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Dynamics Within a Three-tiered Model
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Abstract

Community-Based Learning (CBL) within science, technology, 
engineering, and mathematics (STEM) has the potential for positive 
student learning outcomes while also promoting beneficial outcomes 
in partner communities, yet complexity of practice can often obscure 
or limit these outcomes. Emergent behavior makes realizing outcomes, 
especially those for the community, difficult. A systems-level approach 
can minimize some complexity, yet empirical evidence of how STEM CBL 
is structured is limited. A three-tiered model (i.e., Community, Program, 
and Individual levels) is used as a structural framework to analyze two 
case studies to answer: How do three system levels describe the STEM 
CBL practitioners, their actions, and goals? Thematic analysis of data 
generated through participant-observation within two purposefully 
selected cases establishes a foundation for how these system levels can 
impact practice. Distribution of effort across the three levels can support 
well-rounded CBL practice and advance the voices of all practitioners, 
but especially those with less power.
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C
ommunity-based learning (CBL), 
a pedagogical approach in which 
local communities participate as 
partners in learning (Mooney & 
Edwards, 2001), shows substan-

tial value in educating developing science, 
technology, engineering, and mathemat-
ics (STEM) professionals while supporting 
broader societal outcomes such as STEM 
literacy, workforce development, and the 
design and implementation of solutions. 
Within STEM disciplines, CBL is most com-
monly implemented as service-learning, 
outreach, and volunteerism (Johri & Olds, 
2014). CBL differs from other pedagogies 
through its community-based context and 
its potential for local impact, where in 
theory, benefits can manifest for all par-
ticipating practitioners and stakeholder cat-
egories. In underserved communities, CBL 
has the potential to support social justice 
(Mitchell, 2008; Nieusma & Riley, 2010) and 
broaden participation (Young et al., 2017). 
At the university, CBL can support college 

students’ development of critically needed 
professional skills in engineering, such as 
leadership, empathy, and citizenship, as 
well as teaching engineers to grapple with 
“wicked problems” while leveraging global-
ization for positive outcomes (Bielefeldt & 
Canney, 2014; Delaine et al., 2015).

Despite the potential for positive and 
transformational outcomes, CBL often fails 
to reach its theoretical potential (Baum, 
2000) and can have unintended negative 
outcomes. For example, in contexts where 
students are charged with creating solutions 
for local challenges, without careful train-
ing, students engaging in CBL can reinforce 
stereotypes or deliver unnecessary, inap-
propriate, and expensive solutions (Mitchell 
et al., 2012). Therefore, university-based 
CBL practitioners must be careful to re-
spect community partners and minimize 
harm while pursuing positive outcomes. 
University stakeholders in CBL partnerships 
may find it difficult to maintain this balance 
because they often hold more influence. It is 
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broadly recognized that reciprocity, or “the 
relationships between the ‘service provid-
ers’ and ‘service receivers’ and the mutu-
ality between their needs and outcomes” 
(Henry & Breyfogle, 2006, p. 27), should be a 
goal of any CBL effort. Without emphasis on 
reciprocity, there is a greater potential for 
negative repercussions for the stakeholders; 
however, the dynamics of CBL reciprocity 
in STEM contexts are poorly understood. 
Therefore, further knowledge is needed to 
support such reciprocal implementation of 
STEM CBL to protect community partners, 
produce positive community outcomes, and 
promote social justice.

The purpose of this research is to provide 
a cohesive overview of STEM CBL practice 
through a synthesis across two case stud-
ies. This research results in a model that 
describes STEM CBL using three system 
levels—community, program, and individ-
ual—as proposed by the National Research 
Council (NRC) for informal STEM learning 
(NRC, 2015). This study empirically inves-
tigates two purposefully selected STEM 
CBL efforts that originated from a single 
university. After situating this work in the 
literature, the case study research methods 
employed are described. A thematic analysis 
of participant-observation data within the 
selected cases establishes a foundation for 
how the system levels are manifested in 
practice. Three levels are used to describe 
the interstakeholder dynamics of STEM CBL 
practitioners and their actions and goals. 
This research can further knowledge of 
STEM CBL through advancing structural un-
derstanding within the complexity of prac-
tice to promote well-rounded approaches to 
CBL participation and the dynamics between 
stakeholders toward positive and reciprocal 
university and community outcomes.

Literature Review

Community-based learning is distinct from 
other pedagogies in its use of community 
contexts and settings outside the university 
and the pursuit of nonuniversity outcomes. 
As higher education is increasingly called 
upon to deliver public good, CBL pedago-
gies have proliferated (Dostilio, 2017). Furco 
(2003) included service-learning, outreach, 
and volunteerism, as well as field education 
and internship, within a spectrum of peda-
gogies for community-engaged education. 
Swan et al. (2014) adopted this spectrum for 
use within an engineering context.

Unifying these pedagogies under a CBL 
umbrella provides for a holistic examina-
tion of their impact rather than placing 
emphasis on the specific implementation 
of each pedagogy independently. Holistic 
approaches can center the implications of 
partnerships upon which they are based 
and the outcomes produced by CBL, as well 
as support the systematic advancement of 
CBL through attention to the structures and 
dynamics of partnerships, by highlighting 
misalignments in practitioner actions and 
revealing the impacts on stakeholder groups 
and the intended CBL beneficiaries. Recent 
research on CBL within STEM contexts has 
predominantly focused on single pedagogi-
cal approaches, such as service-learning 
(Garcia et al., 2013; Oakes et al., 2014), 
outreach (Jeffers et al., 2004; Sadler et al., 
2018), or volunteerism (Baytiyeh & Naja, 
2014), leaving this unified CBL approach 
underexplored.

CBL can be implemented in various ways. 
Approaches can be centered on university 
or student outcomes through experiential 
education (Chan, 2012; Mooney & Edwards, 
2001); reciprocal and integrated outcomes 
can be pursued across stakeholders and 
beneficiaries (Gilbert et al., 2015; Henry 
& Breyfogle, 2006; Weerts & Sandmann, 
2008); or implementation can center com-
munity needs through democratic, par-
ticipatory, or critical approaches (Crabtree, 
2008; Dostilio, 2014; Miller, 2008). The ap-
proach and its implementation can strong-
ly impact the outcomes and the extent 
to which they are negative or positive. 
Negative outcomes, including reinforcement 
of stereotypes and social hierarchy, have 
been reported, whereas positive outcomes 
can include social justice and institutional 
change (Chupp & Joseph, 2010).

The community engagement literature is in 
agreement that grounding CBL initiatives in 
partnership is critical. Consequently, a rich 
discussion on the characteristics of univer-
sity–community partnerships has emerged 
(Drahota et al., 2016; Suarez-Balcazar et al., 
2005). It has been shown that partnerships 
that embody shared values are more likely 
to minimize harmful impacts and support 
reciprocity within community and univer-
sity outcomes (Dostilio, 2017; Drahota et al., 
2016). Bartel et al. (2019), in a review of 
the ways university–community partner-
ships function, recognized three themes 
across prior investigations: (1) focus on 
how well partnerships work and factors 
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that lead to success, (2) examination of the 
ways partnerships fail and what factors are 
connected to these failures, and (3) previ-
ous and new models of structuring part-
nerships in an effort to strengthen drivers 
of successful partnerships and to promote 
Themes 1 and 2. Strier (2010) found several 
crucial factors to be acknowledged in the 
process of partnership management: role 
perspectives, group affiliation, institutional 
context, power relations, the organizational 
culture of the partnership, and the societal 
perceptions of social problems addressed by 
the partnership. Broadly, communication, 
respect, and trust across practitioners are 
understood to be critical to CBL partnership 
(Bartel et al., 2019; Mitchell, 2008; Suarez-
Balcazar et al., 2005), as are mutuality, 
supportive leadership, and university im-
mersion and asset building (Taylor et al., 
2004). Multiple factors have been shown to 
inhibit CBL partnership, including power 
dynamics, cultural norms, and communi-
cation (Maurrasse, 2002).

Relationships across CBL stakeholder groups 
establish social networks that consist of a 
series of interpersonal relationships (Bringle 
& Hatcher, 2002) within which cultural 
differences add to the complexity of inter-
actions (Bender, 1993; Bringle & Hatcher, 
2002). Additionally, CBL partnerships are 
highly affected by structural forces, organi-
zational cultures, and local contexts (Strier, 
2010). Structural factors, including the type 
of university, mission, and institutional ca-
pacity, as well as the challenges faced by 
the partners and intended beneficiaries, 
have been shown to be impactful (Holland 
& Gelmon, 1998). Collectively, these factors 
contribute to the complexity of CBL in prac-
tice (Bringle & Hatcher, 2002; Strier, 2010). 
Due to these factors, frameworks that sup-
port understanding the dynamics of these 
partnerships can support the advancement 
of CBL to further knowledge of the ways in 
which the partnerships and the structures 
within CBL impact practice and the result-
ing outcomes.

In STEM fields, CBL initiatives have shown 
the potential to promote positive outcomes 
such as promoting STEM literacy and pro-
viding engineering solutions to communi-
ties in need (Bielefeldt et al., 2010; Oakes et 
al., 2014). Student outcomes often include 
strengthened professional skills, hands-on 
abilities, cultural competence, academic 
and life skill development, and sense of 
civic/social responsibility (Astin & Sax, 

1998; Bielefeldt et al., 2010). Community 
outcomes include volunteers and sources 
of human capital, STEM solutions within 
the community’s areas of need, and educa-
tional programming (Baillie, 2006; Leydens 
& Lucena, 2014; Nieusma & Riley, 2010). 
However, without careful management of 
these partnerships, unintended negative 
consequences can emerge, such as reinforc-
ing negative stereotypes across stakeholder 
groups or the development of projects not 
useful to community partners (Nieusma & 
Riley, 2010).

These factors point to a need to investigate 
the dynamics of partnership within a STEM 
context. With CBL proliferating in the STEM 
fields and increased funding and atten-
tion being directed at STEM education, it 
is important to investigate CBL within this 
specific context. Several noteworthy STEM-
based models characterize community en-
gagement. Thompson and Jesiek’s (2017) 
transactional, cooperative, and communal 
(TCC) model for service-learning in engi-
neering includes three types of partnership: 
(1) transactional, where distinct boundar-
ies exist between partners; (2) coopera-
tive, in which some partners intentionally 
work together; and (3) communal, where 
deeper partnerships are grounded through 
common values. In another study, Eilam et 
al. (2016) presented a conceptual model for 
STEM outreach within university opera-
tions that highlights distinctions between 
“top-down” (led through university gov-
ernance) and “bottom-up” (grassroots) 
efforts as essential to STEM outreach. 
Recently, researchers have investigated a 
single CBL system leveraging a holistic ap-
proach through qualitative research on the 
dynamics between differing stakeholder 
groups (Delaine et al., 2015; Delaine et al., 
2019). Although recent efforts within STEM 
have increasingly called for reciprocity and 
community-oriented outcomes (Baillie, 
2006; Nieusma & Riley, 2010), much work 
is still to be done to further the impact of 
emergent research on community engage-
ment within STEM contexts.

In summary, a number of researchers have 
offered suggestions for how to improve uni-
versity–community partnerships. These ef-
forts provide substantial grounding for the 
dynamics within CBL partnerships and ways 
to improve these partnerships, yet investi-
gations situated within engineering or STEM 
disciplines remain underexplored. Although 
prior studies have leveraged a systems-level 
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approach to CBL, structural models for CBL 
based on empirical evidence, grounded in 
theory, and that take a sufficient systems-
level perspective are limited (Strier, 2010). 
Few studies leverage a unified approach to 
CBL within STEM contexts to clarify some 
of the complexities of CBL partnerships in 
practice (Delaine et al., 2015; Delaine et al., 
2019). Non-STEM literature offers worthy 
suggestions, such as developing a shared 
a commitment, building mutual relation-
ships, and supporting members of the com-
munity, but few studies investigate how 
such practice is structured (Mitchell, 2008; 
Rosenberger, 2014) or examine these prin-
ciples at play in actual partnerships (Bartel 
et al., 2019). Further research is needed 
regarding the “broader system in which 
these relationships between universities and 
communities exist as well as opportunities 
for enhanced sustainability” (Barnes et al., 
2009, p. 17), especially with a focus on how 
these dynamics intersect with structures of 
STEM CBL practice.

Theoretical Framework: Community, 
Program, and Individual Levels

The National Research Council (2015) de-

scribes informal STEM learning environ-
ments using the holistic concept of a “STEM 
learning ecosystem,” a term referring to all 
the STEM assets in a student’s community. 
As shown within the context of informal 
STEM education, a host of factors impact 
learning and engagement: setting (both 
designed and naturalistic), people and 
networks of people, and everyday encoun-
ters with STEM (NRC, 2015). Others have 
employed three-tiered models to analyze 
various forms of CBL (Chupp & Joseph, 
2010; Mulroy, 2004). The NRC suggests a 
three-tiered approach to evaluating in-
formal STEM ecosystems, recognizing the 
separation between individual outcomes, 
program-level outcomes, and community- 
or ecosystem-level outcomes, as shown in 
Figure 1. It is suggested that this approach 
can support understanding how informal 
learning affects outcomes across settings 
and time. In the present study, this frame-
work is leveraged to investigate the impacts 
of these levels across STEM CBL partner-
ships in practice. Although there has been 
research on independent levels (Bringle 
& Hatcher, 2002; Mulroy, 2004) and at a 
system level (Head, 2007; McNall et al., 
2015), efforts that integrate understand-

Figure 1. Three-level Framework
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ing of partnerships or actions taken across 
these levels are limited.

In this research, the word landscape is pre-
ferred to ecosystem (as used by the NRC), due 
to the limited cohesion exhibited across the 
stakeholder groups within the investigated 
context. Prior investigations into commu-
nity outreach have suggested that “a fragile 
outreach landscape, [that is] highly diverse, 
operating in a perpetual ‘start–stop’ model 
and mostly lacking institutional owner-
ship” exists (Eilam et al., 2016, p. 421). 
Similar disconnected behaviors were exhib-
ited within the CBL cases studied, and as a 
result, terminology implying a high level of 
interconnectivity (i.e., ecosystem) does not 
accurately describe the context studied.

Leveraging the three-tiered NRC system 
structure as an overarching framework, this 
work seeks to present an exploratory model 
that describes CBL practitioners, their inter-
actions, and their goals across these levels. 
By understanding the implications that 
levels may have on the who, how, and why 
of CBL, this work furthers knowledge in 
the STEM CBL context to improve research 
and practice. The investigation presented 
answers the following research question: 
How do the three system levels (commu-
nity, program, and individual) describe the 
STEM CBL practitioners, their actions, and 
their goals?

Method

This research used a case study method 
(Creswell, 2013; Yin, 2017) to focus on the 
characteristics of STEM CBL initiatives. Case 
study methods can retain the holistic and 
meaningful characteristics of the research 
context while providing insight into small 
group behaviors and organizational and 
managerial processes within their natu-
ral settings (Yin, 2017). In this work, the 
two STEM CBL efforts from within a single 
university were purposefully selected for 
an in-depth exploration of the context 
within a multicase study structure. In each 
case, multiple sources of evidence were 
captured to investigate the research ques-
tion. Pseudonyms of both institutions and 
individuals are used for confidentiality, and 
all research has been conducted under IRB 
human subjects approval.

Empirical STEM CBL Context 

The host institution, “Universidade Brasil 

Estadual” (UBE), in which the study 
originates, is a public university for high-
achieving students in Brazil. It is a com-
prehensive university with a rich history, 
situated on a beautiful campus in a large 
city. For context, in Brazil, public uni-
versities are considered more prestigious 
than private universities, and are free for 
students who are able to gain admission 
through standardized testing. These place-
ment exams are highly competitive, and 
only a small fraction of the student popu-
lation is admitted. UBE is a comprehensive 
research university with several colleges 
and multiple degree-granting programs at 
both undergraduate and graduate levels.

Various STEM CBL activities exist within the 
local geographic region of the university. 
These include precollege research fairs and 
competitions (regional, national, and inter-
national), cocurricular service-learning and 
outreach, credit-bearing service-learning, 
volunteerism, and research internships 
within university laboratories. Some CBL 
initiatives within the landscape were shown 
to have limited or no affiliation with the 
university, whereas others were imple-
mented in partnership with the College of 
Engineering at UBE.

Despite plentiful CBL activities, the culture 
of UBE is inclined toward academic excel-
lence and research rather than communi-
ty-based or socially oriented efforts. The 
institution maintains a university-wide 
administrative office that oversees and 
tracks what it calls “extension” activities 
that involve the broader public, yet only 
a small number of faculty, staff, and stu-
dents maintain and implement these ef-
forts. As a result, the individuals active in 
CBL often have strong networks and are 
well-respected among the students but are 
overburdened and carry multiple competing 
responsibilities.

Among the STEM CBL initiatives present 
within the investigated landscape, two ini-
tiatives were selected for case study analysis 
in a multiple-case design to support the 
study’s robustness (Yin, 2017). The criteria 
used to select the CBL initiatives for case 
study included (a) the ability to obtain deep 
access into the efforts, (b) the alignment 
of the efforts with the host university, (c) 
maturity and scope of work, and (d) the 
extent to which the initiatives are aligned 
with community need and socially oriented 
outcomes, teaching, and learning. The 
cases selected for this research were (1) the 
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STEM Pre-College Research Fair, and (2) the 
Technical Citizen Collaborative.

Data Collection 

This empirical study was conducted from 
April 2014 through April 2016 through 
participant observation (Glesne, 2016). 
Qualitative observations, through field and 
descriptive notes (Glesne 2016; McCall & 
Simmons, 1969), were collected for insight 
into interpersonal behaviors and motives 
(Yin, 2017). Observations were conducted 
by the author as a full participant (Glesne, 
2016) from within various roles with each 
CBL case. These roles included participa-
tion in meetings/committees, serving as a 
judge/evaluator, supporting the develop-
ment and implementation of the CBL ef-
forts, and interacting with practitioners and 
beneficiaries from within the CBL activities. 
Throughout the research the author main-
tained daily research logs that captured 
thoughts, reflections, and observations of 
each case (Glesne, 2016). Meeting minutes 
were captured during formal meetings both 
from the author’s notes and through formal 
meeting minutes captured by practitioners 
involved with the meetings. Documents 
were obtained from each case that include 
but are not limited to meeting agendas, 
promotional materials, email, and other 
communications.

Data Analysis 

Data were qualitatively analyzed using 
NVivo software (Richards, 2014) to facilitate 
an iterative thematic analysis process and 
ensure consistency of the emerging inter-
pretations from the data. Thematic analysis 
provides a flexible research tool that sup-
ports rich and detailed accounts through the 
analysis and reporting of patterns within 
data (Braun & Clarke, 2006). Initial topic 
coding of the transcribed data was per-
formed in a deductive manner, where codes 
were not assigned to fit into a preexisting 
theory. Within this step, the emergence of 
system levels was recognized. An interpre-
tive coding step was then performed using 
a three-tiered structure of codes to reveal 
explanatory patterns that provide an under-
standing of the dynamics involved between 
CBL practice and system levels. Elements 
and details captured from within the two 
representative cases are presented to pro-
vide an understanding of the context of each 
case and to highlight the scenarios in which 
the three system levels are revealed.

Study Limitations 

The research was conducted within a single 
international context. As a result, any par-
ticularities that may be cultural artifacts 
of the region, the university, or other 
contextual factors may be manifested in 
the model. These factors must be consid-
ered for adaptation into another context. 
Further study is necessary to determine 
the extent to which this model provides for 
transferrable results. Although this research 
sought to leverage an approach that cap-
tures perspectives of multiple stakeholders, 
the data collection and conversation within 
the research originated from a university 
orientation. This could tend to make the 
model university centric. Perhaps differ-
ent configurations of the model could be 
developed in the absence of the power and 
influence the university can hold within 
these partnerships. Additionally, the author 
is a proponent of STEM CBL and seeks to 
support the advancement of this pedagogy 
through evidence-based practice. This po-
sitionality may impact the findings of this 
work. It should also be noted that although 
the author followed participant-observation 
protocols and method, the author was still 
embedded as part of the system.

Study Cases

Each case is presented to explore the “who,” 
“how,” and “why” of STEM CBL practice to 
provide a contextual description and high-
light the complexity of practice between 
stakeholders. The stakeholder groups, in-
stitutions, and individuals that participate, 
as well as the various roles embodied, are 
presented as the “who.” The actions taken 
within the conceptualization, organizing, 
planning, implementation, and debriefing 
of each case comprise the “how.” The jus-
tification for contributions to CBL represent 
the “why.” Descriptions of both cases are 
followed by a synthesis across cases with 
respect to the three-tiered framework.

Case 1: The STEM Pre-College  
Research Fair 

Described as a national movement to stimu-
late young scientists (grades 6–12), the 
STEM Pre-College Research Fair initiative 
has sought to support creativity, innova-
tion, STEM proficiency, and research skills 
on a national scale for nearly 20 years. The 
initiative is a national cornerstone in Brazil 
for its ability to support the development 
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of STEM researchers and professionals. 
Throughout its history, this initiative has 
established a strong pipeline of alumni and 
a strong network of schools, leading to con-
siderable education and workforce impact in 
the STEM field. Winners from regional fairs 
across Brazil compete at the national level, 
with winners moving on to compete at an 
international competition. This case study 
focuses on the national event, although the 
other associated events (regional and inter-
national fairs) are closely intertwined.

As a participant–researcher within this case 
study context, the author served in various 
roles, including member of the organiza-
tional team, evaluator judge of the research 
projects at multiple fairs, resource to the 
regional and international fairs and partici-
pants, English-language expert, committee 
member for the national delegation travel-
ing to the global competition, and support/
mentor role at the national and interna-
tional competition. The author participated 
in two of the national fairs central to the 
case, as well as three regional fairs and one 
international fair.

Who 

The Pre-College Research Fair initiative is 
supported by practitioners from across the 
stakeholder groups. From within the uni-
versity, the event is led by an associate pro-
fessor, Camila. Camila is a visionary, serving 
as the heart of the event as both the public 
face and mobilizer of resources. She leads 
this initiative in parallel to her technical re-
search that she performs as an engineering 
professor. Camila has made an exceptional 
commitment to this initiative, working 
countless hours and contributing heavily to 
all aspects of this event. Unfortunately, with 
respect to her university promotion, her CBL 
contributions are not respected as much as 
technical research, grant funds, and publi-
cations, so her career trajectory may have 
been stifled by these contributions. Another 
strong contributor, Lourdes, works within 
an educational outreach role within her 
large company. Lourdes mobilizes resources 
(i.e., funding, meeting spaces, giveaways 
and prizes) by promoting the value of this 
initiative to her superiors at her company. 
She makes personal contributions to many 
of the national, regional, and international 
fairs by committing her time and energy 
to the event. Complementing Camila’s role, 
Lourdes’s contributions are tied to her pri-
mary professional responsibilities. Lourdes 

is often very present in person at associ-
ated activities, yet her role consists more 
of providing resources than supporting the 
implementation of the national fair. She 
therefore must continue to present the value 
of the initiative to her company.

Camila has developed an established in-
frastructure of committed organizations 
and individuals who support the event. 
Supporting Camila at the university is a 
small but strong organizing team of ad-
ministrative staff and graduate and under-
graduate students. The team is structured 
hierarchically, so that a core team of long-
time members often manages more recent 
additions to the team. The individuals on 
the core organizing team, some of whom 
participated in the fair as students, have 
established a strong commitment to this 
initiative. Alejandro, for example, is a cur-
rent graduate student who participated in 
the event when he was a precollege student. 
The fair supported his academic develop-
ment and, as a result of participation and 
his hard work as a student, he earned ad-
mission into UBE. Now he serves in a lead-
ership role on the core university team. This 
team dedicates an entire week in December 
to supporting the event, as well as countless 
hours throughout the calendar year. This 
core team serves as the primary driving 
force within this CBL initiative. The team 
members work in close partnership with 
each other and have established strong re-
lationships with many supporters and vol-
unteers from precollege schools, industry, 
and government groups. Although the event 
is supported by the university, the primary 
responsibilities fall to the organizing team. 
Their interactions with participants and 
each other, as well as the intensity of work 
needed to implement the national fair, ex-
hibit a high level of dedication. From the 
conceptualization and planning to the on-
the-ground implementation of the event, 
this team is constantly present and ready to 
support. For example, when a glitch arose 
within the system built to collect the judges’ 
marks on the student research projects, 
Alejandro and the team worked around the 
clock to solve the issue prior to the event.

Several individuals and institutions have 
long-term relationships with the STEM 
Pre-College Research Fair. These individuals 
come from industry, government, nonprofit 
groups, and precollege stakeholder groups. 
They provide links to financial contribu-
tions, resources for space and infrastructure 
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(i.e., housing meetings and workshops at 
the company), and expertise on workforce 
needs and professional experience. These 
individuals often serve as role models during 
the fair, as they walk around and chat with 
the participating precollege students. They 
serve as judges and often bring their peers, 
providing links to the other STEM profes-
sionals and expanding the network of those 
supportive of the fair. One such individual 
is Bella, who works for the Ministry of 
Education in support of STEM education. 
Bella obtains small government grants to 
support the event and promotes national 
discussions of the value of STEM education 
to the country to support maintaining the 
initiative as a governmental priority. As the 
event has a successful history across almost 
20 years, student alumni of the event have 
created a nonprofit group that supports the 
development of the participating precollege 
students. Led by Erika, this nonprofit orga-
nization supports student success at the na-
tional and international levels, pursues job 
and internship placement for participants, 
offers role modeling and mentoring, and 
provides judges and consultants. Additional 
nonprofit organizations (primarily from ed-
ucational sectors) provide funding, publish 
articles, and offer expertise at the event.

Around 10 precollege administrators and 
teachers exhibited deep commitment to the 
fair, as evidenced by their annual dedication 
to the student participants during the event. 
One such teacher is Ivan, who has brought 
students from his precollege school to the 
event for 9 straight years. The schools and 
districts of Ivan and his peer teachers have 
had steady participation, regularly send-
ing multiple high-quality projects to the 
national and international levels of com-
petition. Their school districts have devel-
oped pipelines of interested students who 
commit long hours and effort to advance 
research projects. Within certain regions 
of the country, as a result of Ivan and his 
peers’ efforts, participation in the STEM 
research fairs has gained a strong cultural 
hold. In these regions and school districts, 
many students participate in the fairs, the 
school curricula are aligned with STEM and 
research development, and the teachers and 
community are able to support many stu-
dents to be successful and even achieve and 
win at the international level.

The precollege students and schools are 
primary beneficiaries of this initiative. 
Students can further their educational de-

velopment (both technical and professional 
skills), teachers and schools can enhance 
their curricula (through the research proj-
ects), and all parties can gain exposure to 
and interaction with a wide variety of pro-
fessionals during and after the fair. The pre-
college students work hard to advance their 
projects, recognizing the potential for edu-
cational advancement that this established 
platform offers. One exemplar student is 
Theo, an aspiring physician/researcher in 
his second-to-last year of primary school 
who hopes to pursue a career in robotics. 
During this case study, Theo traveled to the 
event with Ivan and peers from his school 
in hopes of success at the fair. Theo was 
fascinated by the quality of judges and their 
ability to dissect his work quickly and pose 
questions that furthered his own under-
standing of his work. Theo responded well 
to the questions and won the competition, 
earning a place in the international STEM 
fair. After the victory, he and Ivan ecstati-
cally exchanged big hugs and danced with 
the rest of their peers from their school, as 
he is one step closer to achieving his dream 
of being a physician and researcher.

How 

The individuals and institutions involved 
support this CBL initiative through plan-
ning, implementation, debriefing, review, 
and conceptualization. Planning activities 
were primarily coordinated by Alejandro and 
the university-based administrative team. 
The team meetings were well organized 
and effective, accomplishing ambitious 
agendas within meetings. The experience 
of the team was evident as they drew from 
prior outcomes for continual improvements. 
The team met weekly as a unit and with 
Camila but worked in close proximity and 
in constant communication. Finances, lo-
gistics, recruitment, evaluation, standards, 
and other elements were commonly dis-
cussed. This team would often meet with 
representatives from the other stakeholder 
groups for alignment with each other’s 
needs, about once every other month at a 
minimum and almost weekly prior to the 
national fair.

As an example, meetings with Lourdes 
typically considered how to optimize the 
value of her company’s financial contribu-
tions through programming and brand-
ing. Although the event is well-respected, 
annual implementation requires substan-
tial financial negotiation as the event is 
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not supported through endowment or on a 
sustainable platform. Even with financial 
contributions from multiple entities and 
sectors, variations in the policies and fi-
nancial status of those who contribute can 
leave the budget for the STEM research fair 
in flux from year to year, requiring sub-
stantial fundraising efforts. Lourdes, as she 
has been able to continually obtain funds 
from her company for the event, provided 
insight to the team on best approaches for 
obtaining funding from other institutions.

Concurrently, during the fair Alejandro 
led the core organizing team through 
daily planning and debriefing meetings. 
For example, Alejandro and the team met 
with Erika from the alumni nonprofit and 
reflected on the best ways to enhance stu-
dent performance and how the members of 
the organization would be most effective 
during the fair. The precollege practitioners 
prepared in similar ways, with precollege 
teachers supporting the student research 
efforts toward their strongest showing at 
the fairs. The competing students and their 
teachers invested many hours, often in and 
outside their classes, to produce strong re-
search results. Those with the most experi-
ence would often reach out to the network 
of individuals and the university team for 
support and links to academics who might 
support the research.

During the 3-day event itself and imme-
diately surrounding it, practitioners from 
across the stakeholder groups worked 
closely together toward the success of the 
fair. During the event, while newer practi-
tioners were focused on one role at a time, 
those with experience within the research 
fair often enacted multiple roles. For ex-
ample, most of the K-12 students have one 
role: to present their research to judges 
or peers. Students with more experience 
may serve as mock judges to support their 
peers. Those in the leadership roles (e.g., 
Camila, Ivan, Lourdes) oversee the success 
of their colleagues at the fair. They mingle 
and interact with those from other stake-
holder groups, subtly highlighting return 
on investment for financial contributions; 
judge posters; and have casual or directed 
conversations about the STEM fields with 
academics and students.

Immediately after the event, debrief-
ing discussions captured successes and 
limitations, as participants were already 
beginning to plan the next year’s event. 
Practitioners debriefed to discuss future 

needs and improvements. The precollege 
students and their instructors discussed 
successes and limitations. Industry and 
government representatives discussed the 
extent to which their contributions provided 
value, the return on investment, and how 
future contributions could be made. The 
organizational team debriefed formally, 
an action primarily performed by just the 
core organizational team, but with some 
practitioners from other stakeholder groups 
also participating (i.e., Camila, precollege 
instructors, and nonprofit representatives). 
The organizing team would revisit the ele-
ments of the fair to a substantial extent, 
reviewing all elements from the sequence in 
which the judges reviewed posters and pro-
vided scores to the general trends observed 
in the students’ performance. These reviews 
have led to continued improvements of the 
effort from year to year.

Efforts to conceptualize and broadly con-
sider the approach and scope of the fair 
were limited. As efforts were being made to 
strengthen the regional and local fairs, Ivan 
and Camila would meet at various times 
throughout these efforts to conceptualize 
approaches and needs within these smaller, 
more emergent fairs. Their conversations 
focused mainly on how to attract more 
students, train more teachers for advising 
roles, and grow the infrastructure and in-
tegrity of the fairs.

Why 

Several goals and justifications are pursued 
within this initiative by the practitioners 
from the differing stakeholder groups. 
Most broadly, the goals of the national-level 
fair and network of regional fairs include 
stimulating STEM workforce development, 
supporting society through education and 
innovation, providing links between pre-
college schools and universities, and pro-
moting interactions between students and 
researchers/scientists from different back-
grounds. From youth as young as 12 years 
old to professionals approaching retirement, 
the research fair is a platform where many 
can make contributions and benefit from 
the exposure to and development in STEM 
research toward increasing the integrity and 
capacity of the STEM pipeline on a national 
level. The different stakeholder groups 
pursue outcomes that parallel this over-
arching goal. For example, Lourdes pursues 
several outcomes on behalf of her company: 
promoting corporate social responsibility, 
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gaining market share through effective 
marketing, building brand loyalty within 
future STEM professionals, and developing 
and growing the future workforce so that 
her company may have suitable employ-
ees to hire in the future. Bella, within her 
governmental role, advances development 
of the STEM workforce by supporting in-
novation and economic strength through 
contributions to precollege STEM education, 
which can provide returns on both educa-
tional and economic development. The goals 
pursued by practitioners from nonprofit 
roles, represented by Erika and her peers, 
are oriented toward supporting important 
social causes, giving back to communities 
in need, or contributing to passion projects. 
The educational stakeholders (precollege 
and university), Camila, Alejandro, and 
Ivan, pursue the primary goal of improving 
STEM education, broadening participation 
in STEM—particularly that of underrepre-
sented racial minorities and women—and 
supporting the future STEM workforce.

Because the national research fair winners 
would earn an opportunity to compete at the 
international level, this event also served 
as a platform for national pride. Students 
like Theo, who qualify for the interna-
tional competition, obtain press exposure 
for themselves, their teachers, and their 
schools, and those who are awarded prizes 
at the international level can obtain sub-
stantial recognition for their performance 
both from those involved with the event and 
other national media outlets. As a result, the 
performance of the national representatives 
in the international fair is evaluated against 
global peers and fosters discussion of how 
to strengthen infrastructure for optimal 
performance.

Case 2: The Technical Citizen 
Collaborative 

The Technical Citizen Collaborative is a uni-
versity-based group of individuals within 
the engineering program who seek to 
implement projects with socially beneficial 
objectives to strengthen the relationship be-
tween UBE, its engineering efforts, and local 
social need. These projects seek to foster 
the development of social responsibility 
and recognition of the importance of social 
action in university engineering efforts to 
impact members of local communities. The 
collaborative serves as a clearinghouse to 
both university students and professors 
who are seeking to include or strengthen 

the integration of these objectives within 
the undergraduate engineering curricu-
lum. Support is provided to stakeholders 
from outside the university who may be 
looking for engineering solutions or guid-
ance on local challenges. The collaborative 
supports a wide variety of projects at the 
university, provides links to partners, and 
pursues funding opportunities in support of 
the projects.

As a participant–researcher within this case, 
the author served in various roles, including 
member of the administrative board, sup-
porting the planning and implementation of 
initiatives, facilitating and supporting the 
implementation of activities, and observing 
activities while not participating.

Who 

The core contributors of the Technical 
Citizen Collaborative are from within UBE. 
The collaborative is led by several faculty 
members, Roger, Antonio, and Edson, and 
one college administrator, Erika, all of 
whom have strong conviction and interest 
in linking university efforts to social need. 
Roger initiated the collaborative in 2004, 
and since then, this core team has served as 
board members to manage and support its 
success. This team dedicates a substantial 
number of hours to the collaborative, meet-
ing weekly for 1–2 hours in addition to their 
primary responsibilities in the university, 
and they have done so since the collab-
orative’s inception. Student representatives 
serve on the board in annual terms that 
can be repeated. Gabriella is a third-year 
undergraduate in systems engineering who 
is a long-term volunteer on the board. She 
provides student voice and supports web-
site development, student recruitment, and 
other collaborative needs as they emerge. 
A part-time administrative staff member, 
Luciana, provides support by maintaining 
documentation, obtaining supplies, and 
maintaining the finances and structures of 
the group. Other undergraduate engineering 
students, such as Flavio, partner with the 
collaborative to align senior design projects 
to local community needs. The collabora-
tive is responsible for a small room in an 
engineering building at UBE that serves as 
headquarters and is often used by students 
to work on projects and store materials. An 
industry partner, Lucas, provides support 
through financial contributions and re-
sources, but does not otherwise contribute 
to the projects. Additional university pro-
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fessors and students make contributions to 
the collaborative through their participation 
in various projects that provide support, 
services, and education to various targeted 
community beneficiaries.

The targeted beneficiaries include but are 
not limited to the UBE custodial staff, local 
primary school students and teachers, youth 
from a nearby underserved neighborhood, 
incarcerated individuals, the elderly, and 
citizens from a variety of venues both formal 
(schools, museums) and informal (street 
fairs, parks, markets). These projects’ ben-
eficiaries were not commonly involved in 
planning, although sometimes discussions 
and questionnaires were conducted within 
these groups to adapt the project efforts to 
their needs.

How 

The board’s primary function is that of a 
clearinghouse. It brokers relationships 
between representatives from across the 
stakeholder groups interested in making 
contributions through the collaborative 
and the engineering program at UBE. The 
primary interactions of the collaborative 
included planning for the needs of its proj-
ects and the beneficiaries, implementing the 
projects, and marketing the presence and 
services of the collaborative within UBE and 
the targeted communities. Administrative 
work was also needed so that the collabora-
tive could continue to run effectively and 
show its impact within UBE. Projects, all of 
which support local communities through 
student development, are grouped into 
two categories: short-term and extensive. 
Short-term projects involve partnering with 
communities in need toward the delivery 
of educational/socially inclined activities 
and solutions. Short-term projects fall into 
three main categories: (1) hands-on efforts 
to promote interest and awareness in STEM 
education, (2) education to develop STEM 
literacy and abilities, and (3) the delivery 
of services such as supporting accessibility 
in technology for the differently abled. For 
these types of experiences, the board and/
or students from the collaborative would 
either travel to the communities or invite 
them to campus to implement the short-
term projects. Examples include a hands-on 
STEM education workshop that used street-
racing carts to teach design and engineering 
to local youth from underserved communi-
ties, and a series of computer skills courses 
for university custodial staff, the majority of 
whom are from low-income backgrounds. 

The street-racing cart project was offered 
annually, for 10 to 20 preteens who are in-
vited to the campus for a workshop around 
building and racing the carts. Through two 
afternoons, preteens from a nearby com-
munity learn elements of design and get 
exposed to university students as mentors. 
Amanda was a preteen student participant 
in the cart design activity. She lives in a 
nearby underresourced neighborhood that 
struggles with limited infrastructure and 
opportunity, leading to crime. She and her 
peers enjoyed the activity and appreciated 
visiting the beautiful campus as they de-
signed, built, and painted their racing carts. 
At the end of the activity, the students par-
ticipated in a ceremony to receive certifi-
cates branded by UBE, a gesture intended 
to provide motivation to pursue academic 
excellence and a sense of belonging within 
the prestigious university. 

The computer course for custodial staff 
comprised a series of six lessons, devel-
oped and offered weekly by undergraduate 
students to support the ability of custodial 
staff to gain and further computer skills. 
Vinicius, who, like his custodial colleagues, 
is from a low socioeconomic status, repre-
sents participants in this class. The course 
was offered on campus so the staff could 
easily attend after their shifts. From this 
project, the collaborative sought to develop 
computer literacy for groups that had little 
prior exposure to academics or computing 
to support their empowerment and future 
employment opportunities.

In contrast to the short-term initiatives, 
extensive projects are those connected to 
engineering undergraduate students’ senior 
design projects, a requirement to graduate. 
Only a small percentage of UBE students 
pursue these extensive projects. One exem-
plar is the project of Flavio and his team, 
who were working to develop a device that 
supported reading for the visually impaired. 
Other extensive projects included a system 
to support increased recycling on campus 
to facilitate the process for custodial staff, 
and the development of a virtual learning 
platform to support the continuing educa-
tion of those who have been incarcerated.

At board meetings, Roger, Antonio, Edson, 
Erika, and Gabriella review upcoming proj-
ects as well as the successes and challenges 
of prior projects. They discuss how to sup-
port the project teams toward successful 
implementation and resolve any of the 
collaborative’s organizational needs. These 
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meetings are the primary opportunity for 
the collaborative to review its performance 
and the extent to which it is accomplishing 
its mission. Students are involved in the 
board meetings in several ways. For ex-
ample, Gabriella is present each week and 
provides input from a student perspective 
to represent the needs and challenges of her 
peers on an ongoing basis. Flavio attended 
at least two collaborative board meetings to 
align his senior design team’s project with 
individuals affected by visual impairment. 
The collaborative supported this project 
through contacting and communicating 
with some potential nonprofit partners. At 
a follow-up meeting, Flavio returned and 
was connected to a nonprofit via email. 
The collaborative’s board offered continued 
assistance in establishing a connection in 
support of the project’s ongoing success. 
At the board meetings, students like Flavio 
presented ideas, obtained feedback, and 
learned of community partners and ways 
they can be linked to the project.

In weeks prior to short-term projects, the 
board interacts closely with the under-
graduate students who lead the project to 
provide any necessary support. Additional 
meetings outside the board meetings are 
sometimes organized to accomplish this. 
The implementation of the short-term 
projects is primarily led and developed by 
students. The student teams develop the 
projects of interest and are the primary 
individuals implementing the project. 
Substantial student effort is directed toward 
making sure that the project agendas and 
materials are established so that the target-
ed beneficiaries’ experience is smooth and 
positive. The board builds and maintains 
relationships with community members 
to offset year-to-year student turnover, 
which can inhibit long-term relationships. 
Roger and an additional board member are 
often present during implementation of the 
short-term projects to provide any needed 
support on site. Within each of the projects, 
the board primarily facilitates and supports 
any student needs, such as providing access 
to buildings and being the legal supervisors 
of the event.

Every other year, the board holds a retreat 
for the collaborative off campus, in the of-
fices of an industry partner, Lucas, who 
makes financial contributions to the group, 
sponsors projects, and provides space in his 
company’s office. Lucas is welcoming but 
serves primarily as a benefactor rather than 
supports the internal needs of the collab-

orative. During these review meetings, the 
board sets an ambitious agenda to revisit 
its organizational charter, partnerships, and 
outcomes to determine future needs and 
potential adjustments.

Why 

The core objective of the Technical Citizen 
Collaborative is to promote socially re-
sponsible engineering practice within un-
dergraduate and cocurricular education at 
UBE while supporting impact in local com-
munities. Broadly, the goal is to support a 
shift in the culture of engineering so that 
engineers more readily recognize the need 
for a human-centered approach to engi-
neering. Whereas the university is known 
for its technical excellence, the core lead-
ership team supports student development 
and social outcomes through opportunities 
for students to complement the technical 
curriculum with socially inclined efforts. 
The existence of this collaborative provides 
an outlet for the college to support com-
munity engagement and to allow support to 
return to the public that funds its existence. 
Additionally, it provides platforms where 
stakeholder groups can interact within what 
would otherwise be a highly theoretical and 
technologically inclined engineering pro-
gram. The short-term and extensive proj-
ects provide platforms upon which those 
from across the stakeholder groups can 
make contributions to social causes.

Through these socially inclined projects 
Gabriella, Flavio, and other undergraduate 
students are able to develop professional 
and leadership skills, as well as to under-
stand more deeply how social objectives can 
be included in engineering. Additionally, 
these projects provide opportunities for stu-
dents to impress potential employers with 
meaningful projects that highlight leader-
ship skills and socially inclined goals. Many 
students also recognize the privilege of at-
tending a renowned public university and 
hold desires to give back to the local com-
munity. A few participating students come 
from underprivileged or underrepresented 
backgrounds themselves and want to find 
ways to connect their education with their 
own communities. Industry representatives 
recognize the collaborative as a mechanism 
to support the university and meet company 
objectives toward social responsibility.

Finally, the targeted beneficiaries of the 
projects, such as Amanda, the preteen who 
participated in the race cart project, and 
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Vinicius, the custodial staff member learn-
ing computing, can benefit from the expo-
sure to the CBL programming involved with 
each project. Although resources for STEM 
education can be limited, especially within 
underresourced communities, these projects 
provide brief outlets that may be valuable 
in the development of the STEM aware-
ness or skills of the beneficiaries. Broader 
alignment of these efforts could help these 
projects be situated within a pipeline of ef-
forts that truly support the development of 
these beneficiaries within STEM education.

Results

These case studies highlight the dynamics 
of STEM CBL practice. The data from within 
each context indicate that CBL practice can 
be situated within a three-tiered system 
structure, similar to that proposed by the 
NRC framework for informal STEM edu-
cation (NRC, 2015) that we employ as the 
theoretical framework for this study. In the 
following section, both cases are synthe-
sized in an analysis across cases to present 
a holistic representation of the dynamics at 
play within STEM CBL practice at each level.

Tier 1: Community Level

The community level involves the posi-
tioning and alignment of the stakeholder 
groups in relation to the other stakehold-
ers, STEM, education, and CBL. At this level, 
philosophical approaches to CBL and the 
aspirational goals pursued were negotiated. 
Those present during community-level in-
teractions, most commonly those within 
leadership roles, could work to strategi-
cally determine (1) why contributions to 
CBL are sought and if participation is of 
value, (2) what contributions to CBL can be 
made, (3) what outcomes can result from 
CBL participation, (4) what type of CBL can 
produce desired outcomes, (5) how to align 
goals with the other stakeholder groups 
and targeted beneficiaries, and (6) how to 
obtain resources to accomplish the efforts 
through internal mobilization and/or stra-
tegically seeking contributions from other 
stakeholder groups. Practitioners from 
across the stakeholder groups can poten-
tially make contributions at the community 
level. The data from the two cases indicated 
that community-level interactions were not 
common, and when they happened it was 
primarily through those in leadership roles.

During community-level interactions, since 
high-level planning is pursued, CBL par-
ticipants and beneficiaries are considered 
in broad definitions that often reflect the 
stakeholder groups (i.e., precollege, univer-
sity, nonprofit, industry, and government) 
rather than specific groups of individuals 
(such as individuals like Amanda or students 
from a particular school or classroom). 
Community-level interactions commonly 
take place prior to and after CBL initiatives. 
Through community-level meetings, lead-
ers shape and reflect on outcomes, review/
consider approaches to data collection and 
analysis, and capture successes/limitations 
of goals and objectives across stakeholders. 
Participation from practitioners across the 
stakeholder groups is critical for commu-
nity-level efforts, as it enables alignment. 
A lack of community-level planning can 
leave participants unclear about potential 
outcomes and how CBL efforts link those 
from across stakeholder groups.

As one example, in the national research 
fair initiative, Camila, Lourdes, and Ivan 
had brief informal discussions on how to 
strengthen participation and success within 
particular regions of the country. They 
sought to work together to see how they 
can replicate the rapid growth seen in Ivan’s 
region, where many students participate in 
the fairs at a high level and many schools 
have established a culture of participation, 
to support the growth of other regions and 
school districts. These discussions were ori-
ented toward the broad success of the STEM 
research fair initiative within the region, 
and not linked to the specifics of any one 
demographic or stakeholder. In an example 
from the Technical Citizen Collaborative, 
explicit community-level activities were 
limited, with the closest approximation to 
community-level interactions witnessed 
during data collection being the biannual 
planning meetings. However, these meet-
ings were primarily situated within the 
program level. This limitation resulted in 
the collaborative contributing to important 
but unlinked initiatives. With communi-
ty-level planning, the Technical Citizen 
Collaborative could establish a pipeline of 
complementary precollege initiatives to 
support continued development of the stu-
dents it reaches.

Several limitations and factors hinder 
community-level efforts. One challenge 
involves capturing the voice and needs of 
those across the stakeholder groups, par-
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ticularly the vulnerable and underserved. 
Since the efforts at this level as observed 
were constrained to those in leadership 
roles, certain populations were excluded. 
Potential reasons for this omission include 
perceptions of limited knowledge or exper-
tise to support meaningful contributions, 
and the challenges of efficiently capturing 
voice and input from multiple demographics 
with differing needs. As a result, many were 
not represented. For example, neither in 
the case of the STEM Pre-College Research 
Fair nor the Technical Citizen Collaborative 
were the target beneficiaries, or even in-
dividuals who could speak on their behalf, 
present or providing substantial input to the 
conceptualization and direction of the CBL 
initiatives.

Providing time or bandwidth for communi-
ty-level interactions presents an additional 
limitation. Many CBL initiatives oper-
ate under time and resource constraints. 
Further, tension often exists between 
practitioners’ primary responsibilities and 
CBL. Therefore, efforts that could sustain 
community-level interactions instead are 
relegated toward program- or individual-
level interactions. As a result, interactions 
of the practitioners were rarely explicitly 
centered at the community level. No global 
planning meetings in which representa-
tives from across all stakeholder categories 
were present were observed. Instead, it was 
more common for key leaders to meet for 
informal discussions. They then relayed in-
formation between and across stakeholder 
groups, rather than practitioners from the 
stakeholder groups coming together for in-
tentional community-level efforts.

Finally, realizing the many potential out-
comes CBL has to offer at the broadest 
level (i.e., workforce development, broad-
ening participation, and improving STEM 
education) is a challenge. These outcomes 
are difficult and impractical to measure in 
practice. Measurement of outcomes at this 
level occurs across long time spans and is 
expensive and difficult to obtain. As a result, 
data collection and assessment at this level 
is rare. The STEM Pre-College Research Fair 
has collected comprehensive data from its 
participants from year to year, but due to 
the challenges of research with minors and 
the cost of longitudinal analysis, measuring 
the impacts of the fair is difficult. In the 
Technical Citizen Collaborative, the projects 
are dispersed across many small commu-
nities. Although survey data is collected 

concerning the quality of each project, the 
projects are primarily centered on ensuring 
positive interactions rather than under-
standing the broad societal impact of the 
collaborative.

Tier 2: Program Level

At the program level, focus is placed on 
conceptualization and planning of specific 
CBL initiatives. In the two cases observed, 
these interactions were directed at a specific 
community or targeted beneficiary (e.g., a 
specific precollege school or district, or a 
particular center or nonprofit that sup-
ports individuals with a particular need). 
Within program-level interactions, practi-
tioners focused on the following: (1) how 
a specific CBL approach must be adapted 
for the intended local context, (2) how and 
to what extent practitioners can obtain the 
outcomes that they feel are important, and 
(3) how to plan and implement the initiative 
within the specific local context.

These interactions commonly included a 
practitioner in a leadership role or admin-
istrator (i.e., professor, supervisor, leader of 
a student organization) meeting with prac-
titioners from partner stakeholder groups 
who would contribute to the initiative. 
Meetings with the target beneficiaries (i.e., 
precollege students, local underserved com-
munity members, a nonprofit organization) 
were common as well, although these were 
mostly directed at capturing the needs of the 
beneficiaries rather than providing owner-
ship. Repeated meetings were commonly 
used to plan, organize, and prepare for the 
implementation of the CBL initiatives. The 
meetings were generally one stakeholder 
group at a time. For example, in the STEM 
Pre-College Research Fair, a continued cycle 
of meetings was held by Alejandro and the 
organizing team. These included meet-
ings with just the team (e.g., meeting to 
discuss the electronic judging platform), 
as well as meetings with representatives 
from other stakeholder groups (e.g., meet-
ings with Ivan or Bella). In the Technical 
Citizen Collaborative, the meetings would 
involve the board and representatives of 
each project, first to establish agreement 
on what the project would be, then several 
meetings to discuss the implementation of 
the project itself, and a meeting to debrief 
around the project. The program-level ef-
forts were generally ongoing but varied 
around the implementation of the CBL 
initiatives. Broadly, the interactions at the 
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program level support achieving programs’ 
educational goals, performing research, and 
collecting data on the success/impact of the 
event.

Program-level evaluation was commonly 
pursued and used to inform the success 
and impact of the initiatives themselves, 
typically to justify the contributions of the 
practitioners or obtain resources. In the 
STEM Pre-College Research Fair, compre-
hensive data were collected on the students 
who participated, their schools, and their 
results/marks from the judges. Bella and 
Lourdes use this information to pursue 
funds; the university team use the data to 
pursue funds, improve the event, and un-
derstand the impact of the event on those 
who participate. In the Technical Citizen 
Collaborative, minimal data was collected, 
but most was oriented toward improving 
the program, which in turn can improve 
the learning outcomes of the beneficiaries.

Limitations at the program level involve 
shaping CBL initiatives to suit the goals 
of the stakeholder groups that may be in-
volved and the extent to which program-
ming is adapted to the local context. In 
the STEM Pre-College Research Fair, it is 
recognized that in some regions, the cul-
ture of participating in the fairs has not yet 
been established. The team hypothesizes 
that this lack of growth may be due to a 
lack of alignment between the research 
fairs and the local precollege context. The 
Technical Citizen Collaborative struggles 
with communication and clarity between 
differing stakeholder groups to ensure that 
mutual outcomes are obtained in prac-
tice and that implementation is handled 
smoothly. Across both cases, implement-
ing the event(s) requires substantial energy 
and resources (i.e., person-hours, funding, 
communication and alignment with stake-
holders). Similar to the community level, 
capturing the voice of targeted beneficiaries, 
which are often underserved communities, 
is a challenge and can limit the extent to 
which nonuniversity outcomes are ob-
tained. In the STEM Pre-College Research 
Fair, because the event has such extensive 
infrastructure, it can be difficult to cap-
ture the voices of the student participants 
to shape the event to their needs. In the 
Technical Citizen Collaborative, the targeted 
beneficiaries like Vinicius and Amanda are 
often dispersed individuals with limited 
unity or power. As a result, capturing their 
voice and perspectives can be difficult, and 

their limited education can often preclude 
their offering expertise in their own lived 
experience.

Tier 3: Individual Level

At the Individual level, focus is placed on 
the immediate success of those within a CBL 
initiative. These interactions, which center 
around the CBL practitioners and beneficia-
ries, are often the primary platform upon 
which the goals of CBL efforts are obtained. 
Here, practitioners negotiate (1) what can 
be gained from CBL participation and (2) 
what can be provided to the beneficiaries. 
Goals and outcomes are directed at individ-
ual needs, contributions, and goals of both 
practitioners and beneficiaries. The out-
comes pursued by practitioners commonly 
include developing a sense of citizenship 
and making contributions to social needs 
and/or STEM education. These outcomes are 
often pursued in parallel to the outcomes 
intended for the beneficiaries, which gener-
ally revolve around supporting their STEM 
education and development.

Individual-level interactions primarily occur 
during CBL initiatives but can also take place 
throughout the planning stages. For exam-
ple, in the STEM Pre-College Research Fair, 
nearly all of the practitioners had personal 
interactions with the precollege students 
participating in the fairs. These ranged from 
holding brief conversations to establishing 
or furthering deep mentoring relation-
ships. For example, Camila, Lourdes, Bella, 
Ivan, Alejandro, and others often spoke 
with the fair participants to discuss their 
research and speak about career ambitions 
and trajectories. These interactions were 
personal, involving many smiles and hugs. 
These interactions often were referenced 
by the practitioners as what made the hard 
work and sacrifices for CBL worth it. At this 
level, student voice is captured by the prac-
titioners, although in these personal mo-
ments it appears the practitioners were no 
longer working toward CBL contributions, 
but instead were serving in roles as men-
tors, focused on being present and sharing 
special moments. In the Technical Citizen 
Collaborative, the attention and care put 
forth by the CBL practitioners on behalf of 
the beneficiaries provided a positive outlet 
for many in difficult situations. The joy of 
the youth racing the carts and the custodial 
staff learning new skills was valued by all 
involved. These individuals’ interactions 
not only promote the advancement of the 
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initiative but also establish strong ties be-
tween the individuals and produce positive 
energy that supports sustaining the event 
and promoting its success.

Evaluation of individual-level outcomes 
includes collecting data related to how par-
ticipation impacts the professional develop-
ment of participating students, the learning 
outcomes of targeted beneficiaries, and the 
success of the event in terms of its abil-
ity to support the targeted beneficiaries. In 
the STEM Pre-College Research Fair, the 
students receive feedback, both informally 
through the conversations with judges 
and professionals at the fair, and formally 
through the scoring and review system of 
the event. In the events sponsored by the 
Technical Citizen Collaborative, however, 
the surveys and questionnaires adminis-
tered were used for informing the program; 
results were not relayed to the participants 
to inform their growth or development 
within the context of the STEM learning.

Limitations at the individual level include 
stakeholders not being aware of what can 
be obtained from or offered to CBL. Many 
practitioners link CBL to charity, not recog-
nizing the deeper potential for educational 
or social justice outcomes. Limited aware-
ness of the developmental opportunities 
possible within CBL prevent many practi-
tioners from pursuing them. Additionally, 
many individuals can struggle from burnout 
and exhaustion within these efforts. In both 
the STEM Pre-College Research Fair and the 
Technical Citizen Collaborative, the practi-
tioners exhibit a high level of dedication, yet 
the CBL efforts are a primary responsibil-
ity to few. The amount of time and energy 
provided to the event can commonly re-
quire those involved to extend themselves 
and make personal sacrifices that can have 
negative implications both personally and 
professionally.

Discussion and Implications for 
Research and Practice

The case study approach to this research 
establishes observed phenomena that high-
light the presence of three levels. Through 
a further level of abstraction from the in-
dividual cases, a model that advances the 
structural understanding of STEM CBL is 
proposed. These levels are synthesized 
in Table 1 to describe how the initiatives, 
stakeholder characteristics, and outcomes/
goals can be manifested in CBL practice.

This work contributes to the current CBL 
literature in two primary ways: (1) intro-
ducing empirical evidence showing that 
three system levels can appropriately de-
scribe STEM CBL and (2) illustrating how 
knowledge of the levels can support STEM 
CBL research and practice.

Describing STEM CBL With a  
Three-Tiered Structure 

Hierarchies with the practitioners, their 
interactions, and the outcomes produced 
suggests three primary levels are impact-
ful in STEM CBL practice. The practitioners 
include those in leadership roles who con-
ceptualize efforts; administrators, teachers, 
and students with high levels of experience 
who develop and plan initiatives; and a 
range of novice to experienced individuals 
who support implementation of the activi-
ties. These primary CBL practitioners seek 
to support the targeted beneficiaries, often 
individuals from underserved or developing 
communities. This tiered structure links to 
prior research, which has suggested that 
CBL partnership appears to contain sev-
eral multilayered, multisector partnerships 
(Bringle & Hatcher, 2002; Mulroy, 2004). 
The empirical findings of this study provide 
contextual evidence that as CBL practice 
shifts from community to program to in-
dividual levels, the approaches of the prac-
titioners, their interactions, and their goals 
become increasingly specific and targeted. 
Although these levels may not be explicitly 
considered in practice, the observed phe-
nomena suggest multiple levels are impact-
ful (Bringle & Hatcher, 2002; Mulroy, 2004). 
The ways in which the three levels describe 
the two STEM CBL cases, as shown in Figure 
2, indicate that this is a valuable approach, 
yet more levels across the system as well 
as levels within an individual stakeholder 
group could be explored in further research.

Knowledge of the Levels Supports STEM 
CBL Research and Practice 

As illustrated within the cases, as well as 
through prior descriptions of CBL, STEM 
CBL practice is inherently complex (Bringle 
& Hatcher, 2002; Burton et al., 2019; Miller, 
2008; Strier, 2010). A three-tiered structure 
supports navigating the complexity of STEM 
CBL practice in two ways: (1) promoting 
clarity for roles, tasks, and outcomes and 
(2) supporting awareness of how to distrib-
ute effort across CBL needs. 
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Promoting Clarity for Roles, Tasks,  
and Outcomes

Because a wide variety of stakeholders can 
make CBL contributions, leveraging the 
three-tiered model can help practitioners 
locate a role, approach, and outcome, as 
identified in Table 1. Practitioner ability to 
explicitly name and point to these levels, as 
suggested by Burton et al. (2019) with re-
spect to the phases of service-learning, can 
enhance alignment and outcomes among 
stakeholders. Conceptualization and broader 
impact, planning and program-level out-
comes, and implementation toward individ-
ual gains are the main contributions to CBL 
at the community, program, and individual 
levels respectively. Miller (2008) pointed 
to community-level actions in recogniz-
ing that dispersed leadership can effec-
tively guide joint action across stakeholder 
groups to overcome the often dispersed, 
diffused, and unfocused goals within CBL. 
Furthermore, Miller pointed out that it 
is easy for leadership across stakeholder 
groups to become too broadly dispersed 

to be effective and that strategic action, 
which takes place at the community level 
in the proposed model, can alleviate these 
inefficiencies. At the program level, Mulroy 
(2004) pointed to awareness of the scope 
and density of relationships to help leaders 
better understand how and why programs 
are complex and labor intensive. Bringle and 
Hatcher (2002) suggested that relationships 
at the individual level can support examina-
tion of CBL partnerships to promote a better 
understanding of institutional and personal 
action steps that can be taken to initiate, 
develop, maintain, and nurture healthy 
partnership. Mulroy (2004) has found that 
the greater the extent to which university 
practitioners can know and understand the 
desired outcomes, the beneficiaries, and the 
organizations that serve the beneficiaries, 
the more motivated they may be to develop 
and sustain ties, pointing to effort across 
program and individual levels.

Practice that seeks connections between the 
system levels can support stronger align-
ment and outcomes and thereby promote 

Figure 2. Three-Level Model for STEM CBL Practice
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a well-rounded approach to CBL. Those 
who can clearly understand the structure 
and opportunities for contributions across 
the levels are able to strongly support CBL 
practice. Miller (2008) observed that prac-
titioners with in-depth experience and 
knowledge of multiple university, school, 
and community positions can be effective 
guides within partnerships that bring to-
gether highly diverse groups with the in-
tention of achieving common goals. These 
individuals are aided by unique, lived un-
derstandings, and they can skillfully unite 
disparate groups that might otherwise be 
limited by discrepant conceptualizations of 
goals, responsibilities, and capacities. This 
ability is commonly seen in participants 
who have made long-term contributions as 
well as those who have made contributions 
from various roles and various stakeholder 
groups, pointing to the value of develop-
ing and retaining practitioners so they may 
continue to make increasingly valuable con-
tributions over time.

Additionally, the three-tiered approach 
can support research through highlighting 
which phenomena and outcomes are most 
likely present and where. The consideration 
of enhancing societal implications of CBL, 
strengthening programming and curricula 
within CBL, or maximizing the learning 
outcomes and positive experiences of the 
individuals involved should leverage ap-
proaches that center the community, pro-
gram, and individual levels respectively.

Supporting Awareness of How to 
Distribute Efforts Across CBL Needs

Emphasis on one CBL level over another can 
leave gaps in practice. It has been noted that 
CBL partnerships often neglect communica-
tion and trust-building to instead focus on 
implementation; however, opportunities to 
pause and reflect at crucial junctures can 
greatly benefit the outcomes (Bartel et al., 
2019). As practice can be unevenly dis-
tributed across the levels, with emphasis 
often at the program and individual levels, 
additional effort within the community 
level provides an additional avenue for 
practitioners and researchers to promote 
holistic CBL practice. Broad conceptualiza-
tion allows practitioners to describe how 
CBL can provide value to those involved. 
Community-level outcomes are often hard 
to perceive and measure. Individual-level 
outcomes feel good to those involved and 
can provide substantial motivation for CBL 

practitioners but rarely fill educational 
achievement gaps or produce substantial 
change on their own. Further work on the 
ways in which practitioners can recognize 
community-level outcomes can perhaps 
promote increased efforts on this level.

Practitioners from across the stakeholder 
groups can potentially make valuable con-
tributions across all levels of the system. 
However, community-level contributions 
are often confined to those with leader-
ship roles, influence, and substantial CBL 
experience, while students and targeted 
beneficiaries are often constrained to 
contributing at the program or individual 
level. As a result, STEM CBL as observed 
within this landscape could be described as 
a primarily bottom-up phenomenon. This 
could point to some of the limitations in 
how CBL is institutionalized, valued, and 
perceived within universities and the other 
stakeholder groups. Within this structure, 
some have substantial voice and others do 
not, pointing to both limited voice and an 
imbalance of power commonly described in 
these partnerships. Stakeholder voice is a 
critical element for success across stake-
holder groups within CBL. Strier (2010) 
suggested that the strength of CBL partner-
ship depends on the capacity of the leaders 
to provide a participative organizational 
structure capable of making room for the 
supplementing, competing, or conflicting 
agendas of those involved. Recognizing the 
levels can help capture voice and promote 
its value within the power structures more 
effectively. This finding provides more con-
text to previous research on the imbalances 
of power within university–community 
partnerships.

Morton (1995) suggested that CBL partner-
ships too often rely on charity rather than 
reciprocity or social justice outcomes. As 
highlighted by Strier (2010), meaningful 
university–community partnerships capa-
ble of carrying out transformative political 
agendas can be improved by the equal and 
lived inclusion of excluded social sectors, 
suggesting that finding ways to incorporate 
the voices of the targeted beneficiaries and 
underserved across the levels can enhance 
outcomes. An understood goal of CBL is 
reciprocity (Dostilio, 2017). Thus, the three-
tiered model’s support for the practitioner’s 
ability to recognize where they fit into the 
structure can strengthen the potential of 
benefiting from and contributing to CBL. 
Community-level conceptualization and 
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communication across the stakeholder 
groups can facilitate moving beyond charity.

Conclusion

STEM CBL is a pedagogical tool that holds 
substantial promise as a platform upon 
which contributions can be made and 
benefits obtained from multiple sectors 
of society. This promise is often limited 
in practice, yet increased empirical re-
search can establish knowledge that can 
strengthen reciprocity amongst stakehold-
ers. Participant observations within two 
STEM CBL cases provide a nuanced and 
robust understanding of the CBL relation-
ships and structures, showing that practice 
in STEM occurs within a diverse, dynamic, 
and emergent system. It is shown that three 
levels of practice can provide an appropriate 
structure for characterizing CBL and limit 
the negative implications of such complex-
ity.

Although recent efforts within STEM have 
increasingly called for reciprocity and 
community-oriented outcomes, much work 
remains to be done as STEM CBL research is 
primarily centered on academic outcomes. 
It is suggested that CBL partnerships must 
“find ways to preserve the integrity of each 
partner, and at the same time, honor the 
purpose of the relationship and growth 
of each party” (Bringle & Hatcher, 2002, 
p. 513). Partnerships are most meaning-
ful and lasting when individuals can rec-
ognize that the other practitioners and 
stakeholders are contributing in a mean-
ingful, effective manner to activities that 
can positively impact important civic and 
campus outcomes (Bringle & Hatcher, 2002; 
Zimmerman & Rappaport, 1988).

The proposed model, highlighting three 
levels of STEM CBL practice, points to the 
primary behaviors and actions that are 
relevant to each level to support clarity on 
roles, actions, and outcomes for differing 
stakeholders and how these roles, actions, 
and outcomes change within differing levels 
of the landscape. Through leveraging this 
exploratory model, practitioners and re-
searchers can recognize the implications of 
working within and across system levels in 
partnership with multiple stakeholders to 
strengthen CBL approaches and outcomes. 
Because multiple stakeholder categories and 
representatives, each performing comple-
mentary yet differing roles, often contribute 
to CBL initiatives, the presence of uneven 
power dynamics is inevitable. Ensuring that 
the effort of participating stakeholders is 
distributed across not only stakeholder 
groups but also across the community, 
program, and individual levels can support 
positive outcomes within CBL practice.

Collectively, recognition of levels of CBL 
practice, and the corresponding interstake-
holder dynamics, can serve practitioners 
and researchers as a framework to support 
acknowledging the breadth of stakeholders, 
roles, and interests possible within CBL. As 
researchers and practitioners embrace the 
diverse, dynamic, and emergent system 
behavior within CBL, further equitable and 
reciprocal outcomes can be obtained by 
seeking to actively include the voices of all 
stakeholders across all levels. Additional 
attention should be devoted to including, 
acknowledging, and respecting the voices of 
community partners/beneficiaries and those 
often marginalized so that CBL initiatives 
can more effectively support community 
need in reciprocal fashion.

About the Author

David A. Delaine is an assistant professor in the Department of Engineering Education at The 
Ohio State University.



55 Characterizing STEM Community-Based Learning 

References

Astin, A. W., & Sax, L. J. (1998). How undergraduates are affected by service participation. 
Service Participation, 39(3), 251–263.

Baillie, C. (2006). Engineers within a local and global society (Synthesis Lectures 
on Engineering). Technology and Society, 1(1), 1–76. https://doi.org/10.2200/
S00059ED1V01Y200609ETS002

Barnes, J. V., Altimare, E. L., Farrell, P. A., Brown, R. E., Burnett, C. R., III, Gamble, L., 
& Davis, J. (2009). Creating and sustaining authentic partnerships with community 
in a systemic model. Journal of Higher Education Outreach and Engagement, 13(4), 15–29. 
https://openjournals.libs.uga.edu/jheoe/article/view/605

Bartel, J. S., Droppa, D. C., & Wood, G. L. (2019). Improving academic–community part-
nerships: A case study of a project investigating attitudes about diversity. International 
Journal of Research on Service-Learning and Community Engagement, 7(1), Article 10. 
https://ijrslce.scholasticahq.com/article/11492-improving-academic-community-
partnerships-a-case-study-of-a-project-investigating-attitudes-about-diversity

Baum, H. S. (2000). Fantasies and realities in university–community partner-
ships. Journal of Planning Education and Research, 20(2), 234–246. https://doi.
org/10.1177/0739456X0002000208

Baytiyeh, H., & Naja, M. K. (2014). Motivation to volunteer in earthquake mitigation 
programme among engineering students. International Journal of Engineering Education, 
30(6), 1367–1375.

Bender, T. (1993). Intellect and public life. The John Hopkins University Press.

Bielefeldt, A. R., & Canney, N. (2014). Impacts of service-learning on the professional 
social responsibility attitudes of engineering students. International Journal for Service 
Learning in Engineering, Humanitarian Engineering and Social Entrepreneurship, 9(2), 
47–63. https://doi.org/10.24908/ijsle.v9i2.5449

Bielefeldt, A. R., Paterson, K. G., & Swan, C. W. (2010). Measuring the value added 
from service learning in project-based engineering education. International Journal 
of Engineering Education, 26(3), 535–546.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research 
in Psychology, 3(2), 77–101. https://doi.org/10.1191/1478088706qp063oa

Bringle, R. G., & Hatcher, J. A. (2002). Campus–community partnerships: The terms 
of engagement. Journal of Social Issues, 58(3), 503–516. https://doi.org/10.1111/1540-
4560.00273

Burton, S., Hutchings, S., Lundy, C., & Lyons-Lewis, A. (2019). Evaluating the complexity 
of service-learning practices: Lessons from and for complex systems theory. Journal 
of Higher Education Outreach and Engagement, 23(3), 89–103. https://openjournals.libs.
uga.edu/jheoe/article/view/1522

Chan, C. K. Y. (2012). Exploring an experiential learning project through Kolb’s learning 
theory using a qualitative research method. European Journal of Engineering Education, 
37(4), 405–415. https://doi.org/10.1080/03043797.2012.706596

Chupp, M. G., & Joseph, M. L. (2010). Getting the most out of service learning: Maximizing 
student, university and community impact. Journal of Community Practice, 18(2–3), 
190–212. https://doi.org/10.1080/10705422.2010.487045

Crabtree, R. D. (2008). Theoretical foundations for international service-learning. 
Michigan Journal of Community Service Learning, 15(1), 18–36. http://hdl.handle.
net/2027/spo.3239521.0015.102

Creswell, J. W. (2013). Research design: Qualitative, quantitative, and mixed methods approaches 
(4th ed.). SAGE Publications.

Delaine, D., Cardoso, J. R., & Walther, J. (2015, June 14–17). Qualitative analysis of bound-
ary-spanning implications within interviews of engagement stakeholders [Paper presen-
tation]. 122nd ASEE Annual Conference and Exposition, Seattle, WA. https://doi.
org/10.18260/p.24626



56Vol. 25, No. 2—Journal of Higher Education Outreach and Engagement

Delaine, D., Cardoso, J. R., & Walther, J. (2019). An investigation of inter-stakeholder 
dynamics supportive of STEM, community-based learning. The International Journal 
of Engineering Education, 35(4), 1094–1109.

Dostilio, L. D. (2014). Democratically engaged community–university partnerships: 
Reciprocal determinants of democratically oriented roles and processes. Journal of 
Higher Education Outreach and Engagement, 18(4), 235–244. https://openjournals.libs.
uga.edu/jheoe/article/view/1159

Dostilio, L. D. (2017). The community engagement professional in higher education: A compe-
tency model for an emerging field. Campus Compact.

Drahota, A., Meza, R. D., Brikho, B., Naaf, M., Estabillo, J. A., Gomez, E. D., Vejnoska, S. 
F., Dufek, S., Stahmer, A. C., & Aarons, G. A. (2016). Community–academic partner-
ships: A systematic review of the state of the literature and recommendations for 
future research. The Milbank Quarterly, 94(1), 163–214. https://doi.org/10.1111/1468-
0009.12184

Eilam, E., Bigger, S. W., Sadler, K., Barry, F., & Bielik, T. (2016). Universities conducting 
STEM outreach: A conceptual framework. Higher Education Quarterly, 70(4), 419–448. 
https://doi.org/10.1111/hequ.12105

Furco, A. (2003) Service learning: A balanced approach to experiential education. In 
Campus Compact, Introduction to service-learning toolkit: Readings and resources for faculty 
(2nd ed., pp. 11–14). Campus Compact.

Garcia, J. M., Soriano, E., Garcia, I., & Rubio, H. (2013). Implementation of service-
learning projects in engineering colleges. International Journal of Engineering Education, 
29(5), 1119–1125.

Gilbert, D. J., Held, M. L., Ellzey, J. L., Bailey, W. T., & Young, L. B. (2015). Teaching 
“community engagement” in engineering education for international develop-
ment: Integration of an interdisciplinary social work curriculum. European Journal of 
Engineering Education, 40(3), 256–266. https://doi.org/10.1080/03043797.2014.944103

Glesne, C. (2016). Becoming qualitative researchers: An introduction. Pearson.

Head, B. W. (2007). Community engagement: Participation on whose terms? Australian 
Journal of Political Science, 42(3), 441–454. https://doi.org/10.1080/10361140701513570

Henry, S. E., & Breyfogle, M. L. (2006). Toward a new framework of “server” and “served”: 
De(and re)constructing reciprocity in service-learning pedagogy. International Journal 
of Teaching and Learning in Higher Education, 18(1), 27–35. https://www.isetl.org/ijtlhe/
pdf/IJTLHE34.pdf

Holland, B. A., & Gelmon, S. B. (1998). The state of the “engaged campus”: What have 
we learned about building and sustaining university–community partnerships? AAHE 
Bulletin, 51, 3–6.

Jeffers, A. T., Safferman, A. G., & Safferman, S. I. (2004). Understanding K–12 engineering 
outreach programs. Journal of Professional Issues in Engineering Education and Practice, 
130(2), 95–108. https://doi.org/10.1061/(ASCE)1052-3928(2004)130:2(95)

Johri, A., & Olds, B. M. (2014). Cambridge handbook of engineering education research. 
Cambridge University Press.

Leydens, J. A., & Lucena, J. C. (2014). Social justice: A missing, unelaborated dimension 
in humanitarian engineering and learning through service. International Journal for 
Service Learning in Engineering, Humanitarian Engineering and Social Entrepreneurship, 
9(2), 1–28. https://doi.org/10.24908/ijsle.v9i2.5447

Maurrasse, D. J. (2002). Beyond the campus: How colleges and universities form partnerships 
with their communities. Routledge.

McCall, G. J., & Simmons, J. L. (Eds.). (1969). Issues in participant observation: A text and 
reader (Quantitative Methods Vol. 7027). Addison-Wesley.

McNall, M. A., Barnes-Najor, J. V., Brown, R. E., Doberneck, D. M., & Fitzgerald, H. E. 
(2015). Systemic engagement: Universities as partners in systemic approaches to 
community change. Journal of Higher Education Outreach and Engagement, 19(1), 7–32. 
https://openjournals.libs.uga.edu/jheoe/article/view/1183



57 Characterizing STEM Community-Based Learning 

Miller, P. M. (2008). Examining the work of boundary spanning leaders in community 
contexts. International Journal of Leadership in Education, 11(4), 353–377. https://doi.
org/10.1080/13603120802317875

Mitchell, T. D. (2008). Traditional vs. critical service-learning: Engaging the literature to 
differentiate two models. Michigan Journal of Community Service Learning, 14(2), 50–65. 
http://hdl.handle.net/2027/spo.3239521.0014.205

Mitchell, T. D., Donahue, D. M., & Young-Law, C. (2012). Service learning as a pedagogy 
of Whiteness. Equity & Excellence in Education, 45(4), 612–629. https://doi.org/10.108
0/10665684.2012.715534

Mooney, L. A., & Edwards, B. (2001). Experiential learning in sociology: Service learning 
and other community-based learning initiatives. Teaching Sociology, 29(2), 181–194. 
https://doi.org/10.2307/1318716

Morton, K. (1995). The irony of service: Charity, project and social change in service-
learning. Michigan Journal of Community Service Learning, 2(1), 19–32. http://hdl.handle.
net/2027/spo.3239521.0002.102

Mulroy, E. A. (2004). University civic engagement with community-based organiza-
tions: Dispersed or coordinated models? Journal of Community Practice, 12(3–4), 35–52. 
https://doi.org/10.1300/J125v12n03_03

National Research Council. (2015). Identifying and supporting productive STEM programs in 
out-of-school settings. National Academies Press.

Nieusma, D., & Riley, D. (2010). Designs on development: Engineering, glo-
balization, and social justice. Engineering Studies, 2(1), 29–59. https://doi.
org/10.1080/19378621003604748

Oakes, W., Zoltowski, C. B., & Huff, J. (2014). Engineering service-learning: A model for 
preparing students for engineering practice while meeting needs of the underserved. 
Journal of Engineering Education Transformations, 27(4), 46–56. http://journaleet.in/
index.php/jeet/article/view/53300

Richards, L. (2014). Handling qualitative data: A practical guide. SAGE.

Rosenberger, C. (2014). Beyond empathy: Developing critical consciousness through 
service learning. In C. R. O’Grady (Ed.), Integrating service learning and multicultural 
education in colleges and universities (pp. 39–60). Routledge.

Sadler, K., Eilam, E., Bigger, S. W., & Barry, F. (2018). University-led STEM outreach 
programs: Purposes, impacts, stakeholder needs and institutional support at nine 
Australian universities. Studies in Higher Education, 43(3), 586–599. https://doi.org/1
0.1080/03075079.2016.1185775

Strier, R. (2010). The construction of university–community partnerships: Entangled per-
spectives. Higher Education, 62(1), 81–97. https://doi.org/10.1007/s10734-010-9367-x

Suarez-Balcazar, Y., Harper, G. W., & Lewis, R. (2005). An interactive and contextual 
model of community–university collaborations for research and action. Health 
Education & Behavior, 32(1), 84–101. https://doi.org/10.1177/1090198104269512

Swan, C., Paterson, K., Bielefeldt, A. R., Johri, A., & Olds, B. M. (2014). Community 
engagement in engineering education as a way to increase inclusiveness. In A. Johri 
& B. Olds (Eds.), Cambridge handbook of engineering education research (pp. 357–372). 
Cambridge University Press.

Taylor, R. R., Braveman, B., & Hammel, J. (2004). Developing and evaluating community-
based services through participatory action research: Two case examples. American 
Journal of Occupational Therapy, 58(1), 73–82. https://doi.org/10.5014/ajot.58.1.73

Thompson, J. D., & Jesiek, B. K. (2017). Transactional, cooperative, and communal: 
Relating the structure of engineering engagement programs with the nature of part-
nerships. Michigan Journal of Community Service Learning, 23(2). https://doi.org/10.3998/
mjcsloa.3239521.0023.206

Weerts, D. J., & Sandmann, L. R. (2008). Building a two-way street: Challenges and op-
portunities for community engagement at research universities. The Review of Higher 
Education, 32(1), 73–106. https://doi.org/10.1353/rhe.0.0027



58Vol. 25, No. 2—Journal of Higher Education Outreach and Engagement

Yin, R. K. (2017). Case study research and applications: Design and methods. Sage Publications.

Young, G. D., Knight, D. B., Lee, W., Cardella, M., Hynes, M., Reid, K., & Fletcher, T. (2017, 
October). Leveraging a multi-partner approach to develop successful STEM outreach 
programs. In 2017 IEEE Frontiers in Education Conference (FIE) (pp. 1–5). https://doi.
org/10.1109/FIE.2017.8190725

Zimmerman, M. A., & Rappaport, J. (1988). Citizen participation, perceived control, and 
psychological empowerment. American Journal of Community Psychology, 16(5), 725–750. 
https://doi.org/10.1007/BF00930023


