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NSF IUSE: Leveraging Institutional and Community Capacities in
Implementing Community-Engaged STEM PBL

With higher and faster growing wages [1], STEM-related employment has been key to building
thriving communities. In the deindustrialized Midwest, however, cities often have poverty rates
double the national average, lower educational attainment, and the ‘brain drain’ problem [2].
These issues create barriers to developing and retaining a regional STEM workforce and
competing in the knowledge economy. Thus, STEM engagement is not just a national
imperative, but critical to revitalizing these Midwestern cities.

The University of Notre Dame developed and piloted a program to address the challenges of
STEM engagement/retention in the disciplines and place retention. The program leveraged high
impact practices such as immersive place-based education (internships), academic community
engagement, and STEM-based experiential problem-based learning, while interns engaged in
asset-based community development in the South Bend-Elkhart, Indiana region [3-14]. The pilot
program was distilled into a model through evidence-based refinement — the Community-
Engaged Educational Ecosystem Model (C-EEEM, pronounced ‘seam’), and contributes to our
understanding of building learning environments that meet those challenges [4-6, 15-18].

Project

Funded through an NSF Improving Undergraduate STEM Education (IUSE) collaborative
research grant, the Community-Engaged Educational Ecosystem model (C-EEEM) targets those
aforementioned challenges with which many deindustrialized cities struggle. As noted, through
community and problem-based engagement and knowledge/skill building with student interns,
the C-EEEM enhances the capacities of local communities to address issues - while using an
asset-based lens. This has shown student outcomes across key areas of interest [6, 18].
Following the replication for the C-EEEM in two other Midwestern regions (Louisville, KY and
Youngstown, OH), researchers have found that the approach demonstrated similar statistically
significant outcomes in the new contexts across the areas measured (e.g., self-efficacy, STEM-
identity, and place attachment) (see Table 1); this was true with all students, but our previous
research showed stronger outcomes for many students in underrepresented (low socio-economic,
women, underrepresented minority) groups [6, 18].
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institutional and community level meant differences in the learning environment and the student
experience. This research provides an overview of contextual and programmatic implementation
differences across replication sites of the Community-Engaged Educational Ecosystem model to
understand implications for delivery and student outcomes.

Methods

Researchers collected and analyzed information regarding institutional capacities for
community-engagement and C-EEEM implementation at each site through a structured survey
instrument, Institutional Capacity and C-EEEM Delivery Survey (ICCDS), including both
Likert-type and open-ended questions. C-EEEM institutions included the University of Notre
Dame (ND), University of Louisville (UoL), and Youngstown State University (YSU). This
information was examined against the student outcome data from the retrospective pre/post
survey, using instruments refined from previous years [18]. In early studies, researchers
identified the retrospective-pre/post is more sensitive than pre-post approaches for estimating
dispositional shifts in unfamiliar settings, such as PBL [6].

Both the ICCDS and the post-internship survey instrument were digitally delivered (Qualtrics
platform). Data for all three sites was cleaned and incomplete cases were removed. The
University of Notre Dame’s Institutional Review Board (IRB) provided review and approval of
the research for all three universities. Researchers used Microsoft Excel for quantitative data
analysis. For the ICCDS, this included descriptive statistics. For the student data, this included
running Paired-Samples T Tests for statistical significance and Cohen’s D to estimate the effect
size of the internship on the internship participants [17].



Student outcome questions from the retrospective pre/post survey included over 15 items related
to the aims of the grant aims and initial pilot outcomes, and were grouped into the areas of
interest — confidence and experience in STEM, problem-solving and teamwork skills, and
contribution and attachment to the region [17, 18]. A sampling of the questions across the
groupings is provided in Table 1, with an emphasis on pulling out items that had different results
across sites.

Results

Although the principal aspects of the model were followed by all sites, there were a variety of
differences in the institutional capacities and delivery of the C-EEEM. At the institutional level,
differences between sites included staff capacity for engagement at various levels (see Table 2).
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Table 2 Institutional Capacity

Two of the universities had the Carnegie Classification for Community Engagement, yet only
one institution (UoL) had substantial staff resources with substantially more full-time equivalent
(FTE) staff for internal coordination and external partnership development. In addition, YSU
provides an example of a community asset-based adaptation to the low YSU institutional
capacity for network building and implementation, as they partner with a local nonprofit
(Economic Action Group - EAG) for the delivery of the C-EEEM in Youngstown. All of the
sites had not only the summer-based immersion for the PBL, but also have developed and
integrated community-engaged learning courses during the academic year existing or planned.

For student preparation, all of the sites included training modules similar to the pilot (e.qg.,
Project management; Time management; Design Thinking/Empathic design; Team building;
Professional communications; Leadership; Diversity; Coding or ArcGIS) with a few additions
(e.g., Arduino). However, support for teams (administrative and technical) and team community
engagement had more variance. In delivering the program, EAG in Youngstown embeds
substantially more community-based activities (see Table 3) into the delivery, which appears to
correlate with stronger effect sizes with student attachment to the region (see Table 1). Further,
while UoL and ND had greater frequency of connection with community engagement support, it
did not appear to have a correlation with the program’s impact on community change
understanding.
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Table 3 Student Experience

Final Thoughts

Given the small number of institutions, this information is insufficient to draw definitive
conclusions. Nonetheless, initial findings from institutional support and delivery, coupled with
student data does suggest that delivery of the model can occur across a wide range of
institutional capacities with sufficient community-based supports and that embedding the
exploration of the local community is correlated with greater place attachment. Further research
that includes qualitative data on the learning environment will help to more fully explain these
initial findings and quality differences in delivery. Finally, another area for future exploration
includes examining demographic differences in student outcomes across the institutional and
delivery factors.
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