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Introduction

Mathematics as an area of study occupies an impor-
tant place in higher education. Due in part to its
utility in other disciplines as well as its role in stu-
dent learning, institutions of higher education (IHEs)
often have large numbers of mathematics faculty with
different balances of teaching and research in differ-
ent ranks and appointment structures. Most flagship
IHEs, especially state land-grant institutions, have
large undergraduate populations taking mathemat-
ics courses in many cases built around the widespread
use of calculus [Bre12] and the connections between
mathematics and science, technology, and engineer-
ing. These connections have made mathematics de-
partments essential to universities [OR12] and em-
phasized the critical role math plays in supporting
student success [RRN20, KFW+23] in all areas of
post-secondary education. We tend to take that es-
sential nature of mathematics at the undergraduate
level, and for research universities at the graduate
level, as a given, but that characterization no longer
holds for some IHEs.
In September of 2023, the Board of Governors for

West Virginia University (WVU) voted to discon-
tinue the graduate program in mathematics, ending
a period of 35 years of doctoral studies in mathemat-
ics and a much longer history of providing Masters
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level opportunities to students at the institution. The
vote resulted in the loss of 16 of the 48 faculty lines in
the School of Mathematical and Data Sciences [Spi23]
including the termination of tenure-track as well as
teaching faculty. The changes at WVU, characterized
as “Academic Transformation,” have received signif-
icant national attention summarized here [Ful24b] in
more detail. The president and provost at WVU
based these cuts on recommendations from the con-
sulting firm rpkGroup [Moo23] hired in response to
declining enrollment. They echo similar recommen-
dations made by the same consulting group to the
University of Kansas in 2022, and represent grow-
ing concerns in higher education about projected fu-
ture decreases in enrollment known as the “enroll-
ment cliff” [Kno23]. In Kansas, 42 academic pro-
grams were recommended for discontinuation, with
reasoning, as in prior evaluations in Arkansas and
Missouri [Ful24b], that questioned the funding of
mathematics and other STEM degree programs. In
yet another review, the Kansas Board of Regents sug-
gested that mathematics requirements should be re-
moved altogether [Ful24b] for some majors.

Data from the Integrated Postsecondary Education
Data System (IPEDS) [Ful24b] shows that since the
overall post-secondary enrollment maximum in 2010,
student populations at both land-grant and research
universities have increased as shown in Figure 1, even
after experiencing small declines during the Covid-19
lockdown. Total enrollments at four-year institutions
have decreased recently, but the decreases at WVU
follow neither of these patterns.

While these trends may change, overall student in-
terest in attending large land-grant and research fo-
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Figure 1: Percent change in enrollment since 2010

cused institutions remains consistent with the enroll-
ments that supported their programs over the last
decade. That broader pattern nationally suggests
that factors other than enrollment trends, such as
already existing plans to restructure programs, may
be responsible for these choices. Even in the con-
text of the decreases in student enrollment at WVU,
the removal of the graduate programs in mathematics
represents a fundamental change in the mission and
values of an institution of higher education. Calls
to shift resources away from mathematics education
and research in particular ignore the powerful role it
plays within an institution and in society.
At WVU, the restructuring runs even deeper. A

total of 28 of 338 degree programs, including both
the MS and PhD in mathematics [Uni23] have been
discontinued and more than 146 of the tenured and
non-tenured faculty at WVU, or roughly 16% of total
faculty university-wide, will either resign by the end
of the 2023-24 academic year, retire early during the
2023-24 academic year, or be terminated. Within this
group, 44 tenured or tenure-track faculty will be in-
voluntarily separated at the end of the academic year,
leading the American Association of University Pro-
fessors to state in a recent letter [Ful24b] that with
these measures enacted “...tenure, and by extension
academic freedom, cannot be said to exist at West
Virginia University.” At least 112 of the positions
will be removed from academic colleges, or more than
15% of the 880 academic faculty at WVU. Concerns
presented by consulting firms [Ful24b] focus on the
belief that universities should only allocate resources

to disciplines with some specific value [Moo23], but
how that value is measured is often inconsistent and
not reflective of the true state of an institution or
its mission. Administrators at WVU ignored the
fact that tuition revenue generated from mathemat-
ics courses averaged $19.3 million per year over the
last three years, making it one of the most efficient
departments on campus with operational costs annu-
ally around 35% of generated revenue. Instead they
chose to focus solely on the fact that the total value of
grants obtained by faculty was less than 1 million per
year even though the total was above that cutoff as
recently as 2018. Afterwards, President Gordon Gee
stated that “...I don’t believe every aspect of math
is essential” [Ful24b] and others in the Office of the
Provost have also disputed any need for theoretical
mathematics. The university has since begun remov-
ing mathematics coursework from degree programs in
business and other areas.

When universities, or the consultants they hire,
overlook the significant components of what mathe-
matics provides to higher education, it signals a fun-
damental change in the strategic goals of those insti-
tutions. The true impact of a discipline like math-
ematics becomes lost in the narratives used to jus-
tify decision making, and these trends begin to af-
fect mathematics departments within large flagship
research universities as well as universities which have
already seen dramatic resource reallocations. Leaders
in mathematics both inside and aligned with higher
education must work together to correct these nar-
ratives and reinforce the transformative potential of
mathematics.

Land grant institutions, for example, were created
by the Morrill Act ”in order to promote the liberal
and practical education of the industrial classes in the
several pursuits and professions in life.” [Arc62]. Pol-
icymakers at land-grant IHEs may discuss the prac-
tical uses of education as the primary driver of pro-
grammatic choices, but the use of the word liberal
here implies a specific mission as well. The govern-
ment sought to increase access to education in a way
that would broaden the opportunities available to cit-
izens, and increase their freedom to choose new occu-
pational pathways. The act provided a mechanism to
create institutions of higher education so that com-

2



munities would have access to as many areas of learn-
ing as possible. Land-grant IHEs in particular repre-
sent essential paths to higher education for students
in their respective states, a role that should be main-
tained. Many land-grant and Hispanic Serving Insti-
tutions (HSIs) have developed mathematics depart-
ments which excel [Gar19] in research while meeting
the needs of the communities they serve providing
indispensable access to general education mathemat-
ics courses as well as research and graduate study
beyond those needs. To overlook the added value
of graduate study in mathematics at an IHE to its
overall research and education missions, especially at
these universities, neglects the critical place they oc-
cupy in our communities. We can’t predict when the
next Katherine Johnson, a graduate student in math-
ematics at WVU in 1940 [Mal20], will arrive from
Appalachia asking to study the subjects that will be
used to launch a rocket to the stars, or when the next
Addison Fischer, who earned Bachelors and Masters
degrees in Mathematics at WVU from 1966-1972, will
want to study mathematics and then go on to build
multi-billion dollar corporations. IHEs are founded
on the notion of providing that access, and the strong
support of mathematics amplifies academic quality
and breadth across every program. Universities, and
the mathematics departments within them, should
certainly operate efficiently and provide measurable
returns, but support for graduate programs fulfills
the higher purpose of making strong educational op-
portunities broadly accessible to the people we serve.
As a profession we must continue to demonstrate this
impact, even when consultants lack the expertise to
recognize it. We have an obligation to work to make
sure that the systems in which we operate see the
power of mathematics to elevate and inspire consis-
tently and indisputably. Not long before his pass-
ing, Bob Moses summarized the power of mathemat-
ics [Mil21], saying that

Math literacy will be a liberation tool for
people trying to get out of poverty and the
best hope for people trying not to get left be-
hind.

As a profession, we often view the importance of
our discipline as self-evident since the role of mathe-

matics in other disciplines, or just as a practical tool
in our lives, generally remains well-established. Rein-
forcing that importance requires ongoing work, how-
ever, since changing priorities, enrollment trends and
funding stresses at IHEs create challenges that re-
cur. In the mid 1990s, the University of Rochester
proposed the elimination of its mathematics gradu-
ate programs due to financial difficulties [JLL96] as
a part of its “Renaissance Plan”, but the national
response from multiple science and higher education
organizations led to a reversal of the decision. Years
later, the department was thriving [Jac97], giving
some indication of departmental strengths that the
initial plan overlooked and providing some sense that
targeting graduate programs as a cost saving mea-
sure may not be the best strategy. The events at
WVU and other IHEs highlight a potentially chang-
ing landscape in which even core disciplines such as
mathematics may be targeted for reduction when
not aligned with strategic goals that have departed
from the historical mission of universities and col-
leges. Multiple factors have led higher education to
this place, and it is worth considering research and
graduate study in mathematics in the context of some
of the drivers of that change.

Changes in Enrollment and State
Appropriations

Enrollment declines at some IHEs have influenced
many of the current discussions of program efficiency,
but public IHEs have already been experiencing re-
source strain in recent years [Off23] as decreasing
state appropriations have forced more dependence on
tuition and federal funding [Ful24b]. Figure 2 shows
the change in state appropriated funding for the op-
eration of public IHEs by state from 2001 to 2022.
Over the last twenty years, the majority of states
have decreased appropriations substantially, in con-
stant dollars over the last twenty years. Data from
the Association of Public and Land-grant Universities
(APLU), shown in Figure 3, illustrates the decline in
the state funding allocations to 4-year public IHEs
over the last four decades, where it has decreased to
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approximately half the level of the late 1980s.
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Figure 2: Percent change in state appropriated fund-
ing for higher education from SHEF report [Off23]
by state from 2001 to 2022 in CPI adjusted constant
dollars
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Figure 3: Percent of total university budgets for pub-
lic four year IHEs from state appropriations - APLU

State appropriated funds, particularly for land
grant universities, remains an important part of the
funding model for public universities [Ful24b] though
this source has decreased for IHEs in 36 of 50 states
for the last two decades, leading universities to in-
crease tuition and turn to other sources of revenue
to make up for shortfalls. In WV, for example, state
funding has decreased by 8.5% in that period. As a
result, tuition has steadily risen at state institutions,
increasing the student share of the cost of attending

an IHE [Ful24b].
As the total of state funding has decreased, the

appropriated funds can be used in different ways by
IHEs as well. From 2001 to 2021 the fraction of
state appropriated funding for higher education used
for IHE operations nationally remained relatively
constant, averaging 78.2%, while in WV the frac-
tion specifically used for operations decreased from
65.5% to 56.2%. The reallocated 10% of the over-
all already decreasing state appropriations moved to
the research, agricultural extension programs, public
health care services, and medical education (RAM)
category indicating a use outside of academic opera-
tions. In 2022, WV allocated 18.08% of total higher
education appropriations specifically to public health
care services and medical education, followed by state
funding used to support agriculture extension pro-
grams (5.27%), university affiliated hospital support
(1.67%), and state support for research (0.38%).
Revenue and expense data from WVU [Uni23] show
that medical education programs operate at a loss,
and so this shift of state appropriations towards that
portion of the university appears to be a strategic
effort to support medical activity at the expense of
core academic operations. The combined decrease in
appropriations overall with allocation to other uses
applies stress to the ability of state IHEs to meet
mission goals. IHEs then begin to look at reductions
to even high enrollment departments such as math-
ematics that normally are seen as essential to the
proper functioning of a university in an effort to bal-
ance budgets. The resulting reviews often focus on
the cost of a department, major enrollments, or other
metrics, but they ignore many of the important im-
pacts of academic departments such as mathematics
at an IHE.

University and Mathematics Re-
search Activity

As resources have tightened at even larger univer-
sities, arguments made in support of mathematics
research and graduate programs sometimes focus on
the classification of an IHE as a Research - Very High
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Activity institution, commonly referred to as R1 sta-
tus. A total of 146 IHEs are currently classified as
R1, or about 3.7%, making this an important distinc-
tion for some universities. Those within the R1 group
form a fairly broad collection of private and public in-
stitutions and for those IHEs R1 status is considered
a measure of prestige that enhances the reputation
of an IHE as well as that of its faculty. Both IHEs
and mathematics departments within them appeal at
times to this high level research status for recruitment
and to procure additional research contracts. These
contracts in turn provide additional revenue to uni-
versities that can be critically important during times
of financial stress, leading some administrators to em-
phasize grant funded research over other departmen-
tal contributions, but R1 status does not necessarily
capture the specifics of research at an IHE.
Grouping IHEs into private, public, Hispanic-

serving (HSI) and land-grant (LG) institutions, some
differences in the characteristics of the institutions
appear in Table 3. Land-grant institutions (35%),
which include some public, private, and HSI IHEs,
form a large subset of R1s. HSIs which are R1s
(11 of 146, 7.5%) are a growing subset that includes
four land-grant IHEs. A Forbes analysis estimated
that HSIs have been underfunded in 16 states by al-
most $13 billion in the last 30 years [BW23], with
the mean number of faculty [Ful24b] reported as
63.5% of the average number for other R1s as of 2021
though their undergraduate enrollment is consider-
ably higher. They award a substantial number of
PhDs and significantly more undergraduate degrees
than other R1s.
The table summarizes the mean values of several

key aspects of R1 IHEs including total undergraduate
enrollment (UG), total graduate enrollment (GR),
number of Bachelors (BS) and PhDs (PhD) awarded,
and the number of full-time faculty in ladder rank
(assistant, associate, and full professors). The mean
number of students enrolled at the undergraduate
level provides the clearest discrepancy between the
public and private R1s. External funding listed here
as Science and Engineering Research and Develop-
ment Expenditures (SERD, in millions of dollars)
are considerably higher for private and land-grants,
while the average number of faculty and the num-

ber of PhDs awarded are almost the same. This
metric along with the number of postdoctoral and
non-faculty research staff with doctorates (PD) is the
largest factor impacting R1 ranking as of the 2021
analysis. PD numbers are calculated differently at
some IHEs, with some counts including faculty equiv-
alent appointments that involve teaching and others
large numbers of laboratory support staff with no
academic duties.

Private Public HSI LG

Number 39 107 11 51
SERD 579.7 388.8 235.6 483.7
UG 8966 25241 28382 26331
GR 9315 7787 6838 7792
Mean PhD 331 345 287 415
Mean BS 2629 6228 6882 6700
Mean FAC 1471 1474 962 1624
Mean PD 887 443 299 580

Table 1: Characteristics of R1 universities by group

As a part of their “Academic Transformation” pro-
cess, administrators at WVU identified departments
with graduate programs with less than $1, 000, 000
per year in grant related research expenditures as
measured by the SERD data in Table 3, and re-
viewed student enrollments in their programs. The
subsequent evaluation of the School of Mathematical
and Data Sciences led to the discontinuation of all
graduate mathematics programs. NSF HERD sur-
vey data indicate that if only federal sources are in-
cluded, as with WVU, more than 50% of R1 math-
ematics departments would be under similar reviews
and in jeopardy. SERD funding levels contribute to
the rankings as described in [Ful24b] and in particu-
lar to the Aggregated Research Index Score (ARIS)
used as one factor for R1 status since it is compiled
from external funding, postdoctoral researchers and
PhDs conferred. This index and the rank of an IHE
increase as external funding grows, but the contri-
butions from mathematics departments and gradu-
ate programs in mathematics, however, extend well
beyond research funding, and many other factors de-
rived from a department also contribute to ranking
and reputation. Figure 4, for example, shows that
the number of TT faculty in mathematics by itself
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correlates positively with increases in the ARIS ag-
gregate measure of research productivity in the R1
grouping.
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Figure 4: Scatterplot of the ARIS weighted ranking
by the total of tenure line math faculty

Similar analysis [Ful24b] shows that other factors
such as lower student-faculty ratio in undergradu-
ate mathematics courses, higher numbers of gradu-
ate students in mathematics, and higher numbers of
mathematics PhDs produced also positively correlate
with ARIS ranking, supporting the notion that an ac-
tive and well-resourced research program in mathe-
matics supports R1 status in ways that are indepen-
dent of research funding levels. These correlations
also give some insight into why 97% (142 of 146)
of R1 IHEs maintained graduate programs confer-
ring doctorates in mathematics up until 2023. Stu-
dents and other researchers benefit from access to
advanced mathematics, and this access enhances re-
search programs in multiple STEM departments, eco-
nomics and business as well as health sciences.
In order to meet their instructional needs in math-

ematics, mathematics departments within R1 IHEs
appoint a combination of tenured or tenure-track
faculty (TT) with non tenure-track teaching faculty
(NTT). At most of the IHEs in the United States, de-
partments engage in the instruction of service courses
such as calculus, differential equations, or linear al-
gebra to sometimes thousands or tens of thousands
of students per year and this demands a strategic
balance of faculty with different teaching loads and
research expectations. The populations of TT and

NTT mathematics faculty along with the ratio of
undergraduate students in all math courses to to-
tal math faculty (UG/Math FAC) are shown in Ta-
ble 4. Other metrics such as the ratio of TT to
NTT faculty, average federal research funding (RF,
in $1000s) in mathematics, the mean number of post-
doctoral researchers in math (Mean PD), the five-
year mean number of mathematics PhDs conferred
(Mean PhDs), UG mathematics majors (UG math
%) as a percent of the total population of UG stu-
dents taking math courses, and graduate PhD and
MS mathematics students (GR math %) as a percent-
age of all students in graduate mathematics courses
are shown as well. For land-grant IHEs, the ratio

Private Public HSI LG

UG/Math
FAC

61.5 131.8 131.2 124.5

Math RF 2927 1948.7 727.1 2748.6
Mean TT 28.7 37.9 44.6 43.4
Mean NTT 7.4 15.3 15.6 16.7
TT/NTT 5.5 3.9 4.3 5.0
Mean PD 13.1 7.5 4.4 10.6
Mean PhDs 10.0 10.6 9.1 12.3
UG math % 31.5% 30.9% 25.7% 32.2%
GR math % 4.6% 5.2% 10.3% 4.8%

Table 2: Characteristics of mathematics departments
at R1s

of undergraduates in math courses to total depart-
ment faculty in the first row of Table 4 correlates
negatively with the ARIS research ranking of the uni-
versity for values greater than 150:1 [Ful24b]. As the
ratio increases, aggregate research indicators begin to
drop, suggesting that an institution with ratios near-
ing 200:1 may have structural issues with the ability
of research faculty to participate in research projects
and to procure external funding. It is unclear how
effectively an R1 can then lower the number of both
TT and NTT faculty in mathematics as WVU plans
to do and still serve its educational community prop-
erly or even meet the instructional needs of its stu-
dent body in mathematics. With ratios nearing or
above 300:1, all STEM disciplines begin to strug-
gle with insufficient access to needed mathematics
coursework for their students, and the profile of the
university as a whole changes. R1 status depends, at
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least in part, on the trends shown here for mathemat-
ics resources. The way in which R1 mathematics de-
partments meet instructional needs interacts syner-
gistically with measures of research productivity and
these include both the number of TT faculty in a
department as well as the numbers of graduate stu-
dents, PhDs conferred and grant funding. The ac-
tions proposed at the IHEs listed in the introduc-
tion, however, and in particular at WVU, indicate
policy choices that assume that R1 IHEs can oper-
ate without core graduate and research capacities in
mathematics as well as other areas. The motivations
for these changes reflect more than funding short-
falls, and ultimately indicate a belief that portions of
those departmental missions can be sacrificed with-
out damaging others. Increases in R1 ranking factors
can be obtained from other sources of external fund-
ing such as health sciences, and, as noted in the pre-
vious section, state funding can be realigned to sup-
port the RAM portions of a university even a state
system. This appears to be the case for WV. The
actions taken in response to recent funding concerns
within land-grants such as WVU conflict with their
core missions primarily because they limit student
access to the best undergraduate course opportuni-
ties, but they also eliminate access to graduate study
and potentially limit research capacity overall. Ignor-
ing the role of mathematics as discussed above be-
comes especially problematic in the context of land-
grant R1s where the research and teaching missions
exist primarily to provide the best opportunities to
the citizens of a state. Relying on R1 status alone
as an indicator of the excellence in academic pro-
grams, or as a basis for maintaining any program at
an IHE, then becomes problematic since that status
may only reflect research expenditures that are com-
pletely independent of mathematics, physics, engi-
neering or any scholarly work within those programs.
For land-grant, HSI, HBCUs, and other public IHEs
with much broader missions, it is essential that re-
source allocation take all missions into account, and
that measures of excellence incorporate multiple fac-
tors including grant supported research programs as
well as a variety of other indicators. Departments
with research programs must continue to seek fund-
ing for their research, but more generally depart-

ments should work to increase the appeal of math-
ematics as a major, incorporate more computational
and data science components into mathematics pro-
grams, and work to retain majors at critical depar-
ture points. Penalizing departments with program
discontinuation and terminating productive and tal-
ented faculty, however, punishes students by limiting
their options unnecessarily.

Conclusions

Internal or external forces may change resource al-
locations and departments must become more adept
at working to demonstrate impact in order to have
a voice in those allocations. A vice president for re-
search can reallocate the funding for a graduate pro-
gram to another department or a provost can redi-
rect faculty resources away from STEM programs and
into other areas in order to meet what they feel is a
better strategic goal for a university, and mathemat-
ics departments must be ready to engage with other
departments and administrators to demonstrate the
implications of those choices. We must also clearly
articulate outside of the university in legislative cir-
cles and with the public the value of the contributions
of mathematics to education and research in general.
We must be ready to provide evidence that supports
the effectiveness of our teaching as well as outcomes
that demonstrate the impact of our research and the
value of our degrees [Ful24b]. Without this dialogue,
we risk being characterized as expendable. At the
core of large public institutions, our mission is to
serve the people of our communities by providing op-
portunities to study and learn in areas that will ben-
efit society in ways that sometimes are not reflected
in the number of people that graduate from a specific
degree program or the total amount of grant funding
supporting the research of a department. Narratives
that focus on a single aspect of a department or ig-
nore significant portions of what a department does
will not effectively support the missions of an IHE.

The administrators at WVU and the state lead-
ers of West Virginia overlooked the contributions of
mathematicians to the educational opportunities of
the people in that state [Ful24b] and to its flagship
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university. It may seem at first glance that this is
a local concern dependent on financial or enrollment
issues, but these arguments appear in other states
and localities, spread in part by consultants with
no commitment to the communities those universi-
ties serve. External funding from grants or federal
appropriations are important for the support of re-
search and even graduate programs, but the pursuit
of that funding for its own sake may reinforce alarm-
ing shifts away from academics by creating the notion
that all efforts must be aligned with that pursuit.
The metrics in that case become the goal [Ful24b] of
those operations with no consideration for the quality
of core academics. In the example of WVU, leaders
have aligned their choices with health science opera-
tions, medical school support, and with degrees they
perceive to be the most employable options for stu-
dents. These supposed efforts to “modernize” pro-
grams or provide students with the “best” career op-
tions become arguments that ignore the essence of
what an IHE does. How academia responds may
determine which universities continue to be institu-
tions of true learning and which become minimally
effective professional training programs. It is possi-
ble to build a “Very High Activity” research institu-
tion around a health sciences paradigm or industrial
applications, but in the case of at least public land-
grant universities, it ignores the fundamental intent
of their creation. Gordon Gee, president of WVU,
responded [Ful24b] to concerns about discontinuing
the PhD in Mathematics by saying “Someone else is
going to have a great PhD program in mathemat-
ics. And you know what? God bless them.” True
flagship universities with effective leadership see op-
portunity in providing the most liberal and practical
education possible and move towards it, not away.
The students of states like West Virginia will have to
look elsewhere to find that education, and for those
students the lack of access is a failure that is not re-
flected in any financial analysis, research status, or
ranking. The “academic transformation” of WVU is
a model for changes to the underlying strategic mis-
sion of IHEs that does not reflect the original intent
of publicly funded higher education as spending in
essential areas such as mathematics, world languages
or libraries are further reduced to compensate for in-

terest payments on growing debt or private aircraft
travel for administrators [Ton23].

It remains to be seen what the long term impact
of the program cuts and faculty reductions will be
at WVU. The overall structure of large, public R1s
continues to attract students as shown in Figure 1
for academic as well as non-academic reasons. IHEs
such as WVU can currently maintain R1 status and
emphasize other programs, at least in principle, but
the students and faculty will ultimately decide if the
quality of what remains meets their needs or if they
will search elsewhere for academic opportunity. The
guidelines for Carnegie classification are being re-
vised to include “a wider set of dimensions that de-
fine an institution, and not distort the process by
overweighting one single aspect of an institution’s
purpose and activities” [Led23] so it may be that a
university that focuses solely on the value of grants
obtained may be classified as that, and one with a
broad collection of graduate offerings will be recog-
nized that way. Removing graduate mathematics re-
defines WVU, and it is arguable that the loss of math-
ematics as well as world languages and other fields di-
minishes the university in important ways. The out-
comes at other IHEs such as Emporia State Univer-
sity in Kansas where student enrollments dropped an-
other 12.5% [Ful24b] after program changes suggest
that universities considering similar actions should
do so carefully. Mathematically speaking, they may
accelerate the declines to which they are responding
instead of turning them around.

Just as the value of an education is more than
the credential acquired, the value of mathematics ex-
tends from more than just mathematics course re-
quirements in a degree program or even a degree in
mathematics. Mathematics gives students an oppor-
tunity to understand ideas ranging from differential
equations to graph theory and to use these ideas to
solve problems in finance, renewable energy technol-
ogy or molecular structure prediction. Mathematics
is necessary for IHEs to make those educational op-
portunities available, and other disciplines need ad-
vanced mathematics to facilitate their research. It
exposes students to a wealth of knowledge that begins
with mathematics but spreads out across all areas of
scientific inquiry. Planning and resource allocation at
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an IHE must account for both the core educational
impact of mathematics as well as the broader, some-
times harder to measure, impact of mathematics re-
search on other disciplines and student opportunities
in order for an institution to excel.
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Additional Discusson

Mathematics Impacts

As noted in [Ful24], most departments of mathe-
matics have substantial teaching missions that are
derived from the foundational role that mathematics
plays in almost every degree program. Ultimately,
some aspect of mathematics sits at the core of the
essential workings of most careers even if comput-
ing derivatives of trigonometric functions doesn’t oc-
cur regularly in the workplace. Reasoning and crit-
ical thinking are necessary skills, and mathematics
serves as one of the strongest areas within which
a student can develop them. Due in part to the
prominence of coursework in degree programs and in
part to the complex nature of the subject, mathe-
matics departments in higher education also have a
history of being a barrier to student success [OR12].
This can lead to conflict that focuses on student
success in our courses, but the last ten years or so
have seen significant work leading to knowledge about
best practices [RAH+19,BCMR13] for mathematics
education as well as implementations that lead to
change [SWB+17,KFW+23]. These outcomes build
on substantial prior work [HKG99] giving an indi-
cation that the profession has inertia in this area.

Mathematics research also contributes in a multitude
of areas [ATM20], and these impacts lead to ever
widening options for mathematics-related research,
careers [CHC+11, LWPB22, NR23] and application
paths.[MVOV18, BC04, Kwe23]. Research in math-
ematic ranges from areas that exist as the develop-
ment of new theories to applications that exist pri-
marily to solve problems in other disciplines. Taken
together, these impact make the discipline one of the
most critical aspects of higher as well as K-12 educa-
tion and the infrastructure of almost any educational
enterprise.

The Events at West Virginia University
(WVU)

The recent review of the Department of Mathemat-
ics at West Virginia University and of other depart-
ments at other universities such as the University of
North Carolina-Greensboro have become focal points
in discussions surrounding budget driven restructur-
ing of large, public, land-grant IHEs. I served as
chair of the Department of Mathematics at WVU
from 2008-2018, and led a number of initiatives in
research, graduate education, and external funding.
The narrative being reported in media outlets and
by the university criticizes the now School of Mathe-
matics and Data Science for shortfalls, but in many
cases the underlying strategic actions of the unit sup-
ported all the outcomes sought by the administration
and the consultancies reviewing the university. Per-
formance reviews occur at most if not all IHEs, and
when designed with the intent to build and create ex-
cellence, program reviews often yield helpful insights
that can be used to improve a department and even a
university. When designed without strategic vision,
the disconnect between performance goals that sup-
port the core mission of higher education or even the
specific core missions of an individual IHE and the
goals used to evaluate departments can be quite sub-
stantial. This leads to conflicting approaches to those
missions and to undesirable outcomes.

Over the period of time since its first PhD confer-
ral in 1993, the Department of Mathematics at WVU
worked steadily towards building robust research ca-
pacity and had become one of the strongest graph
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theory departments in the country if not the world.
Many of its researchers were internationally involved
and research productivity had grown so that in 2014
the graduate program was ranked nationally for the
first time in its history. Publication in peer-reviewed
journals had grown by more than 30% since 2000,
and total research expenditures grew from $460,000
in 2013 at the beginning of my second term to over
$1m in 2016 and more than $2.5m in 2018 through
strategic investment in faculty hiring, pre-award sup-
port, and seed grant programs. At the same time,
graduate enrollment grew form 41 students to 96 in
2017 at the maximum of the program.
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Figure 5: Total Grant Funded Research Expenditures
at WVU from 2011 to 2021

Some of that capacity was lost due to faculty depar-
tures. Strategic changes at the university level led
to difficulty maintaining programs, and the onset of
Covid-19 contributed to enrollment struggles.
It is unclear if that capacity will return in the cur-

rent university environment. Many articles related
to the program reductions at WVU have appeared
in various news outlets including the New York
Times [Wea23] and the Boston Review [CWW23] .
The Chronicle of Higher Education has published
multiple pieces and opinions including [Tho15]. The
specifics of the program reductions can be found
in many of these as well as [Uni23] and [Qui23].
Arkansas and Missouri have undergone similar re-
views and in some cases reduced programs [AE22].
Proposals to reduce the degree requirements in math-
ematics are discussed in [Per22] and further program
reduction recommendations are found in [Sha23].
The impact of these reductions at WVU are discussed

here [War23] and the responses from WVU President
E. Gordon Gee have been published here [Kre23] and
here [Fer23]. Other universities are experiencing sim-
ilar reviews, and many are overseen by rpkGroup, the
consulting firm retained by WVU. UNC-Greensboro
has developed recommendations to discontinue mul-
tiple programs including Physics [oNCG18]. In the
middle of these program review debates, the state of
WV has passed laws revising the tenure structure at
WVU [Fla17b] in order to allow faculty to be termi-
nated. These changes are being replicated in differ-
ent ways in other states including Wisconsin [Fla17],
Texas [Ebb23] and now Florida.

Carnegie Classifications and R1 Status

The Carnegie Classification System was developed in
1973 by the Carnegie Commission on Higher Educa-
tion but has been administered by different organi-
zations [oIoHE23] since then. A total of 146 IHEs
of the 3939 in the US in 2021 were classified as R1
by the Indiana University Center for Postsecondary
Research, or about 3.7%. The evaluation of IHEs be-
gins with the conferral of at least 25 doctorates, and
then ranks those IHEs using the number of faculty in
ladder-rank appointments, the number of postdoc-
toral researchers (PD), the amount of external fund-
ing, and the number of PhDs conferred. Differences
in the characteristics of the institutions are shown in
Table 3 where they are grouped into private, pub-
lic land-grant, non-land grant HSIs, and other pub-
lic IHEs. The table summarizes the mean values of
several key aspects of R1 IHEs including total under-
graduate enrollment (UG), total graduate enrollment
(GR), Bachelors (BS) and PhDs (PhD) awarded, and
the number of full-time faculty in ladder rank (assis-
tant, associate, and full professors). The mean num-
ber of students enrolled at the undergraduate level
provides the clearest discrepancy between the pub-
lic and private R1s. External funding listed here as
Science and Engineering Research and Development
Expenditures (SERD, in millions of dollars) are con-
siderably higher for private and land-grants, while the
average number of faculty and the number of PhDs
awarded are almost the same. This metric along with
the number of postdoctoral non-faculty researchers
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(PD) is the largest factor impacting R1 ranking as of
the 2021 analysis.

Private Public HSI LG

Number 39 107 11 51
SERD 579.7 388.8 235.6 483.7
UG 8966 25241 28382 26331
GR 9315 7787 6838 7792
Mean PhD 331 345 287 415
Mean BS 2629 6228 6882 6700
Mean FAC 1471 1474 962 1624
Mean PD 887 443 299 580

Table 3: Characteristics of R1 Universities by Group
with SERD Research Funding in Millions, all Un-
dergraduate (UG) and Graduate (GR) enrollments,
mean Ladder Rank Faculty (FAC), degrees granted,
and Postdocs (PD).

HSI

Other Public

Private

Public LG

0 20000 40000 60000

Graduate Undergraduate

Figure 6: Undergraduate and Graduate Enrollments
at R1 IHEs by Institution Type

The ARIS and PCIS Weighted Rank
Scores

Most of these factors, however, do not impact R1
ranking in a substantive way. R1 status in the
2021 rankings was determined by a scaled Euclidean
distance computed from two standardized, weighted
rank scores: the Per Capita Index Score (PCIS) and
the Aggregate Research Index Score (ARIS). PCIS
uses external funding and postdoctoral research num-
bers per ladder rank faculty to create a weighted
rank score, and ARIS creates a weighted compos-

ite rank of raw external funding, postdoctoral re-
searcher numbers, and doctorates granted in multiple
areas. Figure 7 shows the relationship between the
PCIS factor and research funding along with a plot of
ARIS against the number of postdoctoral researchers.
Since the horizontal values are included in both ver-
tical axis factors, both of these inputs impact the R1
ranking process. As a result, many universities invest
heavily in procuring external funding and non-faculty
researchers to ensure high R1 rankings.
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Figure 7: a)PCIS by Science and Engineering Re-
search and Development Expenditures (millions) and
b)ARIS by Postdoctoral Non-Faculty Researchers

There are other correlative relationships, some of
which are shown below, but in many cases changes in
departmental numbers or college level totals do not
impact R1 rankings significantly. In the case of a
university like WVU, for example, reducing the total
college of arts and sciences research funding to zero
and removing all conferred STEM doctorates would
only lower the overall rank score from 0.35 to −0.025.
The lower bound for R1s is set at -0.15 in the 2021
rankings. Indeed, the research profile of IHEs varies
widely, with many of them focusing on health science
related expenditures or other industry support. The
focus on these factors, however, can translate into
resource reallocation at the cost of core academics.
In some sense, the focus on either external funding
or non-faculty postdoctoral researchers alone is an
illustration of Goodhart’s Law [CMM03] where the
measure becomes the goal at the expense of other
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important factors.
Looking at the ARIS index plotted against the av-

erage total research funding levels over the last three
years for R1 mathematics departments shows that
increasing departmental external funding levels posi-
tively correlates with increases in these rankings.
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Figure 8: Scatterplot of the PCIS Weighted Rank-
ing by Mathematics Research Funding per University
FTE
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Figure 9: Scatterplot of the ARIS Weighted Ranking
by Mathematics Research Funding

Goodhart’s Law and Chasing Metrics

When a specific metric is identified as measuring a
desired result, over time it can become the case that
evaluations begin to only reflect the value of the
metric and not the underlying state that the met-
ric was initially chosen to represent [CMM03]. Re-
search spending at R1s consitutes a good indicator
of research activity, but the number of peer-reviewed
publications remains a core measure of the output of

the research enterprise including citations, presenta-
tions and publications in conferences, and other more
difficult to measure interactions with colleagues and
funding agencies. Establishing the value of research
funding as a sole metric of success may lead to situ-
ations where investments of resources are only made
that lead to increases in those numbers, and that in-
vestment may or may not lead to true research out-
comes.

Similarly, viewing student success as a percentage
of grades of A, B or C alone also becomes a self-
fulfilling effort that may not reflect the substance of
the learning experience for students. Learning out-
comes are complex, nuanced and difficult to measure,
and student experience is reflected by more than just
student evaluations of instruction. Changing instruc-
tional culture solely to increase student grades may
not lead to improvements in learning, and can lead
to weaker programs overall.

Additional Faculty Contributions

Within this context, more complex considerations
have begun to evolve concerning the contributions
that a discipline like mathematics makes to the mis-
sion of a university. The recent events noted above
raise concerns about changing perceptions of the role
of a mathematics department. When leaders at flag-
ship state IHEs such as President Ben Sasse [Sok23]
at the University of Florida question ask

What will today’s generic term ‘professor’
mean when you disaggregate syllabus de-
signer, sage-on-the-stage lecturer, seminar
leader, instructional technologist, grader,
assessor, etc.?

implies many things but it takes pieces of faculty ac-
tivities and reduces them to simplistic notions that
hide the true difficulty and craft in the processes. We
can ask what value a mathematics department and its
various collective skillsets brings to a university and
compare some to the propensity of an IHE to par-
ticipate in very high levels of research activity. We
can also gain insight into whether or not they sum to
more than the list of parts quoted above.
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Private
Public

LG HSI
Other
Public

UG/Math
FAC

61.5 128.1 146.2 133.9

Math RF 2927 2682 637 1468
Mean TT 28.7 43.3 45.8 32.3
Mean NTT 7.4 17.3 17.0 13.5
TT/NTT 5.5 4.7 1.5 3.3
Mean PD 13.1 9.3 0.5 6.5
Mean PhDs 10.0 11.9 6.5 9.7
UG major % 32% 32% 25% 31%
GR major % 5% 5% 15% 5%

Table 4: Mean Characteristics of Math Units in R1s
including the Average Number of Undergraduates
(UG) in Math Courses per Math Faculty (FAC, all
ranks and types)

For land-grants such as WVU, the ratio of under-
graduates in math courses to faculty (the first line in
Table 4) correlates strongly with the research profile
of the university. As the ratio increases, aggregate
research indicators begin to drop, indicating unbal-
anced resource allocation. An institution with a ratio
as high as that of WVU, near 200:1, may be over-
stressing faculty and their ability to participate in
research projects in the department and otherwise.
It is unclear how effectively an R1 can then lower the
number of both TT and NTT faculty in those roles
as WVU plans and still serve its educational commu-
nity properly or even meet the instructional needs of
its student body in mathematics. With ratios near-
ing or above 300:1, all STEM disciplines begin to
struggle with insufficient access to needed mathemat-
ics coursework for their students, and the profile of
the university as a whole changes.

Student Share of Costs

Public funding for IHEs has been decreasing [Mar19]
for many decades, and it has been argued that many
of the resource conflicts that even large, public IHEs
are beginning to experience are the result of many
years of policy changes. As shown in Figure 10, state
and university leaders have dramatically shifted sup-
port in ways that are beginning to reduce operational
capacity at even large institutions.
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Figure 10: Distribution of State Appropriated Funds
in the a) US Overall, b) West Virginia and c) Georgia
2001 - 2022

This has led to dramatic increases in student tu-
ition, and as these student costs increase, ironically
student access to educational options are dramati-
cally reduced. The restructuring in WV [MLMW18]
is perhaps one of the most dramatic examples of this
effect, where legislative appropriations coupled with
resource shifts have led to program changes across the
entire university. The enrollment shifts that WVU
and other IHEs have seen certainly reflect some part
of the demographic shift that has been characterized
as the ’enrollment cliff’, but some part of it relates
to the changing access to programs and educational
opportunities there.

Data Sources

Data used in these analyses can be obtained from the
NSF HERD survey [fSS23] and IPEDS data[fES23]
repository. Additional information related to higher
education funding can be found in the SHEFF re-
port [Off23]. Data related to mathematics depart-
ment staffing, student levels, and more detailed in-
formation was obtained from the Conference Board
on the Mathematical Sciences and American Mathe-
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(a) Student Share by State 2002
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(b) Student Share by State 2022

Figure 11: Student Share of State Education Revenue
- Net Tuition as a Fraction of Total State Education
Revenue

matical Society annual survey [CBM24].
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