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Results: Median Fractional Change in Applicant Pool
Total Women URMsDomestic

+44%PGRE Not  
Required* +67%

PGRE 
Required**

+16% +5%

+63%

+2%

Int’l

+43%

-10%

*Change from admissions cycle when PGRE requirement removed, N = 13 depts  
**Change over last 4 years in programs that still require PGRE, N = 6 depts

+31%

+22%



the following information about students who matriculated in 2000
through 2010: UGPA, GRE-Q, GRE-V, GRE-P, GGPA (graduate
GPA), final disposition of student (i.e., Ph.D. earned or not), start and
finish years, and demographic information. These data were then ana-
lyzedwithmultivariate logistic regression techniques to identify the extent
to which the independent parameters can be used to predict Ph.D. com-
pletion probability.

We received data from 27 programs (a response rate of about 42%),
representing programswith a broad range ofNational ResearchCouncil
(NRC) rankings; the dataset includes peers and aspirational peers for
every type of physics Ph.D. program in the United States. We include
the doctoral programs’ NRC ranking (25) as a categorical variable. As
the NRC only gives confidence intervals for program rank, we created a
ranking for this study by averaging the 5 and 95% confidence bounds
for the NRC regression-based ranking (NRC-R) and rounded this up to
the nearest five to protect the confidentiality of participating programs.
This led to a ranking range of 5 to 105. We divided the programs into
terciles of approximately equal number of records, categorized as
Tier 1 (highest ranked, NRC-R ≤ 20), Tier 2 (25 ≤ NRC-R ≤ 55),
andTier 3 (NRC-R>55). By analyzing data fromPh.D. programswhose
NRC ranking varies widely, we have data from highly selective to much
less selective programs, providinguswith greater variation inGRE scores
than predictive validity analyses deriving from a single program.

Our analytic sample included all students in 24 programs for which
start year was available. We identified start year as a sample inclusion
criterion because it would be impossible to determine whether Ph.D.
noncompletion was simply due to too few years of enrollment without
this. These data cover 3962 students, which correspond to roughly 13%
ofmatriculants to allU.S. physics Ph.D. programs during the years stud-
ied. In the analytic sample, 18.5% are women of any race or citizenship
and 58.4% are U.S. citizens. The racial composition of U.S. citizens in
the dataset is 63.6% White, 1.3% Black, 2.4% Hispanic, 0.2% Native
American, 4.1% Asian, 0.9% multiple or other races, and 27.6% race
unavailable. Excluding the cases for which race was unavailable, the
sample is thus roughly representative of annual Ph.D. production in
U.S. physics for gender, race, and citizenship, as indicated in Table 1.

Wemodel Ph.D. completion as a function ofUGPA (on a four-point
scale), GRE scores (GRE-Q, GRE-V, and GRE-P), gender (man or
woman), citizenship (U.S. or non-U.S.), race/ethnicity, and NRC rank-
ing. We use multivariate logistic regression to improve upon the corre-
lation coefficient as a measure of validity. Given that multiple
parametersmay be associatedwith completion, amultivariate approach
allows us to isolate how individual parameters relate to this outcome,
controlling for others thatmay ormaynot relate. In this case, the logistic
regression provides a best-fit probability of Ph.D. completion (P) versus
noncompletion (1 − P) as a function of independent model parameters.
The “logit,” l, associatedwith each independent variable is defined as the
natural log of the odds ratio. As an example, for a univariate model
based on UGPA

lðUGPAÞ ¼ ln
PðUGPAÞ

1$ PðUGPAÞ

The logit is assumed to vary linearly with the parameter, e.g.,
l(UGPA) = a + bUGPA, where a and b are fit parameters. Amodel with
one independent parameter linking UGPA to completion probability
can then be written as P(UGPA) = 1/(1 + exp(− a − bUGPA)). The
coefficient associated with UGPA is interpreted as the change in the
log of the odds of Ph.D. completion that is associated with a one-point
increase inGPA. The interpretation is similar inmultivariate analyses,
but each coefficient estimate also takes into account (i.e., controls for)
simultaneous relationships that other model parameters may have
with Ph.D. completion. As such, multivariate models provide a more
complete, precise picture than bivariate correlation coefficients of
what explains an outcome and of individual parameters’ relationships
with the outcome. It is important to note that bivariate correlation co-
efficients, while easier to compute, include the influence of confounding
factors that are also related to the outcome of interest and therefore are
inadvisable as a basis for policy decisions. Last, we use a standardP value
of 0.050 or less to gauge statistical significance in this article, recognizing
the limitations of this metric (26).

Fig. 1. The fraction of U.S. test takers above a specified GRE-P score shows that cutoff scores adversely affect underrepresented groups more than majority
groups. Given that we find that Ph.D. completion is not correlated with the GRE-P score, the misuse of the test in admissions will negatively affect diversity without
being able to identify individuals able to complete a physics Ph.D. Source: ETS.
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Physics GRE Score Demographic Trends
Median Scores (2009-2015) 
of US citizens:  

Men : 46 percentile 
Women : 28 percentile 

White : 39 percentile 
Black : 17 percentile 
Latinx : 28 percentile 
Asian : 53 percentile 
Native American : Not reported 

Miller et al. 2019,  
Science Advances, Vol 5, no. 1



Reasons to Remove the PGRE Requirement

• Missing applicants - with so many programs no longer 
requiring the PGRE, applicants may opt never to take test.

• Test is expensive: $150 for test + $27 per recipient school 
(https://www.ets.org/gre/subject/about/fees/)

• Access is limited in certain locations / countries; e.g. here’s 
the locations of all PGRE tests offered in 2019 in 4 countries: 
 Australia: Canberra 
 Germany: Munich 
 Japan: Okinawa or Fukuoka 
 Mexico: Monterrey or Merida

• Scores do not correlate with success, e.g.: 
Miller et al. 2019: no correlation with degree completion.  
Levesque, Bezanson, & Tremblay 2015: national prize 
postdoc fellows earned all scores. 

https://www.ets.org/gre/subject/about/fees/


List compiled and updated by James Guillochon:  
https://docs.google.com/spreadsheets/d/

19UhYToXOPZkZ3CM469ru3Uwk4584CmzZyAVVwQJJcyc

Not Accepted 
Optional 
Recommended 
Required

34% of astronomy and physics PhD 
programs require PGRE in admissions 

42% required PGRE in 2018-2019 cycle

https://docs.google.com/spreadsheets/d/19UhYToXOPZkZ3CM469ru3Uwk4584CmzZyAVVwQJJcyc
https://docs.google.com/spreadsheets/d/19UhYToXOPZkZ3CM469ru3Uwk4584CmzZyAVVwQJJcyc


Survey
Requested demographic data from 2016-2019 (last four 
admissions cycles) on applicant pools of 27 astronomy 
PhD granting institutions:
• Total number of applicants 
• Total number of women applicants 
• Total number of underrepresented minority applicants     
(Black, Latinx, Native American, Native Hawaiian) 

• Total number of domestic and international applicants 
• Year that PGRE was no longer required

19 (70%) have provided data so far; 4 are still organizing 
data; 4 did not respond. Agreed to keep schools anonymous. 

16 gave data on women, 12 gave data on race/ethnicity, 16 
gave data on citizenship 

Caveats: data relied on self-identification, gender binary
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Fractional Change in Applicants

2016 2017 2018 2019Years

0

50

100

150

200

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

2016 2017 2018 2019Years

0

50

100

150

200

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

2016 2017 2018 2019Years

0

50

100

150

200

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

2016 2017 2018 2019Years

0

50

100

150

200

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

Do not require PGRE Require PGRE

Median (and Range) Changes: 
Year PGRE was removed: +44% (+8 to 88%) 
Over 4 years (PGRE removed): +67% (+16 to 200%) 
Over 4 years (PGRE required): +16% (-16 to +44%)

Thick black line: fractional increase astronomy bachelors 
attainment since 2016 (35%) from AIP Statistical Research Center



Domestic Applicants

2016 2017 2018 2019
Year

50

100

150

200

250

300

N
um

be
r o

f A
pp

lic
an

ts

2016 2017 2018 2019
Year

50

100

150

200

250

300

N
um

be
r o

f A
pp

lic
an

ts

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

Require PGREDo not require PGRE

Median (and Range) Changes: 
Year PGRE was removed: +31% (+7 to 74%) 
Over 4 years (PGRE removed): +52% (+13 to 82%) 
Over 4 years (PGRE required): +22% (-2 to +55%)



2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

International Applicants

2016 2017 2018 2019
Year

0

20

40

60

80

100

120

140

N
um

be
r o

f A
pp

lic
an

ts

2016 2017 2018 2019
Year

0

20

40

60

80

100

120

140

N
um

be
r o

f A
pp

lic
an

ts

Require PGREDo not require PGRE

Median (and Range) Changes: 
Year PGRE was removed: +43% (-23 to 186%) 
Over 4 years (PGRE removed): +29% (-32 to +177%) 
Over 4 years (PGRE required): -10% (-42 to +56%)



2016 2017 2018 2019
Year

0

50

100

150
N

um
be

r o
f A

pp
lic

an
ts

Women Applicants

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

Solid lines require PGRE 
Dashed lines do not require PGRE

Max in 2019 = 136 applicants



2016 2017 2018 2019
Year

0

50

100

150

N
um

be
r o

f A
pp

lic
an

ts

2016 2017 2018 2019
Year

0

50

100

150

N
um

be
r o

f A
pp

lic
an

ts

Women Applicants

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

Do not require PGRE Require PGRE



2016 2017 2018 2019
Years

-50

0

50

100

150

200

250

300

350

400

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

2016 2017 2018 2019
Years

-50

0

50

100

150

200

250

300

350

400

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

Fractional Change in Women Applicants

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

Do not require PGRE Require PGRE

Median (and Range) Changes: 
Year PGRE was removed: +57% (+2 to 87%) 
Over 4 years (PGRE removed): +94% (+0 to 340%) 
Over 4 years (PGRE required): +5% (-24 to +38%)



2016 2017 2018 2019
Year

0

10

20

30

40

50

60
N

um
be

r o
f A

pp
lic

an
ts

Under-represented Minority Applicants

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

Solid lines require PGRE 
Dashed lines do not require PGRE

Max in 2019 = 51 applicants



Under-represented Minority Applicants

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #192016 2017 2018 2019

Year

0

10

20

30

40

50

60

N
um

be
r o

f A
pp

lic
an

ts

2016 2017 2018 2019
Year

0

10

20

30

40

50

60

N
um

be
r o

f A
pp

lic
an

ts

Do not require PGRE Require PGRE



Under-represented Minority Applicants

2016 2017 2018 2019
Year

0

50

100

150

200

250

300

350

N
um

be
r o

f A
pp

lic
an

ts

Total Number of Applicants

School #1
School #2
School #3
School #4
School #5
School #6
School #7
School #8
School #9
School #10
School #11
School #12
School #13
School #14
School #15
School #16
School #17
School #18
School #19

2016 2017 2018 2019
Years

-50

0

50

100

150

200

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

2016 2017 2018 2019
Years

-50

0

50

100

150

200

Fr
ac

tio
na

l C
ha

ng
e 

in
 A

pp
lic

an
ts

 (%
)

Median (and Range) Changes: 
Year PGRE was removed: +63% (-32 to +257%) 
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Over 4 years (PGRE required): +2% (-37 to +99%)



Results: Median Fractional Change in Applicant Pool
Total Women URMsDomestic

+44%PGRE Not  
Required* +67%

PGRE 
Required**

+16% +5%

+63%

+2%

Int’l

+43%

-10%

*Change from admissions cycle when PGRE requirement removed, N = 13 depts  
**Change over last 4 years in programs that still require PGRE, N = 6 depts

+31%

+22%

Lessons / Takeaways

Removing PGRE improves applicant pool demographics and 
better matches/exceeds increasing bachelors attainment.

Data can show programs are missing out by requiring PGRE, 
but it is necessary to collect that data (each program needs 
to collect it and then share)



Outstanding Questions

Does a more diverse pool lead to more diverse admitted 
students, more diverse matriculated students?

What other factors (e.g., climate) are important or 
necessary to maintain positive demographic trends?

What are the metrics that correlate most with success that 
should be used in graduate admissions?

Anecdotal answer:  
At OSU, we admitted 16 / 186 students (10 women, 5 URMs).  
1st year class: 5 students, all women, 2 URMs


