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Executive Summary: The science, technology, engineering, and mathematics (STEM) fields
in the United States are currently facing a crisis: graduate programs are not adequately
preparing all trainees for the diverse career paths on which they embark. Over recent years,
this problem has intensified as the number of Ph.D. holders increased and academic research
jobs stagnated or shrunk. Still, most STEM doctoral programs have maintained the singular
focus on training students for academic careers at a cost to the individual’s career, society,
and the economy. Universities and graduate institutions must adapt to meet the increasing
demand for STEM laborers in non-academic sectors and provide relevant and robust training
to their students. We propose amending the STEM Opportunities Act of 2019 to incentivize
institutions to integrate experiential learning and expand training services. Provided diverse
career-training, highly-skilled Ph.D. graduates will more efficiently enter and fill the STEM
workforce, stimulating the U.S. economy. Addressed to: The Committee on Science, Space, and
Technology, United States House of Representatives; and the Senate Committee on Health,
Education, Labor, and Pensions.
I. STEM Workforce Supports U.S. Economic
Growth
STEM fields provide the United States with the
technical expertise necessary to tackle complex
national and global challenges including, but not
limited to, human health, climate change, food
production, sustainability, and national security
(Mirchandani 2020). It is estimated that the entire
STEM industry will constitute thirteen percent of the
U.S. workforce in 2027, yet it is already facing 2
million unfilled jobs. This gap is predicted to widen
to 4.4 million by 2025. Moreover, STEM fields
directly and indirectly support approximately
two-thirds of all U.S. jobs and gross domestic
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product, contributing significantly to recent
economic growth (FTI Consulting 2020; Croak 2018;
Light 2018; Rothwell 2013). Despite this invaluable
contribution, graduate schools are falling short on
providing training opportunities that will prepare
their students for the diverse STEM career pathways
beyond academia. Graduate programs are not a
one-size-fits-all plan. However, we hypothesize that
providing experiential learning opportunities (e.g.,
internships, capstones) in a wide range of STEM
sectors can better prepare these candidates and
bridge the gap between talent and the increasing
STEM workforce demand.
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II. Non-academic Careers are no Longer
“Alternative Careers”
Professorship continues to be one of the most
desired career options within Ph.D. candidates;
nevertheless, a very small percentage of these
candidates will become an academic appointee
(Woolston 2019). Despite the saturated academic job
market and growing STEM workforce, most graduate
training programs continue to cultivate the mindset
that pursuing careers in STEM other than academic
careers is a sign of failure (Kruger 2018). Under
these competitive market constraints, doctoral
graduates face unique challenges, such as opting for
extended
academic
research
training, i.e.,
postdoctoral fellowships, securing jobs with lower
education requirements, or exiting traditional STEM
careers altogether. Furthermore, Ph.D. recipients
have more difficulty entering the STEM workforce
than those earning master's degrees, likely because
these recipients have increased exposure to job
market skills and incur a lower cost to employ (Bell
2012). Data collected from recent doctoral recipients
show an increasing number of STEM degree
recipients, yet a stagnant number are entering
‘traditional’ academic careers (Figure 1). Other
sectors, particularly in the broadly-defined for-profit
industry, continue to absorb the remaining graduate
students (Figure 1). Together, these data
demonstrate a significant number of STEM
graduates ready to enter STEM careers, but they may
face a mismatch between degree and job types or
abrupt transitions to non-academic careers.
III. Graduate Trainee Retention is Low Within
Minority Group Segments
The attributes and demographics of STEM
trainees/workers can be segmented to identify
whether any alarming trends are leading to poor
retention in STEM careers. Two populations in
particular, women and racial/ethnic minorities,
currently see both reduced pursuit of academic
training as well as high attrition. Women comprise
approximately sixty percent of graduate trainees
(Martinez and Christnacht 2021) but only comprise
twenty-seven percent of the STEM workforce. This
group faces major hurdles that cause approximately
fifty-six percent to abandon the industry by
mid-career (Hewlett et al. 2008). We find three
factors that contribute to this trend: 1) two-thirds
www.sciencepolicyjournal.org
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feel unsupported in pursuing STEM careers
(Emerson 2019); 2) prominent male faculty train ten
to forty percent fewer women relative to other
faculty (Scheltzer and Smith,2014); 3) and a
significant wage gap exists compared to men even
when adjusting for training and education
(Michelmore and Sassler 2016). Furthermore,
women face unique societal barriers, e.g., often being
the primary caregiver while trying to achieve
work/life balance (Hansen 2020). Studies also
indicate that Black and Hispanic populations are
underrepresented in STEM careers compared to the
total workforce (Black: nine versus eleven percent,
respectively; Hispanic: eight versus seventeen
percent, respectively) (Kennedy et al. 2021). One
reason is that sixty to sixty-four percent of
Hispanic/Latinx and Black STEM doctoral students
do not complete their degree as compared with
fifty-five percent for white students (Sowell et al.
2015). This racial disparity in degree completion
may arise due to a combination of program and
personal challenges, including insufficient financial
support (Kennedy et al. 2021), program
requirements (Sowell et al. 2015), a lack of support
and mentorship (Miriti 2020), and feelings of
isolation that come with being underrepresented in
their graduate programs (also faced by international
students who are dealing with a new culture and
JSPG, Vol. 19, Issue 1, November 2021
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language) (Rainey et al. 2018). Obstacles for
individuals that intersect between multiple groups,
e.g., Black women, are even more severe. While
efforts to decrease attrition within women and other
minority groups have and are currently being
proposed (such as STEM Opportunities Act of 2019
and Women and Minorities in STEM Booster Act of
2019), we investigated other intrinsic areas in
graduate programs that could lead to improved
career outcomes for these underrepresented groups
(Estrada et al. 2016).
IV. Graduate Training Programs Fail to Provide
Adequate Opportunities for Career Development
Graduate students feel less prepared for
non-academic career paths despite the significantly
higher number of non-academic careers as
compared to academic careers (Okahana et al. 2019).
Still, many graduate programs are deficient in two
key non-academic career-development areas: 1) a
lack of funding or financial resources for students to
explore diverse career paths; 2) a lack of
information, training, and mentorship support for
trainees pursuing non-academic career paths.
Although most graduate programs offer professional
development opportunities intended to diversify
career exploration by means of seminars and career
panels, more substantive programming, e.g.
internships, are not prevalent despite having a
stronger impact on career readiness. Together, the
lack of 1) academic careers, 2) awareness/training
for non-academic careers, and 3) supportive culture
for non-academic careers all compound and
contribute to the alarming forty percent of STEM
Ph.Ds. that do not have a lined-up job opportunity
prior to graduation (Smith 2021). To counteract this
trend, some graduate training institutions recently
incorporated additional career development
opportunities including early career planning, e.g.,
updating resumes, (Fuhrmann et al. 2011; Fuhrmann
2016) and a few have even piloted internship
programs (NIH 2013; Otto 2016; Empower 2020;
UCSF 2020). The former resulted in earlier
engagement in career-transition related activities
and increased mindfulness of future career
prospects as reported by participants. The latter
resulted in students gaining additional, transferable
skills, regardless of their final career path, and
helped them build a professional network beyond
www.sciencepolicyjournal.org
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academic research. Furthermore, the piloted
internship programs demonstrated increased
confidence in career decision making which allowed
for quicker entrance into non-academic STEM
careers while not affecting the time-to-degree
(Schnoes et al. 2018; Chatterjee et al. 2019).
Although the data are encouraging, robust
career-development programs like these are limited
to a small number of graduate programs. For
instance, there are approximately fifteen Broadening
Experiences in Scientific Training (BEST) programs
with experiential learning out of 131 research
intensive universities. Similar programs must be
implemented
nationwide
to
provide
career-readiness for all STEM trainees.
V. Policy Options to Inject More Highly-skilled
STEM Trainees into the Workforce
Below we propose two policies to be taken either in
conjunction with one another, or at a minimum
individually, to improve graduate-level training,
boost student retention and transitions, and
ultimately reduce STEM workplace shortages.
i. Policy option 1: Amend the STEM Opportunities Act
of 2019, Section 9, to develop and fund experiential
learning opportunities for non-academic STEM
graduate career development.
Section 9 of this Act, Research and Related Activities
to Expand STEM Opportunities, describes several
approaches for the recruitment, retention, and
advancement of individuals from underrepresented
minority groups in academic STEM careers.
However, this proposal is limited in its approach to
only increase the diversity of academic faculty in
STEM fields despite the limited availability of
academic faculty jobs. It further neglects to provide
support, nor opportunities, for underrepresented
minorities and the entire talent pool in pursuing
non-academic careers for which most will embark.
Therefore, it perpetuates the disconnection between
STEM training and the current state of the STEM
workforce.
We recommend amending this section to explicitly
provide appropriations and infrastructure for the
implementation and/or expansion of academic and
non-academic career development to include
experiential learning opportunities for doctoral
JSPG, Vol. 19, Issue 1, November 2021
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students in STEM research. Additionally, federal
agencies funding graduate-level research should
incentivize these programs to promote the
incorporation of more substantive, non-academic
training opportunities into their curricula.

resources for faculty and administration to keep
them aware of the current workforce demand and
challenges their students may encounter during
their transition from graduate school to the STEM
workforce.

This amendment formalizes the requirement to
provide trainees with experiential learning
opportunities
by
incorporating
three
recommendations: First, eliminate financial burden
by providing assistance to cover stipend and housing
during internships and other training experiences.
Second, establish partnerships with public and
private organizations for internship opportunities in
which students can increase market appeal by
acquiring technical and non-technical skills. Third,
allow the option to expand the length of internships
as needed to gain valuable work experience and
build professional networks that will increase the
likelihood of securing interviews and/or being
directly hired by the internship company (deJanasz
and Forret 2008). However, one significant barrier is
that some institutions do not have the administrative
infrastructure or culture to support these programs.
These hurdles are addressable, and guidelines are
available (True 2018; Hora et al. 2017). Yet,
institutional buy-in is a prerequisite that should be
incentivized through policy and/or funding-level
support.

The advantages of this option are that graduate
programs can more quickly adopt these offers in
their programs and that the administrative costs
would be relatively minor. This is especially true for
institutions currently receiving funding mechanisms
for research training which already require a
professional development component. These
opportunities would provide a substantive
advantage over the current structure where
non-academic career development is often lacking.

ii. Policy option 2: Amend the STEM Opportunities Act
of 2019, Section 9, to modernize career development
coursework in all STEM curricula.
Paid, experiential learning programs may not be a
viable option for many institutions, at least in the
near-term. Nevertheless, Section 9 of the STEM
Opportunities Act of 2019 should be amended to
support the incorporation of additional, formal
coursework, workshops, and other activities that
aim to expand technical and non-technical skills
required for a variety of academic and non-academic
STEM careers. Examples of focused and structured
training to develop diverse career skills include:
searching for and understanding job postings,
appreciation of career trajectory dynamics, and
in-demand skills; skills certificate programs;
mentorship programs; and career fairs. These should
be accompanied by educational workshops or
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iii. Consequences of inaction
At the federal level, the United States’ STEM
industries face a severe shortage of appropriately
trained workers (Varas 2016). A significant
contributor to this problem is that, traditionally,
graduate programs focus on preparing their students
for careers in academia despite the fact that the vast
majority of graduate degree holders will not obtain a
job in an academic setting. If action is not taken to
prepare all trainees for diverse future careers within
STEM industries and address inefficiencies in
retaining underrepresented groups within STEM, the
national economy will lag behind, and the ability for
the nation to address some of today’s most pressing
issues will be hampered.
VI. Conclusions
We recommend that both policy options be enacted
together to increase funding and add external
pressure on institutions to implement both
experiential learning programs and formal curricula.
This will facilitate each student’s decision to pursue
a career in academia or transition outside of
academic research in order to better support the
United States STEM workforce. Current pilot
programs have shown success on a limited,
individual institution level, and we hypothesize
these can be scaled up to encompass all STEM
graduate programs.
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