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1 | INTRODUCTION

As technological advances transform the occupational structure of the US economy,
policymakers and employers are demanding higher levels of qualifications in the workforce
for science, technology, engineering and math (STEM)-related jobs. As economists point out,
many employers are reluctant to invest in training in general skills when they cannot be certain
they will retain the workers whom they have trained (Acemoglu & Pischke, 1998; Anderson &
Hassel, 2008). However, it is costly for educational institutions to provide the equipment,
facilities, professional development for instructors and curriculum modifications that would
enable students to acquire practical skills in applying the knowledge they acquire in school.
Multiple ways exist to enable students to learn to make practical use of the formal knowledge
imparted in the school curriculum; some methods require much deeper engagement on the
part of students, educators and school partners, some are much less labor- and resource
intensive. For example, the level of coordination between schools and employers required in a
system of dual education, such as that embodied in apprenticeships, is much more demanding
than organizing visits for school pupils to workplaces. Methods such as project-based learning
in school, ‘enhanced learning opportunities’ (ELO's), or intenships with employers, occupy an
intermediate position between high-intensity and low-intensity forms of workplace-based
learning." All, however, seek to match informal learning through experience with formal
learning learned through systematic instruction.

Much literature demonstrates that the incorporation of experiential learning methods into
STEM education yields benefits to both students and society by improving students' ability to
apply theoretical knowledge to practical problems. Advocates of experiential learning methods
—through its emphasis on learning, doing and reflection—aspire to strengthen educational
outcomes by linking the academic curriculum to knowledge acquired through personal
experience. Experiential learning seeks to strengthen abilities to develop higher-order thinking
skills, going beyond rote information memorization or successful performance of repetitive
tasks. Employers increasingly demand higher-order thinking skills. Experiential learning,
therefore, helps bridge the gap between academic, or general, education and career-oriented
vocational training (Dewey, 2010 [1915; 1902]; Kolb, 2015; Ryan, 1995). It also helps motivate
students toward academic success. Many practitioners find that successfully integrating
informal with formal learning through planned, structured experiential methods can awaken
senses of personal agency and striving in young people for whom traditional formal education
produces discouragement and failure (Hoffman, 2015; Hoffman & Schwartz, 2017) Never-
theless, although methods combining in-school and workplace-based learning are considered
optimal, they are institutionally challenging to establish.

'ELO's (sometimes the term used is ‘extended learning opportunities’, in other cases ‘enhanced learning opportuities’)
refer to a variety of forms of workplace-based learning sponsored by schools, for which students can receive academic
credit. In different states, different terms are used for these types of programs, but all grant academic credit for learning
that has a practical and career-oriented character. The State of Maine, for example, has funded 26 centers around the
state to facilitate ELO work in the schools, employing state and federal funding for the purpose. Some ELO's take the
form of internships, others independent study projects, still others group fieldwork with local aquafarmers along the
coast. At the school, an ELO coordinator works to match students with projects and employers, track progress, and
maintain records of the successful completion. In many cases, the ELO coordinator is employed by a state-wide, state-
funded, nonprofit intermediary organization called Jobs for Maine Graduates, or JMG. The JMG coordinator is based in
the school. https://www.maine.gov/doe/index.php/learning/elo.
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A few schools in the United States have an explicit emphasis on STEM education. Programs
in such schools, according to a 2016 study, share several common features (LaForce et al., 2016).
One is an overall goal of helping students address practical problems through critical thinking.
Another is to encourage active, rather than passive, learning. The schools pursue these goals by
organizing learning around structured, rigorous problem-solving; paying attention not only to
building technical skills but also to building abilities to pursue careers and manage the
demands of adult community life; maintaining supportive school cultures through professional
development for teachers and extensive communication among all instructional staff;, and
involving parents and other community members to reinforce the school curricula.

A 2019 study examining how well STEM education was preparing students to pursue
careers in the nuclear power industry discovered a divergence in the expectations on the part of
educators and employers about their respective roles in STEM education (Blake et al., 2019).
Educators sought closer cooperation with employers in cultivating the broader range of skills
that would equip students for the workplace. For their part, employers considered it the
schools' job to build a pool of qualified candidates for the workforce and hence tended not to
devote as much attention to supervising interns' learning experiences as educators had hoped.
The most successful educational practices used STEM to engage students through real-world
applications of instructional content, taking advantage of interests expressed early in their
educational careers and nurturing it with effective mentoring. The content of STEM courses
was integrated across disciplines and applications and tied to enrichment activities both inside
and outside school. Finally, successful STEM programs at the secondary level were strongly
linked to postsecondary schooling.

In career education programs in the United States, experiential learning has long been part
of the curriculum (Smith, 2017).? On the other hand, researchers have found that students who
are in CTE tracks often lack the preparation to succeed at the postsecondary level. This is for
multiple reasons. Often the factors leading students to choose a CTE program over a general
education track are the same factors associated with lower rates of educational and career
success—poor academic preparation, poverty, difficult family circumstances and so on. These
students drop out of school at higher rates. A similar socioeconomic division characterizes
patterns of enrollment in postsecondary institutions: students facing greater challenges tend to
study for technician jobs; those with better preparation enter degree programs leading to
higher-level positions, such as engineer (Van Noy & Zeidenberg, 2017). Therefore, although the
experiential learning opportunities for STEM careers provided by career-technical courses may

?In the United States, what used to be called vocational education is now termed ‘career-technical education’. Typically,
public secondary schools have CTE Centers. Some are housed under the same roof as the general education program,
others are located separately. In the latter case, students in the CTE program are bused from their regular high school
to the CTE center, typically for a half day. Whereas vocational education and training at the secondary level is
organized in CTE centers, at the postsecondary level, most vocational-technical education takes place in 2-year colleges,
either community colleges or specialized technical training colleges. These are not termed CTE centers. Both CTE
centers and 2-year community colleges with a strong vocational orientation or technical training colleges generally
maintain close relations with employers in their area. Employers, local governments, chambers of commerce, economic
development corporations, and other key stakeholders in the community work closely with these colleges to align the
training programs offered in the school with the current and projected future needs for the labor market in the area.
Practical on-the-job training is also widespread in such programs. Therefore CTE centers and vocationally-oriented 2-
year colleges work closely with employers, both in designing curricula and in providing opportunities for experiential
learning. By contrast, experiential learning tends to be more casual and less systematic in general education programs
at the secondary level and particularly at the tertiary level in 4-year institutions.



be valuable, the students themselves may face social barriers to going on to postsecondary
education where they might acquire the higher-order skills needed to take better-paying,
higher-level jobs in the digital economy.

Broadly speaking, therefore, we might say that the experiential learning aspects of STEM
education tend to be strongly emphasized in CTE education at the secondary level and in
vocationally-oriented 2-year community and technical colleges, and that a more academic
approach to STEM tends to be emphasized in general educational curricula at the secondary
and tertiary levels at the expense of experiential learning. In such programs, it is more
common to see relatively low-intensity practices such as ‘STEM day’, where students have
opportunities for hands-on learning, or visits to the workplaces of local employers. Meantime,
the applied knowledge developed in career-technical education centers at the secondary level
and in 2-year higher educational institutions, frequently emphasizes acquisition of technical
skills at the expense of broader scientific and mathematical knowledge. The dilemma is that,
because formal STEM education for students in CTE and community colleges tends to be
restricted to specific vocational objectives, graduates’ knowledge base tends to be narrow. As
a result, they are less well prepared to enter higher-paying careers with greater prospects for
advancement.

This continuing separation of the academic from the applied dimensions of education
contributes to the continuing cleavage between skilled manual labor and white-collar clerical,
managerial and professional labor, with relatively low career permeability between them and
relatively high pay differentials (Biavaschi et al., 2012; Rothwell, 2016). The United States has
long faced the challenge of overcoming the stigma attached to vocational-technical education
and the socioeconomic inequality associated with it. For that reason, many educational
initiatives work to bridge the gap between secondary-level and tertiary-level schooling by
means of ‘pathways’ programs that enable students in secondary school to receive credit for
tertiary-level coursework in addition to vocationally-oriented training (Stern, 2015). However,
as economists have shown, labor markets do not always ensure that informal knowledge is
acquired in adequate levels and assortments or compensated appropriately (Arrow, 1962). The
American labor market, as a result, continues to undervalue the tacit knowledge of skilled
workers and mid-skill technicians, particularly when compared to Germany (Haslberger, 2021;
Oesch & Picciotto, 2019; Rohrbach-Schmidt, 2019; Rohrbach-Schmidt & Tiemann, 2013). As
noted above, the best-performing STEM-focused schools are those with explicit links between
secondary and tertiary educational institutions (such as articulation agreements and dual
enrollment).

2 | RESEARCH QUESTION AND RESEARCH DESIGN

In this paper, we review recent educational initiatives in STEM education, specifically asking to
what extent experiential learning methods are being incorporated into STEM education in the
United States. We proceed from eight premises, each of which raises a question for the
research.

First, given the widespread belief that improved STEM education is vital for national
prosperity as well as for career opportunity at the individual level, we ask to what extent
recent initiatives involving STEM education have workforce development as an explicit
objective.



Second, on the assumption that integration of experiential learning methods into STEM
education yields the best results, we specifically looked to see how frequently STEM education
initiatives incorporate experiential learning methods and, if so, what types of experiential
learning are used.

Third, recognizing that some experiential learning methods are resource-intensive, often
requiring dedicated supervision of practical training in the workplace or special facilities and
instructional methods in educational institutions, we sought to determine whether initiatives
made efforts to revise school curricula or provide professional development for instructors.

Fourth, because much of the literature in the field finds that certain categories of the
population in the United States are underrepresented in STEM careers (particularly women,
residents of rural communities and members of racial and ethnic minorities) we looked for
references to target populations.®

Fifth, as noted above, experiential learning methods are characteristic of vocational-
technical education at the secondary and tertiary (2-year college) level but are much less
widespread in general secondary education. Therefore, we looked for references to ‘pathways’
approaches, or other mechanisms for facilitating the transition from secondary to
postsecondary education and to good careers.

Sixth, because collaboration between educational institutions and employers can provide
effective opportunities for experiential learning (as in European ‘dual education’ systems), but
because the liberal market economy institutional makeup of American society impedes it, we
observe many local, community-based initiatives sponsored by educational institutions,
employers and business associations, and nonprofit organizations such as science museums
(Remington, 2018). These may be resource-intensive, requiring active instructional supervision
of internships on the part of an experienced mentor, or relatively low-cost, such as field trips to
visit businesses. Nevertheless, because organized workplace-based learning usually takes place
outside the school setting, we searched for references to partnerships between educational
institutions and businesses and industries.

Seventh, the literature shows that third-party intermediary organizations can play a
crucial role in facilitating cooperation between educational institutions and employers
(Conway & Giloth, 2014). Such organizations can take many forms, and perform many types
of functions, among them ‘wraparound’ social support for students (personal coaching,
assistance solving personal problems, monitoring individual performance); maintaining
regular communication between educational institutions and employers; record-keeping.
High-performing intermediaries yield high positive returns for partnership programs but are
costly. We sought to determine how widely they are incorporated into the STEM-related
initiatives we surveyed.

Finally, in view of the wide diversity of undertakings, there is a risk that the knowledge
gathered about their effectiveness is not collected, analyzed, shared and generalized to guide
subsequent project designers. Therefore, we looked for any indication of a deliberate effort to
assess the effectiveness of the initiative in meeting its stated goals.

We draw on a combination of qualitative and quantitative evidence for the paper. The
quantitative evidence is from an analysis of the proposal abstracts for all 11,406 of the STEM
education and workforce development-related projects funded by National Science Foundation

*The NSF issues an annual report on the problem of underrepresentation of particular groups in STEM fields. See, for
example, NSF 2023. See also Fry et al. (2021) and Kricorian et al. (2020).



(NSF) grants from the end of 2018 to the beginning of 2022.* These abstracts, as well as details
of corresponding grantee organizations, were obtained from the NSF's publicly accessible grant
database through searches using keywords ‘education’, ‘learning’, ‘employment’, ‘pathways’,
‘jobs’ and ‘workforce’.

We created a rudimentary text analysis tool to sift through the abstracts. The system
checked grant titles and abstracts, as well as grantee organization titles, for keywords and
keyword stems revealing key attributes—goals, structure and function—of NSF-funded
programs. A complete glossary, including attributes of interest and keywords used, is available
in the Appendix. This summary of findings specifically examines frequency with which grants
exhibited these attributes. These grants were awarded to 2- and 4-year educational institutions,
secondary schools and a smaller number of research institutions; the largest number went to 4-
year colleges and universities.

In keeping with the discussion above, the paper classifies these projects along eight
dimensions:

. explicit attention to workforce development

. explicit integration of experiential learning methods

professional development for teachers, curriculum development

. nature of target population, if any

incorporation of ‘pathway’ elements linking secondary and postsecondary education
. nature of collaboration with employers

. involvement of an intermediary organization

. incorporation of evaluation instrument.

5o 0 A0 O

In the second part of the research, we also examined a number of case studies and scholarly
studies of local initiatives in schools in recent years, reviewing a range of published and
conference papers, reports and media stories, and project websites, drawn from education
research databases, secondary literature and websites of specific organizations. We reviewed
these projects with an analogous set of criteria to those employed for the analysis of the NSF
grants but modified to reflect the heterogenous character of the materials we gathered. We
present the findings in this part of the research as preliminary, because, given the open-
endedness of the set of projects aimed at improving STEM educational outcomes, our data set is
far from comprehensive. Note that the set of these projects did not overlap with the 11,000-plus
NSF projects, indicating how numerous and diverse are efforts in the United States to improve
STEM education through experiential methods. In addition to collecting reports about several
specific initiatives—such as those relating to space science and engineering centered around

“The National Science Foundation serves as a sponsor of fundamental and applied research in the United States and is
funded by appropriations from the US federal budget. Research grants span a wide range of sciences, including natural
and social sciences. An important aspect of NSF grant programs is to stimulate scientific and technological progress. At
the same time, successful grant awardees must demonstrate that the funded project will have a broader social impact.
Grants in STEM education aim to enhance STEM education, often but not necessarily for particular populations that
are underrepresented in STEM fields, and often, but not necessarily, incorporating experiential learning methods. All
NSF grant proposals undergo a rigorous two-stage review process. However, grants do not need to incorporate an
evaluation element in the project itself; the prior review of the proposal seeks ex ante to determine the likelihood of
benefits from the project, but no ex post review is required.

Grants in the sample are funded by sources reflecting over 5000 combinations of NSF Organization, Program,
Award Instrument, NSF Directorate, Program Element Code, and Program Reference Code.



NASA's Air and Space Museum in Huntsville, Alabama—we did a systematic search for
scholarly literature in the educational research field in the last 10 years that discussed STEM
education in relation to eperiential learning and workforce development in the United States.

Our purpose in this paper is limited. We seek to classify and describe patterns observed
among the projects examined, identifying common patterns and combinations of features. We
believe that the paper represents the first comprehensive study of efforts to employ experiential
learning methods in STEM education to link formal and informal aspects of learning. Scholarly
studies of individual programs exist, but no systematic research seeks to combine a review of
literature on particular cases with large-N data on NSF-funded projects to evaluate how STEM-
based experiential learning initiatives arise, the types of organizational patterns found, and
their impact on individuals, businesses and communities.

In the next section, we discuss the literature on experiential learning in relation to STEM.

3 | DEFINITIONS

STEM is the widely employed acronym for the subjects ‘science, technology, engineering, and
mathematics’. Often educators expand the acronym to STEAM, to include the arts. However,
behind the seeming precision of the term is wide diversity in how it is understood, both with
respect to education and to occupations. By the narrow US Bureau of Labor Statistics definition
(2021), only 5.5% of the workforce in 2010 and 7.0% in 2020—about 10 million of 153 million
employed people—held STEM-related jobs (https://www.bls.gov/emp/tables/stem-employment.
htm).> However, this definition excludes middle-skill technical workers, health care profes-
sionals and social scientists. Likewise, it excludes business professionals who use statistical
methods to analyze market, financial and labor force data. If we define STEM more broadly, it
can refer to any occupation requiring the use of math and statistics, or, still more broadly, digital
competencies, such as graphic design, cybersecurity and applications of scientific knowledge in
manufacturing. However, under a strict definition of STEM education, only around a third of
those holding a STEM degree are in a STEM job and only 60% of those graduating from 4-year
institutions with STEM degrees enter a STEM job (Salzman & Lieff Benderly, 2019). This suggests
that many of the career opportunities for STEM graduates lie outside the STEM fields as such.

In educational practice in the United States, STEM has increasingly come to emphasize
integration of scientific-mathematical-technical knowledge with practical applications.
According to one 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 et al., 2009). Such an approach
explicitly recognizes the importance of knowledge acquired by observation, application and
extension of that which is learned in formal settings (Hager & Halliday, 2006; Rogers, 2014).

In this broader sense, STEM extends well beyond disciplinary instruction in science, math,
technology and engineering. It refers to connections across academic subjects and with the
world students prepare to enter as members of society, citizens and workers. Embracing STEM

*These are defined as jobs in computer technology, engineering, math, architecture, physical sciences, as well as
managers in organizations and teachers and professors in these fields, sales occupations requiring scientific or technical
knowledge at the postsecondary level.
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in this way means teaching science, math and technical subjects even to students not enrolled
in career-technical education programs and teaching discipline-specific content outside of
academic programs. It means demonstrating how people use tools and techniques to shape
their world. As Camilli and Hira write:

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, teamwork, 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
skills sets to create products and services (Camilli & Hira, 2019).

In this paper, we do not attempt to stipulate our own definition of STEM education, but rather
sought to collect information about initiatives explicitly tying STEM education to workforce
development and to the use of experiential learning methods. Therefore STEM, workforce
development, and experiential learning were among the keywords we used to search for initiatives.

4 | NSF GRANT PROJECTS: FINDINGS

Table 1 provides a summary table of the frequency of key attributes of grants by grant category.

Note that the figures in Table 1 should be read horizonally, across the rows. Thus, of the entire set
of grants, 27.08% target secondary or secondary and other institutions; 6.71% target 2-year
postsecondary institutions or 2-year institutions with partner institutions. Overall, 26.19% of all grants
plan to do curriculum development; but 42.48% of the 2-year or 2-year + institutions plan to do so.

o Curriculum Development: Grants involve development of new educational curricula or
materials.

« Employer Consortium: Grants convene consortia of STEM employers to direct programming.

« Evaluation Component: Grants include monitoring and evaluation of programs funded.

« Explicitly Experiential: Grants explicitly include experiential learning components (e.g.,
internships, work-based learning).

« Non-STEM, Nonvocational Focus: Grants include programming focused on broader
educational goals, beyond STEM and vocational education, and including instruction in
basic disciplines, literacy, or elementary education.

« Grantee is a School: Grants are obtained by a school.

» High Industry Engagement: Grants provide for internships, apprenticeships and other
workplace-based learning experiences that involve considerable investment by employers.

« Industry Partnerships: Grants leverage partnerships with STEM industry and employers.

« Intermediary Organizations: Grants mention third-party intermediary organizations respon-
sible for helping implement programming.

« Local Industry-Driven: Grants refer to local or regional industry and economic need in
framing the projects they support.



TABLE 1 Frequency of key attributes within grant categories.”

Grant category (target)

Grant attributes Secondary+  2-yr+  4-yr+ Unspecified Full sample
All grants 27.08% 6.71%  61.95% 4.26% 100.00%
% Curriculum development 36.87% 42.48%  20.78%  11.32% 26.19%
% Employer consortium 0.42% 0.78% 0.06% 0.00% 0.20%
% Cites non-STEM, nonvocational 35.58% 25.23%  33.82%  26.13% 33.39%
educational goals
% 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% 20.92%  18.99%  15.43% 19.62%
% Industry partnerships 4.56% 7.32% 2.02% 0.62% 3.01%
% Intermediary organizations 0.42% 0.65% 0.31% 1.65% 0.42%
% Local industry-driven 11.59% 13.07% 5.93% 5.97% 7.94%
% Mentions target population 60.89% 72.29%  52.90%  47.53% 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%
% Workforce development focus 65.68% 84.31%  61.69%  55.14% 64.01%

To reiterate, attributes refer to categorical features of funded projects drawn from our categorical scheme. Targets refer to the
institutions that are the intended beneficiaries of the grants, not necessarily the organization receiving the grant.

« Mentions Target Population: Grants intend to support either (a) minorities generally or (b) a
specific minority demographic.

« Pathways Strategy: Grants devise ‘Pathways’ (curricular tracks, simultaneous enrollment
options, work-based learning opportunities) for improving STEM education.

» Rural-Serving: Grants serve rural communities.

« Supportive Services: Grants mention supportive/wraparound services to enhance learning
outcomes.

« Teacher Development: Grants support professional development for teachers.

« Workforce Development Focus: Grants are designed to prepare beneficiaries for the future
of work.

After measuring the frequency with which these attributes independently appear, we
constructed cross-tabulations revealing common combinations of attributes. For example,
references to ‘Industry Partnerships’ appear at a given rate across all grants, but at a higher rate
among grants filtered for the attribute ‘Local Industry-Driven’. Cross-tabulated results,
presented in Table 2, shed light on how often attributes are paired in grant abstracts.

We broke out results according to different types of educational institutions that were
intended beneficiaries of each grant. Grants were sorted into one of the following categories:
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« Secondary+: Grants target secondary schools, potentially in addition to more advanced
educational institutions (e.g., 2- and 4-year postsecondary institutions). This category
contained 3089 grants.

« 2-Year+: Grants target 2-year schools, potentially in addition to more advanced educational
institutions (e.g., 4-year postsecondary institutions). This category contained 765 grants.

« 4-Year+: Grants target 4-year schools, potentially in addition to more advanced educational
institutions (e.g., graduate institutions). This category contained 7066 grants.

« Unspecified: Grants do not specify the types of institutions they aim to serve. This category
contained 486 grants.

We chose to differentiate grants based on target institution type rather than on grantee
institution type because target institutions are more diverse than grantee institutions. For
example, although many grants target secondary schools, no grant recipients are themselves
high schools. Capturing the full diversity of people and institutions benefiting from NSF funds,
in other words, called for disaggregating data by intended beneficiary rather than by custodian
of funds. The structure of a grant, moreover, is potentially driven more by its target and goals
than by the grantee's administrative structure.

In the following subsections, we offer general comments regarding the scope and structure
of grants in each category. These generalizations are tentative, given great diversity among the
programs; nevertheless, they frame descriptions of more specific patterns. For the most part,
patterns applicable to specific categories of grants (e.g., Secondary+ grants) also apply to the
full set of grants. For example, over half of the grants within most categories identify target
demographics to be served (such as particular underrepresented groups); at the same time,
most grants in the full sample identify one or more target populations.

4.1 | General observations about the full set of grants

On the whole, the funded programs have significant similarities. Frequently, they aim to build
skills in specific technologies and applications (e.g., biomedicine; unmanned aeronautical
systems; farming equipment), rather than to cultivate general knowledge within a discipline (e.g.,
in chemistry or physics). A majority are designed to serve underprivileged constituencies—racial,
ethnic, gender-based, geographic, socioeconomic—indicating emphasis on expanding opportu-
nity for groups historically underrepresented in STEM careers.

We also note the near-absence of mentions of intermediary organizations. Most grant
abstracts detail programs’ specific academic and vocational emphases, but rarely indicate what
administrative structures will be responsible for overseeing implementation.

Given the high financial costs of the grants, the relatively low incidence (less than one-
third) of evaluation components—which would enable rigorous cost/benefit analyses—across
the sample is noteworthy. Where evaluation components (e.g., studies implemented by
consultants or external advisors) are mentioned, they usually involve tracking student
educational outcomes (e.g., rates of persistence in STEM fields, college transfer, or program
graduation). A subset more explicitly aims to assess whether grants meet workforce and
industry needs, but no clear patterns characterize metrics adopted. Community-wide benefits—
as distinct from individual or workforce outcomes—do not seem to fall within the scope of
current evaluation components.
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It was striking that only a quarter of the total number of projects explicity referred to
experiential aspects of STEM education (specifically, ‘experiential’, ‘work-based’, ‘project-
based’, ‘real-world’, ‘experience-based’, ‘simulation’ or ‘internship’). Even among grants going
to 2-year colleges, fewer than 30% cited this element.

In addition, we observe several other patterns among the full set of grants, irrespective of
intended beneficiary. Note that these patterns often appear also in narrower analyses specific to
one grant category or another. For example, the frequency with which 4-year+ grants mention
Target populations is roughly equal to the frequency with which the same attribute appears in
the full population of grants. We identify the following observations:

+ Most grants are intended to support STEM learning and work among specific target
populations. Fifty-six percent of the grants included in the analysis either identify target
demographic categories—women or rural communities, for instance—or make reference to a
general minority-serving orientation.

« Over 70% of grants mentioning industry partnerships also refer to target populations. This
may reflect employer interest in diversifying worker recruitment.

« Fifty-three percent of rural-serving grants plan to conduct professional development for
teachers, a higher rate than the 30% for all grants. The proportionally higher focus on teacher
development among rural-serving grants may reflect an interest in raising teacher skills in
providing STEM education to rural students and thwarting the ‘brain drain’ of talent to the
cities. More than half of the grants to secondary schools intend to provide teacher
development opportunities, although only 37% of these, and 26% of grants overall, refer to
curriculum development.

« Twenty-five percent of grants mentioning industry partnerships are local industry-driven, a
higher rate than the 8% overall. This relationship suggests that when local industry initiates a
project, it seeks to partner with schools for implementation. However, almost no grants
involve a partnership with an industry consortium and only 3% identify a specific partnership
between school and industry. Therefore, although the involvement of industry characterizes
about 20% of all grants, most do not appear to take the form of an institutionalized
relationship.

« Approximately one-third of grants seek to incorporate some sort of pathways element in the
project, such as work-based learning or dual secondary-postsecondary enrollment, to
improve STEM education and expand career opportunity.

« However, scarcely one-quarter of grants plan to incorporate explicitly experiential
approaches to learning. Among grants involving industry partnerships, the rate of use of
experiential learning strategies rises significantly to 46%. This perhaps reflects industry
partners’ awareness of the value of work-based learning and capacity to offer it.

« In general, grants do not specify involving either intermediary organizations (less than 0.5%)
or other mechanisms for furnishing supportive services and resources (less than 3% mention
supportive services) to students or grant administrators.

4.2 | Secondary+ trends

Secondary+ grants generally emphasize pedagogical resources—both in-class and out-of-school—
as drivers of success in STEM. They are more likely than grants in other categories to leverage
teacher development, as well as curriculum development, towards preparing students for the future
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of work. In the same vein, Secondary+ grants incorporate experiential learning opportunities at
higher rates than grants in other categories. Notwithstanding emphases on pedagogy and learning
opportunities, Secondary+ grants ultimately tend to be geared towards workforce development and
job placement. (Refer to Table 1, column ‘Targets Secondary+’.)

The following observations describe major patterns among Secondary+ grants:

« Secondary+ grants cite target populations at a higher rate (61%) than the full sample of grants
(56%). Among Secondary+ grants that incorporate Industry Partnerships, over 79% identify
target populations. Once again, this fact may reflect employers' interest in diversity in hiring.

« While Secondary+ grants in general target students beyond STEM and vocational tracks
nearly 36% of the time, just 23% of those that incorporate industry partnerships do the same.
This perhaps reflects industry partners' relative lack of interest in investing in more basic
educational content.

+ Secondary+ grants focus on teacher development at a higher rate (53%) than the general
population sample of grants (30%). This tendency may be due to an awareness that educators
at the secondary level play critical roles in igniting student interest in STEM learning and
careers. Reliance on teacher development rises to 77% among rural-serving grants, suggesting
grantees are especially concerned about high school educators’ vulnerability to the rural
‘brain drain’.

« Over 55% of grants that mention industry partnerships employ pathways-based strategies,
which may involve workplace-based learning, for improving STEM outcomes. Forty-four
percent of grants mentioning industry partnerships also have high levels of engagement with
industry through internships, apprenticeships and other professional experiences. In general,
work-based learning is presumably easier to arrange when industry partners are involved in
a project.

43 | 2-Year+ trends

Consistent with the role played by community and vocational 2-year colleges in America
generally, grants where 2-year (or 2-year and more) educational institutions are the intended
beneficiaries are distinguished for their vocational orientations. They are more likely than
grants in other categories to be framed explicitly in terms of workforce development, and less
likely to engage students outside of vocational tracks. In short, they are meant to place
prospective skilled workers, engineers and technicians in jobs. To that end, they are more likely
to respond to local industry's needs and to build programming around partnerships with
employers. (See Table 1, column ‘Targets 2-Year for reference’.)

The following observations note the incidence of specific characteristics 2-Year+
programming:

+ 2-Year+ grants allude to Target Populations at a higher rate (72%) than the general sample of
grants (56%). Among 2-Year+ grants that incorporate Industry Partnerships, over 64% list
Target Populations. This may reflect an interest on the part of, 2-year colleges in diversifying
their student populations.

« Of grants that incorporate a Pathways Strategy for improving STEM employment, over 82%
are oriented toward specific Target Populations. This might reflect the integration of
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Pathways Strategies as dependable vehicles for advancing employment and success among
traditionally marginalized constituencies.

« Thirty-seven percent of grants incorporate elements of teacher development, but that rate
drops to just 21% when rural-serving grants alone are considered. This trend is surprising,
given the positive correlation between (a) Rural-Serving focus and (b) focus on Teacher
Development among all grants and among Secondary+ grants.

44 | 4-Year+ trends

4-Year+ grants are the most numerous in the sample and most heterogeneous. On the whole,
they tend to place less direct emphasis on workforce development or employment than do
grants going to 2-year or secondary schools. Likewise, they tend not to incorporate workplace-
based experiential learning and do not typically target vocational students. These trends
perhaps reflect the fact that 4-Year+ grants target students who, in pursuing 4-year degrees,
have opted for academic programs rather than vocational or technical degrees. There are,
nevertheless, 4-Year+ programs oriented towards specific technological applications (e.g.,
unmanned aerial vehicles, cloud computing). (Refer to Table 1, column ‘Targets 4-Year+’.)
The following observations characterize the attributes of interest among 4-Year+ grants:

« Only 6% are local industry-driven, which is approximately half the rate applicable to
Secondary+ and 2-Year+ grants. This may reflect a relatively lower level of priority given to
serving regional labor markets.

« About a quarter (24%) of these grants explicitly incorporate experiential learning, but this
rate falls to 18% among those emphasizing service to rural populations. This observation
contrasts with trends among 2-Year+ grants, which show a positive correlation in the
incidence of a rural-serving orientation and use of experiential learning.

« Only slightly more than half (53%) explicitly refer to target populations, much less than the
72% rate at which 2-Year+ grants do so.

+ Only slightly more than a quarter (27%) employ pathways strategies, well below the 39% rate
at which Secondary+ grants do so.

« Only one-fifth include professional development for instructors, many fewer than do grants
benefiting Secondary+ schools (53%).

4.5 | Unspecified grants

Grants that do not identify target beneficiary institutions comprise only 4.6% of all grants.
Grants in this category are less likely to use keywords revealing important elements of their
goals, structures and functions.

Overall, as might be expected, we see different patterns of programmatic emphasis at
different levels and for different types of educational institution. We see more emphasis on
professional development for teachers in grants targeting secondary schools, for example, and
lower emphasis on workforce preparedness among 4-year institutions receiving grants. We note
that a majority of all grants seek to increase knowledge in STEM fields among under-
represented populations, specifically racial and ethnic minorities, women and rural residents.
Finally, we note that relatively few projects involve collaboration with an intermediary partner
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and that almost none incorporate an after-the-fact evaluation component. We return to these
points below.

5 | FINDINGS FROM THE REVIEW OF LITERATURE AND
CASE STUDIES

We also compiled information on case studies of individual projects and scholarly literature
covering STEM education initiatives. In our search for relevant secondary literature, we
emphasized studies of projects incorporating experiential learning components and/or those
linking STEM education with preparation for careers, as well as datasets related to STEM
education. To begin, we conducted a literature search using key terms such as ‘STEM
education’, ‘experiential learning’, ‘experiential STEM education’, ‘experiential learning STEM’,
‘experiential STEM education data set’, ‘STEM education and career development’, and ‘STEM
education and workforce development’, and variations on these, and used these to find relevant
secondary literature, reports, and press materials. We confined our literature search to papers
published after 2010, and included a variety of sources including conference papers, journals
(in diverse fields, such as education, applied physics and other fields) and policy reports. We
also reviewed websites of projects meeting our search criteria in several communities that had
initiated STEM-education and career exploration projects, with a particular view to cases of
school-business collaboration involving individual firms, local business chambers, or sectoral
associations. We present this summary not as a comprehensive survey but as a description of
existing initiatives and research on the subject of STEM-based experiential learning in relation
to workforce development and the expansion of career opportunity for students.

Because of the diverse nature of sources consulted for this qualitative part of the project, we
did not tabulate frequencies with which specific attributes of the projects appeared. Rather, we
organized our findings around a more limited range of characteristics: the identity of the
initiators; the fields of study emphasized; the partner organizations; the host organizations; the
targeted population; and the nature, if any, of efforts to assess effectiveness.

5.1 | Initiators

Relatively few reports or papers provided specific information about the initiators of given
projects. Among those that did, in some cases, 4-year institutions were the initiators. In other
cases, a state education department initiated the project. For example, the Delaware Pathways
Program was established by the Delaware Department of Education to bridge the gap between
skills demanded by state employers and those supplied by schools (Mezera & Sufren, 2018). In
the 2016-17 school year, 5000 students across 36 schools were enrolled in Delaware Pathways
programs (Mezera & Sufren, 2018). Their STEM career cluster focused on three specific
pathways: Architectural Engineering Technology, Biomedical Sciences and Engineering. The
career pathways begin in the public education system and continue through adult education
and occupational training programs. The Delaware Department of Education collaborated with
Delaware Technical Community College and several community partners and businesses to
implement this program. In Huntsville, Alabama, Lockheed Martin sponsors space science-
related programming for students and teachers in two local schools. In San Antonio, a regional
economic partnership facilitates various experiential STEM programs, including summer



internships and a 5-day job shadow program for high school students. The papers we analyzed
suggested most projects initiated by industry partners are designed to develop employable skills
likely to be needed in those industry partners' future workforces.

5.2 | Fields of study

We also reviewed the projects to identify which branches of STEM received the most
attention.® Fourteen of 22 of the programs we examined where specific fields of study were
identified revolved around engineering and computer sciences, five were in the physical
sciences, four were in the life sciences and two in the earth sciences.

The prevalence of engineering-based and computer science projects, and relative absence of
those in physical, life or environmental sciences, may reflect a greater demand by industry or
schools for education in engineering and computer science. It may also be a function of the cost
of equipment. Alternatively, it could be an artifact of sources reviewed or the ways in which
programs are classified. For instance, courses classified as part of the STEM-CTE pathway fall
into one of two types: engineering technology or information technology. Some CTE courses
relate to STEM, but are not formally defined as part of the STEM cluster within the CTE system
program (e.g., CTE courses in the health science and architecture/construction clusters). This
may affect the selection of papers found using our search terms. It is also possible that terms
like ‘experiential learning’ may be more widely used in certain pedagogy communities, while
other terms may be used elsewhere to describe equivalent approaches.

5.3 | Partners

Partner organizations provide several types of assistance—material (financing, supplies and
facilities), organizational support (curriculum development, professional development for
teachers and external assessment) and human resources (both employees and volunteers).

Many projects include multiple partners. For example, the engineering-focused Drone
Exploration Academy project is a partnership between an institution of higher learning, a
federal agency, school districts, private foundations and other STEM enrichment programs. The
sprawling initiative is supported by the Burroughs Wellcome Fund, a nonprofit medical
research organization, as well as NASA (Rawat & Asthana, 2020).

Organizational support commonly targets curriculum development. For example, five
community colleges and a Midwestern university collectively developed an experiential
learning curriculum to help those displaced from manufacturing jobs (Mohammadi et al., 2020).
In Huntsville, Alabama, the E3 program is a 4-year teacher professional development and
public informal science education project funded by NASA. This is a rare instance of a project

®For the purposes of this paper, engineering and computational sciences are defined as ‘the branch of science and
technology concerned with the design, building, and use of engines, machines and structures’ and the usage of
computers respectively. Due to the intertwined nature of the two, we decided to group them together. Physical sciences
‘aim to uncover the underlying laws of nature—often written in the language of mathematics. It is a collective term for
areas of study including astronomy, chemistry, materials science and physics’. Earth sciences is defined as ‘the fields of
study concerned with the solid Earth, its waters and the air that envelops it’, and life sciences revolve around life, such
as biology.
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with a built-in mechanism for annual evaluation and reporting about the effectiveness of the
project (Harbour, 2018).

Many types of institutions provide financial support. Some also provide event space, as the
US Space and Rocket Center does for the STEM signing day (Fleming, 2018). Space in the
Community is supported by diverse group of industrial, nonprofit, and government agencies,
with a different organization sponsoring each event (Space in the Community). Boeing, a
sponsor of the USSRC's space camp operations facility, explained that it wanted to sponsor this
facility largely because ‘many of our Boeing space systems engineers are graduates of Space
Camp, and credit their experiences here with inspiring them to reach for the stars’
(Gattis, 2021).

Other organizations provide human resources as support. At the University of the District
Columbia, students competed in the NASA Exploration Rover Challenge (D'Orazio et al., 2021).
In conjunction with their participation, they performed science outreach with a neighboring
high school, McKinley Technology High School, providing valuable insights on rover-building
to high schoolers. In addition, many companies and institutions provide employees as guest
speakers to discuss their work: at the Drone Academy at Elizabeth State University in New
York, programming involved visits and addresses by many people working in the field, from
drone operators to law enforcement to engineers at a local aerostat blimp manufacturer (Rawat
& Asthana, 2020).

Sometimes the organizational support provided by a partner is interlaced with human
resources. For instance, ‘two faculty from a nearby university’ worked with teachers and
administration from the Greater Egg Harbor Regional High School District to develop an
experiential learning experience centered on ocean literacy for the school district
(Boakes, 2019).

5.4 | Host organizations

We also sought to identify organizations serving as host institutions. Not surprisingly, most of
the host institutions were educational institutions, distributed roughly equally across
secondary, 2-year, and 4-year levels. In a few cases, museums, government agencies and
business firms served as hosts.

When school districts organize programs, intradistrict evaluation comparing programs
across schools is possible, as in the study discussed by Boakes (2019) about a project teaching
students about using underwater rovers. Many schools organize experiential STEM-based
learning programs themselves. For example, the Salk Middle School in Minnesota uses baking
to illustrate principles of chemistry (Thilmany, 2014). At this STEM magnet middle school, the
entire curriculum is tied to STEM through experiential learning methods.

Some secondary programs are held outside the school environment of the student
population they serve. For instance, the Drone Exploration Academy in North Carolina takes
place outside of school hours and has a weeklong summer intensive experience at a local
university.

Government agencies and museums sometimes serve as host institutions. For instance,
NASA hosts the Human Exploration Rover Challenge, in partnership with the University of the
District of Columbia, in which college and high school students compete to develop a ‘two-
person, human-powered rover capable of navigating simulated Martian and lunar terrain on a
closed-circuit course at the US Space and Rocket Center in Huntsville, Alabama’ (D'Orazio
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et al., 2021). This promotes experiential learning at students’ respective school sites, as they
learn to build rovers that fit designated criteria. The U.S. Space & Rocket Center (USSRC),
which is a space-themed science museum run by NASA's Marshall Space Flight Center, hosts
Space Camp during the summer for those 9 years and older. More museums are creating
programming to provide informal experiential learning opportunities for younger students,
such as the Sprocket Center, with ‘with a mission to provide a national standards-based
overview of physical and Earth science, engineering and applied mathematics through
electromagnetical and digital hands-on interactive experiences’ (Hitt, 2017). Notably, the
content of this permanent exhibit established in 2018 ‘meets the Discipline Core Concepts in
the Next Generation Science Standards for Kindergarten through 5th grade in Earth and Space
Science and Physical Science’. Whereas younger youth are often left out of STEM education,
this exhibit addresses early childhood learners through the ‘Itty Bitty Rocket City’, which
provides a highly tactile environment with building blocks. Similarly, the ‘Spark!Lab’ is a
‘hands-on invention center located in the Smithsonian Institution's National Museum of
American History (NMAH) in Washington D.C’. (Hitt, 2017), featuring hands-on experiences
focused on the innovation process. Although many of the activities target students ages 6-12,
similar to the ‘Itty Bitty Rocket City’ in the Sprocket Center, a subset of activities targets
students under 5. In this subsection for younger students, play is encouraged through items like
blocks, magnets, measuring tapes, scales and magnifying glasses. When it comes to older
students, those from Madison County high schools can declare their commitment to pursuing
STEM majors at a STEM-signing ceremony at the USSRC. Nonprofits also host professional
development training for Huntsville-area educators, as well as a free public community night
(Space Foundation, 2021).

In some cases, libraries host STEM experiential learning activities of their own. For
instance, the Huntsville-Madison County Library partners with the NASA-sponsored US Space
and Rocket Center in Huntsville, Alabama (USSRC) (Hitt, 2017). Staff from the USSRC's
education team travel to each of the Madison County libraries to do summertime outreach. The
Alabama Public Library service even chooses a yearly theme for its summer reading program,
and the USSRC runs corresponding experiential learning STEM activities.

Two-year community college institutions are home to some programs. Alamo College
District, the Community College of Rhode Island, Riverside Community College District, and
Sinclair College have all developed cross-sector pathways aimed to ‘improve economic mobility
for community residents and to meet the workforce needs of area employers’ through ‘creation
of pathways between community colleges and partners in other sectors’. Part of their approach
includes efforts to give students ‘hands-on experience in the field through experiential learning
embedded in [the] program’ (Griffin et al., 2021). For instance, an initiative at Alamo Colleges
aims to expand experiential learning opportunities for students by requiring them to participate
in at least one hands-on experience before graduation, such as internships, apprenticeships, or
cooperative education. The students' experiences are then documented on co-curricular
transcripts, presentable to employers, with mastery rated as ‘foundational’, ‘intermediate’ or
‘advanced’. In a similar vein, Sinclair College has established a department goal of connecting
students to jobs in their fields of interest so that they begin gaining career experience while
completing credentials. The Community College of Rhode Island has hired a Workforce
Learning Engagement Coordinator to help identify industry partners that can provide work-
based opportunities, such as internships, for students; it is also working to expand capstone
courses with a career and experiential learning focuses.
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Four-year universities may employ their resources to host multidisciplinary programs. For
instance, at California State University, Chico, faculty members from the Computer Science
and Management departments planned a collaboration between students in software
engineering and web entrepreneurship courses, focused on real software products (Buffardi
et al., 2017). Another university runs an experiential program on cybersecurity, in which liberal
arts students and computer science students work together on social engineering projects (Rege
et al., 2019).

Industrial firms also sometimes host educational initiatives. COLSA, an engineering and
support services company, hosted Alabama School of Technology and Cyber Engineering
students at its headquarters to hear from data scientists, cybersecurity experts and software
engineers about careers in their respective fields (BD, 2020).

5.5 | Targeted populations

Many of the projects we reviewed targeted specific populations, in particular women,
underrepresented minorities, students with disabilities and economically disadvantaged
students. Some of the studies mentioning targeted populations disaggregated results by
students’ demographic groups; some note that individuals from particular categories
participated in the project but do not specifically compare results of targeted and nontargeted
populations; and other studies simply analyzed existing data.

Some studies specifically distinguish between the results of a program for members of a
targeted populations and others. A project targeting displaced workers and populations
underrepresented in manufacturing industries, funded by a 2012 US Department of Labor grant
to a consortium of Midwestern community colleges and one university, employed a method
called ‘contextualized teaching and learning’. This approach explicitly employs experiential
learning to enable students to apply basic and occupational skills in real-world settings. A basic
feature of the project was to assess the effectiveness of the CTL method in improving
educational outcomes, specifically comparing the targeted groups with the general population.
The authors of the study found that females achieved a higher rate of credentialing when
compared with all other demographic groups in both the CTL and non-CTL groups, despite
more than two-thirds of the female participants being enrolled on just part-time bases. Overall,
students exposed to CTL achieved higher rates of credentialing (55%) than students not exposed
to contextualized instruction (20%). Black participants achieved greater improvement between
pretest and posttest scores than all other ethnic groups, while Hispanics achieved higher rates
of module completion. Participants older than 45 years had higher test scores and achieved
higher rates of module completion than all other age groups (Mohammadi et al., 2020).

A project based at an Alabama university focused on middle school pupils in southeastern
Alabama and western Georgia, combining STEM education and experiential learning through
service-learning projects (Newman et al., 2015). The project involved 20 schools and 120
community partners. One initiative was to fund a computer lab for a middle school and to have
the students build an amphitheater in a local park. A second was to test water quality in a
county suffering particularly high cancer rates. A third project, in a seventh-grade science class,
was to study cancer and create presentations and pamphlets, as well as raise funds for cancer
research. The study's authors provided relatively few details about the project. The authors
reported that academic test scores improved in two schools, and that teachers reported
increased student engagement in science experiences and increased senses of civic



responsibility. However, across a population of 6000 students, the survey could not find a
statistically significant difference in levels of civic engagement among students at the end of the
year than at the beginning.

The Drone Exploration Academy located in North Carolina—an experiential learning
program, based at Elizabeth City State University and supported by NASA and the Burroughs
Wellcome Fund—is a project undertaken in a community that is one of the most economically
disadvantaged in the state, with a predominantly Black and rural population. The aim is to give
students an opportunity to learn how to build drones, targeting high schoolers in an
impoverished and rural region of the state (Rawat & Asthana, 2020). Approximately 60% of
student participants in this project were from underrepresented groups, with over 55% being an
underrepresented minority. A survey of participants in the program found that this program
motivated more students to take science classes in the future and helped them gain confidence
in science. The survey also found that two-thirds of the participating students expressed
intentions to pursue aviation/robotics in the future, demonstrating STEM field exposure's
strong influence on career interest. (Of course, how students many in fact pursued such careers
is unknown.)

Several studies analyzed aggregate longitudinal data rather than particular projects to
understand the impact of STEM programs in Career-Technical Centers (CTEs) on the
educational careers of students with differentiated learning abilities. One line of research
focuses on the impact of ‘applied’ STEM courses on educational outcomes. These are designed
to teach applications of math and science principles to real-world problems, stressing the
integration of experiential and formal learning. Examples include courses in surveying,
electrical engineering, data processing and computer programming. A number of studies
analyzed data from various iterations of the High School Longitudinal Study, which is
conducted under the auspices of the US Department of Education by the National Center for
Education Statistics. Freeman et al. (2021) reported that although students with learning
disabilities take more CTE courses than students without learning disabilities, they do not take
more applied-STEM CTE courses. However, taking more of the applied STEM courses at the
secondary level was significantly associated with a greater probability of declaring a STEM
major in college. In addition, Shifrer and Callahan (2010) found that taking noncore courses in
technology and communications was significantly more strongly associated with taking
advanced science courses for students with learning disabilities than for students without.
Expanding on more metrics, Freeman et al. (2023) found that students with learning disabilities
who took applied-STEM CTE courses had significantly lower chances of dropping out, higher
math test scores and higher enrollment in postsecondary education. The general student
population also benefited by taking applied-STEM CTE courses.

The benefits of STEM-CTE courses extend to other populations as well. Plasman et al.
(2021) found, analyzing the High School Longitudinal Study of 2009, that for low-income
students—those with family income less than twice the federal poverty threshold—taking
STEM-CTE courses was associated with higher school engagement, as indicated by rates of
tardiness, absence from class, truancy, homework completion, possession of school supplies
and textbooks and in-school suspension. Noteworthily, however, taking STEM-CTE courses is
not associated with math or science interest for low-income students. Moreover, research by
Sublett and Plasman (2017) found that while taking applied STEM courses increased male
high school students’ confidence in their math and science skills, the effect did not extend to
female students. The effect of taking applied STEM courses on students with disabilities, who
tend to take STEM courses at lower rates, was mixed: in some schools, but not all, applied
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STEM courses were significantly associated with improved senses of efficacy in science and
math among students with disabilities. This suggests that school-specific program quality
influences effectiveness in reaching targeted populations.

Overall, these results indicate that STEM-based courses, particularly those stressing the
development of applied skills, can yield positive benefits, including for students from low-
income families and those with learning disabilities.

5.6 | Assessment

The three most common methods for assessing program effectiveness were participant surveys,
evaluations of educational results (e.g., test scores) and analyses of longitudinal national
survey data.

Surveys often ask students about their perceptions and levels of academic confidence after
participation in a program. For instance, Rawat and Asthana (2020) surveyed high school
students after they participated in the Drone Academy program to determine their interest in
pursuing STEM degrees and careers. Students were asked about their ‘overall interest in
pursuing STEM degrees and careers’, whether the ‘program changed your feelings about
learning science’, and whether ‘because of this program, I think I have a better understanding
of what scientists do’. In addition, the survey asked students how confident they were with
different parts of the drone-building process, offering such provocations as ‘I am knowledgeable
of the drone design and assembly/building process’, ‘I am knowledgeable of the different
components of a drone’ and ‘I am able to use software tools and other technologies to configure
and program a drone’. The results indicated higher levels of interest in STEM fields and careers
after the program.

Boakes (2019) studied a partnership between a New Jersey school district and a 4-year
university seeking to enhance STEM programming for the district's diverse student population
by giving students opportunities to build. Her survey used similar provocations to gauge
student interest, such as ‘I expect to use science when I get out of school’ and ‘science will be
important to me in my life's work’. Boakes distinguished between statements geared toward
evaluating interest in science and those geared towards engineering, such as ‘If I learn
engineering, then I can improve things that people use every day’. Moreover, the survey tapped
into levels of career interest by asking students in both the control and treatment groups about
their interests in physics, environmental, biology/zoology, veterinary, mathematics, medicine,
earth science, computer science and engineering careers.

Relatively few studies use objective measures to gauge programs’ effectiveness. One that
does is a rigorous study conducted in Indonesia to determine whether STEM-based experiential
learning improved problem-solving abilities in a 36-student 11th grade physics course. As the
authors observe, ‘The ability to solve problems is one of the most important aspects in learning
physics’ (Parno & Latifah, 2021). Their study investigated how experiential learning coupled
with formative assessment affects student understanding of fluid dynamics. To measure the
teaching method's effectiveness in improving problem-solving skills, they evaluated problem-
solving approaches before and after the program. Significantly, the experiment incorporated
‘formative assessments’ at regular intervals, in which students were evaluated, offered
feedback, and encouraged to assess their own progress. The results showed marked
improvement in problem-solving skills for all students, from the lowest to the highest
performers. By the end of the experiment, most participants were able to use physics principles
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to develop equations appropriate for solving problems. However, as with other studies
reviewed, the lack of a control group made it difficult to know whether similar results would
have been obtained with nontreatment instruction. Moreover, in this and other programs,
students themselves could choose whether to accept the invitation to participate, so the study
does not benefit from a randomized treatment approach. It is striking that we did not find any
analogous project in the United States.

Another study that assessed learning outcomes in a project that was conducted in the
United States was reported by Mohammadi et al. (2020). A consortium of Midwestern
community colleges examined the effects of an online experiential learning curriculum in
engineering by comparing rates of credentialing in treatment and control groups. The study
found substantial differences in rates of credential acquisition, particularly among subgroups of
targeted populations, but did not report whether the differences achieved statistical
significance. As in the Indonesian study, the project participants were not randomly assigned
to the treatment.

Table Al (in the appendix) lists all the initiatives and studies reviewed here.

5.7 | General observations about the reviewed initiatives

The range of STEM-based learning projects covered in the case studies is extremely wide. We
observe a variety of means to integrate experiential with formal learning—project-based
learning inside and outside the classroom; service-learning projects in the community; site
visits to companies, museums and other organizations; job shadows; summer camps;
internships; and the like. Many projects involve partnerships, some with multiple schools
and/or outside partners. The projects we reviewed also range in intensity of commitment on the
part of partners. Some required relatively low investment by schools, companies and
community partners, while others were time- and organizationally intensive, as was the case
when an entire curriculum was reorganized. There is fragmentary evidence that low-
investment activity has relatively limited impact, as the results of the multicounty service
learning projects in southeastern Alabama suggests; there, the study's authors found only
minimal effects on student academic performance or civic engagement (Newman et al., 2015).
Although we do not claim to have conducted an exhaustive search of STEM-based experiential
learning projects in the United States, we do draw a few conclusions from the materials we
reviewed.

First, the impetus for projects arises from organizations of various types. Often educational
institutions, both secondary and tertiary-level, initiate them to raise interest and competence in
STEM-related fields among students. Other projects are initiated by state or local officials, such
as governors, to bridge the gap between the skills demanded by local employers and those
supplied by the education system. Still others are spearheaded by industry, such as the summer
space camps, sponsored by the aerospace consortium, that stimulate interest in science and
engineering among the future workforce. The variety of activities jointly supported by
Lockheed Martin, NASA, and the Huntsville, Alabama, schools is a case in point. The decline
in manufacturing employment in regions such as the upper Midwest has spurred still other
regional projects focusing on the development of high-end technological skills useful for
advanced manufacturing.

Often, specific groups of students are targeted, including females, minorities, disadvantaged
students, and students with disabilities. Projects frequently seem focused on simply awakening
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motivation and interest in STEM. The growing interest in ‘applied STEM’ curricula, explicitly
designed to relate informal, experiential learning with the formal knowledge taught in STEM
courses, appears to effectively overcome barriers to STEM education faced by population
groups traditionally underrepresented in STEM fields.

A troubling lacuna is the lack of attention paid to assessment. Strikingly few projects and
papers reviewed offered even the most elementary analysis of projects’ effectiveness in
achieving goals. Some papers reported on surveys of students to determine levels of interest in
STEM fields before and after participation in a project. Few studies employed a rigorous
research design, such as a randomized treatment study, or even a comparison of treatment and
control groups. Likewise, none of the papers examined longer-term effects of experiential
learning through STEM, such as career outcomes; some did, however, use the national
longitudinal study of high school students to track choices of college major following high
school graduation. None of the papers we reviewed assessed how participation in middle or
high school STEM projects affected career choice. In this respect, it is noteworthy that none of
the American cases considered employed continuous ‘formative assessment’ methods like that
used in one project we learned of based in Indonesia, where teachers and students met at
regular intervals to assess students’ progress, providing both feedback and coaching (Parno &
Latifah, 2021). The lack of attention to evaluation is troubling in view of the enormous
expenditures being made to advance STEM education in the United States.

6 | CONCLUSIONS: IMPLICATIONS FOR STEM
EDUCATIONAL POLICY AND PRACTICE

The research confirms the heterogeneity of practices in the United States with respect to recent
efforts to improve the linkage between education and the workforce, no less in STEM education
than other fields (Remington, 2018). All over the country, projects have been created to
enhance STEM education, some through experiential learning, using cooperative arrangements
among businesses, sectoral associations, local development corporations and civic intermedi-
aries. There is no single model, or even vocabulary, unifying these. Nonetheless, several
commonalities recur in the projects we reviewed.

First, we observe substantial interest on the part of educators, industry, communities and
government in improving STEM education and, to a limited extent, in enhancing its
experiential aspects. However, we also observe a great number of projects where the impact on
curriculum is limited, as is the depth of integration of experiential aspects of education with
formal instruction. The tendency to separate experiential forms of learning from general
education, which we noted in the introduction, continues. Students in general educational
programs may benefit from visits to museums and participation in summer STEM camps, but
projects involving a concerted effort to incorporate experiential learning into STEM education
in the classroom appear to be rare; no more than a quarter of the NSF grant projects we
examined made reference to some form of experiential learning. Meantime, as in the past, the
vocational orientation of career-technical centers and community colleges lends them to
fruitful collaborations with business and industry, but more often as part of an effort to increase
the pool of skilled technical workers and engineers for employers than as part of a deeper
change in approaches to STEM education.

We tentatively conclude, therefore, that efforts to employ experiential learning methods in
STEM with a view to improving career opportunity for individuals and workforce readiness for



employers tend to avoid the costlier forms of mutual commitment on the part of schools and
employers that have been shown to achieve the best results. Both our quantitative and
qualitative evidence indicates a low prevalence of the deeper forms of combination of academic
and experiential learning that require larger-scale investment, such as institutionalized
partnerships between schools and employers lasting over longer time periods; establishment of
pathways programs to smooth the transition from secondary to postsecondary education and
careers; and involvement of intermediary organizations to provide sustained channels of
communication, coordination and support. Although nearly two-thirds of the NSF-funded
projects explicitly cite workforce development as an objective, it is entirely possible that the
impact of many will be relatively modest.

Second, the number of initiatives aimed at increasing the recruitment of individuals from
underrepresented groups is impressive. Over half of all the NSF-funded projects explicitly cited
these populations, as did a large number of the specific initiatives we examined. In many cases
(judging from our qualitative evidence), the immediate goal is to awaken interest in STEM
subjects and careers. The available evidence, however, provides no indication of the degree to
which these efforts are paying off in the form of increased diversity in the workforce in STEM-
related careers or any plan to collect information about their results over time. The absence of
longitudinal data at the individual level makes it impossible to study these questions
empirically.”

More generally, the lack of concern with measuring results is striking. However well-
designed new STEM education programs may be, our understanding of their actual impact is
limited by the lack of systematic assessments of conditions enabling projects to meet their
goals. Rigorous comparative studies of the impacts of these initiatives on student success,
employment and community development are needed. To answer questions as to the degree to
which positive outcomes rely on professional development for teachers, involvement by
intermediary organizations, and close links between employers and schools, empirical data and
systematic analysis will be required. If STEM-based experiential education is to close the gap
between labor market demand and supply, widen opportunity and mobility for students, and
raise national competitiveness, we must base our efforts on a far more robust body of
knowledge than exists at present.

The use of experiential learning in STEM has a deep foundation in educational and
economic theory. Its benefits are well known. At the individual level, equipping students with

"The reason we lack such individual-level longitudinal data is because of the near-impossibility of merging individual-
level records of students from school through employment. Both the confidentiality provisions of privacy legislation
(such as FERPA, the Family Educational Rights and Privacy Act) and the administrative burden of merging individual-
level records from schools and employers have led to a situation where the only longitudinal data on the actual
outcomes of education with respect to employment are from large-scale cross-sectional surveys taken at regular
intervals, such as the Secondary Longitudinal Studies Program under the auspices of the National Center for Education
Statistics of the US Department of Education. These can only yield highly aggregated findings; they do not provide data
on indvidual-level outcomes. Even the recent emergence of massive datasets based on the administrative records of
individuals—that is, deidentified Internal Revenue Service and Social Security records—which have allowed
researchers to analyze the determinants of variation in individual-level mobility, earnings, income, residence, and other
variables, have not attempted to match school records with administrative records at the individual level. Many other
organizations in the United States do attempt to keep track of students as they progress through school and make the
transition into employment. However, typically, they have records for no more than a year beyond graduation. The
absence of individual-level data is a major obstacle to research on the effectiveness of STEM education and experiential
learning methods.
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both STEM knowledge and the ability to apply it to real-world problems can improve career
opportunity, particularly for those from disadvantaged and underrepresented population
groups, and can equip all students with the skills—not only technical, but social, behavioral
and cognitive skills as well—that allow them to build successful careers. Moreover, a more
effective system of STEM instruction that incorporates experiential learning aspects can benefit
the country's economy. However, as mentioned in the introduction, the most effective forms of
experiential learning include workplace-based learning and therefore collaboration between
schools and employers. Institutionalized collaboration of this nature is costly, both in material
resources and personnel time. Successful implementation of experiential learning through
STEM requires concerted effort by educators, with the active involvement of employers and
others in their communities. Sustained success in building such cooperative endeavors usually
requires well-designed institutions, including active roles for intermediary organizations. If we
are to be able to analyze the factors associated with actual effectiveness of the many initiatives
that are being undertaken at present in the United States in meeting their objectives, we will
need data that allows us to allows us to track outcomes at three levels: for individuals (e.g.,
graduation rates; employment rates; quality of employment as indicated by levels of pay and
responsibility; individual-level satisfaction), for firms (e.g., whether employers have experi-
enced improvement in their ability to recruit and retain qualified employees in STEM-related
fields), and for society (e.g., whether the community, metro area, region, or state experiences
overall improvement in incomes, employment rates, investment or other metrics). Rigorous
studies would use before- and after-treatment comparisons within treatment groups and
compare treatment and control groups. However, at present, we are far from being able to
conduct such studies. In this paper, we have listed some of the ways in which programs for
enhancing STEM education through experiential learning methods can be designed. We hope
that this paper encourages the designers of future experiential learning STEM programs to
incorporate rigorous evaluation methods as an integral part of their project. Only in this way
can we aspire to develop cumulative knowledge about best practices.
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See Table Al.

TABLE Al C(lassification of reviewed case studies.

a. Initiators

Initiator

State Department of Education
Department of Labor
Two-year institutions
Four-year institutions

Museum
Nonprofit

Government Agency

Individual firms
b. Fields of study

Source

Mezera and Suffren (2018) (Delaware),

Mohammadi et al. (2020) (Department of Labor)

Mohammadi et al. (2020) (5 community colleges)

Estes et al. (2016) (Universities Space Research
Association) Mohammadi et al. (2020)

(a Midwestern university), Buffardi et al. (2017)
(Cal State, Chico), Marsden et al. (2018)
(Concordia University).

Harbour (2018) (USSRC)

Estes et al. (2016), Thilmany (2014) (Project Lead
the Way).

Estes et al. (2016) (NASA MUREP Institutional
Research Opportunity (MIRO) Program), Estes
et al. (2016) (Center for Applied Atmospheric
Research and Education (CAARE))

Mezera and Suffren (2018) (San Antonio Works)

Field
Engineering Sciences/
Computer Sciences

Physical Sciences (including
general astrophysics/
aerospace)

Earth Sciences

Life Sciences

c. Partner organizations

Partnerships

Source

Boakes (2019), Buffardi et al. (2017), D'Orazio
et al. (2021), Estes et al. (2016), Mohammadi
et al. (2020), Newman et al. (2015), Rege
et al. (2019), Marsden et al. (2018), Rawat and
Asthana (2020), Jones and Straub (2019),
Plasman et al. (2021), Plasman and Gottfried
(2018), Gottfried et al. (2021), BD (2020)

Parno and Latifah (2021), Harbour (2018), Hitt
(2017), Space Foundation editorial team (2021)

Boakes (2019), Estes et al. (2016)
Newman et al. (2015), Parr and Cary (2011), Tao
(2019), Silva and Muller (2013)

Types of

contributions
Secondary schools

Material resources

Space Foundation
Editorial Team (2021)
(St. Vrain Public
Schools)

Organizational support

Boakes (2019) (Greater Egg  Boakes (2019) (Greater
Harbor Regional High
School District),

Newman et al. 2015

Human resources

Egg Harbor Regional
High School District),

Newman et al. (2015)
(Alabama and
Georgia middle
schools)
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TABLE A1 (Continued)

c. Partner organizations

Partnerships

Types of

contributions Material resources Organizational support
Mohammadi et al. 2020 (5

community colleges)

Two-year institutions

Newman et al. (2015)
(large Southeastern
research university),
Rawat and Asthana
(2020) (Elizabeth State
City University)

Mohammadi et al. (2020) (a
Midwestern University),
Buffardi et al. (2017)
(Computer Science
Department and
Management Department
of Cal State, Chico),
Newman et al. (2015)
(large Southeastern
research university),
Marsden et al. (2018)
(Concordia University)

Four-year institutions

Government Agency
MUREDP Institutional
Research Opportunity
(MIRO) Program,
NASA centers,
National Space Science
and Technology
Center), Parno
and Latifah (2021)
(Ministry of Education
and Culture
Indonesia), Space
Foundation Editorial
team (2021) (Lockheed
Martin, two Huntsville
schools), Space in the
Community (US Air
Force STEM Outreach
Program Office),
Mohammadi et al.
(2020) (Department of
Labor), Newman
et al. (2015)
(Corporation for
National and

Applied Atmospheric
Research and Education
(CAARE), University of
Alabama in Huntsville
and the Universities Space
Research Association
scientists), Space
Foundation Editorial
team (2021) (Space
Foundation)

Human resources
D'Orazio et al. (2021)

(University of District
Columbia)

Buffardi et al. (2017)

(Computer Science
Department and
Management
Department of Cal
State, Chico),
Newman et al. (2015)
(large Southeastern
research university),
Boakes (2019) (Two
faculty from a nearby
university), Rawat
and Asthana (2020)
(Elizabeth City State
University faculty
researchers and lab
technologists)

Estes et al. (2016) (NASA Estes et al. (2016) (Center for Space Foundation

Editorial team (2021)
(Space Foundation),
Rawat and

Asthana (2020) (law
enforcement drone
pilot, drone operators
from Elizabeth City
Police Department)

(Continues)



32

TABLE A1 (Continued)

c. Partner organizations

Partnerships
Types of
contributions Material resources Organizational support Human resources
Community Service
(CNCS), Washington,
DC), Rege et al. (2019)
(National Science
Foundation CAREER
Award)
Museum Fleming (2018) (US Space Hitt (2017) (US Space & Hitt (2017) (US Space &

and Rocket Center),
Hitt (2017) (US Space
& Rocket Center,
Smithsonian
Institution's National
Museum of American

History (NAHM) in
Washington D.C.),
Rawat and
Asthana (2020)
(NASA)

Space in the community
(Tulsa Flight Night),
Hitt (2017) (Huntsville-
Madison

Community nonprofit

County Public Library
system), Rawat and
Asthana (2020)
(Burroughs
Wellcome Fund

Space Foundation

Rocket Center,
Smithsonian Institution's
National Museum of
American

History (NAHM) in
Washington D.C.),
Harbour (2018) (USSRC)

Space in the community
(Space in the community
nonprofit), Thilmany,
(2014) (Project Lead
the Way)

Harbour (2018) (Sun

Rocket Center,
Smithsonian
Institution's National
Museum of American

History (NAHM) in
Washington D.C.)

Hitt (2017) (Huntsville-
Madison)

County Public Library
system)

BD (2020) (COLSA),

Editorial Team (2021) Associates) Fleming (2018)
(Lockheed Martin), (Boeing), Rawat
Space in the and Asthana (2020)
community (Northrop (CEO of a drone
Grumman, Lockheed company, engineers at
Martin, L3Harris), a local aerostat blimp
Gattis (2021) (Boeing), manufacturer,
Marsden et al. (2018) aeronautical
(local aircraft technical engineer)
training facility, the
Ecole nationale
d'aérotechnique)

d. Host organizations

Host organizations Source

Secondary schools

Boakes (2019) (Greater Egg Harbor Regional High
School District), Parno et al. (2021) (high
school in Indonesia), Space Foundation
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TABLE A1 (Continued)

d. Host organizations

Host organizations

Two-year institutions

Four-year institutions

Government Agency

Museum

Industrial firms

e. Target populations

Source
Editorial Team (2021) (two Huntsville schools)
Thilmany (Salk Middle School) (2014)

Griffin et al. (2021) (Alamo College District,
Community College of Rhode Island, Riverside
Community College District, Sinclair College),
Mohammadi et al. (2020) (five community
colleges)

Mohammadi et al. (2020) (Midwestern university),
Buffardi et al. (2017) (California State
University, Chico), Rawat and Asthana (2020)
(Elizabeth State University), Rege et al. (2019)
(anonymous University), Marsden et al. (2018)
(local aircraft technical training facility, the
Ecole nationale d'aérotechnique ('ENA)

D'Orazio et al. (2021) (NASA)

Hitt (2017) (US Space & Rocket Center,
Smithsonian Institution's National Museum of
American History), Fleming (2018) (Davidson
Center at the US Space and Rocket Center)

BD (COLSA) (2020)

Targeted population(s)
Underrepresented racial minorities

Older adults

Female

Displaced workers and populations
underrepresented in manufacturing
industries

Economically disadvantaged

Learning disabilities

Rural Communities

f. Assessment instruments

Source

D'Orazio et al. (2021), Estes et al. (2016),
Mohammadi et al. (2020)

Mohammadi et al. (2020)

D'Orazio et al. (2021), Mohammadi et al. (2020)

Mohammadi et al. (2020)

Newman et al. (2015), Rawat and Asthana (2020),
Plasman et al. (2021)
Plasman and Gottfried. (2018), Shifrer
and Callahan (2010) Gottfried et al. (2021)
Rawat and Asthana (2020)

Type of assessment
Test scores
Longitudinal data analysis

Additional quantitative metrics
(completed credit hours, course
completions, and earned credentials)

Survey

Source

Parno et al. (2021), Mohammadi et al. (2020)

Plasman et al. (2021), Gottfried et al. (2021),
Shifrer et al. (2010), Plasman and
Gottfried (2018)

Mohammadi et al. (2020)

Rawat and Asthana (2020), Boakes (2019) Rege
et al. (2019), Jones and Straub (2019), D'Orazio
et al. (2021)
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