the Inclusive Graduate Education Network, the same
PhD programs participating in this study have now also received professional devel-
opment in the development of more holistic approaches to admissions. The programs
responded to that training in somewhat distinct ways. However, whether they adopted
formal, rubric-based analysis or simply initiated the first open conversation about their
assumptions about GRE scores and the admissions process, early evidence from the
IGEN external evaluator suggested such professional development opportunities and
holistic review holds potential for an array of benefits. The barriers for women of all
racial/ethnic groups and for people of color are multiple and interrelated (Johnson et al.,
2017), demanding a multifaceted and systemic approach toward equity and inclusion. In
that approach, our data suggest that professional development that spurs consciousness
of relationships between academic preparation and demographics can, in time, result in
more equitable outcomes.
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