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ABSTRACT

Students develop personal connections to local places and build critical thinking skills as they
engage in meaningful problem-solving rooted in place. At the same time, when students work
within local communities, they can contribute to increased community technical capacity and
well-being. In this case study, we sought to explore student and community perceptions of a
place-based activity integrated within a college-level GIS course in Maine, USA. We partnered with
a local conservation organization to develop place-based activities to address our partner’s
geospatial needs. We drew on multiple data generation methods including pre-/post-test student
responses within a quasi-experimental design, student reflections, and a group interview with
community partners to illuminate the diverse benefits and challenges of place-based education
(PBE). Our findings indicate that while quantitative results did not detect differences between the
place-based, technologically-mediated place-based, and campus-based approaches, qualitative
results — such as student reflections and community partner perceptions — depicted complex
reciprocal gains resulting from education rooted in local community. Community partners benefit
from PBE by increasing their GIS capacity and engaging on a personal level with students. We
conclude with implications for GIS instructors seeking to incorporate place-based approaches within
their college-level courses, such as the need to engage community partners thoughtfully and
transparently, think critically about measurement and assessment of learning outcomes, and remain
flexible to student needs.
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Introduction place (Hougham et al., 2015; Perkins et al., 2010; Semken
et al, 2017) by bringing together multiple forms of knowl-
edge to foster intense study of a local issue (Bartsch, 2007;
Ignatius & Flood, 2021). Place-based education (PBE)
empowers students to tackle complex environmental chal-
lenges by bridging theory and practice. Engaging in
real-world problem-solving scenarios fosters critical think-
ing, creativity, and the application of knowledge (Sobel,
2004). Gruenewald and Smith (2008) define PBE as a
community-based effort to reconnect education and human
development to the well-being of community life by drawing
on local phenomena as a source of student learning. Distinct
advantages of PBE include: (1) connecting learning to stu-

As society faces increasingly complex large-scale environ-
mental challenges, Geographic information systems (GIS)
training is critical for educating the next generation of
problem-solvers and spatial thinkers (Bearman et al., 2016;
Blickley et al., 2013; Sinton, 2009). The geospatial technol-
ogy industry is experiencing rapid growth and requires that
students are trained in technical, communication, and
problem-solving skills (Mathews & Wikle, 2019). As a result,
there is a growing need to understand pedagogical approaches
that incorporate technical development of GIS skills along-
side opportunities for more critical thinking (Bearman et al.,
2016). GIS educators are using interdisciplinary approaches

to build these diverse skill sets (Bearman et al., 2016); for
instance, via real-world examples in the classroom that give
students the opportunity to learn GIS software and apply
that knowledge to solve problems (Lloyd, 2001).

A place-based teaching approach enables students to work
on personally meaningful issues of local interest grounded in

dents’ lived experiences, (2) fostering a sense of place, (3)
building social capital, (4) developing a civic responsibility
through authentic partnerships, and (5) accounting for
expanded ease of knowing (Demarest, 2015). Within the
context of geoscience education, place-based learning is par-
ticularly relevant for engaging students in authentic
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experiences in place, while supporting both environmental
and cultural awareness of local place (Semken et al., 2017).
Geoscience, and environmental science more broadly, is
highly dependent on place, and a PBE curriculum allows
students to understand local environments when given the
opportunity to develop a sense of place (Monet & Greene,
2012). We draw on the theory of place as described by
Semken et al. (2017), where place is any locality imbued
with meaning via human experience (Tuan, 1977).

Literature review

Within a university, students’ experiences can shape (and are
shaped by) place (Sun & Maliki, 2015). Previous research high-
lights the importance of developing a sense of place for under-
graduate student success (Holton, 2015). Sense of place includes
the combination of place attachments—or bonds between peo-
ple and places (Low & Altman, 1992, Scannell & Gifford,
2010)—and place meanings—the ways individuals understand
place (Semken & Freeman, 2008; Young, 1999). Place attach-
ment consists of place identity and place dependence, where
place identity refers to an emotional attachment that helps indi-
viduals understand themselves (Proshansky et al., 1983; Stedman,
2002), and place dependence is a functional attachment related
to the place providing necessary amenities (Williams et al,
1995). Place attachment and place meanings are associated with
pro-environmental behaviors (Scannell & Gifford, 2010), student
engagement (Semken & Freeman, 2008), and connection to
nature (Basu et al., 2020). Researchers extensively study sense of
place within educational contexts, finding support for PBE in
increasing place attachment and place meanings (Semken &
Freeman, 2008) using quantitative (Lee & Chiang, 2016) and
qualitative methods (Russ et al, 2015; Williams & Semken,
2011). Place-based education has also been linked with student
self-efficacy (Bright, 2020), or an individual's perception of their
skill and ability to complete a task (Bandura, 1977).

In addition to student learning and sense of place out-
comes, education that is rooted in place also brings class-
rooms and communities together where students can
contribute to community well-being and resilience—or the
ability to respond to change (Krasny & Roth, 2010; Tidball
& Krasny, 2011). As a result, students can become agents of
change (Bartsch, 2007), while developing a sense of belong-
ing and social responsibility (Chawla, 2015). Place-based
school and community partnerships support the long-term
sustainability of communities (Zuckerman, 2019) by increas-
ing social capital (Krasny et al., 2015)—or the connections
among people and organizations (Emery & Flora, 2006). We
have chosen to situate our discussion of social capital
through a community development lens (Flora, 1998) given
its focus on social relationships, well-being of communities
in place, and application within environmental change
research (Carmen et al., 2022).

Within conservation, GIS is an important tool (Speaker
et al., 2022); however, due to the lack of funding or trained
personnel there is often a limited capacity for GIS (Rissman
et al, 2019). Therefore, the possibilities for community-
university partnerships (Bieluch et al., 2021) for addressing

GIS needs are of importance. Social capital literature identi-
fies how involvement and participation in groups can have
positive consequences for individuals and communities via
bonding, bridging, and linking social capital (Aldrich &
Meyer, 2015). Bonding social capital describes the ties among
individuals that lead to community cohesion. Bridging is the
ties connecting social groups, and linking is the connections
between people and those in power (Emery & Flora, 2006).
When there are opportunities for youth—defined by the
United Nations as individuals under the age of 24—and
adults to work together, social capital can increase and spiral
up as youth see themselves as part of the community (Emery
& Flora, 2006). Therefore, collaborative efforts between col-
lege students and community groups often result in innova-

tive and sustainable solutions to local environmental
challenges (Chen et al, 2015; Massaro et al, 2021;
Zuckerman, 2019).

The concepts of PBE, intergenerational learning

(Ballantyne et al., 1998), and service-learning (Molnar et al,,
2010) tightly linked embedded within
community-university partnerships that allow students to
participate in community activities (Keen & Baldwin, 2004;
Galante, 2019). PBE is particularly poised to foster social
connectivity, trust, civic engagement, and intergenerational
learning (Mannion & Adey, 2011; Shiel et al, 2016).
Compared to studies that assess student outcomes of PBE,
relatively fewer studies explore the impacts of PBE on com-
munity members (Gerstanblatt & Gilbert, 2014). More spe-
cifically, within GIS university courses, the literature on both
student and community perceptions of PBE approaches is

are all and

scant, despite a recent emergence of youth voices on
community-engaged GIS projects (e.g., Solis & Zeballos, 2023).

The purpose of this case study was to explore student
and community perceptions of a place-based activity inte-
grated within a college-level GIS course. We partnered with
a local conservation organization to co-develop activities to
address their GIS needs while allowing students the flexibil-
ity to bring personal meaning to their projects, an approach
suggested by previous scholars like Roth and Lee’s (2004)
service learning work with middle school students and
Norton et al. (2019) work with mobile field data collection
on a local stream. We collaboratively identified multiple GIS
needs with the local conservation organization. Using a case
study approach, we triangulated across several data collec-
tion and generation methods to understand perceptions of
PBE outcomes for students and community members. Our
research addressed the following key questions: (1) Does a
two-week place-based project lead to a higher sense of place
and self-efficacy among college GIS students as compared to
a traditional or technologically-mediated place-based
approach?, (2) How do students experience local place as
they engage in a GIS place-based activity?, and (3) How do
members of the partner community conservation organiza-
tion perceive benefits and challenges of collaborating with a
local university to meet conservation needs?



Methodology

We adopted a single instrumental case study methodology
(Yin, 2018) to understand how, if at all, a two-week
place-based activity within a college-level GIS course
impacted students and local community partners (Figure 1).
A case study design was particularly useful for this research
because it allowed for an in-depth understanding of partici-
pants’ experiences, perceptions, and behaviors within their
socio-ecological contexts (Yin, 2018). We used a concurrent
mixed methods approach (Creswell & Clark, 2017) to gain
an in-depth understanding of student and community per-
ceptions, experiences, and outcomes. Multiple data genera-
tion methods, including qualitative and quantitative, from
several sources enabled us to better understand the various
‘lenses’ through which multiple facets of the activity could
be revealed (Yin, 2018).

We adopted a pragmatic paradigm (Greene et al., 2003),
and therefore engaged multiple perspectives and ways of
knowing to develop a broader, deeper understanding of
experiences. We adopt the approach of crystallization as a
way to describe triangulation that better reflects multiple
realities. Crystallization makes use of multiple data genera-
tion methods, participants, and theories that allow different
facets of the problem to be explored (Tracy, 2010), and
hence provide a richer and more complete understanding of
an issue. We draw on the theoretical contributions of phe-
nomenology—or a philosophical approach to studying
human experience—to make sense of student and commu-
nity members ways of making meaning (Moustakas, 1994).
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Thus, we offer our findings as an interpretation of individ-
uals’ experiences and acknowledge our positionality within
the work.

The first author (Soucy) instructed one of the course lab
sections, while the second author (Rahimzadeh-Bajgiran) was a
lead instructor for the lectures and instructed one of the lab
sections. Both Soucy and Rahimzadeh-Bajgiran collected stu-
dent and partner data, while Soucy analyzed student reflections
and the group interview data and engaged in peer debriefing
with Rahimzadeh-Bajgiran and De Urioste-Stone. Soucy is a
white female social scientist who holds personal and profes-
sional interests in environmental education, intergenerational
learning, and stewardship shaped by her mixed methods
research as well as experiences as an environmental educator.
Soucy seeks practical and useful approaches that solve concrete
problems via a pragmatic approach to inquiry. Rahimzadeh-
Bajgiran is geospatial scientist and the lead instructor of the
GIS course in which the study was formulated and has interest
in place-based education. Rahimzadeh-Bajgiran’s research is at
the intersection of social and biophysical sciences in the field
of environment and natural resources.

Study site

We conducted this case study at a medium-sized land grant
university located in a town in Maine, USA. Conservation
planning in Maine integrates spatial data into prioritization
and acquisition decisions (Walker & Ryan, 2008). However,
previous work in the region identified limited personnel and
funding capacities, especially in rural communities, which

QUANTITATIVE STUDENT OUTCOMES

RQ 1: Can a place-based project lead to a higher sense of place and
self-efficacy among college GIS students as compared to a traditional

or tec
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Figure 1. Case study methodology involving multiple methods and their associated research question (RQ) and triangulation across data generation methods and

participant types.
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hinder the use of technologies such as GIS for conservation
(Rissman et al., 2019; Soucy et al., 2023). At the same time,
a combination of youth out-migration and lack of
in-migration led to a population decline in Maine, which
has resulted in growing concerns for the future of Main€’s
natural resource-dependent communities and industries
(Bernsen, 2020). Therefore, we advance previous work that
has sought to address the aging population and complex
challenges rural communities face in Maine by connecting
students with community needs (Bartsch, 2007). This study
was approved by the Institutional Review Board (IRB) for
research on human subjects.

Course design

The GIS course under study is a mixed undergraduate and
graduate-level course offered each year. During the Spring of
2023, 73 students (8 graduate students, 65 undergraduate
students) enrolled in the course. The course consists of two
90-minute lectures each week, and one two-hour lab. The
lectures are conducted with all 73 students, while the labs
feature smaller class sizes (~23 students), such that three lab
instructors teach one lab section each. Two graduate student
teaching assistants share lab duties and assist students across
all lab sections. In the lab, the students apply the skills they
learned during lecture to practice creating map products and
models while answering spatial questions. The course is
designed for environmental science and forestry students
with minimal GIS experience, and covers topics ranging
from coordinate systems, map design, working with tables,
queries, model builder, GPS data collection, and spatial
analysis.

While students benefit from field trips that expose them
to local environments and allow ‘real-world’ experiences;
obstacles, such as the COVID-19 pandemic (Lowenthal
et al., 2020), resource strains (e.g., limited funding for trans-
portation or personnel), and large undergraduate courses
(Leydon & Turner, 2013) all create logistical challenges that
can limit the possibility of in-person field trips. In a
post-COVID-19 world, a combination of in-person and
technologically-mediated field experiences may be necessary
(Cho & Clary, 2020; Whitmeyer & Dordevic, 2021); there-
fore; one lab section engaged with the community

PRE-TEST

QUESTIONNAIRE ~ ABACTIVITY #1

LAB ACTIVITY #2

organization and site via a technologically-mediated
approach. The technology-mediated approach provided a
means for students to see and experience via a short video
(Mead et al., 2019).

Beginning in the Fall of 2022, we contacted a local conser-
vation group to initiate a partnership with the goal of integrat-
ing course learning goals and local GIS needs. After several
meetings with members of the local conservation organization
(referred to as community partners), we jointly identified two
student tasks to meet organizational needs: (1) developing a
georeferenced trail map for one of the organization’s local pre-
serves, and (2) acquiring geospatial data and creating a model
for prioritizing conservation efforts. We developed two lab activ-
ities to address these two projects over the course of two weeks.
Students participated in the lab in one of three lab sections;
therefore, we adopted a quasi-experimental design to understand
changes in student learning outcomes across a place-based,
technologically-mediated place-based, and control (hereafter,
‘campus-based’) group (Figure 2). Students did not know which
treatment group they would be assigned when they enrolled in
the course.

In Lab Activity #1, the students in the place-based group
collected GPS data at the conservation organization preserve
using the Avenza app (Merry & Bettinger, 2019)—a free app
for marking locations, measuring distances, and recording
GPS tracks—and used these data to work in groups to create
a georeferenced trail map to be presented to members of the
local conservation organization. Students in both the
campus-based group and technologically-mediated groups
used the Avenza app to collect GPS points on campus for
Lab Activity #1. This lab activity was not connected to the
local organization, rather, the campus-based group and
technologically-mediated students created a mini-map of
campus based on their GPS collection for Lab Activity #1.

In Lab Activity #2, both the place-based group and
technologically-mediated groups searched for and used local GIS
data to create a conservation priority model and map for the
conservation organization. The technologically-mediated group
began by watching a 5-min video on a projected screen that
detailed the groups mission and showcased imagery and video
from the local preserve (following best practices from Wang
et al., 2022). Students were then allowed to ask questions about
the organization to instructors. Students in the place-based
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Figure 2. Overview of the PBE activity within the three GIS lab sections, including the quasi-experimental design and student reflections.



group presented their finished maps and models within small
groups over the course of ~90min to community partners one
week after Lab Activity #2. Students in the technologically-
mediated group did not present their findings to community
partners. Students in the campus-based group created a model
for site selection for a recycling facility not grounded in local
mapping needs for Lab Activity #2, and did not interact with
the community partners in any way.

Description of student population

Out of 73 students enrolled in the course, 71 completed the
pretest and 70 completed the post-test questionnaires. Students
were, on average, 22.7years old (SD = 7.48), with an age
range of 19 to 68years, with six students over the age of 30.
Twenty-two students identified as female, 45 as male, and 4
as non-binary or other. Students resided in the town where
the campus is located and the place of interest for sense of
place in this study, for an average of 2.6years (SD = 3.1) with
residency ranging from 0 to 20years. Students were primarily
juniors (48%), followed by sophomores (25%), seniors (15%),
and graduate students (11%). Fifty-five percent (55%) of stu-
dents indicated that they had ‘no experience with GIS prior
to the course, while 43% indicated they had ‘some GIS expe-
rience, and 1% self-reported ‘a lot of GIS experience’ Students
identified as White (67), and/or Hispanic/Latinx (2), Black
(1), Asian/Pacific Islander (2), native (1), and Middle Eastern
(1). Thirty-six percent (36%) of students indicated that they
enrolled in the course to fulfill degree requirements, while
64% enrolled in the course for at least one other reason (e.g.,
personal interest, project needs, and/or building career skills).
There were no significant differences between lab sections in
students majors (x> = 11.51, p=0.32, Cramers V=0.28), resi-
dency (¢ = 3.02, p=0.55, Cramers V=0.15), gender (x* =
8.49, p=0.39, Cramer’s V=0.25), or prior GIS experiences (x
= 559, p=0.23, Cramers V=0.19). However, differences
existed in the grade composition of the lab sections, such
that the PBE section had more sophomores, and the
technologically-mediated section had more graduate students
(* = 28.72, p<0.001, Cramer’s V=0.45) (See Supplemental
Table 1). Graduate students were encouraged to enroll in a
specific section to aid in instruction for the course in general;
therefore, it is important to note this assignment of graduate
students may be a confounding variable.

Methods

Student outcomes: Pre-/post-test questionnaire

We used a pre-/post-test nonequivalent quasi-experimental
design (Cook et al, 1979) to understand differences in
self-efficacy and sense of place between lab sections over the
course of the activities. Students completed the pretest and
post-test questionnaires one week prior to and following the
lab exercises studied, respectively. The questionnaire con-
sisted of mostly Likert-scale items to measure students’
self-efficacy, sense of place, and socio-demographics (ie.,
age, gender, residency, grade, GIS experience) (Puttick et al.,
2022) (see Supplemental Table 2). We formulated learning
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objectives to measure self-efficacy (Bandura, 2006) specific
to the exercises, based on cognitive, affective, and behavioral
dimensions of student learning (Stedman, 2002). We designed
a unique instrument to reflect the specific learning context
(Bandura, 2006) totaling 18 statements to understand stu-
dents’ perceptions. These self-efficacy items addressed vari-
ous skills (e.g., “I can collect GPS points,” and “I can make
a positive contribution to the community”). Students rated
each of the statements on a scale of 0-100 (Pajares et al,
2001). Researchers have used the 0-100 scale over a Likert
scale assessment to measure self-efficacy given its increased
predictive power (Kan, 2009; Pajares et al, 2001), and
increased sensitivity for detecting self-efficacy beliefs
(Bandura, 1977). Additionally, we aimed to assess self-efficacy
at an appropriate level of specificity by linking the items to
specific student outcomes (Pajares et al., 2001). Given the
unique nature of the items in the self-efficacy construct, we
conducted an exploratory factor analysis using a maximum
likelihood extraction to determine the possible dimensions
of self-efficacy (a0 = 0.92) (Tabachnik et al, 2019). The
Kaiser-Mayer-Olkin (KMO) index was 0.86, and Bartletts
Test of Sphericity reached statistical significance (x* =851.87,
p<0.001), indicating that our data were suitable for factor
analysis. Results from the pretest data indicated that all
self-efficacy skills loaded (i.e., had a component loading
greater than 0.50) onto one of four factors, which we defined
as (1) analytical skills (oo = 0.91), consisting of 7 items
related to creating maps, finding appropriate data, and solv-
ing GIS challenges, (2) problem solving skills (a0 = 0.88),
consisting of 5 items related to finding and analyzing geo-
spatial information, (3) technical GPS skills (o = 0.92), con-
sisting of 2 items related to collecting and digitizing GPS
data, and (4) community skills (o = 0.72), consisting of 4
items related to making a difference (Supplemental Table 3).
We then created mean scores for the various dimensions of
self-efficacy, where higher values indicate a higher percep-
tion of self-efficacy.

We measured students’ place attachment and place mean-
ings using Williams and Vaske (2003) place attachment
instrument which consists of 12 items on a five-point Likert
scale. We created mean scores for place attachment for fur-
ther analysis, such that higher scores indicate a higher place
attachment (pretest o = 0.90; post-test oo = 0.89). All place
attachment items loaded onto one component based on an
exploratory principal components analysis; therefore, we
considered place attachment as one construct. We measured
place meanings using 31 items adapted from Young (1999)
and Semken and Freeman (2008) to understand the diversity
of meanings students associate with the town where the uni-
versity is located (e.g., remote, beautiful, scientifically valu-
able, historical, etc.). We reverse-coded the following items:
overdeveloped, threatened, crowded, small, boring, and dan-
gerous, as they indicate negative place meanings (Semken &
Freeman, 2008). We summed the 31 place meaning scores
for all items such that a lower score indicates that the town
holds minimal and/or negative meaning for the student, and
a higher score indicates rich, positive, diverse meanings
(Semken & Freeman, 2008) (pretest oo = 0.87; post-test o =
0.88). We administered the questionnaire to all lab sections
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using Qualtrics, and conducted all analyses using SPSS 25.0
(IBM Corp., Armonk, NY). We assessed the internal consis-
tency of all constructs using Cronbach’s a scores (Cronbach,
1951; Vaske et al,, 2017).

We assessed the distribution of all variables, and win-
sorized outliers using Tukey’s (1997) box plot method (Vaske,
2019). To address our first research questions, we used
paired t-tests to examine the relationships between pretest
and post-test measures and then conducted a one-way
ANCOVA to determine whether there was a statistically sig-
nificant difference in post-test place attachment, place mean-
ings, and self-efficacy between the lab sections when
controlling for the pretest scores and covariates (Seltman,
2018). We determined the relevant covariates based on the-
oretical predictors from the literature and correlations
between variables (Tabachnick et al., 2019; see Supplemental
Table 4).

Student outcomes: Reflections

We triangulated the quantitative results from student pre/
post-test questionnaires with qualitative reflections of stu-
dents’ experiences and learning (Ash & Clayton, 2009) to
address our second research question. Following the second
activity, we asked students in the place-based and
technologically-mediated groups to write a 1-page reflection
on their experiences with the local community organization.
Students in the campus-based group did not complete a
reflection because they did not learn about the local com-
munity organization partner. The prompt read: “Please
reflect on your experiences with [community organization]
(e.g., have you visited one of their preserves for a hike prior
to lab, etc.). Describe these experiences - what did you
enjoy? Why do you visit [these areas]? And in a couple of
sentences share how GIS may be useful for [the community
organization]” Soucy analyzed the reflections using qualita-
tive thematic analysis (Braun & Clarke, 2006), with a phe-
nomenological lens (Smith et al., 2021). She assigned initial
codes to meaningful units of data, with a focus on students’
connections to place and skill development, and then further
organized the codes into categories and higher-order themes
(Braun & Clarke, 2006; Miles et al., 2014). We use identifi-
cation codes (e.g., 09-P) for students to preserve anonymity.
The letter after the number corresponds to the students’ lab
section, where P stands for place-based and T stands for
technologically-mediated.

Strategies for addressing dimensions of trustworthiness
specific to a phenomenological lens included prolonged
engagement, reflexivity, use of thick description, triangula-
tion, and peer debriefing (Nowell et al., 2017; Tracy, 2010).
Here we acknowledge the dynamic nature of qualitative
interpretation as the researcher attempts to make sense of
the participants’ experiences (Smith et al., 2021). Throughout
the multiple rounds of coding, Soucy engaged in peer
debriefing (Bogdan & Biklen, 1997) with De Urioste-Stone
and Rahimzadeh-Bajgiran. A focus on understanding and
analyzing each individual reflection before moving on to the
next reflection (Smith et al., 2021) ensured we captured the
diverse perspectives and experiences among the students

(Gibbs, 2018). A phenomenological approach emphasizes the
exploration of subjective experiences and meanings from the
perspective of the participants, which involves employing a
single coder who engages in reflexivity (i.e., reflective journ-
aling and acknowledgement of positionality), and in-depth
engagement with the data (Smith et al., 2021). The decision
to use a single coder and forego interrater reliability aligns
with the epistemological stance of phenomenology. As the
single coder, Soucy practiced reflexivity by keeping a reflec-
tive journal and constantly being cognizant of her role in
data generation and interpretation (Bogdan & Biklen, 1997).
Interpretations were informed by direct quotes from the
reflections to support key findings and enhance the trust-
worthiness of the analysis. Through this process, we uncov-
ered commonalities, divergences, and significant insights
regarding students’ sense of place and connections with the
community organization.

Community partner group interview

We (specifically, Soucy and Rahimzadeh-Bajgiran) conducted
one group interview to explore community partner percep-
tions (Parker & Tritter, 2006; Wilkinson, 1998). Approximately
three weeks following the student presentations, we met with
four of the community organization members involved with
the conceptualization of the PBE activities and student pre-
sentations. Over the course of the project, we engaged with
nine (three identified as women and six as men) different
community partners from the organization. We built rapport
and increased trustworthiness with community participants
as we engaged in multiple interactions prior to the GIS
course as well as throughout the semester-long class (Tracy,
2010). All interview participants were volunteers who held
various positions of power, were white, and two identified as
men and two identified as women. Some held various other
volunteer and/or board member positions with other local
environmental groups, and several held deep connections to
the university as alumni—two of whom attended the group
interview. The group interview lasted 55min and occurred
via Zoom. The purpose of the group interview was to stim-
ulate discussion and understand the meanings, experiences,
and perceptions of the place-based activity of the partici-
pants (Bloor et al., 2001). We emphasized the importance of
understanding participants’ experiences and context and
allowed participants to reflect on those experiences (Seidman,
2006), while recognizing the potential roles of power and
norms within a group interview setting (Sim & Waterfield,
2019). We adopted a semi-structured approach, which
allowed participants to shape the discussion and the inter-
viewers to pose follow-up questions (Kvale, 2011). Interview
questions focused on the benefits and challenges of the proj-
ect, potential improvements for future collaborations, organi-
zational changes because of the activity, and student learning
(Supplemental Table 5). We recorded and transcribed the
group interview verbatim (Bloor et al., 2001).

Soucy inductively analyzed the group interview data
(Braun & Clarke, 2006), using categorization and coding to
understand the nature of participants’ experiences and per-
spectives (Miles et al, 2014), while staying close to
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participants’ words (Bazeley & Jackson, 2013), and constantly
moving between units of analysis in an iterative approach
(Krueger, 1998; Miles et al., 2014). Soucy also reflected on
group-level data, making note of areas of consensus and
divergence (Krueger & Casey, 2009), interactions among
participants (Hydén & Bulow, 2003), and the ways that
meaning was negotiated and co-produced in the group con-
text (Bazeley & Jackson, 2013; Parker & Tritter, 2006). The
interpretations were supported by direct quotes from partic-
ipants to illustrate key points and enhance the trustworthi-
ness of the findings. All qualitative analysis was conducted
in NVivo (Bazeley & Jackson, 2013).

Results
Pre-post student differences

Pre and post-test place attachment levels were not signifi-
cantly different within any lab section based on a paired
t-test (Table 1). None of the pre-/post-test changes in place
attachment and meanings were statistically significant (Table
1). Students’ self-efficacy perceptions of their technical GPS
skills experienced the greatest change from the pretest to
post-test questionnaires in regards to self-efficacy differ-
ences. Community skills significantly increased only within
the PBE group—increasing by 7.4 points on average
(t(21)=24, p=0.02, d=0.52). Additionally, technical GPS
skills increased by 26.1 points on average (t(21)=54,
p<0.001, d=1.2), and analytical skills increased by 11.5
points on average (t(21)=3.2, p=0.01) within the PBE sec-
tion. Within the technologically-mediated lab section, ana-
Iytical skills increased by 13.3 points on average (t(22=4.2,
p<0.001, d=0.99), and technical GPS skills increased by
22.0 points on average (t(22=4.2, p<0.001, d=0.89). Within
the campus-based lab section, technical GPS skills increased
by 18.7 points on average (t(23)=5.4, p<0.001, d=1.1), and
analytical skills increased by 12.2 points on average
(t(23)=4.5, p<0.001, d=0.93). Across all lab sections, stu-
dents’ perceptions of self-efficacy related to problem-solving
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skills did not significantly change from before the activity to
after the activity.

Pretest place attachment was significantly related to
post-test place attachment (F(1)=98.0, p=0.001); however, we
found no significant differences on post-test place attachment
between lab sections when controlling for pretest place
attachment (F(2)=0.8, p=0.5) (Figure 3). An investigation of
correlations between place meanings and socio-demographics
identified students age as a covariate for the one-way
ANCOVA; however, age did not significantly predict post-test
place meanings. Similarly, we found a significant effect of
pretest place meanings on post-test place meanings (F(1)=77.1,
p=0.001); however, when controlling for pretest place mean-
ings, we found no significant differences on post-test place
meanings between lab sections (F(2)=2.9, p=0.06). Therefore,
students who participated in the place-based activity did not
develop a greater or lesser sense of place as compared to the
students who received the technologically-mediated treatment
or even the campus-based treatment.

We found a significant effect of pretest analytical, techni-
cal GPS, and community skills on post-test analytical, tech-
nical GPS, and community skills [F(1)=46.15, p<0.001;
F(1)=69.80, p<0.001; F(1)=11.19, p<0.001]; however, we did
not find a significant effect of pretest problem-solving skills
on post-test problem-solving skills (F(1)=3.51, p=0.07).
When controlling for the pretest scores, we found no signif-
icant differences between lab sections on post-test analytical,
problem-solving, technical GPS, and community [F(2)=2.3,
p=12; F(2)=1.49, p=0.23; F(2)=0.12, p=0.89, F(2)=1.37,
p=0.26] (Figure 4). This finding indicates that pretest per-
ceived self-efficacy significantly predicts post-test rankings
for most skills; yet, students did not perceive their
self-efficacy rankings differently across lab sections after the
activities. Students’ prior GIS experience was a covariate for
student’s perceptions of self-efficacy. GIS experience had a
significant effect on post-test analytical, problem-solving,
and community skills [F(1)=7.45, p=0.01; F(1)=12.86,
p<0.001; F(1)=12.48, p=0.001], such that across all lab sec-
tions, students with more GIS experience entering the course

Table 1. Paired t-test results for pre-/post-test sense of place and self-efficacy scores across treatment groups.

Mean (or sum) score (SD)

Group Construct Pretest Post-test Mean difference t Cohen’s d?
Place-based treatment (N=22) Place attachment 2.69 (0.56) 2.7 (0.6) 0.02 -0.2 0.05
Place meanings 72.2 (10.9) 75.3 (13.3) 3.1 -1.6 0.34
Analytical skills 72.0 (14.7) 83.45 (12.4 1.5 3.2%* 0.68
Problem-solving skills 88.0 (7.5) 87.3 (11.2) -0.75 -04 0.09
Technical GPS skills 60.7 (26.9) 86.7 (14.3) 26.1 5.4%%* 1.2
Community skills 69.8 (16.8) 77.2 (13.7) 74 2.4% 0.52
Technologically-mediated Place attachment 2.34 (0.7) 2.5 (0.6) 0.1 -1.8 037
place-based treatment (N=23) Place meanings 75.9 (11.0) 74.9 (10.5) -1.0 0.7 0.15
Analytical skills 63.4 (21.9) 76.7 (16.6) 13.3 4.2%** 0.9
Problem-solving skills 84.19 (15.2) 87.8 (12.7) 3.6 1.9 0.39
Technical GPS skills 57.9 (33.39) 82.9 (16.4) 220 4.2%** 0.89
Community skills 67 2 (21.9) 71.7 (10.2) 4.5 1.5 0.31
Campus-based (N=24) Place attachment 5 (0.9) 2.5 (0.8) -0.06 0.5 0.09
Place meanings 73 9 (13.3) 72.1 (11.8) -1.8 1.1 0.23
Analytical skills 61.9 (21.8) 74.2 (17.5) 12.2 4.5%** 0.93
Problem-solving skills 79.4 (16.2) 84.2 (11.4) 4.8 1.5 0.31
Technical GPS skills 62.1 (28.3) 80.8 (24.4) 18.7 5.4%%* 1.10
Community skills 62.7 (17.9) 68.8 (14.2) 6.1 1.8 0.39

2Cohen’s d relates to the effect size where 0.0-0.19=very small, 0.20-0.49 =small, 0.40-0.79=moderate, and 0.80 or more=large effect size.

Note: all pre-/post-test scores are significantly correlated.
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had significantly higher perceived self-efficacy after the
activities. However, GIS experience did not have a signifi-
cant effect on post-test technical GPS skills (F(1)=1.68,
p=0.20).

Student reflections

We analyzed 19 student reflections — 10 students in the
place-based treatment lab section, and 9 students in the
technologically-mediated lab section. All students reflected
on their prior experiences with the local conservation orga-
nization; additionally, some students described their experi-
ences with the GIS activities, especially those students from
the place-based treatment group. Most students had been to
at least one preserve managed by the conservation organiza-
tion. We identified three key themes: (1) place-based educa-
tion allows students to authentically engage in course
materials, (2) important connections are made when stu-
dents work with communities, and (3) access to nature is a
critical part of college students’ well-being (see Table 2).

The place-based education activities allowed students to
authentically engage in course materials by enabling them to
practice skills in real-world contexts, as well as ask meaning-
ful questions derived from personal interests and observa-
tions. This theme was particularly salient among students in
the place-based lab section given their field trip and connec-
tions with community members during the presentations. In
reflecting on their GIS skills, students described how the
activities showed them “practical, real-life applications of
GIS” (09-P) and offered “an excellent way to get out there
and apply classroom knowledge to the field” (08-P). Students
reflected that they enjoyed the activities and were motivated
to do well because of the real-world application. 19-P
described their experience, “I honestly enjoyed being able to
go outside and gather the data for our assignment. I think
it is more meaningful when you have some sort of personal
connection to what you are [doing]” These quotes illustrate
how students derived personal meaning from a real-world
experience where they perceived their work as being useful
and valued. Students also posed questions within their
reflections. For example, 01-P reflected, “I remember seeing
maps, as I mentioned previously, at the [preserve]. I'd like to
go back and view these maps now that I have a better
understanding of the process of map-making” When stu-
dents engaged with a local conservation group to address
spatial challenges, they began to see the connections between
GIS and local real-world needs.

Additionally, students described the benefits of working
with local community members, including the positive
feeling of “helping” the organization, and their newfound
connections to local place as a result of the activity.
Students reflected on discovering (or rediscovering for
some) the local preserve due to the class activities. Despite
living in the community, the field trip appeared necessary
to introduce some students to the local organization and
trail network. 05-P wrote, “This experience has taught me
to be more aware of my surroundings as I never noticed
how often I use the [preserve] trail....Oftentimes the
everyday citizen is blind to how much community leaders
do for their enjoyment” In connecting course materials



Table 2. lllustrative quotes from student reflections corresponding to each theme.
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1. Place-based education allows students to authentically engage in course materials

a. PBE enables students to practice skills in real-world contexts

“This exercise was overall a great learning experience for me. It showed me the practical, real-life applications of GIS and how it is a tremendous resource in
many disciplines. It was also a rewarding experience to be able to present the information | gathered to a group of professionals that truly value the work

that was done.” (09-P)

“To know that my efforts were going to be used by someone else made me want to do better” (05-P)

“This lab activity was an excellent way to get out there and apply classroom knowledge to the field. Being able to go out and actually collect our own data,
piece it together on our own and then work with a group to create a finished product added needed dimensions to this course. “ (08-P)

b. PBE sparks student interest such that they ask personally meaningful questions

“Having access to a map that helps them better understand the time commitment required to go for a walk may make them more likely to spend some time
on the trails enjoying the beautiful area that is located right in their backyards.” (18-P)

“For example, [the conservation organization] aims to assess public access to natural areas, which involves relating roads and trails to [organization] areas.
ArcGIS provides a way for [the conservation organization] to see what areas already have public access and what road types can be used to reach each area,

as well as identify what areas need better access.” (12-T)

2. Important connections are made when students work with communities

“A project like this one provided by the University students eliminates the cost required to do a project like this internally...If the least this project does is save
some money and some headaches for the busy lives of the [conservation organization] volunteers, than that is still pretty cool in my opinion.” (19-P)

“It was [a] great experience and practice to present in front of personnel from [the conservation organization]. | enjoyed hearing their comments and stories
about balancing managing the land for conservation, recreation, and wildlife viewing.” (13-P)

“Prior to this activity, | was not familiar with the work done by [the conservation organization] to preserve local natural areas. After going out and collecting
GPS tracks with the class, | was fascinated by the [preserve] trails. | couldn’t believe that after living [in this town] now for almost two years, | had never
found the time to explore the trails that are essentially in my backyard. | went back the next day and did a long hike on the blue trail to see more of [the

preserve] for myself” (09-P)
3. Access to nature is a critical part of college students’ well-being

“I also feel that the [university] community of students appreciates [conservation organization] preserves very much for running, skiing and walks. It is a
blessing to have accessible land so close to campus in a semi-urban environment.” (07-P)

“They are always a lovely place to be, there are typically a few other people on the trails but rarely crowded, and people are usually quite friendly when you
pass by them. | see a lot of dogs there, which always makes me happy, and | also tend to walk my dog there whenever he comes up to visit for a

weekend.” (18-P)

“I love that [conservation organization] has provided such great access to natural spaces close to city. | can walk to multiple trailheads from my house, and |

often stop at [omitted traill on my way home from school.” (04-T)

with a local place, students gained an appreciation of the
conservation organization as well as the access to the pre-
serves they manage. Even one student who did not go to
the preserve, but learned about the preserve in the
video wrote,

“I visited a preserve...after participating in lab. I pass by the
trails daily on my drive to campus but this was the first time
visiting and walking the trails. The trails are connected to my
apartment complex which makes it convenient” (03-T)

This quote illustrates the potential impacts place-based
learning can have on student engagement in local communi-
ties as they seek new experiences in place.

Finally, students reflected on the importance of connect-
ing with nature for their well-being. Students commented on
the necessity of local green space access for their mental
health. For example, 10-T wrote, “I enjoy running in this
area because I often admire the flora and fauna that Marsh
Island has to offer....These allow me to clear my head and
make me ready to start my day” Similarly, 11-P reflected, “I
visit [the preserve] for a great experience out in the woods
close to campus. It makes me feel more focused during my
time at [the university]” Students in both the place-based
and technologically-mediated groups acknowledged their
experiences accessing local preserves managed by the com-
munity organization for recreational opportunities (e.g.,
hunting, biking, hiking, viewing wildlife, etc.). The ability to
recreate in a green space “so close to campus” (07-P) is of
note to students and an important aspect of their enjoyment
and connection with local place. In considering the previous
theme as well, the place-based activities may have increased
the salience of the conservation organization and allowed

students to make the connections between their well-being,
forests, and the community organization.

Community partner perceptions and experiences

Community partners described organizational as well as
individual benefits because of the collaboration with the uni-
versity GIS course instructors and students. Specifically, we
identified the following themes: (1) university partnerships
increase organizational GIS capacity while catalyzing interest
in addressing spatial questions, and (2) individuals benefit
from and commit to forming community connections as a
result of partnerships. Partners described how students pro-
vide useful information for decision-making and organiza-
tion; for example, 01 said, “So it's a nice pairing, since we’re
right here and the school’s right there, that we work together”
(01). Regarding outputs, partners expressed excitement about
the trail maps students produced—a need that had been
reiterated over the course of past meetings. 03 said, “I see
that we've made some progress [with trail mapping] with
some good clear templates to use” By creating a space to
discuss GIS needs in the group interview, following student
presentation, the community organization members brain-
stormed several ideas for spatial projects as a result of what
they observed and learned from the process. Student work
and discussion appeared to generate a consensus for the
importance of GIS capacity within the group. 03 said,

“More data than we’re using was collected just by the nature of
the field work [students] did. And I think that’s really useful to
the [conservation organization]. It may not be the intent we
started out on with this exercise, but it’s an intriguing possibility
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for sure, and GIS is a good tool for that. I don't know if we
have GIS capabilities [here]”

The information students collected in the field sparked an
interest and avenue for GIS exploration among partners.
Partners therefore acknowledged the potential for GIS to
improve organizational development; however, long-term
capacity for continuing to maintain and develop that GIS
database and knowledge remained unknown. Following 03’s
reflection, 02 added, “I think what 03 was talking about
in...getting some help and developing GIS capability within
the [community organization] would be beneficial...So
maybe some really super brave graduate student could help
us with that” While partners recognized the need for GIS,
barriers still remain for developing capacity within the orga-
nization; instead, continuing to leverage community connec-
tions (e.g., graduate students at the university) rather than
internal staff appears to be the solution.

Finally, partners discussed the individual benefits they
derived from the collaboration, including the development of
a sense of community and authentic commitment to work-
ing with students. 02 reflected on the benefits of student
collaboration,

“Overall the more student collaboration we have, the happier it
makes me feel... that it's more of a community. That we have
the students working alongside us, and that it’s not so much an
us versus them, you know, students are on the island. It's just a
good feeling to get to know all of the people in your commu-
nity, not just the ones who look like you”

04 similarly adds, “I enjoy working with the students...
It's healthy for me to see that young people are really won-
derful people” Partners address the differences between
themselves (as perhaps, older, community members), and
students who attend the university, and the subsequent
divides that can occur between a university and local com-
munity. Working with students allows partners to feel
engaged with their communities, and similarly, they hope in
doing so students feel connected to a community outside of
campus. Partners perceived the collaboration as beneficial to
the students for not only skill development, but also for stu-
dent’s now greater understanding of place and local conser-
vation. 04 also reflected on the importance of students
getting outside, “That would be healthy for the students to
actually get out and get some fresh air and realize there’s
more than the campus - that there’s other parts to the town.”
04 further went on to offer to join the GIS classes in future
semesters as they collect data at the local preserve. In doing
so, they hoped that students would take away a deeper
understanding of place as they interact with a member of
the community organization.

Discussion
Development of student self-efficacy

The results of the pre-/post-test quasi-experiment suggest
that regardless of whether students received a place-based
activity or not, they rated their self-efficacy similarly. Due to

the lack of significant differences in the pre-/post-test results,
we primarily focus on the different aspects of the experi-
ences which may have impacted student outcomes, as sup-
ported through their reflections. All lab sections engaged in
hands-on student-centered activities where students all had
opportunities to develop technical skills, as well as engage in
activities outside of the GIS lab. Research supports the
increase of student knowledge and critical thinking skills
when instruction is student-centered (rather than
instructor-centered) (Granger et al, 2012). The hands-on
approach to GIS learning—regardless of lab section—likely
supported student analytical and technical skill development,
such that the activities across all lab sections may have been
perceived as authentic learning tasks (Gulikers et al., 2005).

Student reflections within the PBE group illuminated the
ways in which place-based learning supported students’ ana-
lytical, problem-solving, and community skill development,
specifically the student presentation and in-person field trip
components. Students from the place-based group expressed
a personal connection to the project because they collected
their own data and felt as though the output was useful and
valued by the community organization— a finding that is
consistent with past research on the empowerment of stu-
dents during PBE activities (Bartsch, 2008; Jolley et al., 2019;
Krasny et al., 2015; Sobel, 2004). Students reflections from
the place-based group demonstrate how students critically
thought about local conservation management and multiple
use spaces as a result of their conversations with community
partners and walk through the organization’s trails. It is pos-
sible the problem-solving skills extended beyond those asso-
ciated with GIS as measured on the questionnaire, and were
more so related to critical thinking around community and
conservation more broadly. This may be the case given the
introductory nature of the course as well, where students
may not be pursuing GIS as a career, but rather more
broadly interested in conservation in general. In addition,
pretest problem solving skills did not significantly influence
post-test problem solving skills, which may have been influ-
enced by some students in the PBE lab section ranking their
post-test problem solving skills lower than their pretest
scores. The critical thinking involved in the PBE group proj-
ect may have resulted in students questioning their ability to
draw conclusions, analyze spatial data, and ask questions.
Previous GIS education research has primarily focused on
map-making dimensions of self-efficacy (Baker & White,
2003; Songer, 2010); therefore, our results shed light on
potential additional learning objectives associated with GIS
place-based education that require further exploration on
traditional self-efficacy assessments. Similar to other studies
of community-university partners (Keen & Baldwin, 2004),
we found that partners, like students, felt that the activity
allowed students real-world experiences. We did not find
evidence of a tension between developing analytical and
technical GIS skills previously identified in research (Whyatt
et al, 2022) within student reflections. Rather, students
expressed satisfaction with problem-solving within a group
to create a meaningful product. Additionally, the presenta-
tions allowed students to connect their maps to real-world
decision-making as they engaged with community partners



and responded to their questions. Our results therefore sup-
port a continued need to help students better analyze the
data they produce, and create relevant, accessible activities
that allow students the opportunity to both learn GIS and
work with GIS to address challenges (Baker & White, 2003).

Characteristics of the technologically-mediated PBE
approach, which included a short video and the use of
real-world localized data, allowed students the opportunity
to develop technical and analytical skills and increase their
awareness of the connections between themselves, course
materials, and local place. In both the technologically-mediated
PBE and PBE groups, student reflections demonstrated a
broadening of their connections with the local environmen-
tal as they reflected on the community organization and
their own personal experiences. Similar to other place-based
learning environments (Bouillion & Gomez, 2001), students
connected the course material to relevant local place-based
challenges. Within PBE research, field trips have demon-
strated similar positive impacts on student learning within
geoscience courses (Wallgriin et al., 2022; Zhao et al., 2020).
The reflections demonstrate the potential advantages of a
place-based approach, whether that is in-person, or via
online videos or virtual experiences, for sparking student
interest in local community outside of campus, and/or
reminding students of opportunities for green space access
locally. In particular, student reflections from the
technologically-mediated section suggest that students appre-
ciated how community members shared information about
their local organization. The video and activity raised stu-
dent awareness around the local organization, prompted
some students to visit the organization, and allowed students
the opportunity to reflect on the role of GIS in local envi-
ronmental issues.

Community connections and student’s complex sense of
place

The quasi-experimental results indicated that students sense
of place did not significantly change during the activities
across all lab sections. These results are largely distinct from
past quantitative studies on PBE and sense of place (e.g.,
Kudryavtsev et al, 2012; Lee & Chiang, 2016; Semken &
Freeman, 2008), and point to potential measurement chal-
lenges associated with sense of place in a population with an
already high connection to place. Previous research has
shown that students familiarity with a place is significantly
related to place attachment (Williams & Vaske, 2003).
Socio-demographics and reflections provide greater insight
into students’ sense of place. Students began the course with
a range of prior, complex, and diverse connections to the
town where the university is located and the conservation
organization as exhibited in their reflections. It is possible
sense of place, once established, may be relatively resilient to
enhancement. It is also possible that repeat visits (i.e., more
than one during the in-person field trip) were needed to
further enhance student’s place attachment, as previous
research has demonstrated that place attachment increases
with increased number of visits (Williams & Vaske, 2003).
Our results build off existing studies of sense of place among
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college students (e.g., Johnson et al, 2020; Semken &
Freeman, 2008), by emphasizing the importance of attending
to diverse student experiences with place in courses with a
range of student experiences and student ages (i.e., students
under 30 with some who have lived in the place their whole
lives, and those who are older with diverse histories within
the place). Within our place-based learning context, qualita-
tive methods enabled an in-depth understanding of complex
student experiences and contexts. Our mixed methods
approach builds off previous research that has similarly tri-
angulated across qualitative and quantitative methods to
evaluate student’s complex sense of place (Williams &
Semken, 2011).

The qualitative findings demonstrate that the activities
allowed  students across both  place-based and
technologically-mediated groups to reflect on the importance
of local conservation areas for their well-being and mental
health. Community partners similarly noted the importance
for students to get outside, which goes beyond skill or
capacity benefits as students engage in PBE. The connec-
tions students made between their well-being, access to the
forest, and the place-based activity suggest that in our case,
PBE may have further developed students’ connection to
nature and the ways in which their own understanding of
their identity is tied to local environments. In qualitative
studies related to sense of place, similar findings indicate a
deeper understanding of stewardship, community, and place
when students experience PBE (Shiel et al., 2016; Williams
& Semken, 2011). Similar to a study in New York City (Russ
et al, 2015) and California (Galante, 2019), as students
engaged in learning environments within the community,
they acknowledged the benefits of that community on their
well-being, and the importance of local stewardship. Like
students at the university in California (Galante, 2019),
despite their proximity, it was not until the GIS activities
that some students visited a local preserve.

While students noted the value of personally contributing
to local community needs, community partners also appre-
ciated the increased GIS capacity students provided. Similar
to previous work on community-university partnerships, the
partnership enabled the discovery of new ideas for research
and resources, and partner learning (Keen & Baldwin, 2004).
Partners derived benefits from being connected to the uni-
versity as a source of enhancing social capital (Sandy &
Holland, 2006), such that the university provided hands-on
support and expertise free of charge—an opportunity to
solve spatial challenges that would otherwise not be possible
(Klein et al., 2011).

As students reflected on their connections to the local
community organization, and partners expressed joy in their
relationships with the university students, both campus and
community members understood that they are part of the
same community, with similar interests, and a common
capacity to influence the other. Community partner percep-
tions aligned with previous research in service learning
which identifies multiple motivations for university partner-
ships, including not just capacity-building (Tidball & Krasny,
2011) but an altruistic motivation to help students (Bell &
Carlson, 2009). Similar to previous work within the USA
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(Sandy & Holland, 2006) and Ireland (Mcllrath et al., 2012),
we found that partners dedicated themselves to educating
students, even when this was not the expectation. For exam-
ple, partners expressed genuine interest in student learning,
asking students critical questions during the class presenta-
tions, and offering to join students in the lab for future
courses to help them further understand place. The oppor-
tunity to work with students—via intergenerational learning
and partnership—also allowed community partners to feel
more connected to their community and better appreciate a
younger generation. While social capital research has high-
lighted the ways that youth involvement can allow students
to see themselves as part of the community (Emery & Flora,
2006), we found that older community members may also
see themselves as part of the community due to involvement
in the partnership. Therefore, our PBE approach may have
decreased the perceived gap, or isolation, between the uni-
versity and the larger community in which it is embedded.
We found that intergenerational learning increased recipro-
cal communication and community well-being by creating a
bridge between the community organization and university
students (i.e., developing bridging social capital) (Hata
et al., 2021).

Implications for educators

There is a large body of research supporting the importance
of community-university partnerships; however, we also
acknowledge the practical challenges of PBE. Over the
course of planning and implementing the activities, we
reflected on the challenges and benefits via reflective journ-
aling and peer debriefing. Here we offer some considerations
for educators seeking to implement PBE within a college-level
GIS course:

1. Working with communities requires developing a
deep understanding and self-awareness to identify
joint goals and expectations (Kindred & Petrescu,
2015; Klein et al,, 2011). Early and frequent commu-
nication with the organization proved valuable for
ensuring the student work met the goals of students,
instructors, and community partners. Similarly, we
maintained a high degree of flexibility when entering
these early conversations to ensure the partnership
offered reciprocity (Molnar et al., 2010).

2. While building independent critical thinking and
problem-solving skills is critical, we designed the
activities with feasibility and student needs in mind.
Specifically, we offered directions for many of the
technical skills in the activities, while remaining flex-
ible in the methods for student collaboration, data
management, and map creation. As an instructor, this
required a good deal of letting go of control regard-
ing student work. At the same time, we could not
make any promises to the community organization
about the quality of student work.

3. The field trip required four trained instructors/teach-
ing assistants to ensure timely collection of data and

student supervision. Therefore, trained GIS personnel
is necessary for large class sizes. In reflecting on the
diverse experiences of students on the field trip within
their groups, it may also be important to consider
instructors who are trained in not only GIS, but also
in principles of environmental education and PBE.

4. Place-based educational opportunities that enable stu-
dents to meet local community members can trans-
form student understanding of course concepts and
help them apply their learning to their own life.

5. Long-term partnerships for addressing the GIS gap
are important. By engaging with several community
partners as a team of instructors we hope to embed
this partnership within the GIS course in future years
(Grohs et al., 2020). Partners also did not experience
a time burden associated with working with students,
rather they were willing to spend more time with
students in future courses - a contrast from previous
research (Drahota et al., 2016). The design of the
exercise, partners personal connections to the place
and university, authentic commitment to work with
students, and their positionality as volunteers (most
of whom were retired) are all plausible explanations
for the lack of this challenge. These characteristics
point to specific attributes of community partners
which may enhance partnerships.

Future research and limitations

Several threats to internal validity exist, including differences
in student socio-demographics between lab sections. For
example, the technologically-mediated section had more
graduate students and fewer sophomores, while students in
the PBE section had relatively more sophomores. Based on
the shared themes between undergraduate and graduate stu-
dent reflections, it appears despite differences in educational
level, these students experienced commonalities within the
activities; however, further research could explore in greater
depth the potential for different learning outcomes between
graduate and undergraduate students in PBE. The lab sec-
tions also occurred at different times of day, which may
have influenced the demographics of students who enrolled
in a particular section.

We also recognize that we were unable to control for all
confounding variables. First, within the quasi-experimental
design as students across lab sessions could have interacted
with each other over the course of the lab activities. Students
also have varying histories and backgrounds related to living
and interacting in place and conducting geospatial analysis.
While we can control for some of these that can be mea-
sured quantitatively, an individual's history in place and
sense of place is quite complex and cannot be entirely mea-
sured and controlled. Retrospective pretests (Pratt et al,
2000) provide an additional method for measuring pre and
post-sense of place which could be considered in similar
diverse populations to better understand student’s percep-
tions of their past and present connections to place.



We also acknowledge the tradeoffs of some of the deci-
sions we made for data collection. First, the 100-point
self-efficacy scale without anchor points (i.e., 1=no ability to
perform this skill, 50=some knowledge of how to perform
this skill, etc.), may have resulted in students differentially
interpreting the scale. For example, students highly rated
their pretest self-efficacy (e.g., as a ~70) despite not knowing
the skill. We are limited by not having a word label at the
different response categories, which may have reduced the
possibility of measurement error (DeVellis, 2012). Future
research must continue to consider the benefits and chal-
lenges of different methods to assess self-efficacy (Toland &
Usher, 2016). Given the limitations of the self-efficacy find-
ings, we triangulated across student reflections to gain a
more in-depth understanding of student outcomes. Finally,
we did not ask the campus-based group to describe any pre-
existing connection with the community organization via a
reflection, and therefore remain limited regarding in-depth
understanding of their complex sense of connection to the
organization.

Regarding future research, the results indicate that stu-
dents’ GIS experience as they enter the course significantly
predicts perceptions of their skills; therefore, it is important
to account for potential differences in students’ experiences
to ensure equitable and inclusive teaching. Researchers must
consider the potential opportunities and drawbacks of mea-
suring self-efficacy using a 100-point scale (Pajares et al.,
2001), and rather consider an approach that enables a mea-
surement to be similarly understood and interpreted among
all students. At the same time, developing a more in-depth
understanding of sense of place requires a recognition of
college student’s complex histories with the local community
that may not be well-suited to quantitative measurement
alone. Similarly, further work is needed to explore the dif-
ferences in sense of place when more than one field trip or
visit occurs. Additionally, the group interview engaged four
community members. Not all who had attended the initial
collaborative meetings attended student presentations and/or
the group interview due to schedule conflicts. Therefore,
partner attrition limited the breadth of experiences we cap-
tured in the group interview, and future research would ben-
efit from a more comprehensive understanding of partner
experiences. We hope to build on these lessons learned in
future iterations of the course, where we wish to expand
PBE across all lab sections.

Conclusions

Student and community experiences, perceptions, and out-
comes highlight the positive contributions of place-based
education involving community-university partnerships. The
collaboration with the community partner organization
embodied PBE, as it allowed students to engage in authentic
learning based on real-world issues of local relevance, where
students had opportunities to collaborate, reflect, and create
a valued product. While the pre-/post-test quasi-experiment
results did not indicate a difference between approaches that
engaged community and those that did not, student
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reflections and partner perceptions emphasized the complex-
ity of reciprocal gains resulting from education rooted in
local community beyond the bounds of campus.
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