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1. This is an overview of recent US STEM education initiatives, emphasizing the use of experiential learning methods
(based on Remington, Chou and Topa 2023)

2. Many recent local initiatives, often linking schools (secondary and 2- and 4-year postsecondary) with other
institutional partners (eg firms, community organizations, science museums)

3. Many initiatives funded by federal government (eg NSF); industry; state and local governments
4. Many focus on “experiential learning,” ie integrating formal instruction with learning-by-doing
5. Motivation of paper:

a. Labor markets generally fail to reward full value of informal knowledge, ie knowledge acquired through
experience; cf Rogers (2014)--learning through solving problems or completing tasks by applying prior knowledge
to new contexts or technologies. Polanyi: “We know more than we can tell.”

b. Institutional obstacles inhibit mutually beneficial cooperation, eg rigid state curriculum requirements,

weakness of cross-links between public general education, CTE, higher education, workforce development

efforts (cf Ross and Carnevale 2022)

c. A “liberal market economy” faces problems of market frictions in demand and supply for skill

d. Successful STEM education provides both social benefits (ie improving career choice and mobility
opportunity for individuals) as well as economic benefits (enhancing productivity for individuals and industry)



Many initiatives arise from concern that US falling behind in global technological competition (Alper 2016)

. And from fact that educational system failing many young people (high economic inequality, related to high
geographic inequality, lowers economic mobility through education) (Rosenbaum et al. 2015; Hanushek et al.
2019; Reardon 2011; Chetty et al. 2014, 2015, 2017; Symonds, Schwartz and Ferguson 2011)

Premise: well-aligned system of experiential education through STEM can facilitate:
a. Greater opportunity for young people
b. Better-prepared labor force for industry
c. Economic development for communities, country
- -ie “win-win-win”

Definition: STEM-based experiential learning refers to deliberate efforts to shape the learning context to tie formal
and informal learning by organizing education around the integration and application of formal STEM content.



Defining STEM:

A widely-cited definition: STEM is “..an interdisciplinary approach to learning where rigorous academic concepts are
coupled with real-world lessons as students apply science, technology, engineering and mathematics in contexts that make
connections between school, community, work and the global enterprise enabling the development of STEM literacy and
with it the ability to compete in the new economy.” (Tsupros, Kohler, and Hallinen, 2009)

Camilli and Hira: “Most successful technology-based products and services require bodies of knowledge and skills that
are not typically understood as STEM-related, including humanities and social sciences; languages and the arts;
communication and presentation skills, oral and written; management, team work, and interpersonal skills; and cultural
knowledge and awareness.... Traditional STEM classifications are artifacts of classification, rhetoric, and ideology, and
politics; these fuzzy groupings are inadequate tools for workforce training. If the fundamental workforce issues concern
economic well-being and the bettering of life, then a diverse workforce is required in which individuals can function in a
range of roles—drawing on broader sKkills sets to create products and services.” (Camilli and Hira, 2019)

From interviews with teachers in Madison, Maine:

“[1 am] using STEM to improve the way of thinking. I view it more as STEAM [ie science, technology, engineering, arts, and
math] than STEM. Itis used to improve life, not make it easier, and to enrich education.”

STEM is “a way of thinking, a way to look at a problem. Creative Confidence [a book], used in my classes, is focused on
doing design with a purpose.”



1. Obstacles:
a. Expense (organizing, sustaining new models of education)
b. Bureaucratic routine
c. Pursuit of short-term successes at expense of longer-term investments
d. Conceptual ambiguity around “STEM” -- broad vs. narrow definitions (eg are “mid-skill” technical jobs STEM-
related? (cf Rothwell 2016: "It is widely believed that tacit or informal knowledge--as opposed to that gained
through formal education--is important for skilled technical workers.”)

2. Impetuses for institutional interventions :
a. Market failures (labor market fails to reward full benefit of learning-by-doing (Arrow 1962)
b. Resistance by schools (eg teachers, administrators must meet state standards for credit hours)
c. Parents may resist departure from familiar methods of instruction

Long history in US, eg John Dewey and Progressive Movement:
a. Child-centered education; “experientia docet”
b. Learning by doing as citizenship education
c. Bring knowledge from community into school, then back to community
d. Cultivate ability to to solve problems, cooperate, take initiative
e. Recognizing self as part of larger society

4. But Dewey'’s ideas were not implemented in most public schools!




1. Experiential learning is integral to technical and vocational training and education (TVET); is a core aspect of CTE
programs (career-technical education centers, tied to secondary schools in American states; offer courses and
certificate programs; some offer pre-apprenticeships);

2. "Dual education” methods (ie apprenticeships) not widespread in US
(of US labor force = 167.8 million workers, 678,000 [0.4%] are in apprenticeships)

2. US often relies on partnerships among schools and employers for TVET and other forms of experiential learning
CTE centers and community colleges often have close relations with local employers

3. We classify these relationships along two dimensions (Remington and Yang 2020):
a. Level of coordination on across firms operating in same labor market
b. Costliness of investment in cooperative arrangements on part of partners

4. Theory: greater investment in TVET by firms yields greater control over content of
training; therefore firms sacrifice control over content when sharing TVET spending with other firms

5. Yields two-by-two matrix:
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Consortium model:
Sectoral association sets
occupational standards;
Intermediary organization
coordinates partnerships,
aligns VET with industry
needs in multi-school
consortia

Liberal model:

Competitive market for labor;
Competitive market for VET;
Multiple bilateral school-firm
agreements

Solidaristic model:

Strong sectoral and regional
organizations oversee standards,
VET; multi-sided partnerships (eg
of employers, unions, schools,
government) bargain over VET.

Parental model:

Anchor firm invests in
proprietary training (foreign
investors; dominant employer)

Low
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Cost of investment by partners



1. Most of the projects studied in this paper fall into consortium or parental category
2. Larger questions:
a. Do these initiatitives yield educational and occupational benefits for students?
b. Do they raise level of preparedness for workforce?
c. Do they have benefits for society (eg higher income levels, lower inequality)?
3. Ultimate goal: assess initiatives to determine effectiveness in meeting these objectives
4. Unfortunately, data too limited to allow assessment
5. This paper’s goals more modest: classifying initiatives, observing common organizational patterns

6. 2 sources of evidence:

a. analysis of 11K NSF grants over 2017-2022 period to support STEM education projects in the US
b. case studies and meta-analysis of case studies



1. NSF grants, 2017-2022: N = 11,406. Total of $8.7 billion spent.

2. We coded all abstracts containing keywords:
“education,” “learning,” “employment,” “pathways,” “jobs,” “workforce”

3. Grant recipient and intended beneficiary institutions sorted by category: post-secondary (2-year + 4 year); other,
eg museums

4. We searched for references to:
a. curriculum development
b. employer engagement
c. do students from outside vocational track participate?
d. is there an evaluation component?
e. is there an explicitly experiential component?
f. employer partnership?
g. are intermediary organizations involved?
h. is a specific target population mentioned (eg women, minorities, rural population)
i. establishment pathway from school to employment?
j. are there support services?
k. teacher development?
1. workforce development focus?



) Grant category (target
Grant attributes

SECONDARY+ 2-YR+ 4-YR+ UNSPECIFIED Full Sample
27.08% 6.71% 61.95% 4.26% 100.00%

% Curriculum development 36.87% 4248%  20.78% 11.32% 26.19%
% Employer consortium 0.42% 0.78% 0.06% 0.00% 0.20%
0 :

pOLISCE: tsrt:c‘:(esnts outside 35.58%  25.23%  33.82% 2613%  33.39%
% Evaluation component 29.59% 36.99%  27.50% 28.81% 28.76%
% Explicitly Experiential 27.94% 28.76%  24.26% 13.37% 25.09%
% Grantee is a school 89.16% 94.25%  95.95% 5.35% 90.14%
% High Industry Engagement 21.40% 2092% 18.99% 15.43% 19.62%
% Industry partnerships 4.56% 7.32% 2.02% 0.62% 3.01%
0 :

61;‘;;‘1;‘;‘::;?" 0.42% 0.65%  031% 1.65% 0.42%
% Local industry-driven 11.59% 13.07% 5.93% 5.97% 7.94%
0 :

lf;:'uelgzzﬁs Target 60.89%  7229%  52.90% 4753%  56.14%
% Pathways strategy 38.62% 41.83% 27.06% 35.80% 31.55%
% Rural-serving 9.91% 5.62% 3.11% 4.73% 5.19%
% Supportive services 2.98% 2.75% 2.52% 2.88% 2.67%
% Teacher development 53.09% 36.86% 19.93% 23.66% 30.20%
)

ff)’c‘l’lvs"rkf"rce development 65.68%  8431% 61.69% 55.14% 64.01%



General observations on NSF-funded projects:
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Over half projects target specific populations (eg disadvantaged groups; female students; rural
communities)

Frequently seek to build skills in specific technologies and applications (eg unmanned aeronautical
systems; biomedicine; farming equipment) rather than broader disciplinary knowledge

Few cite intermediary organizations or support services

Fewer than 1/3 cite evaluation components

Few cite details on implemention methods and procedures

Little attention to community-wide benefits

~ 1/3 cite pathways elements, eg dual enrollment

~ 1/3 engage students outside vocational tracks—ie are not reaching students in general education
courses

< T4 mention explicitly experiential elements

Grants to 2-year schools tend to emphasize workforce development (reflects US pattern of
encouraging community college links to local industries)

Grants to 2-year schools highly likely to target specific populations, eg minorities, women



Analysis of case studies:

1. Searched for papers, reports, websites, project announcements, scholarly papers (2014-2022) related to:
STEM education; STEM and experiential learning; STEM education and workforce development.

2. Questions:
a. Experiential learning component?
Cooperation with industry
Partnerships between schools and other organizations
Reference to intermediary organizations
Targeted population?
Fields of study
Reference to expanding career opportunity
Reference to evaluation component
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Observations on case studies:

7.
8.

9.

Many projects seek to awaken student awareness of, enthusiasm for STEM

Many projects targeted specific populations (eg disadvantaged populations; females; students with+ learning
disabilities; workers displaced by automation and offshoring)

Many projects included an assessment, but in most cases these were based on surveys of students regarding
reactions to participation in project; almost none examined impact on educational outcomes (eg grades, school
completion rates) or career outcomes (eg employment in STEM field); almost none used rigorous analytical
methods (eg comparison of treatment and control groups)

Only one project used assessments of student progress to guide instruction over the course of the project—was in
Indonesia! (Parno, Mufti, Widuri and Ali 2021)

Most common fields of study were engineering and computer sciences

Partners—some industry consortia; some government institutions, eg NASA's Space and Rocket Center
(Huntsville, Alabama) engages with consortium of aerospace manufacturers, eg Lockheed-Martin

Common model is partnership between a 2- or 4-year higher educational institution and secondary schools
Relatively few projects cited the use of intermediary organizations to coordinate partnerships

Wide variation in depth of commitment by schools and partner organizations

10. One study of High School Longitudinal Study data found: low-income students who took STEM-CTE courses had

higher rates of school engagement (ie higher attendance, fewer discipline problems)



Principal types of assessment methods:

1.

Participant surveys (eg before and after questionnaires)
Evaluation of educational results (eg test scores, graduation rates)
Analysis of national high school longitudinal survey data (individual student level)

Almost no studies compared participants and non-participants; none tracked students beyond high school; none
used rigorous evaluation methods, eg difference-in-difference analysis)

Most common fields of study:

1.

Engineering and computer science
Physical sciences
Life sciences

Earth sciences



Common types of organizational partnerships:

1. Community college + area secondary schools

2. Community college and/or 4-year university + industry + federal agency + private foundation
3. Local science museums

4. Regional economic partnership



One 1nitiative 1n Maine targets two counties in the northwest of
the state, Franklin and Somerset Counties. Both are relatively
poor and rural.

I serve on advisory committee.

The state and a private company are funding an effort to
improve STEM education in the two counties.

Most of the funds go to K-12 education, including career-
technical education centers (CTE) at the secondary level

Since 2021, the project has provided over $115 thousand in
grants to teachers for equipment and professional development,
and $52,000 in scholarships to residents of the two counties to
acquire STEM-related educational credentials. It has worked
with more than 30 elementary, middle, and high schools, and
more than 80 businesses and post-secondary schools. The grant
also funds the work of coordinators employed by a Maine-based
intermediary organization.

So far, the project has reached more than 6500 students.

Arocostook




These are images from a 2025 project led by a fifth-
grade science teacher and a science teacher from
KVMPA. Using funds from the STEM project grant,
the students built raised garden beds and transplanted
vegetable and flower seedlings into them. In the fall,
the children will harvest them.

As part of the project, the children study biology,
chemistry and ecology in the context of growing a
garden.

KVMPA = Kennebec Valley Multiple Pathways
Academy i1s an alternative education program for
grades 7—12, with a strong focus on career exploration
as a foundation for academic learning. Our hands-on
approach includes managing a student-run aquaponics
facility that supplies fresh lettuce to local schools. In
addition, students gain real-world skills through work
in our greenhouse, woodshop, and kitchen, and field-
based learning experiences in the community.

Led by fifth grade science teacher Lisa Malloy and KVMPA teacher Julie Wallace, the day tied into the fifth
graders’ ongoing science lessons about systems, agriculture, and the interaction of Earth’s spheres -
hydrosphere, geosphere, atmosphere, and biosphere. Students eagerly caught tilapia from the hydroponics
systems, analyzed water chemistry, observed aquatic life under microscopes, and transplanted flowers in
the greenhouse.

Thanks to support from the STEM Pilot Project mini grant, this year’s project included building three 4x12
raised beds, which provides a new space to grow plants and learn outdoors. With the fifth graders’
enthusiasm for hands-on learning and the strong mentoring partnership with KVMPA, we’ve launched an
exciting new chapter for science education!

The collaboration will continue as 5th graders now house their germinated seeds in the KVMPA greenhouse
before transplanting them into the raised beds. In June, students planted zinnias, sunflowers, and carrots—
looking forward to a fall harvest as rising 6th graders. We’re also planning to make KVMPA day a beloved
annual tradition.




Another project makes use of a 3-D printer in a 4t grade
classroom.

The teacher’s son and the son’s girlfriend—both
university students familiar with the technology—visited
the class over the Christmas 2024 holiday and taught the
students how to program the machine to design and
make personalized bookmarks.

In addition to learning to use the technology, the project-
based learning experience allowed students to learn from
mistakes, identifying and solving problems.

The 3-D printer was donated to the classroom, so the
children will be able to devise and carry out their own
projects.

3D PRINTING

Valerie LaPointe, 4" Grade Teacher
Margaret Chase Smith School

This fall, | received a 3D Printer and filament for my
classroom through the STEM Pilot Project. My son, a
Mechanical Engineering student at the Technical
University of Munich in Germany, and his girlfriend, a
Computer Science major at Stanford, visited my
classroom during their Christmas break. They taught
my students some of the basics of 3D printing and
demonstrated how to use the program Tinkercad to
design personalized bookmarks.

Students have learned that 3D printing can be
frustrating when the design is incorrect or the printer
isn't functioning properly. Students are learning to
persevere and troubleshoot when faced with
challenges. These experiences help develop important
life skills they can use in daily life or in their future
career field.

After creating their bookmarks, our guests presented
the class with a design challenge: to create a pencil
topper using their newly acquired skills. My students
learned a great deal and are excited to practice and
further develop their 3D printing skills throughout the
year!

“My students are thrilled to have access
to a 3D printer in their classroom. They
enjoy watching the printer make various
items and are eager to learn more about
how to use Tinkercad to create designs.”




General observations (1):

1. Wide range of organizational patterns, approaches to STEM-based experiential learning involving
cooperation among schools, businesses, government, civic organizations

2. Divergence of motivations on part of educational institutions, employers (Blake, Hearn and Heaton,
2019):

Employers regard schooling as way to build pool of candidates for current and anticipate job vacancies;
Educators sought ties to employers for help in building broader range of career-relevant skills (example
of mal-aligned expections: how much guidance, instruction employers give to interns)

3. A study of education leading to careers in nuclear power industry (Blake, Hearn and Heaton, 2019)
found that the most successful practices:

a. used STEM to show application of curriculum to real-world applications;

b. took advantage of interest expressed early in a student’s education;

c. followed up with mentorship;

d. integrated STEM content across disciplines and applications;

e. tied curriculum to experiential activities inside and outside school;

f. maintained strong links between secondary and post-secondary schooling.

4. However, our findings suggest that such models are rare!



General observations (2):

1. Social and economic value of STEM-based experiential learning is well established in educational and
economics literature

2. “Liberal model” of capitalism in US creates strong path dependencies, eg decentralization of educational
initiative, leading to wide variation in approaches

3. Despite ample evidence of value of intermediary organizations in coordinating partnerships among
schools and other organizations to facilitate experiental learning, almost no projects explicitly include
intermediary organizations as partners; they are expensive; role not readily subject to commercialization
4. Despite high spending, little rigorous effort made to measure effectiveness in reaching larger goals;

5. Major obstacle to evaluation is inability to track individual students from school through career

6. Most projects appear to enhance existing instructional curricula rather than introduce significant
changes in structure and content

7. Many projects emphasize experiential learning through connecting school with community



This presentation is drawn from collaborative research conducted with two Harvard undergraduate students and
published as "Experiential Learning through STEM: Recent Initiatives in the United States," Thomas F. Remington,
Pallas Chou and Ben Topa, International Journal of Training and Development 27:3-4 (2023), pp. 327-359.
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Question: How can we do a better job of connecting education with careers?

One model is“experiential learning”
An old idea—constantly being reinvented--eg John Dewey

* Learning by doing as citizenship education

* Bring knowledge from community into school, then taking it back to community
 (Cultivate ability to to solve problems, cooperate, take initiative

* Help students see self as part of larger society

Other models—apprenticeship systems, eg Germany, Switzerland, Austria

One example: STEM Pilot Education Project in Franklin and Somerset Counties

Since 2021, the project has provided over $115 thousand in grants to teachers for equipment and
professional development, and $52,000 in scholarships to residents of the two counties to acquire STEM -
related educational credentials. It has worked with more than 30 elementary, middle, and high schools, and
more than 80 businesses and post-secondary schools. The grant also funds the work of coordinators
employed by JMG. So far, the project has reached more than 6500 students.
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