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Dear Colleague:

For many years, the National Science Board (NSB, Board) has had a keen 
interest in the state of the STEM-capable workforce in the United States. 
The health of that workforce is vital to America’s economic prosperity, our 
scientific and technological competitiveness, and our national security.  
Building on the Board’s past work, this report focuses on a crucial but 
underappreciated part of the science and engineering enterprise: the 
Skilled Technical Workforce (STW), the millions of men and women with 
STEM skills and knowledge who do not have a bachelor’s degree. This 
report is the culmination of our 18-month effort to identify the opportunities 
and challenges facing students, incumbent workers, businesses, educators, 
and others involved with the STW. It offers recommendations for how 
federal policymakers and educators can work together to foster the STW, 
so that all Americans can participate in and benefit from advances in 
science and technology.

The NSB’s engagement with this topic is not over. The work of the Task 
Force will continue to influence and inform our thinking as we craft the 
STEM-capable workforce of the future. 

We welcome feedback on this report. If you have comments or questions, 
please contact Dr. John Veysey II, Executive Officer to the Board at 
(703) 292-7000 or at jveysey@nsf.gov. 

Sincerely,

 

Diane L. Souvaine
Chair, NSB

CH
AI

R’
S M

ES
SA

GE

JOHN J. VEYSEY II
Executive Officer
National Science Board
National Science Foundation

FRANCE A. CÓRDOVA
Director
National Science Foundation
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Victor R. McCrary, Chair
Vicki L. Chandler
Robert M. Groves
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Geraldine L. Richmond
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changes in the nature of work, education, technology, workforce 
demographics, and international competition have led the National Science 
Board (NSB, Board) to conclude that our competitiveness, security, and 
research enterprise require this critical, but often overlooked segment of 
our STEM-capable workforce. Adding to the near-term urgency, a National 
Academies of Sciences, Engineering, and Medicine report predicts a shortfall 
of nearly 3.4 million skilled technical workers by 2022.1  

Expanding the diversity and inclusivity of science and engineering is vital to 
the future of the S&E enterprise and crucial to maintaining the broad public 
support for S&E that has fueled American prosperity and national security 
for the past 70 years. It is in the nation’s interest that all Americans, including 
the two in three U.S. adults who do not have a bachelor’s degree, have the 
opportunity to participate in and benefit from our scientific and technological 
progress. To achieve this, the Board believes that the United States should 
increase the emphasis on cultivating the STW as part of continued robust 
support for the education of scientists and engineers.
 
Over the past two years, the NSB Task Force on the Skilled Technical 
Workforce has identified opportunities and challenges facing students, 
incumbent workers, businesses, educators, and others involved with the 
STW.2  In the course of our activities, four systemic issues surfaced that 
will necessitate new partnerships among various types of educational 
institutions, all levels of government, and industry to strengthen this critical 
segment of the workforce. By focusing on these areas, we seek to build 
on the efforts of the White House,3  Congress, and others4  to create STW 
opportunities for more Americans. We offer the following recommendations:

o grow our nation’s science, technology, engineering, and  
mathematics (STEM) capacity and ensure that Americans        
nationwide can participate in a science and engineering   
(S&E) intensive economy, the United States must foster its 
Skilled Technical Workforce (STW)—individuals who use S&E 
skills in their jobs but do not have a bachelor’s degree. Rapid
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CHANGE THE MESSAGE: The NSB and the 
National Science Foundation (NSF), and 
other S&E leaders should communicate 
the importance of the STW to our nation’s 
S&E enterprise, individual economic 
prosperity, national security, and U.S. global 
competitiveness. Raising awareness about 
STW career and educational pathways can 
also help to address misperceptions and 
lack of awareness of skilled technical career 
opportunities among parents, educators, 
guidance counselors, and students. Key 
messages include:  

• Skilled technical work is crucial to the 
nation and its S&E enterprise.

• The multiple educational pathways into 
the S&E enterprise are complementary 
and interdependent. Together they 
produce the educated, skilled, and 
diverse workforce the United States 
needs in today’s knowledge-and 
technology-intensive world.

• Skilled technical work is a pathway that 
can lead in a variety of educational and 
career directions.

• Pursuit of skilled technical work is about 
personal preferences and choices.

FOCUS ON THE DATA: To understand and begin 
to address data gaps, NSF’s National Center for 
Science and Engineering Statistics (NCSES), with 
additional federal resources and collaborating with 
other statistical agencies, should collect nationally 
representative data on the education, skills, and 
workforce characteristics of the STW. NSF should 
promote partnerships between governmental 
and non-governmental (industry, academia) 
stakeholders in the STW to share data and develop 
tools for public use and workforce planning. 

LEVERAGE THE PORTFOLIO OF FEDERAL 
INVESTMENTS: There is an opportunity for 
the Federal agencies that support STW-related 
programs to leverage one another’s activities and 
maximize the nation’s federal investments in the 
STW through a holistic, coordinated approach. NSF 
can lead by example by conducting a full portfolio 
analysis that will value and categorize its STW 
investments across all directorates in the areas of 
education, research, infrastructure, data collection, 
and analysis. The analysis of NSF’s portfolio of 
STW-related investments could publicize and 
inform stakeholders about the breadth of NSF’s 
contributions to the STW, build awareness of 
funding opportunities, and help maximize and 
leverage the impact of these investments.
 
BUILD PARTNERSHIPS: In strengthening 
educational pathways for the STW, policymakers 
and educational institutions should recognize that 
K-12 school systems, two-year colleges, four-year 
colleges and universities, and other post-secondary 
education and workforce development programs 
are integral, synergistic parts of a whole. These 
institutions should work as partners together 
with business and industry to grow the STEM-
capable U.S. workforce via STW programs that are 
tailored to the needs of their local communities. 
Policymakers can encourage the creation of such 
partnerships by developing federal programs that 
require partnership participation from stakeholders 
from multiple sectors. 

The multiple educational 
pathways into the 
S&E enterprise are 
complementary and 
interdependent. Together 
they produce the educated, 
skilled, and diverse 
workforce the U.S. needs 
in today’s knowledge- and 
technology-intensive world.
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We must “step 
up” our game and 
nurture and expand 
our domestic talent 
along the entire 
S&E worker-value 
chain from the STW 
to the Ph.D. if our 
workforce is to 
remain competitive.
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Relies on Building a STEM-Capable U.S. Workforce 
(2018), the Board called for including workers 
at all educational levels in the STEM-capable 
workforce, and sought to move away from an 
older, outdated, and narrower concept of the 
STEM workforce based solely on academic 
degrees and occupations. This report reinforces 
and builds on the Board’s prior work by calling 
attention to the STW’s essential role in the 
S&E enterprise.

Since our 2015 report, the need for a STEM-
capable U.S. workforce at all educational 
levels has become more apparent —and urgent. 
Technologically, we are on the cusp of revolutions 
in data and artificial intelligence, developments 
that will continue to accelerate changes in the 
workplace and intensify our need for citizens who 
excel at using data, information, and technology 
in their work. Other nations are investing 
substantially in human capital. We must “step up” 
our game and nurture and expand our domestic 
talent along the entire S&E worker-value chain 

Our skilled workforce is foundational and essential 
to U.S. leadership in science and engineering (S&E) 
and the economic prosperity and security that 
flow from it. Yet on a near daily basis, headlines 
emphasize that we are not doing enough to 
develop and sustain our nation’s human capital. 
For the United States to compete and thrive in 
today’s S&E-driven world, our country must 
nurture a workforce that can lead in every 
phase of research and development (R&D), from 
discovery to innovation to product realization and 
sustainability. A key component of this workforce 
is the Skilled Technical Workforce (STW), the 
roughly 17 million workers who use S&E expertise 
and technical knowledge in their jobs but who do 
not possess a bachelor’s degree.5

For several years, the National Science Board 
(NSB, Board) has stressed the need to think 
differently about the science and engineering 
workforce. In Revisiting the STEM Workforce 
(2015) and Our Nation’s Future Competitiveness 
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There are 
indications that 
we, as a nation, 
are not doing 
enough.

makers, electricians, welders, and programmers 
could threaten our ability to maintain unique 
facilities for basic research, sophisticated military 
assets (e.g. materials for nuclear submarines and 
hypersonic weapons systems utilizing artificial 
intelligence), and the future of the nation’s 
automobile industry (e.g. autonomous vehicles). 

At the same time, economic shifts toward jobs 
that put a premium in many lines of work on 
S&E knowledge and skills are leaving behind 
too many of our fellow Americans. Given the 
prominent role of S&E as a driver of 21st century 
economic activity, our nation must do a better 
job of growing our STEM-capacity and ensuring 
that millions of hardworking Americans at all 
educational levels and in all regions of the country 
have the opportunity to contribute to and benefit 
from today’s and tomorrow’s S&E-intensive 
workplaces. This is not merely the right thing to 
do; it is necessary for the future of our economy, 
national security, the health of our S&E enterprise, 
and to ensure the broad public support for S&E 
that has fueled American security and prosperity 
for the past 70 years.

from the STW to the Ph.D. if our workforce is to 
remain competitive. As the Administration’s STEM 
Education Strategic Plan states, “the country 
must prepare the STEM Workforce for the future 
 —both college-educated STEM practitioners and 
those working in skilled trades that do not require 
a four-year degree… A diverse talent pool of 
STEM-literate Americans prepared for the jobs of 
the future will be essential for maintaining the 
national innovation base that supports key 
sectors of the economy and for making 
the scientific discoveries and creating the 
technologies of the future.”6

Yet, there are indications that we, as a nation, are 
not doing enough. According to a 2017 National 
Academies of Sciences, Engineering, and Medicine 
(NASEM) report, by 2022, “the percentage of 
skilled technical job openings is likely to exceed 
the percentage of skilled technical workers in the 
labor force by 1.3 percentage points or about 3.4  
million skilled technical jobs.”7 Due to the 
continuing retirement of the Baby Boomers 
and the tendency of job skill requirements to 
increase over time, NASEM believes that the 
number of skilled technical workers will likely fall 
short of demand, even when accounting for how 
technological innovation may change workforce 
needs.8  Shortages of highly skilled tool and die 
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WE
CAN &
MUST DO
BETTER

R&D enterprise, accounting for more than half 
of all workers in many of America’s “advanced 
industries.”10  These “R&D-intensive” industries, 
which include advanced manufacturing, 
pharmaceuticals, motor vehicles, and aerospace, 
energy-providing industries such as oil and gas 
extraction and power generation, and critical 
service activities such as telecommunications 
and software design, account for 17 percent of 
U.S. Gross Domestic Product.11  All told, these 
industries generate $2.7 trillion in output 
annually, outpacing any other sector.12  A growing 
number of jobs critical to our national security, in 
such areas as cybersecurity and  defense-related 
technologies, require both S&E skills and U.S. 
citizenship. In addition, many of our national 
research facilities—including those funded by NSF, 
the Department of Energy (DOE), the Department 

One way to prepare more of our citizens for the 
high-tech jobs of today and tomorrow, live up to 
the ideal that America is a land of opportunity 
for all, connect more Americans with the S&E 
enterprise, and help secure our nation’s future S&E 
leadership is to strengthen the Skilled Technical 
Workforce—a crucial, but often overlooked, 
segment of our STEM-capable workforce.

Representing 13 percent of the U.S. workforce age 
25 and older, skilled technical workers contribute 
to all parts of the economy and the S&E enterprise.9  
They bring critical thinking, design, digital, math, 
and coding skills to work as auto mechanics, 
health care technicians, electricians, welders, 
computer systems analysts and administrators, 
and operators of “smart” infrastructure. They 
also make crucial contributions to the nation’s 
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of Defense (DOD), and the National Aeronautics 
and Space Administration (NASA)—as well as 
research laboratories at colleges and universities 
rely on skilled technical workers to help advance 
the frontiers of basic science and engineering.13 

With fewer barriers to entry than jobs requiring 
a bachelor’s degree, skilled technical work offers 
a pathway into S&E for the approximately two 
in three U.S. adults who have some education 
beyond high school and less than a bachelor’s
degree.14  As such, the STW has the potential to 
connect millions more Americans to the S&E 
enterprise. Employment in skilled technical jobs 
also offers millions of Americans competitive
salaries, benefits, and a discernible career path.15 
These jobs tend to be higher paying and have 
lower unemployment rates relative to other jobs 

at a comparable education level.16  Compared 
to those S&E jobs which require at least a 
bachelor’s degree, STW occupations tend to be 
more widely distributed geographically.17

In today’s environment where post-secondary 
work and educational pathways are less linear 
than they were several decades ago and where
options for post-secondary education and career 
preparation have proliferated, skilled technical 
education and employment are important ends 
in themselves as well as a launching pad for 
further STEM study. In the listening sessions that
the NSB conducted around the country, we 
heard from students and workers about the 
paths that led them to STW education and 
skill development programs and about how 
they moved between such programs and work 
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environments. A common theme was that the 
experiential learning associated with many STW 
education and skill development programs and 
their shorter duration relative to a bachelor’s 
degree make Career and Technical Education 
(CTE) programs (including CTE schools, coding 
boot camps, apprenticeship programs, and 
associate degree programs) appealing avenues for 
exploring interests, developing STEM skills, and 
preparing for employment. Many individuals with 
whom the Board spoke found their “STEM spark” 
through STW education and employment, and 
some subsequently obtained a bachelor’s degree 
or higher in a STEM field.

Expanding the STW also provides an opportunity 
to build a STEM-capable workforce that reflects 
our country’s people. As the 2019 National 
Academies of Sciences, Engineering, and 
Medicine report on the critical role of Minority 

Serving Institutions in advancing the Nation’s 
STEM workforce notes, demographic trends 
suggests that overall STEM readiness of students 
of color will have a significant impact on 
America’s economic growth, security, and global 
prosperity.18 Federal data show that the STW is 
the most diverse segment of the STEM-capable 
workforce; its racial and ethnic composition is 
similar to the overall U.S. workforce age 25 and 
older.19  In contrast, there is work to be done to 
increase women’s participation in the STW, which 
in most occupations remains predominantly 
male—less than 28% of STW workers overall are 
female.20 The exception to this is in healthcare 
occupations, in which women have a high rate 
of participation. Gender disparity is not specific 
to the STW; women compose 29% of the S&E 
workforce, making them underrepresented in the 
STEM-capable workforce at all levels.21

National Science Board, “Science and Engineering Labor Force,” Science and Engineering Indicators 2020 (forthcoming).
Data source: Census Bureau, American Community Survey 2017, public use microdata
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Community colleges welcome all students and are an important educational pathway into many 
parts of the STEM-capable workforce. In addition to educating the STW, community colleges 
prepare students to pursue bachelor’s and advanced degrees. Between 2010 and 2017, 18% of 
those earning bachelor’s degrees in STEM fields also earned associate’s degrees. During that same 
period, 47% of STEM bachelor’s degree earners reported doing some coursework at a community 
college. At the doctoral level, 20% of the U.S. citizens and permanent residents who received S&E 
doctoral degrees in 2017 reported having attended a community college at some point in their 
educational careers, and 6% earned an associate’s degree along the way.

As a critical access point for groups historically underrepresented in STEM, community colleges 
also play an important role in broadening participation. In particular:

• 50% of all Hispanic undergraduates are enrolled in community colleges.
• 11% of Black and 8% of Hispanic or Latino S&E doctoral degree recipients in 2017 had 

previously earned an associate’s degree. In comparison, only 6% of whites and 3% of Asians 
who earned doctoral degrees in S&E fields in 2017 had previously earned an associate’s degree.

• 29% of community college students are first generation college students.

In 2015, 55% of Minority Serving Institutions (MSIs) were community colleges. MSIs, which are 
defined by legislation or enrollment, include Historically Black Colleges and Universities (HBCUs), 
Hispanic Serving Institutions (HSIs), and Tribal Colleges and Universities (TCUs).

These data highlight the importance of MSIs and community colleges for engaging groups 
historically underrepresented in STEM and building a STEM-capable workforce that reflects 
America’s diversity. 

COMMUNITY COLLEGE AS A PATHWAY 
INTO THE STEM-CAPABLE WORKFORCE

Given the importance of STW education and skill 
development as on-ramps to job opportunities, 
further STEM education, and to building a 
workforce that reflects the nation’s diversity, it is 
essential that S&E leaders and policymakers step 
up and do more to support the STW and integrate 
it within a framework of S&E education and 
workforce development that spans from primary 
and secondary school through post-secondary 
education and beyond. Bridging the divide
between skilled technical and other S&E pathways 
matters not just for the progress of science, and 

for developing the robust, technologically-savvy
workforce of the future, but also for ensuring 
that S&E is an inclusive enterprise that actively 
welcomes all Americans and benefits from their 
participation and perspectives.
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One of the greatest scientific achievements of the 21st century—the detection of 
gravitational waves at the Laser Interferometer Gravitational-Wave Observatory 
(LIGO)—would not have been possible without the skill and dedication of hundreds 
of scientists, engineers, and skilled technical workers. The National Science Board 
appreciated this firsthand at LIGO’s Livingston, Louisiana site.

There, the Board met David Barker, who describes himself as a skilled technical 
worker. David works side-by-side with a team of operators and scientists to monitor 
and maintain the temperature in the 19,000 square foot laser vacuum equipment area 
within 2/10ths of a degree. A temperature change of one-degree Fahrenheit would 
cause the laser to lose lock, forcing a shutdown and halting data collection. David 
playfully notes that he tells people that he is “a famous air conditioning man.” Without 
experienced and dedicated skilled technical workers like David, fundamental scientific 
breakthroughs that require complex technologies and facilities would not be possible. 

THE STW AND BREAKTHROUGH SCIENCE
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DEVELOPING THE SKILLED TECHNICAL WORKFORCE THAT OUR NATION NEEDS



THE SKILLED TECHNICAL WORKFORCE 21

Over the past two years, the NSB’s Task Force 
on the Skilled Technical Workforce heard from 
numerous stakeholders about the challenges the 
nation faces as it seeks to strengthen the STW. In 
this section, we highlight four systemic challenges 
and opportunities to create the vibrant skilled 
technical workforce that the United States needs:

1. Designing STW education and preparation 
to meet the needs of individuals;

2. Building partnerships among education, 
industry, non-profit, and government 
sectors to leverage resources and knowledge, 
and meet the needs and circumstances of 
local communities;

3. Conveying accurate information about 
employment and career opportunities in 
the STW;

4. Addressing data gaps and data silos so that 
government, industry, and educational 
institutions can maximize the effectiveness 
of programs and initiatives.

By focusing on these issues, we seek to build 
on and encourage others’ efforts to create STW 
opportunities for more Americans. Policymakers 
are already making progress on these issues. In 
2018, the White House issued an executive order 
establishing the President’s National Council for 
the American Worker and released a five-year 
strategic plan for STEM education, Charting a 
Course for Success: America’s Strategy for STEM 
Education, which includes a focus on the STW. 
Congress also passed STW-related legislation, 
including the Strengthening Career and Technical 
Education for the 21st Century Act of 2018 (Pub. 
Law. 115-224) and the Innovations in Mentoring, 
Training, and Apprenticeships Act of 2018 (Pub. 
Law. 115-402). 2018 was also an active year 
at the state level, with legislation in various 
states related to data collection, funding of 
workforce development programs, and creating 
infrastructure for state-level coordination of 
education and workforce efforts.22 
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To develop the skilled technical workforce that 
our country needs, we must do more to address 
the barriers that prevent individuals from 
embarking on and/or completing skilled technical 
education. In conversations with stakeholders, the 
Task Force heard repeatedly about these barriers 
and how approaches that “meet students where 
they are” can make a difference in persistence, 
program completion, and pursuit of additional 
STW-pathways.

We frequently heard about the importance 
of centering programs around students—not 
institutions, educators, and employers. This 
student-centric approach starts with the 
competencies and skills that students need. 
Are curricula pitched at a level consistent with 
students’ math skills? Do they teach STEM 
knowledge and concepts in the context of their 
application? Are they focused on the skills that 
students will need to secure employment? Has 
a close look been taken at the full curriculum 
to minimize the need for pre-requisites/other 
coursework that could create a barrier to entry? 

One example of this “student-centered” approach 
comes from the work of Dr. Kevin Cooper, Assistant 
Dean of Applied Technology at Indian River 
State College in Fort Pierce, Florida. Dr. Cooper 
and his team have designed a highly successful 
education program for skilled technical workers 
in the nuclear energy field. Traditionally, entry 
into the nuclear program required students to be 
college algebra ready. After observing that math 
was a barrier for many students, Dr. Cooper set 
out to learn more about the specific math skills 
required of workers in that industry. Following 
conversations with industry leaders, Dr. Cooper 
revamped the math curriculum for the nuclear 
technology program, targeting the algebra, 
trigonometry, and statistics skills necessary to 

work safely and successfully at a nuclear energy 
plant. As part of his effort to teach math skills in 
a practical and applied way, he invites industry 
representatives to his class to demonstrate how 
the inverse square laws and exponential decay 
matter to workplace safety. With a 90% math 
course success rate, the new curriculum has 
successfully eliminated pre-existing math barriers 
while maintaining high educational standards 
that prepare students for success in the workforce. 
Dr. Cooper is hoping that this pilot program will 
become a permanent program and that other 
faculty will focus on what students “need” to get 
out of their math courses to be successful in the 
workplace and redesign their curricula accordingly. 

We also heard about the need for education and 
skill development programs to work with the 
constraints on students’ lives. With an average 
age of 28, community college students often have 
bills to pay, children to raise, and, in some cases, 
parents who rely on them for support.23  For many 
of the students with whom we met, leaving the 
workforce for one to two years—or even a few 
months—to complete a degree or participate 
in a research opportunity or internship was a 
nonstarter. Both students and faculty stressed the 
importance of designing programs with flexible 
schedules and providing students opportunities 
to “earn while you learn” through apprenticeships 
and other work-based learning programs. We also 
heard about the need for “wrap-around services” 
including transportation and affordable and high-
quality childcare either on campus or nearby. Such 
services made the difference between students 
staying in or leaving the program.  

A student who participated in our Community 
College Innovation Challenge (CCIC) Listening
session attributed his ability to return to college
to flexible scheduling at his local community 
college. After having been forced to leave a four- 
year college following his parents’ bankruptcy,
he worked as a teacher’s aide in K-12 STEM classes. 
This work experience continued to fuel his passion 
for STEM. After several years in the workforce, 

MEETING STUDENTS WHERE THEY 
ARE IS CRUCIAL TO DEVELOPING THE 
SKILLED TECHNICAL WORKFORCE
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“It is not about having 
a college degree. It 
is about learning the 
specific skills of being a 
tech support person.”

 – Lisa Gevelber, 
Vice President of 
Global Marketing, 
Google

“There are so many 
possibilities still in the 
future. There are jobs 
that haven’t even been 
labeled yet. You can 
create your own job in 
this field and that is 
what I love about it.”

 – Erika Bim, Student, 
Oakton Community 
College
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he began studying at a local community college 
so that he could transition into a career in the 
aerospace industry. By this time, he also had a 
family of his own. He credits the structures at his 
community college for the ability to pursue his 
studies, participate in extracurricular programs, 
and connect with industry. 

Employers play an important role in meeting 
students and workers where they are. We heard 
from students and employers that human 
resource departments often require a bachelor’s 
degree for work that can be done by someone 
without a bachelor’s degree. A few years ago, 
Google re-examined how it defines “qualified 
candidates.” For Google, qualified does not always 
mean having a college degree; it means having 
the specific skills necessary to do the job. Like 
Google, other employers have started to re-
examine their hiring practices and focus on skills 
rather than degrees. 

The importance of meeting people where they 
are continues even after a worker lands his or her 
first skilled technical job. Lifelong learning is the 
new standard; this is particularly crucial in the 
STW fields where technology changes rapidly. As 
Mike Reichenbach, president of Mike Reichenbach 
Ford, Lincoln, VW, and Chevrolet of Florence, 
South Carolina, said, “the type of worker who is 
successful in the skilled technical workforce is that 
individual who understands that the status quo 
isn’t able to be maintained for very long. Either 
you are moving forward and embrace that change 
or you find yourself left behind.”24  

As the National Academies of Sciences, 
Engineering, and Medicine have noted, skilled 
technical workforce development in the 
United States is decentralized and consists of 
“many, often competing sources of authority in 
government, business, civil society, and private 
life.”25  Students; workers; labor unions and 
other worker associations; families; educators; 
industry associations; employers; as well as 
government at all levels play a role in educating 
and preparing the STW.26  Funding for STW 
education and preparation is equally varied and 
can include user fees, state and local government 
resources, philanthropic contributions, and 
grants. At the federal level alone, STW education 
and preparation is administered by 43 different 
government programs across nine different 
federal agencies, including NSF.27

  
Greater coordination and partnerships among 
government, industry, and educational 
institutions will be crucial to strengthening the 
STW. As the Board heard from listening session 
participants, coordination and partnerships take 
many forms. Many successful partnerships avoid 
“one size fits all approaches” and respond to the 
workforce needs in a specific region or industry. 

At various listening sessions, the Board learned 
about a number of thriving partnerships among 
community colleges, industry, and four-year 
colleges and universities.

COORDINATION AND
PARTNERSHIPS AMONG STW
STAKEHOLDERS ARE ESSENTIAL
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After spending several years in industry as an engineer, Dr. Kevin Cooper, Assistant Dean of Applied 
Technology at Indian River State College, saw an opportunity to meet the nuclear industry’s 
workforce needs by developing a standardized curriculum. To develop this curriculum, Dr. Cooper 
forged partnerships within his institution, and with industry, labor unions, and other community 
colleges offering similar programs. After a startup period of about five years, the NSF-funded 
Regional Center for Nuclear Education and Training (RCNET) was educating and delivering 
technicians into well-paying jobs in nuclear technology. Dr. Cooper subsequently worked with 
industry to establish the Nuclear Uniform Curriculum Program (NUCP) certificate. Students who 
graduate from a program that offers the NUCP certificate do so with a nationally recognized 
credential that gives them access to jobs that can start at $40/hour. Dr. Cooper stresses that forming 
these partnerships took time, persistence, a willingness to learn from failure, and a commitment to 
talking with students, workers, and industry to design a program that truly meets their needs.

THE POWER OF PARTNERSHIPS: STANDARDIZED CURRICULA
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Partnerships between bachelor’s and graduate degree granting universities and community and 
technical colleges can improve diversity, broaden pathways into higher education, support regional 
workforce development, and help accelerate the translation of research conducted at universities 
to market. As Dr. Anand Gramopadhye, Professor and Dean of the College of Engineering, 
Computing and Applied Sciences at Clemson University, notes, “partnerships provide opportunities 
for all while making sure our students and workforce are set for success in today’s technologically 
changing landscape.” As a Principal Investigator on an NSF Advanced Technological Education 
grant that supports the Center for Aviation and Automotive Technological Education Using Virtual 
E-Schools (CA2VES), Dr. Gramopadhye and his team have cultivated a community of practice that 
includes numerous community colleges in South Carolina, automotive and aviation industry 
leaders, and four-year colleges and universities. 

The state of South Carolina is an important partner in these efforts. In 2015, the state created the
Coordinating Council for Workforce Development. Comprised of members from South Carolina’s 
Department of Commerce, Commission on Higher Education, presidents of research universities 
and community colleges, school superintendents, and members of the business community, the 
Council was charged with coordinating workforce development efforts throughout the state. In 
addition, South Carolina has appropriated resources to support education and training for in-
demand industries and to spread the message about STW pathways.

At Clemson, fostering partnerships and connections with industry, technical colleges, and 
community colleges has proven to be a way to pursue world class research, workforce 
development, and education while furthering the core mission of this modern, public, research, 
land-grant university.

THE POWER OF PARTNERSHIPS:
UNIVERSITIES AND COMMUNITY/TECHNICAL COLLEGES

These partnerships shared the following key 
ingredients:

• leveraged familiarity with a region and its 
industries;

• secured buy-in from all partners and cultivated 
champions at the highest levels of the 
participating organizations;

• developed a clear sense of the value 
proposition for all parties involved; and

• committed the time and resources to see their 
collaborations through to fruition.

For example, when visiting the Center for 
Advanced Automotive Technology (CAAT), an 
NSF-funded Advanced Technological Education 
Center at Macomb Community College in Warren, 
Michigan, the NSB learned about Macomb’s 
partnerships with major automakers to educate 
and prepare auto workers. Automakers play 
a key role in shaping Macomb’s programs by 
providing adjunct faculty for the college’s 
automotive education/workforce development 
programs and donating equipment for use in its 
facilities. Additionally, when Macomb created a 
new interdisciplinary degree program in vehicle 
development, it did so by bringing together 
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content experts who understood the skills and 
competencies needed in the workplace and the 
experience of educators at the community college. 
Establishing the new degree program took three 
years and countless meetings between Macomb 
and industry leaders. According to Bob Feldmaier, 
a retired auto industry engineer and Director of 
CAAT, the new degree program would have been 
“nearly impossible without industry help.”

Increasingly, four-year colleges and universities 
are also embracing partnerships with community 
colleges to help support educational and career 
pathways and fuel local and regional economic 
development. Working with industry, both two-
year and four-year educational institutions are 
creating integrated learning environments that 
link education, skill development, and work.

Various media and policy reports have identified 
the focus in recent decades on “college for all” 
as a barrier to encouraging STW pathways.28  All 
too often, “college for all” has been equated with 
the message that a bachelor’s degree is the only 
route to a good career. In reality, while some post-
secondary education has become increasingly 
necessary to secure a “good job,” not every career 
track requires a four-year degree.29 The cultural 
emphasis on four-year educational pathways has 
created the unintended consequence of 
portraying two-year and four-year post-secondary 
educational pathways as oppositional. As post-
secondary educational and workforce pathways 
become increasingly non-linear, it is crucial 
that the variety of post-secondary options be 
discussed, that two- and four-year paths not 
be placed in opposition, and that the STW be 
highlighted in discussions of post-secondary 
educational and career options.

INCREASE AWARENESS AND 
UNDERSTANDING OF STW CAREERS 
AND EMPLOYMENT OPPORTUNITIES

Many students with whom the NSB spoke 
emphasized that lack of information and 
awareness about STW careers help perpetuate 
misperceptions and play a significant role in 
discouraging individuals from pursuing skilled 
technical education and employment. They noted 
that skilled technical education and pathways 
were not presented to them in high school as 
post-secondary education and career options. As 
a result, a number of students described finding 
their preferred career opportunity required 
technical education after having begun or 
completed a four-year degree.
  
In the course of the Task Force’s activities, NSB 
met students who were pursuing skilled technical 
education by choice. Many noted that they loved 
the hands-on work with modern technologies, 
the small classes, the focus on applicable skills, 
and the prospect that their education would 
lead to immediate employment. As a student in 
Macomb Community College’s (MCC) Controls 
Technician Program explained, his familiarity 
with Programmer Logic Control (PLC) is widely 
applicable. “Everyone is switching over to robotics 
now.” Workers with programming skills are 
regularly “fixing [robots], programming them, and 
telling them what to do. Training in PLC opens up 
avenues to a bunch of opportunities. Once you get 
into an industry you can start to move up as you 
know more people.”

The narrative around the STW is starting to 
change. Work-based learning programs, including 
registered and non-registered apprenticeships, 
are growing in popularity. Organizations like 
the American School Counselors Association, 
the leading professional association for high 
school counselors, are speaking out about 
career readiness and building awareness about 
a range of educational and career pathways. 
Some high schools are re-integrating or building 
up CTE programs and making them part of the 
educational offerings for all students. Still other 
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“You are working on 
very high-tech systems 
with excellent pay, 
excellent benefits, and 
long-term opportuni-
ties.”

 – Bob Feldmaier, 
Director of 
the Center 
for Advanced 
Automotive 
Technology, 
Macomb 
Community College

high schools are establishing partnerships with 
local community colleges and industry to create 
viable and rewarding pathways for students 
seeking to enter the STW. More and more 
students and families are also discovering that 
the STW is a pathway to well-paying jobs, career 
opportunities in cutting edge industries, as well 
as an avenue that can lead to additional post-
secondary STEM education.  
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In the past few years, policymakers, industry, 
and educational institutions have taken steps 
to address changing workforce needs by 
introducing new policies and programs geared 
toward the STW. Much of this activity is, however, 
occurring in the context of limited or siloed data. 
Addressing data gaps and silos will be essential if 
the United States is to take a strategic, systems-
level approach to cultivating the STW.

Relative to S&E workers who have earned a 
bachelor’s degree or more, the data portrait of 
the STW remains very limited. We heard from 
multiple stakeholders about the pressing need for 
policy-relevant data to address STW-related data 
gaps, including:

• How/where skilled technical workers acquire 
their skills and education.

• Which programs are most effective at 
preparing students for the workforce.

• How people use their skills once they enter the 
workforce.

• Longitudinal measurements of how people 
move from education and workforce 
preparation programs to their first job, and 
subsequent jobs and/or additional education. 

• Information on the links among post-
secondary credentials (degrees, certificates, 
certifications, badges, micro-credentials), 
training, and wages. 

• Characterization of the skills that people use 
in a given occupation. 

• Information on how individuals and 
employers are investing in STW education and 
skill building.

INSUFFICIENT DATA AND DATA 
COORDINATION CONTRIBUTE TO 
STW-RELATED CHALLENGES

These data gaps pose a number of challenges. 
First, the lack of data makes it difficult to assess 
the supply and demand for skilled technical 
workers nationally and in local labor markets. 
This makes workforce planning and national 
policymaking difficult. Second, it is challenging for 
policymakers, employers, and educators to design 
programs and determine how to attract and retain 
skilled technical workers without information on 
how people enter the STW, how they maintain and 
update their skills, and how they advance along 
a career pathway. Third, limited data also affect 
partnership formation. Better information on 
skill requirements could help spur partnerships 
between industry and educational entities that are 
crucial to ensuring that students who complete 
programs are job ready. Fourth, the current dearth 
of reliable, transparent information about job 
preparation and educational opportunities and 
outcomes makes it hard for consumers to make 
informed choices and understand the likely return 
on their educational investments. The need for 
such information is becoming increasingly vital as 
post-secondary education and skill development 
opportunities as well as credentials and 
certificates proliferate.30

   
Collecting and disseminating robust data on the 
STW will be a multi-year effort. It will require 
the participation of industry, private sector 
data providers, state and local government, and 
coordination among federal statistical agencies 
including the Bureau of Labor Statistics, the 
Census Bureau, National Center for Education 
Statistics (NCES), and NSF’s National Center for 
Science and Engineering Statistics (NCSES).
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The Board is also disseminating existing STW 
data. The 2020 edition of NSB’s congressionally-
mandated report, Science and Engineering 
Indicators, will include some data and discussion 
of the STW. The efforts by NSF, NSB, and federal 
statistical agencies to improve the data portrait 
of the STW can enable policymakers, consumers, 
industry, and other entities that work to support 
the STW to channel resources and energy 
more efficiently.

In response to interest from the National 
Academies’ Committee on National Statistics, and 
further motivated by the establishment of the
Board’s Task Force and the Innovations in 
Mentoring, Training, and Apprenticeships Act of 
2018, NSF’s NCSES is working with the Census 
Bureau and the NCES to develop information 
and data analysis tools, explore survey and 
administrative data on the STW, and collect 
comprehensive information on STW employers. 
NCSES is also communicating with the Bureau 
of Labor Statistics about its data products and 
how the two federal statistical agencies can 
work together more effectively. The NSB believes 
that these efforts are laying the groundwork 
for creating a coordinated federal approach to 
addressing STW data gaps.



THE SKILLED TECHNICAL WORKFORCE32



THE SKILLED TECHNICAL WORKFORCE 33

In July 2018, Executive Order 13845 established the President’s National 
Council for the American Worker (NCAW) to “provide a coordinated 
process for developing a national strategy to ensure that America’s 
students and workers will have access to affordable, relevant, and 
innovative education and job training that will equip them to compete 
and win in the global economy.” This Executive Order also established 
the American Workforce Policy Advisory Board.

In June 2019, the Workforce Policy Advisory Board announced four focus 
areas:
• Develop a campaign to promote multiple pathways to career success
• Increase data transparency to better match American workers to 

American jobs
• Modernize candidate recruitment and training practices
• Measure and encourage employer-led training investments

As NCAW tackles near-term employment and workforce development 
needs, it has independently identified messaging and data as 
areas for action. The Administration’s convening and coordination 
power can catalyze national progress on these challenges. NCAW’s 
deep engagement with industry stakeholders is also essential, 
complementing this report’s focus on the role of educational institutions 
and government. Given that the business sector conducts most of our 
country’s R&D, attention to skilled technical workers in industry settings 
is critical.

NATIONAL COUNCIL ON
THE AMERICAN WORKER

https://www.whitehouse.gov/presidential-actions/executive-order-establishing-presidents-national-council-american-worker/
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CHANGE THE MESSAGE

A lack of awareness among students, parents, and mentors about the nature 
of skilled technical work and the doors that it opens were recurring themes 
of Task Force listening sessions. Understanding and countering negative 
perceptions and raising awareness of the broad range of viable and attractive 
careers for STEM-capable individuals are crucial to the future of the STW and 
the U.S. S&E enterprise. We need individuals at all levels to be part of the 
STEM-capable workforce.

RECOMMENDATION: The NSB and NSF, and other S&E leaders should 
communicate the importance of the STW to our nation’s S&E enterprise, 
individual economic prosperity, national security, and U.S. global 
competitiveness. Key messages include:
  
• Skilled technical work is crucial to the nation and the S&E enterprise.
• The multiple educational pathways into the S&E enterprise are 

complementary and interdependent. Together they produce the educated, 
skilled, and diverse workforce the United States needs in today’s 
knowledge-and technology-intensive world.

• Skilled technical work is a pathway that can lead in a variety of 
educational and workforce directions.

• Pursuit of skilled technical work is about personal preferences and choices.

We offer the following recommendations to policymakers and S&E leaders to 
strengthen the STW and the S&E enterprise. The recommendations presented 
here are interconnected, each addressing aspects of one or more of the big 
picture, systemic challenges identified in this report.
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FOCUS ON THE DATA

It is critical that policymakers, employers, and individuals considering STW 
education and career pathways have high-quality data and information on 
the characteristics, educational needs, and career opportunities of the STW. 
Gathering these data will require additional federal resources, including 
funding and personnel, as well as coordination across federal statistical 
agencies and input from states and industry. These efforts will improve our 
understanding of STW characteristics and the design of policies, education, 
and skill development programs, including those developed in response to 
the Innovations in Mentoring, Training, and Apprenticeships Act of 2018.

RECOMMENDATION: To understand and begin to address data gaps, NSF’s 
NCSES, with additional federal resources and collaborating with other 
statistical agencies, should collect nationally representative data on the 
education, skills, and workforce characteristics of the STW. NSF should 
promote partnerships between governmental and non-governmental 
(industry, academia) stakeholders in the STW to share data and develop tools 
for public use and workforce planning.
Given the number of federal agencies that address aspects of the STW, an 
opportunity exists for all federal agencies to think holistically about how to 
leverage resources and complement one another’s activities. To do so effectively, 
a full inventory and understanding of the programs and activities that relate to the 
STW is needed.
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LEVERAGE THE PORTFOLIO OF 
FEDERAL INVESTMENTS

Given the number of federal agencies that 
address aspects of the STW, an opportunity 
exists for all federal agencies to think 
holistically about how to leverage resources 
and complement one another’s activities. 
To do so effectively, a full inventory and 
understanding of the programs and activities 
that relate to the STW is needed.

For example, while the Advanced Technical 
Education (ATE) program is NSF’s best known 
STW-related program, NSF also makes other 
STW research and education investments. 
Research on K-12 STEM education, digital 
literacy, the future of work, as well as research 
into effective pedagogy in mathematics and 
computer science at community colleges 
can all help inform preparation of the STW. 
A portfolio analysis of NSF’s current STW-
related investments across all directorates 
could help the Board and NSF convey 
to stakeholders NSF’s contribution to 
strengthening the STW, engage in strategic 
discussions about how these STW investments 
fit with other parts of NSF’s portfolio, and 
better communicate STW-related funding 
opportunities to principal investigators.

RECOMMENDATION: NSF should conduct a 
full portfolio analysis of its STW investments. 
The analysis could publicize and inform 
stakeholders about the breadth of NSF’s 
contributions to the STW, build awareness 
of funding opportunities, and maximize and 
leverage the impact of these investments.

BUILD PARTNERSHIPS

A one-size-fits-all approach to creating fruitful, 
sustainable partnerships does not exist. 
Partnerships must meet the needs of local 
employers and respond to the community, 
leveraging locally available educational resources 
at the high school and post-secondary level. 
For four-year institutions, building partnerships 
with other local entities (business/industry, 
high schools, community colleges, state and 
local governments) provides a way to broaden 
participation in higher education and the 
base of support for the institutional mission. 
Partnerships can take considerable trust, time, 
and resources to establish and sustain. Local and 
state governments, federal policymakers, and 
funding agencies must support and encourage 
partnerships formation.
 
RECOMMENDATION: In strengthening educational 
pathways for the STW, policymakers and 
educational institutions should recognize that 
K-12 school systems, two-year colleges, four-
year colleges and universities, and other post-
secondary education and workforce development 
programs are integral, synergistic parts of a 
whole. These institutions should work as partners 
together with business and industry to grow the 
STEM-capable U.S. workforce via STW programs 
tailored to the needs of their local communities. 
Policymakers can encourage the creation of such 
partnerships by developing federal programs 
that require partnership participation from 
stakeholders from multiple sectors. 

Given the number of federal agencies that address 
aspects of the STW, an opportunity exists for all 
federal agencies to think holistically about how to 
leverage resources and complement one another’s 
activities. To do so effectively, a full inventory and 
understanding of the programs and activities that 
relate to the STW is needed.
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o meet its charge, the Task Force 
undertook a number of activities, 
including:

Stakeholder engagement: The Task 
Force met with relevant organizations 

in the Washington, D.C. area, including the 
Department of Labor, Department of Education, 
the American Association of Community Colleges, 
NCSES, the Georgetown University Center on 
Education and the Workforce, and the American 
School Counselors Association to learn about their 
work and efforts to strengthen the STW. 

Listening Sessions: The Board held five listening 
sessions that included 203 participants from 65 
locations dispersed throughout the United States 
(see Figure on Page 44). Participants shared 
experiences and insights about the STW in their 
local and regional communities. Although much 
of what we heard is documented in a growing body 
of literature, the workers, students, businesses, 
and educators we met with shared personal 
stories, providing a compelling human portrait of 
the challenges and opportunities facing the STW 
as outlined in the body of this report.
 
More detailed information about the five listening 
sessions is included below:

• Baton Rouge Community College (BRCC): 
BRCC is located in Baton Rouge, Louisiana, in 
a region where the oil and gas industries fuel 
some 260,000 jobs. Like many community 
colleges, Baton Rouge Community College 
is an essential education center for students 
entering the skilled technical workforce.

• Macomb Community College (MCC): MCC 
is located in Warren, Michigan, in the heart 
of the rejuvenated automobile industry and 
home to the Center for Advanced Automotive 
Technology (CAAT), a NSF-funded Advanced 
Technological Education (ATE) center. CAAT’s 
mission is to meet the expanding workforce 
needs of the automotive industry by increasing 
the pool of skilled technical workers in 
advanced automotive technology including 
automated and connected vehicles, and 
vehicle electrification.

• Community College Innovation Challenge 
(CCIC): NSF’s Community College Innovation 
Challenge is a two-stage competition in which 
students use STEM to find innovative solutions 
to real-world problems. NSF brings student 
finalists and their faculty mentors from around 
the country to Alexandria, Virginia, each year 
to participate in an Innovation Boot Camp. 
The Board met with these students and faculty 
mentors who echoed many of the themes that 
came to light at BRCC and MCC.

• Florence Darlington Technical College 
(FDTC): FDTC is a two-year technical college 
located in Florence, South Carolina, a region 
that is home to a variety of industry sectors 
including advanced manufacturing, advanced 
materials, aerospace, and automotive. The 
South Carolina Advanced Technological 
Education (SCATE) Center of Excellence, 
located at FDTC, is NSF’s longest running 
ATE initiative. The SCATE Center offers a 
variety of resources supporting industrial 
and engineering technology programs and 
related STEM programs nationwide, including 
recommendations for faculty development 
best practices, strategies for recruiting  
and retaining students, and methods for 
effective instruction.
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• Advanced Technological Education (ATE) 
Principal Investigators’ Conference: 
NSF’s ATE program focuses on educating 
technicians for the high-technology fields 
that drive our nation’s economy. The annual 
ATE conference brings together over 800 
people to focus on the critical issues related to 
advanced technological education. Forty-five 
participants joined NSB’s listening session, 
which included community college students 
and faculty, and recent ATE program alums. 
Participants represented 30 community 
colleges across the country.

The Task Force shared its observations with the 
public, scientific community, and policymakers 
through communication pieces, Hill testimony, 
panel discussions, and a resource website. NSB’s 
activities occurred simultaneously with other 
federal efforts, such as the National Council 
for the American Worker, the release of the 
Administration’s five-year STEM Education plan, 
and congressional legislation focused on the 
Skilled Technical Workforce.
 
Resources developed from the activities of the 
NSB Task Force on the Skilled Technical Workforce 
are available online at https://www.nsf.gov/nsb/
NSBActivities/skilled-technical-workforce.jsp.

https://www.nsf.gov/nsb/NSBActivities/skilled-technical-workforce.jsp
https://www.nsf.gov/nsb/NSBActivities/skilled-technical-workforce.jsp
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(SATA) (Pub. Law. 102-476) explicitly adding 
support for the STW to NSF’s statutory functions. 
This legislation directed NSF to award grants to 
associate-degree granting colleges in order to 
expand the pool of skilled technicians, increase 
the productivity of the nation’s industries, and 
improve U.S. competitiveness.31  Since then, NSF 
has helped strengthen the STW through a variety 
of mechanisms, including:

Education and Workforce Development: 
The Advanced Technological Education (ATE) 
program, which was a direct response to the SATA 
legislation, educates highly qualified science and 
engineering technicians for advanced technology 
fields that drive our nation’s economy. ATE is 
NSF’s single largest investment in the STW, 
providing approximately $60-$65 million annually 
in grants to public, two-year, community and 
technical colleges.

Improving Undergraduate STEM Education (IUSE) 
supports a suite of investments to address
immediate challenges and opportunities facing
undergraduate education. IUSE also supports 
new structures (e.g. organizational changes, new 
methods for certification or credentialing, course 
re-conception, cyberlearning, etc.) and functions 
of undergraduate learning and teaching.

Scholarships in Science, Technology, Engineering, 
and Mathematics (S-STEM) addresses the need for 
a high-quality workforce in the STEM disciplines 

supported by the program and for increased 
success of low-income, academically talented 
students with demonstrated financial need who 
are pursuing associate, baccalaureate, or graduate 
degrees in STEM. The program provides awards to 
higher education institutions for scholarships and 
to advance the adaptation, implementation, and 
study of effective evidence-based curricular and 
co-curricular activities.

Computer Science (CS) For All aims to provide all 
U.S. students the opportunity to participate in CS 
and computational thinking at the pre-K-12 level. 
NSF’s current solicitation focuses on researcher-
practitioner partnerships that foster the research 
and development needed to bring CS and 
computational thinking to all schools.

Fundamental Research: In March 2019, NSF 
issued a Dear Colleague Letter inviting proposals 
for convergent research on the topics of “Artificial 
Intelligence (AI) and the Future of Jobs” and a 
“National Talent Ecosystem.” The former will 
support research and development to understand 
and influence the impact of AI on workers and 
work and foster lifelong learning. The latter 
supports research and development of innovative 
approaches for employers to support workers 
seeking the skills for 21st century work related to 
AI, data science, predictive analytics, and other 
technologies of the future. Approaches of interest 
include re-envisioning the concepts, structures, 
and technologies needed for employers to support 
continuous learning for dynamic, digitally-
intensive work, and providing access to skilled 
talent. NSF also funds research relevant to the 
STW such as research on math pedagogy for non-
traditional students, computer science education, 
and barriers facing women and persons of color 

n important element of NSF’s 
mission is to prepare the 
STEM workforce of the future, 
including the STW. In 1992, 
Congress passed the Scientific 
and Advanced-Technology Act 
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in STEM. This research is funded through NSF’s 
Directorate on Education and Human Resources 
(EHR) and NSF’s science directorates.

Infrastructure: NSF’s Science of Learning program 
supports basic research that expands fundamental 
knowledge about learning principles, processes, 
and constraints. See also ATE above.

Data Collection and Analysis: The National 
Center for Science and Engineering Statistics 
(NCSES), a federal statistical agency housed 
within NSF, collects high quality data on the 
S&E enterprise, including statistics related to 
the education and career pathways of all STEM 
workers. New NCSES data and analysis on the STW 
will be included in the 2020 edition of the Board’s 

Science and Engineering Indicators report. 
Community Building: NSF supports the annual 
Community College Innovation Challenge (CCIC), 
a competition in which community college teams 
use STEM to create solutions for real-world 
problems. Teams earn full travel support to 
attend an Innovation Boot Camp in Washington, 
D.C. and discover how to transform ideas into 
reality by learning entrepreneurship strategies, 
customer discovery, start-up business and 
product developing methodology, and design-
centered thinking. 

NSF INVESTMENTS IN SKILLED TECHNICAL
WORKFORCE DEVELOPMENT
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