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Abstract

Emerging technologies such as sensor networks, data analytics, and artificial intelligence are rapidly transforming agriculture
into a data-driven, highly automated domain, yet these innovations remain underrepresented in secondary STEM educa-
tion. To address this gap, we designed and implemented a two-week Smart Agriculture Summer Camp for middle and high
school students, guided by experiential and collaborative learning frameworks. The camp’s design incorporated a spiral
learning structure across four modules, indoor/outdoor farming, IoT-enabled sensing, data processing and visualization, and
machine learning/artificial intelligence. Advisory board feedback led to iterative refinements, including icebreakers, gami-
fied learning, and virtual reality experiences. Pre- and post-surveys provided preliminary descriptive evidence of changes in
students’ understanding, confidence, and interest, while low-stakes quizzes, cumulative open-ended assignments, reflections,
and observations were embedded primarily as learning, reflection, and instructional feedback tools to support the camp’s
iterative design. Preliminary results demonstrated that authentic, technology-rich activities fostered engagement, collabora-
tion, and confidence, while highlighting logistical challenges such as equipment access, technical support, and variability in
student prior knowledge. This design case contributes to the growing body of research on integrating smart agriculture into
STEM education and provides practical guidance for educators seeking to develop interdisciplinary, technology-enhanced
learning experiences.

Keywords Al education - Data science education - Design case - Experiential learning - Spiral learning structure - Smart
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Introduction

Emerging technologies are transforming agriculture into
a data-driven, highly automated field often referred to
as “smart agriculture” or “precision agriculture.” These
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innovations, ranging from Internet of Things (IoT)-enabled
sensors and robotics to artificial intelligence (AI) for crop
monitoring, are reshaping food production and supply chain
management (Liakos et al., 2018). Despite their growing
importance, however, agricultural technologies remain
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underrepresented in secondary-level STEM education,
leaving many students unaware of both the technological
foundations of modern food systems and the career oppor-
tunities emerging at the intersection of agriculture and tech-
nology. This gap is particularly significant because smart
agriculture provides a distinctive context for STEM learning.
Unlike many outreach programs that focus primarily on cod-
ing, robotics, or engineering design as isolated disciplines,
smart agriculture naturally integrates engineering, data sci-
ence, artificial intelligence, sensing technologies, environ-
mental science, biology, nutrition, and sustainability within
authentic real-world problems. Students can directly observe
how sensor data inform decisions related to irrigation, crop
health, and resource management, creating tangible con-
nections between technology, food systems, and societal
challenges. As a result, smart agriculture enables learners
to engage with emerging technologies while simultaneously
exploring issues of food security, environmental steward-
ship, and sustainable development. This interdisciplinary
and socially relevant context can help students better under-
stand both the technical and societal value of STEM while
exposing them to career pathways that are often overlooked
in traditional STEM education.

To address this gap, our interdisciplinary team of research-
ers from engineering, education, and nutrition designed and
implemented a two-week Smart Agriculture Summer Camp
for high school students. Supported by funding from the
U.S. Department of Agriculture (USDA), the camp sought
to engage students in authentic, hands-on learning experi-
ences that integrated agricultural science, engineering design,
and emerging technologies. The camp was intentionally
designed using Experiential Learning Theory (ELT) (Kolb,
1984, 2015) as its primary conceptual framework, while
complementary perspectives from collaborative learning
(Johnson & Johnson, 2009; Le et al., 2018), self-efficacy
theory (Bandura, 1977; Bandura & Wessels, 1997), cultur-
ally relevant pedagogy (Ladson-Billings, 1995; Paris, 2012),
and constructionism (Blikstein, 2013; Papert & Harel, 1991)
informed specific instructional and design decisions.

This design case documents the rationale, design process,
implementation, and lessons learned from developing and
delivering the Smart Agriculture Summer Camp with its first
cohort of participants. Consistent with the purpose of design
cases (Boling, 2010), our goal is not to evaluate program
effectiveness, but rather to make the design process trans-
parent by documenting the decisions, constraints, tradeoffs,
and contextual factors that shaped the learning experience.
We describe how the camp’s instructional structure, activity
sequencing, mentoring strategies, and technology integration
were informed by educational theory, community needs, and
practical implementation considerations.

The primary contribution of this paper is a theory-
informed design case demonstrating how smart agriculture
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can serve as a meaningful context for integrating agriculture,
engineering, data science, Internet of Things technologies,
and artificial intelligence within a nonformal STEM learn-
ing environment. By documenting both the pedagogical
rationale and the practical realities of implementation, this
paper provides educators, instructional designers, and STEM
outreach practitioners with a potentially transferable design
precedent for developing interdisciplinary, technology-rich
learning experiences. More broadly, it contributes to the
growing literature on connecting emerging technologies to
authentic societal challenges in ways that may support short-
term STEM engagement and career awareness among youth.

Literature Review

Summer camps are structured educational programs that
provide unique learning environments characterized by
immersive experiences, intentional programming, and sus-
tained interactions among participants and mentors (Garst
et al., 2011; Wilson & Sibthorp, 2018). Whether delivered
as day camps or residential programs, camps offer opportu-
nities for experiential learning, social engagement, and per-
sonal growth through novel settings and carefully designed
activities (Garst et al., 2011). Research has consistently
shown that participation in camps can support development
across cognitive, social, and emotional domains. For exam-
ple, Thurber et al. (2007) reported gains in identity devel-
opment, independence, social skills, and values among par-
ticipants across a large sample of camps, while more recent
studies have highlighted improvements in empathy, emo-
tional regulation, optimism, and teamwork (American Camp
Association [ACA], 2020). Camps have also been associated
with positive physical outcomes, including increased physi-
cal activity and reduced sedentary behavior among youth
(Browne et al., 2017).

Despite these benefits, camps face important challenges
related to accessibility, inclusion, staffing, and program man-
agement. Cost remains a barrier for many families, particu-
larly those from underserved communities (Afterschool Alli-
ance, 2014), while staffing shortages and the need to foster
inclusive and supportive environments continue to be con-
cerns for camp organizers (ACA, 2019; Garst et al., 2016).
In addition, pediatric and youth development organizations
emphasize the importance of structured risk-management
practices related to supervision, safety, and abuse preven-
tion (American Academy of Pediatrics, 2019). These under-
score the need for camp designs that intentionally balance
educational goals with accessibility, safety, and participant
well-being.

The experiential and socially interactive nature of camps
makes them particularly well suited for STEM outreach initi-
atives. The combination of hands-on activities, collaborative
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engagement, and sustained mentor support provides a natu-
ral setting for applying pedagogical approaches that empha-
size learning through experience, teamwork, and confidence
building. Consequently, camps offer a valuable context for
implementing experiential learning, collaborative learning,
and self-efficacy-oriented instructional strategies in interdis-
ciplinary STEM programs.

Experiential Learning Theory and Extensions

ELT serves as the primary conceptual framework guiding
the design of the Smart Agriculture Summer Camp. Kolb
(1984, 2015) conceptualized learning as a cyclical process
involving four interconnected stages: concrete experience,
reflective observation, abstract conceptualization, and active
experimentation. This framework is particularly relevant to
nonformal learning environments such as summer camps,
where students engage in hands-on activities, reflect on their
experiences, develop conceptual understanding, and apply
their knowledge in authentic contexts.

Subsequent scholars have expanded ELT to better capture
the iterative and developmental nature of learning. The spiral
experiential learning model proposes that learning cycles
do not simply repeat but build upon one another, leading to
increasingly sophisticated understanding and higher-order
skills over time (Dyment & O’Connell, 2011; Moon, 2004).
This perspective aligns closely with camp-based learning
environments, where students revisit concepts across multi-
ple activities and modules, allowing experiences to accumu-
late and deepen understanding. Morris (2020) further refined
ELT by emphasizing the importance of contextually rich
experiences, critical reflection, context-specific conceptu-
alization, and pragmatic experimentation, highlighting the
dynamic relationship between learning activities and their
surrounding environment.

More recent extensions of experiential learning also
emphasize the social and contextual dimensions of learn-
ing, recognizing that collaboration, mentoring, and commu-
nity play important roles in transforming experiences into
knowledge (Beard & Wilson, 2018). Within STEM educa-
tion, experiential learning approaches have been associated
with improvements in problem-solving, critical thinking,
and learner motivation (Holstermann et al., 2010). Research
from camp and outdoor education settings similarly dem-
onstrates the effectiveness of experiential approaches. For
example, Outward Bound programs employ structured
cycles of experience, reflection, and application and have
been shown to foster resilience, teamwork, and problem-
solving skills (Hattie et al., 1997). Likewise, STEM-focused
camps have reported gains in conceptual understanding and
problem-solving when activities are intentionally organized
around experiential learning cycles (McLeod & McLeod,
2015).

Design Principles Supporting Experiential Learning

While ELT provides the primary conceptual framework for
the Smart Agriculture Summer Camp, collaborative learn-
ing and self-efficacy offer complementary design principles
that help explain how learners engage with and benefit from
experiential activities.

Collaborative learning explains how understanding
develops not only through direct engagement with tasks but
also through dialogue, shared problem solving, and the co-
construction of meaning. Effective collaborative learning
is distinguished from loosely organized group work by the
presence of purposeful interdependence, shared responsibil-
ity, and opportunities for learners to explain, negotiate, and
revise their thinking together (Johnson & Johnson, 2009; Le
et al., 2018). Social interdependence theory further suggests
that collaboration becomes most productive when learners
perceive that their success is linked to the success of oth-
ers, thereby encouraging promotive interaction, mutual sup-
port, and collective reflection (Johnson & Johnson, 2009).
Research also shows that collaborative learning is strength-
ened when tasks are open-ended, sufficiently challenging,
and oriented toward producing shared outcomes rather than
dividing work into isolated pieces (Scager et al., 2016).
These principles are reflected in many camp settings. John-
son and Johnson (2009) identified interdependence, account-
ability, and group interaction as central conditions for effec-
tive collaboration, while Slavin (2014) demonstrated their
positive effects on academic and social outcomes. Camps
such as Girl Scouts and 4-H residential programs have suc-
cessfully incorporated collaborative learning through group-
based projects that foster cooperative problem solving and
peer teaching (Garst et al., 2016). Similarly, science-focused
camps often employ team-based design challenges, such
as robotics or ecological monitoring projects, which pro-
mote collective decision making, communication, and peer
accountability (Barker et al., 2014).

Self-efficacy provides a complementary motivational
lens for understanding how learners engage with collabo-
rative and experiential activities. Bandura (1977) defined
self-efficacy as individuals’ beliefs in their capability to
organize and execute the actions required to succeed in a
given task. According to self-efficacy theory, these beliefs
are shaped through mastery experiences, vicarious experi-
ences, social persuasion, and physiological or affective states
(Bandura, 1977; Bandura & Wessels, 1997). Prior research
has consistently linked self-efficacy to stronger academic
performance, persistence, and motivation (Bandura, 1977;
Schunk & DiBenedetto, 2016; Honicke et al., 2023). Camp
environments are particularly conducive to fostering self-
efficacy because they provide opportunities for hands-on
mastery experiences, exposure to mentors and peers as role
models, and ongoing encouragement and feedback. Studies
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of STEM-focused camps, such as NASA’s Summer of Inno-
vation program, have reported increases in STEM self-effi-
cacy resulting from project-based learning and mentorship
experiences (National Aeronautics and Space Administra-
tion [NASA], 2013). Similarly, leadership-oriented camps
have demonstrated gains in agency and self-confidence
through scaffolded opportunities for goal setting, com-
munication, and leadership development (ACA, 2020). In
interdisciplinary contexts such as smart agriculture, where
many students encounter sensing technologies, data sci-
ence, artificial intelligence, and computational thinking for
the first time, collaborative learning and self-efficacy help
explain why mentor-supported teamwork and scaffolded
hands-on activities are central design features rather than
peripheral instructional choices (Johnson & Johnson, 2009;
Scager et al., 2016). These principles complement experi-
ential learning by creating conditions that support engage-
ment, persistence, reflection, and confidence development
throughout the learning process.

Contextual Relevance in Smart Agriculture Learning

Beyond experiential learning, collaborative learning, and
self-efficacy, smart agriculture provides a learning context
that naturally connects STEM concepts to students’ everyday
experiences while supporting hands-on creation and prob-
lem solving. Two complementary perspectives, culturally
relevant pedagogy and constructionism, help explain why
agriculture can serve as an engaging and meaningful context
for interdisciplinary STEM learning.

Culturally relevant pedagogy emphasizes connecting
instruction to students’ lived experiences, cultural knowl-
edge, and community practices in ways that promote aca-
demic success, cultural competence, and critical conscious-
ness (Ladson-Billings, 1995; Paris, 2012). In agriculture
education, this perspective is particularly relevant because
food systems, gardening, growing practices, and land-based
knowledge may already be familiar to students through their
families, neighborhoods, and communities. This view aligns
with the concept of funds of knowledge, which highlights
the educational value of the knowledge and experiences
embedded within households and communities (Moll et al.,
1992). As a result, agriculture can function not only as a
STEM application area but also as a context that helps learn-
ers connect academic content to their identities, communi-
ties, and everyday lives.

Constructionism provides a complementary perspec-
tive on the hands-on nature of smart agriculture learn-
ing. Rooted in Papert’s work, constructionism argues
that learning is strengthened when learners actively cre-
ate meaningful and shareable artifacts that reflect their
thinking (Papert & Harel, 1991). In smart agriculture
settings, students can engage in building sensor systems,
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developing monitoring tools, maintaining crops, designing
irrigation solutions, and creating data-driven approaches
to agricultural challenges. Maker-centered research sim-
ilarly suggests that learning is enhanced when learners
design, build, test, and refine artifacts through iterative
problem solving (Blikstein, 2013). Agriculture is par-
ticularly well suited to this approach because it combines
physical making, biological systems, computation, and
observable outcomes within a single learning environ-
ment. Consequently, smart agriculture offers a context in
which students can actively construct knowledge through
designing, building, testing, and improving tangible sys-
tems rather than learning about them only in the abstract.

The Design Case Method

A design case is a form of scholarly communication that
documents and disseminates design “precedents,” or accu-
mulated knowledge derived from prior design work (Oxman,
1994). Rather than seeking to develop generalized theory
or report the results of controlled experimentation, a design
case provides a rich, contextualized account of an intention-
ally designed artifact, system, or learning experience (Bol-
ing, 2010). Over time, designers develop a repertoire of such
precedents that inform future decision making, enabling
them to recognize patterns, adapt successful strategies, and
respond creatively to new challenges. The primary purpose of
a design case is therefore to make design knowledge visible
by sharing the decisions, tradeoffs, constraints, and lessons
learned throughout the design process so that others may
adapt and extend those insights within their own contexts.
The quality of a design case is evaluated not through sta-
tistical validity, but through its usefulness to readers and the
rigor with which design decisions and outcomes are docu-
mented. Consistent with Lincoln and Guba’s (1985) frame-
work for naturalistic inquiry, rigor can be established through
credibility, transferability, dependability, and confirmability.
Accordingly, the present study documents how the Smart
Agriculture Summer Camp was designed and implemented
based on the theoretical and pedagogical perspectives dis-
cussed in the preceding literature review. ELT (Kolb, 1984,
2015) served as the primary conceptual framework guiding
the overall structure of the camp, while collaborative learn-
ing principles (Johnson & Johnson, 2009; Le et al., 2018;
Scager et al., 2016), self-efficacy theory (Bandura, 1977,
Bandura & Wessels, 1997), culturally relevant pedagogy
(Ladson-Billings, 1995; Paris, 2012), funds of knowledge
(Moll et al., 1992), and constructionism (Blikstein, 2013;
Papert & Harel, 1991) informed specific design decisions
related to learning activities, teamwork, mentoring, and the
selection of smart agriculture as the instructional context.
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Design Case of a Summer Camp for Middle And High
School Students

Context of the Design

The Smart Agriculture Summer Camp was conceived in
response to both regional workforce needs and national
calls to strengthen STEM pipelines in agriculture and food
systems (National Research Council, 2009; USDA, 2020,
2023). The camp took place in a Midwestern community
with a strong agricultural presence but limited exposure
to advanced agricultural technology in local high schools.
Research indicated that few students had opportunities to
explore technology-enhanced approaches such as drone
imaging, automated irrigation, and soil sensor networks
(Jiang et al., 2024; Pergantis & Drigas, 2024).

The camp was funded through a United States Depart-
ment of Agriculture (USDA) grant supporting educational
outreach in sustainable agriculture and healthy food systems.
The interdisciplinary leadership team included faculty and
graduate researchers from engineering, education, and nutri-
tion, each contributing expertise in instructional design,
agricultural technology, and youth engagement. The camp
design sought to address three overlapping priorities: (1)
Increasing awareness of smart agriculture careers and tech-
nology applications; (2) Fostering hands-on, problem-based
learning that connects STEM concepts to real-world agri-
cultural challenges, and (3) Exposing students to advanced
topics such as sensors and internet of things, data and big
data, as well as machine learning, deep learning, and artifi-
cial intelligence.

Design Goals and Guiding Principles

The camp aimed to immerse students in contemporary agri-
cultural technologies, including AI, machine learning (ML),
sensor networks, and automation. By providing direct inter-
action with these tools, students gained a realistic under-
standing of how technology enhances farming practices and
influences decision-making in modern agriculture.

Based on the theoretical foundations mentioned above,
the following principles guided the design process: (1) pro-
viding hands-on, project-based learning, (2) fostering peer
collaboration and social connection, (3) making learning
meaningful by connecting learning to personal relevance
and career pathways. Learning experiences were designed
around active, hands-on projects, such as building sensor
circuits, planting plants, and analyzing crop data. These
projects allowed students to apply concepts in authentic
contexts, deepening comprehension while maintaining
engagement through tangible outcomes. Collaborative
activities were embedded throughout the camp to encour-
age teamwork, discussion, and problem-solving. By working
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in small groups and sharing ideas, students developed social
skills, learned from diverse perspectives, and strengthened
their sense of belonging within a STEM- and agriculture-
focused learning community. Activities and reflections
were designed to help students relate camp experiences to
their own lives and potential future careers. Students were
prompted to consider applications such as home gardening,
sustainable food production, and engineering solutions for
agriculture, fostering both self-efficacy and motivation to
explore STEM and agriculture-related pathways.

In addition, the camp design was informed by culturally
relevant pedagogy and constructionism. Culturally relevant
pedagogy helped frame agriculture as a potentially familiar
and meaningful context through which some students could
connect STEM learning to their lived experiences, commu-
nities, and everyday understandings of food, growing, and
sustainability. Constructionism further shaped the design by
emphasizing learning through making and creating tangible
artifacts. As a result, the camp prioritized activities in which
students built, coded, planted, tested, and reflected, such as
assembling sensor circuits, working with crops, and engag-
ing with data-driven agricultural systems. These perspec-
tives reinforced the decision to design the camp not only
as a place to learn about smart agriculture, but as a place to
actively construct knowledge through personally meaningful
and hands-on experiences.

The design was also informed by alignment with estab-
lished K—12 educational standards to strengthen the camp’s
relevance and transferability beyond the non-formal setting.
In particular, several activities map directly to the Next Gen-
eration Science Standards (NGSS), including practices such
as developing and using models, analyzing and interpreting
data, and designing solutions to real-world problems (NGSS
Lead States, 2013). For example, the indoor/outdoor farm-
ing module engages students in understanding systems and
environmental interactions, while the sensors (IoT) module
supports engineering design and systems thinking. The data
processing and machine learning modules align with NGSS
practices related to data analysis and computational think-
ing, as well as core ideas in science and engineering. In
addition, the camp incorporates elements consistent with
mathematics and computer science standards, including data
representation, pattern recognition, algorithmic thinking,
and problem decomposition. While the program was imple-
mented in a non-formal setting, this alignment highlights its
potential to complement and extend formal STEM curricula.

Stakeholders in the Design
As part of the Smart Agriculture Summer Camp design, we
established an Advisory Board composed of representatives

from industry, academia, government, and educational agen-
cies. The board played a critical role in guiding the camp’s

. @ Springer
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vision, ensuring that our curriculum remained aligned with
workforce needs, technological advancements, and com-
munity priorities. Industry members provided insights into
emerging agricultural technologies and workforce skills,
academic partners contributed research-driven perspec-
tives, government representatives connected the program to
broader policy and funding opportunities, and educational
agencies helped us tailor the experience to effectively engage
middle and high school students. In addition, we engaged
an external evaluator who provided independent assessment
of the camp’s design and outcomes, ensuring accountabil-
ity, measuring impact, and offering recommendations for
improvement.

Design and Development Process

The design of the Smart Agriculture Summer Camp fol-
lowed an iterative, collaborative process that integrated
instructional design principles, interdisciplinary expertise,
and practical constraints identified during early planning.
The process began one year before camp implementation,
when the project team, comprising faculty and graduate
researchers from engineering, education, and nutrition,
convened to align program goals with both the USDA grant
objectives and local educational needs.

As displayed in Fig. 1, the camp was designed based on
the spiral ELT, which emphasizes iterative cycles of expo-
sure, conceptualization, experimentation, and reflection
(Kolb, 1984). This approach ensured that each module built
progressively on prior knowledge while reinforcing learning
through multiple modalities. The pedagogical structure of
each module followed a four-step pattern: (1) students began
by watching short videos in which field experts discussed the
state of the art, state of practice, and their career journeys
in smart agriculture, offering both inspiration and context
(Brown & Adler, 2008); (2) students then engaged in in-class
lectures introducing the fundamental theoretical and techni-
cal concepts; (3) these were followed by hands-on activities,
enabling students to apply and test the covered concepts in

practice; and (4) each module concluded with a field trip,
which allowed students to observe the concepts at scale in
real-world agricultural production environments, bridging
classroom learning with authentic contexts (Herrington,
2014). The camp was organized into four main modules: 1.
Indoor/Outdoor Farming; 2. Sensors, Sensor Networks, and
IoT; 3. Data Processing and Visualization; and 4. Machine
Learning, Deep Learning, and Artificial Intelligence.

In addition, each module included a designated session
on food nutrition, food security, and sustainability, allowing
students to explore the nutritional value of food, the environ-
mental sustainability of farming practices, and global chal-
lenges of food distribution and equity (FAO, 2021). These
sessions also included interactive demonstrations such as
“Make Food Not Waste”, which highlighted strategies for
reducing food waste and promoted student reflection on
the links between agricultural innovation and societal well-
being (Papargyropoulou et al., 2014).

The camp emphasized a multi-tiered mentorship model
to engage students with role models at different stages of the
academic and professional pipeline. The short expert videos
were intentionally designed not only to introduce technical
content but also to connect students with academic leaders
in areas such as horticulture, agricultural economics, and
smart agriculture. The Principal Investigator (PI) and Co-
Principal Investigators (Co-Pls), representing fields includ-
ing engineering, nutrition sciences, and education, were also
introduced as mentors who guided students on pathways to
higher education and careers. Teachers participating in the
camp served as accessible mentors during in-class sessions
and hands-on activities, answering questions and support-
ing learning. To provide near-peer mentorship, graduate
and undergraduate students actively assisted with techni-
cal activities, shared their own educational experiences,
and provided guidance on problem-solving. Beginning in
the second year of the camp, peer mentors, graduates of
previous camp cohorts, will be incorporated to support peer
learning, giving students relatable role models who had suc-
cessfully navigated the same experience. This layered men-
torship structure created a supportive learning ecosystem,

Module 2: Sensors (loT) & sensor
networks

| Module 1: Indoor/outdoor Farming ‘ ‘

‘ ‘ Module 3: Data collection and processing

‘ Module 4: Machine Learning and Al ‘

* ELA1: Industry Seminars, and panel discussions

Fig. 1 The spiral experiential learning and modules in the camp
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ELA2: Course based problem solving and training

* ELA3: Realistic scenario-based hands-on training * ELA4: Industry worksite visits
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consistent with research showing that multi-level mentoring
improves student engagement, self-efficacy, and persistence
in STEM pathways (Packard, 2023).

The initial blueprint was presented to an Advisory Board
composed of representatives from industry, academia,
government, and educational agencies. Feedback from the
board led to several modifications, including the addition
of icebreaker sessions to encourage community building,
educational games to increase engagement, and a virtual
reality experience to immerse students in advanced agricul-
tural environments. These refinements further aligned the
program with best practices in experiential and technology-
enhanced STEM education (Johnson-Glenberg, 2018).

Identifying Learning Goals and Outcomes

The team first articulated the intended learning outcomes,
drawing on Kolb’s (2015) ELT and Prince’s (2004) work
on active learning to ensure that students would engage in a
cycle of concrete experiences, reflective observation, con-
ceptual understanding, and active experimentation. Three
overarching learning goals were established:

1. Develop foundational understanding and skills of smart
agriculture technologies and their applications.

2. Build problem-solving and teamwork skills through col-
laborative learning.

3. Foster interest and confidence in pursuing further STEM
and Agriculture learning and careers.

Mapping Content to Context

With these goals in place, the team conducted a curricu-
lum mapping exercise to align content with the realities of
the camp setting. This involved identifying which concepts
could best be introduced through interactive lectures, which
would benefit from laboratory-based exploration, and which
would be most impactful through field visits. For example,
precision irrigation concepts were paired with sensor-based
lab activities. The four modules are:

1. Indoor/Outdoor Farming — introducing students to the
principles of controlled-environment agriculture and
open-field practices, highlighting the trade-offs between
efficiency, scalability, and sustainability (Al-Kodmany,
2018).

2. Sensors, Sensor Networks, and the IoT — covering the
role of sensing and connectivity in enabling precision
agriculture and real-time monitoring of production sys-
tems (Wolfert et al., 2017).

3. Data Processing and Visualization — focusing on data
cleaning, analysis, and visualization as essential skills

for evidence-based agricultural decision-making (Cher-
gui, 2022).

4. Machine Learning, Deep Learning, and Artificial Intel-
ligence — exposing students to computational methods
for pattern recognition, prediction, and optimization in
agriculture (Kamilaris & Prenafeta-Boldd, 2018).

Designing Learning Activities

The camp included four modules. Each module lasted two
days and was structured around a thematic focus, such as
Data processing and visualization. It typically begins with
an icebreaker activity, followed by short interactive lectures,
followed by a hands-on activity and field trip, and reflection.
Activities were intentionally scaffolded, with early sessions
building conceptual knowledge and later ones requiring syn-
thesis and application in team projects or authentic field trips.
To operationalize the experiential learning (EL) framework,
the camp modules were implemented through structured
lesson-level interventions aligned with ELA2 (course-based
problem solving and training) and ELA3 (realistic scenario-
based hands-on training). Table 1 presents representative
examples from the modules, illustrating how students engaged
in hands-on tasks such as planting crops, building sensor sys-
tems, analyzing datasets, and training simple models across
these two phases. For example, in the IoT module, students
built a functioning circuit board with sensors and an Arduino
board and programmed it to trigger a response when the sen-
sor was activated. This activity was later extended to a hydro-
ponic setting, where students discussed real-world constraints
such as sensor placement and environmental variability.

In addition to the hands-on activities, several instruc-
tional artifacts were intentionally integrated to support
learning and guide the progression of the modules. Lec-
ture notes and guided materials were used to introduce
key concepts and provide scaffolding prior to hands-on
activities, helping students connect foundational ideas to
subsequent applications. Low-stakes quizzes were embed-
ded at the module level as instructional checkpoints rather
than formal evaluation instruments. Each quiz focused on
the content of a specific module and helped reinforce key
concepts, identify areas where students needed additional
clarification, and guide mentor support before students
progressed to more complex activities. Cumulative assign-
ments were also incorporated as open-ended reflective and
synthesis activities. Unlike the quizzes, which focused on
individual modules, the assignments asked students to
draw connections across previously covered modules and
reflect on different components of the spiral experiential
learning design, including expert videos, lectures, hands-
on activities, field visits, and cumulative learning. Obser-
vations recorded throughout the sessions were used as a
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Table 1 Summary of representative lesson-level interventions across modules

Module Objective

Activities: ELA2 to ELA3

Mentorship & Collaboration

Reflection & Assessment

1

Explaining plant growth and
cultivation

Connecting agriculture to
sustainability and controlled
environment

Describing sensing to decision-
making
Introducing system thinking

Building data literacy
Supporting decision-making
with data

Describing basic ML concepts
Applying to agriculture prob-
lems

Seed planting and care (class)
Team-based growing in raised
beds

Build simple sensor system
(class)

Extend to hydroponic deploy-
ment

Clean, analyze, visualize data
(class)

Apply to new/raw dataset/
problem

Guided prediction (class)
Apply to new ag datasets

Mentors guide techniques
Small teams manage crops

Mentors support coding/debug-
ging
Team-based problem solving

Mentors guide interpretation
Group comparison of insights

Mentors simplify concepts
Teams compare/refine results

Reflect on growth factors

Assess via observations and
explanations, quizzes, and
assignments

Reflect on data-driven actions
Assess via prototype, quizzes,
and assignments

Reflect on data insights
Assess via analysis and visualiza-
tions, quizzes, and assignments

Reflect on model decisions
Assess via reasoning and outputs,
quizzes, and assignments

design and instructional feedback tool to monitor engage-
ment, collaboration, and points of difficulty, informing
real-time adjustments in instruction and activity pacing.
These artifacts functioned as integral components of the
learning environment, supporting conceptual understand-
ing, reflection, cumulative synthesis, and iterative refine-
ment of the instructional design.

Development Process

To ensure accessibility and inclusivity in learning, several
student-centered instructional strategies were embedded into
the camp design. First, all instructional materials, as dis-
played in Fig. 2, were presented in student-friendly slides
that used clear language, visuals, and simplified explanations

¥ Challenges of Implementing loT
in Agriculture

High Limited Lack of Data Overload
Initial Cost Internet Technical & Integration |
Connectivity Knowledge Fr
ﬂ |
Maintenance Privacy & Interoperability b
and Durability Security Supply | Problems
USDA Risks Issues i

\:
2

Data Storage: Then and Now

TRADITIONAL

MODERN

ANCIENT

Data is now stored on
computers, smartphones,
and huge internet-
based systems

Information was stored
on paper in libraries,
offices, and homes

People used drawings,
carvings, and hand-
written sccrroils to
record information

v

Ripe and Unripe Tomatoes Prediction!

Y4

Simple Case! More Advanced!

Fig.2 Sample student-friendly slides, providing clear language, visuals, and simplified explanations of complex concepts
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of complex concepts to engage middle and high school
learners without diluting technical content. Second, a dedi-
cated Canvas (a Course Management System) page was cre-
ated to build an online learning community for the students.
This platform allowed participants to access instructional
resources, communicate with peers and mentors, and reflect
on their experiences, thereby extending learning beyond the
classroom setting.

In addition, lecture handouts were provided to support
notetaking and reinforce comprehension of fundamental
concepts. These handouts served as quick references for
students during hands-on activities and cumulative assign-
ments. Recognizing the challenges students often face with
programming, the instructional team also provided code
snippets to ease the learning process. These pre-written code
snippets offered structured scaffolding, allowing students to
focus on understanding computational logic and applying it
to agricultural problems rather than becoming overwhelmed
by syntax. Collectively, these instructional supports lowered
barriers to learning, encouraged collaboration, and fostered
confidence among students, aligning with best practices in
STEM education for novice learners (Bransford et al., 2000;
Prince, 2004).

Incorporating Evaluation From the Outset

The evaluation and instructional feedback plan was
embedded in the design process rather than added as
an afterthought, with the goal of documenting students’
baseline and post-camp perceptions while also supporting
learning, reflection, and real-time instructional refinement.
The research team held several meetings before the camp
started to discuss possible evaluation approaches. This
project combined preliminary survey-based evidence with
embedded learning and feedback tools that supported the
camp’s iterative design. A pre-survey was administered at
the beginning of the camp to document students’ baseline
understanding of smart agriculture, its societal impact, its
core components, as well as students’ knowledge, confi-
dence, and career interest. A corresponding post-survey
was administered at the conclusion of the camp to docu-
ment short-term descriptive shifts in students’ perceived
understanding, confidence, and interest. These instruments
enabled the assessment of how well the spiral experien-
tial learning design achieved its intended outcomes (Kolb,
1984). In addition to the surveys, quizzes and cumula-
tive assignments were embedded primarily as learning
and reflection tools. Module-level quizzes were adminis-
tered as low-stakes, paper-based, single-attempt multiple-
choice checkpoints focused on the content of individual
modules. These quizzes reinforced key concepts, helped
students and mentors identify areas needing clarification,
and supported progression to more complex activities.

Cumulative assignments were designed as open-ended
reflective and synthesis activities that asked students to
connect ideas across previously completed modules and
reflect on different components of the spiral experiential
learning design, including expert videos, lectures, hands-
on activities, field visits, and cumulative learning. This
layered evaluation strategy not only shed light on students’
engagement and developing understanding but also pro-
vided insight into how iterative cycles of experiential
learning fostered deeper, transferable understanding in
STEM education (Freeman et al., 2014). Finally, formative
evaluation included daily reflections allowed for formative
feedback, enabling the instructional team to adjust pacing
and emphasis. Observation protocols ensured systematic
documentation of engagement patterns and collaboration
dynamics.

The assessment components in this study were inten-
tionally designed to serve both instructional and research
purposes. From an instructional perspective, several tools
functioned formatively to support learning during the camp.
Daily reflections and observations were used to moni-
tor student engagement, identify points of confusion, and
inform real-time instructional adjustments. Similarly, in-
class activities and mentor interactions provided ongoing
feedback to guide student progress. Module-level quizzes
and cumulative assignments, however, were not treated as
formal outcome measures in this design case; rather, they
served as instructional checkpoints and reflective synthesis
tools that supported students’ learning and provided feed-
back to the instructional team. Pre- and post-surveys were
used to examine changes in students’ perceived understand-
ing, confidence, and interest, while reflections, interviews,
and observation records provided qualitative insights into
students’ experiences and learning processes. This dual-
purpose design allowed assessment to function both as a
mechanism for supporting learning and as a source of evi-
dence for understanding program outcomes.

Here, we note the structure of the evaluation to clarify
how it informed the camp design. The first camp cohort
included 47 participants. The survey instruments were
designed to capture both cognitive and affective dimen-
sions of participation, including baseline and post-camp
understanding of smart agriculture concepts, confidence
related to sensors, data, and AI, and interest in future
STEM and agriculture pathways. In addition to pre/post
surveys, the camp incorporated module-level quizzes,
cumulative assignments, daily reflections, interviews,
and structured observations as embedded learning, reflec-
tion, and instructional feedback tools. The pre-survey was
administered at the beginning of the camp, and the post-
survey at the conclusion, while reflections and observa-
tions were collected throughout implementation to support
ongoing instructional adjustment. Within this system, the
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pre/post surveys provided the main descriptive evidence
reported in this manuscript, while quizzes, assignments,
reflections, interviews, and observations helped document
the implementation process, support student reflection,
and inform instructional adjustments.

Observation data were recorded as daily field notes and
implementation records focused on engagement, collabora-
tion, pacing, and moments of difficulty, and these records
were reviewed by the instructional team during regular
debrief meetings to support iterative refinement of the camp.
Student reflections were similarly reviewed to identify recur-
ring patterns in what participants found engaging, challeng-
ing, or memorable. Preliminary evaluation findings provided
descriptive evidence consistent with the design rationale. Pre/
post analyses indicated consistent positive shifts in students’
self-reported understanding of core concepts related to sensors,
data processing, and machine learning, as well as increased
confidence in engaging with these technologies. Improvements
were observed across multiple survey constructs, including
conceptual understanding, perceived ability to apply techni-
cal skills, and interest in agriculture-related STEM pathways.
While the magnitude of change varied across constructs, the
overall pattern suggested gains in both cognitive and affective
domains. Qualitative data further reinforced these findings.
Analysis of student reflections and interviews revealed recur-
ring themes related to increased engagement through hands-on
activities, improved understanding through building and test-
ing systems, and a growing sense of confidence when working
with unfamiliar technologies. In particular, students frequently
highlighted activities involving sensor construction and data
analysis as moments where abstract concepts became more
tangible. Observation data similarly indicated high levels of
participation, collaborative problem solving, and iterative
refinement of ideas during team-based activities.

Post
I feel confident| could engage
inindoor/outdoorfarming

Po:
I feel confident! couldsetupa
basic sensor.

I feel confident| could process
and clean data

P
I feel confident| could program
machine learning and artificial
intelligence models. Pre

100 25 0 25 50 75 100

a. Percent of responses

These findings are broadly consistent with the camp's
theory-informed design. Students' descriptions of building,
testing, and refining sensor systems align with the experien-
tial and constructionist principles that guided the hands-on
activities. Observations of teamwork and collective prob-
lem solving are consistent with the collaborative learning
principles embedded throughout the camp, while reported
increases in confidence and willingness to engage with
unfamiliar technologies reflect the camp's emphasis on scaf-
folded success and multi-level mentoring informed by self-
efficacy theory. These findings suggest that the integration of
experiential learning, collaborative learning, and supportive
mentoring may support short-term conceptual and affective
shifts in interdisciplinary domains such as smart agriculture.

Figure 3 provides a descriptive view of shifts in response
distributions from pre- to post-camp for selected self-effi-
cacy and conceptual understanding items. Across these
items, post-camp responses generally shifted away from
disagreement and toward agreement, particularly for ques-
tions related to sensors, loT-enabled decision making, and
machine learning in agriculture.

As displayed in Fig. 3.a, the self-efficacy items show
a more mixed but still informative pattern. Agreement
increased from 77.3% to 80.8% for confidence in engaging
in indoor/outdoor farming and from 70.5% to 81.0% for
confidence in setting up a basic sensor, corresponding to
gains of 3.5 and 10.5 percentage points. By contrast, con-
fidence in processing and cleaning data remained largely
stable, shifting from 81.8% to 80.8%, while confidence in
programming machine learning and artificial intelligence
models declined slightly from 77.3% to 73.1%. In Fig. 3.b,
the conceptual understanding items show clear shifts
toward greater agreement from pre to post. Agreement
increased from 56.8% to 80.8% for the item on explaining

Somewhat agree
BN Agree
I Strongly agree

EE Strongly disagree
Bl Disagree
Somewhat disagree

Post
I can describe how data from
loT devices are used to make
farm decisions. Pre

25 [ 25 50 7

I can explain what sensors

measure in smart agriculture. -
Pre

Post
I can explain how ML and Al
are used in smart agriculture.
Pre

b 100 50 S 100

Percent of responses

Fig.3 Changes in pre- and post-camp response distributions for selected (a) self-efficacy and (b) conceptual understanding items
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how machine learning and artificial intelligence are used
in smart agriculture, from 52.3% to 80.8% for explain-
ing what sensors measure in smart agriculture, and from
45.5% to 80.8% for describing how data from IoT devices
are used to make farm decisions, representing gains of
24.0, 28.5, and 35.3 percentage points, respectively. These
distributions suggest that the camp was associated with
clearer gains in conceptual understanding than in self-effi-
cacy, with the strongest changes observed for items most
directly tied to the camp’s sensor, 10T, and data-driven
decision-making content.

While this manuscript focuses primarily on the design
and implementation of the program, it is important to clar-
ify its research contribution. This work is positioned as a
design-based research case that examines how experiential
learning principles were operationalized within a smart agri-
culture context for youth STEM education. This manuscript
documents the feasibility of integrating IoT, data science,
and machine learning within a structured experiential learn-
ing framework and shows how iterative evaluation informed
instructional design decisions during implementation. This
study contributes to literature by providing a concrete, mod-
ular, and adaptable framework for designing experiential,
technology-integrated learning environments in emerging
interdisciplinary domains such as smart agriculture.

Iterative Refinement

During the two weeks, the design was continuously refined.
At the end of each day, the lead instructional team met to
review observation notes, student feedback, and logistical
issues. These debrief sessions led to small but meaning-
ful adjustments, for example, extending time for hands-on
activities, and providing more interactive questions and
answer time while watching the videos. This process-ori-
ented approach ensured that the camp not only addressed its
learning objectives but also remained responsive to student
needs and contextual realities.

Design Implementation

The two-week Smart Agriculture Summer Camp ran from
Monday, July 14, to Thursday, July 24, operating four days
per week from 10:00 a.m. to 3:00 p.m. Each day blended
interactive instruction, hands-on experimentation, and struc-
tured reflection, with a one-hour lunch break that doubled
as informal networking time. While the overall structure
followed the original design plan, the team made real-time
adjustments based on student engagement, pacing, and logis-
tical considerations.

Week 1: Indoor/Outdoor Farming and loT Sensor
Networks

e Day 1: Orientation and Introduction to Smart Agriculture
The camp opened with a welcome and orientation
led by the interdisciplinary faculty team, followed by
a pre-survey to assess students’ prior knowledge. The
morning continued with a farm visit, where the instruc-
tor introduced seeding and propagation techniques. After
lunch, sessions covered integrated pest management, soil
remediation, and composting. Students planted crops of
their choice, labeling their trays with name tags, and set
them in the activities room for ongoing care. A friendly
competition was introduced: the plants showing the most
growth by the end of camp would earn a prize.
e Day 2: Indoor/Outdoor Farming

The morning focused on practical gardening skills,
including shed organization, tool cleaning, pruning, and
general plant upkeep. In the afternoon, students learned
about harvesting, post-harvest handling, nutrition, food
security, and sustainability. They also planted flowers and
sampled freshly harvested produce. Due to high outdoor
temperatures, some planned activities were shortened or
moved indoors.

e Day 3: IoT and Sensor Networks (Part 1)

The day began with an icebreaker video and interac-
tive questions, followed by a mini lecture introducing the
IoT, data transmission, and core building blocks such as
sensors, actuators, networks, and software. After lunch,
a session on nutrition and food sustainability preceded
an introduction to IoT design and architecture, including
ingestion and processing of data.

e Day 4: IoT and Sensor Networks (Part 2)

An icebreaker video activity led into a hands-on IoT
project, Arduino builds. In the afternoon, students vis-
ited a community farm, where they learned mushroom
cultivation and tomato production in a hoop house.

Week 2: Data and Machine Learning

e Day 5: Data Processing and Visualization (Part 1)

The day opened with an icebreaker video activity, fol-
lowed by a mini lecture on data fundamentals: big data,
gathering and storage, cleaning, exploration, analysis,
and visualization. After lunch, a guest presenter from
Make Food Not Waste discussed resource efficiency in
food production. Students then explored data analysis
coding using Python.

e Day 6: Data Processing and Visualization (Part 2)

Following the usual video-based icebreaker, students
visited a vertical farming facility, gaining insight into
high-tech indoor agriculture. After lunch, they toured a
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research lab and experimented with farming simulations
using virtual reality equipment.
e Day 7: Machine Learning and AI (Part 1)

The day began with an icebreaker game, Farm on the
Table, leading into an introduction to machine learning
concepts and applications. Afternoon sessions covered
supervised learning, unsupervised learning, deep learn-
ing, and artificial intelligence in agriculture.

e Day 8: Machine Learning and Al (Part 2)

The final day started with an icebreaker video activ-
ity, followed by small-group work on machine learning
and Al coding projects. After lunch, students completed
the post-survey and participated in short interviews. The
camp concluded with a graduation ceremony celebrating
their achievements.

Throughout both weeks, the instructional team embraced
flexibility, modifying sequencing, timing, and scaffolding to
accommodate student needs, environmental conditions, and
logistical realities. This responsiveness helped ensure that
learning remained active, relevant, and engaging while stay-
ing aligned with the camp’s overarching educational goals.

Design Reflections and Lessons Learned

The Smart Agriculture Summer Camp demonstrated the
value of a flexible, interdisciplinary approach to STEM out-
reach. Several elements of the program worked particularly
well, while others presented challenges that informed ideas
for future improvement.

What Worked Well

One of the most successful aspects of the camp was its inte-
gration of experiential and collaborative learning. Hands-on
activities were consistently cited in student reflections as
the most impactful elements of the program. These activi-
ties aligned closely with Kolb’s experiential learning cycle,
allowing students to move fluidly between concrete experi-
ences, reflective observation, and conceptual understanding.

Another strength was the interdisciplinary design team.
The combined expertise of engineering, education, and
nutrition faculty enriched the learning experience and
provided students with multiple entry points into the con-
tent. This diversity of perspectives also modeled the kind
of cross-sector collaboration essential for solving complex
agricultural challenges.

The decision to adapt in real time to student needs was
another key contributor to success. Whether adjusting hands-
on activity time or adding more interactive questions, these
changes kept students engaged and preserved the integrity of
learning objectives despite unexpected circumstances.

@ Springer

Challenges Encountered

Despite these successes, several challenges emerged. Tech-
nical difficulties with equipment occasionally disrupted
the schedule, requiring last-minute adjustments. Students’
access ID to access Canvas sites for online resources
were not set up smoothly at the beginning. Moreover, not
every student could access a laptop in the coding section.
While these were largely mitigated through flexibility, they
reduced time available for planned discussions and reflec-
tion. Another challenge involved variation in students’
prior knowledge and technical confidence. While some stu-
dents quickly mastered the equipment and concepts, others
required more guided support. Although peer mentoring
helped, future iterations could benefit from differentiated
instructional materials or pre-camp online modules to build
foundational skills.

Another challenge involved securing teachers to serve as
mentors throughout the camp. While their classroom exper-
tise and rapport with students added significant value, many
teachers faced scheduling conflicts, limited availability dur-
ing the summer, or uncertainty about the technical content.
This made it difficult to consistently integrate their support
across all camp activities. Future iterations could benefit
from earlier recruitment, structured professional develop-
ment sessions, and clear role definitions to ensure teachers
are both prepared and available to contribute effectively.

Logistical constraints also posed difficulties. Weather-
dependent activities such as the first two-day field trip to
the farm required contingency planning that was sometimes
improvised rather than pre-designed. This added stress for
facilitators and could have been smoother with pre-devel-
oped backup lesson plans.

Several limitations emerged during this initial imple-
mentation that should be considered when interpreting the
findings. The camp was conducted at a single site with one
cohort of participants, which limits the ability to general-
ize results across different contexts or populations. Given
that the first implementation did not include a control or
comparison group, the observed pre/post shifts should be
interpreted as preliminary descriptive evidence rather than
causal evidence of program effectiveness; they cannot fully
disentangle the influence of the camp design from factors
such as participant selection, maturation, or prior experi-
ences. In addition, much of the evaluation relied on short-
term, self-reported measures of understanding, confidence,
and engagement collected during or immediately after the
camp. While these measures provide useful insight into par-
ticipants’ immediate experiences, they do not capture longer-
term learning retention or sustained self-efficacy develop-
ment. Furthermore, no longitudinal follow-up was conducted
with participants, making it difficult to assess whether
observed gains persisted over time. Finally, the program
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was shaped by its specific context, including its non-formal
summer format, university setting, mentor structure, and the
relevance of urban agriculture in the local community. These
contextual factors were central to the program’s strengths
but may also limit direct replication without adaptation.

Recommendations for Future Iterations

Future versions of the camp could incorporate the following
adjustments: First, confirm student access IDs before the
camp begins and simplify use of student Canvas accounts.
Second, prepare a sufficient number of iPads or laptops to
give each student the opportunity to explore technology, data
visualization and machine learning. Third, develop struc-
tured contingency plans with predefined indoor alternatives
for weather-dependent activities to streamline adaptation.
Fourth, allocating more time for guided reflection at the end
of each day to deepen learning and help students connect
daily activities to broader concepts. Fifth, offer sustained
engagement opportunities by providing follow-up activities
or mentorship after the camp to extend the impact on stu-
dents’ career interests and self-efficacy.

As part of an ongoing four-year project, future itera-
tions of the camp provide an opportunity to address these
limitations and strengthen both the design and evaluation.
Subsequent cohorts will enable replication of the program
across multiple groups, supporting more robust comparisons
and improved generalizability. Planned enhancements to the
evaluation design include incorporating longitudinal follow-
up measures to examine sustained learning outcomes and
self-efficacy development beyond the camp experience. In
addition, future implementations will further examine how
contextual factors, such as participant background, local
agricultural relevance, and mentor dynamics, shape learn-
ing outcomes, with the goal of refining the framework to be
adaptable across diverse settings. These iterations will allow
the program to evolve from an initial design-based imple-
mentation toward a more comprehensive and generalizable
model for experiential learning in smart agriculture.

Overall, the camp’s first iteration met its primary goals
of increasing student awareness, confidence, and interest
in smart agriculture through active and authentic learning
experiences. The lessons learned from this pilot will guide
refinements to strengthen both the learning design and the
operational efficiency of future camps.

Implications for Practice

The Smart Agriculture Summer Camp offers several
insights for educators and program designers developing
experiential, interdisciplinary STEM learning experiences.
First, integrating real-world tools and authentic contexts,
such as planting plants and flowers, can significantly

increase student engagement and perceived relevance of
content. This supports research showing that authentic,
hands-on activities can enhance motivation and learning
transfer (Herrington et al., 2013; Kolb, 2015).

Second, the camp illustrates the value of flexible
instructional design that allows for in-the-moment adap-
tation. Pre-planned learning objectives were preserved
even when specific activities had to be modified due to
technical or environmental constraints. For practitioners,
this suggests the importance of developing structured but
adaptable lesson plans with multiple pathways to meet
learning goals.

Third, interdisciplinary collaboration among facilitators
enriched both the design and delivery of the camp. Elements
of this model may be adapted and examined in other contexts
to expose students to multiple perspectives and skill sets,
fostering the kind of integrated problem-solving needed in
emerging fields like smart agriculture. Providing follow-up
opportunities for continued mentorship and skill develop-
ment may also support sustained engagement beyond the
camp experience.

Finally, while the specific activities, technologies, and
agricultural contexts described in this camp may vary across
institutions and regions, the underlying design principles
may be transferable, but additional implementation across
varied settings is needed to examine how they function
beyond this initial context. The camp was structured around
a modular experiential learning framework that combined
expert exposure, conceptual instruction, hands-on applica-
tion, and authentic real-world experiences. Similarly, the
emphasis on collaborative problem solving, multi-level
mentoring, and scaffolded opportunities for success may
be adapted to STEM outreach settings beyond agriculture,
although future implementations are needed to examine this
adaptability empirically. Educators seeking to develop pro-
grams in areas such as robotics, environmental science, data
science, engineering, or other emerging technology domains
may modify the content while retaining the core pedagogi-
cal structure. In this way, the present design case contrib-
utes not only a model for smart agriculture education, but
also a broader framework for designing interdisciplinary,
technology-rich learning experiences that connect emerging
technologies to authentic societal challenges.

Authors Contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were per-
formed by SM, MZ, EA, and AB. The first draft of the manuscript was
written by SM and MZ and all authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Funding This work is funded by United States Department of Agricul-
ture-National Institute of Food and Agriculture-Agriculture and Food
Research Initiative’s Food and Agricultural Nonformal Education pro-
gram under award number 2024-67037-42800.

. @ Springer



TechTrends

Data Availability No data, materials, or code are available for this work.

Declarations

Ethical Approval All procedures performed in this study followed the
ethical standards of the institutional and/or national research commit-
tee.

Competing interest The authors declare that they have no competing
interests.

References

Al-Kodmany, K. (2018). The vertical farm: A review of develop-
ments and implications for the vertical city. Buildings, 8(2), 24.

Afterschool Alliance. (2014). America after 3PM: Afterschool pro-
grams in demand. https://afterschoolalliance.org/documents/
AA3PM-2014/AA3PM_National_Report.pdf. Accessed Aug
2025.

American Academy of Pediatrics, Council on Sports Medicine and
Fitness. (2019). Organized sports for children, preadolescents,
and adolescents. Pediatrics, 143(6), Article e20190997. https://
doi.org/10.1542/peds.2019-0997

American Camp Association. (2019). Belonging and inclusion at
camp: Research brief. ACA Research 360. https://www.acaca
mps.org/resource-library/research/research-360. Accessed Aug
2025.

American Camp Association. (2020). Growth at camp: Evidence of
outcomes. ACA Research 360. https://www.acacamps.org/resou
rce-library/research/research-360. Accessed Aug 2025.

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of
behavioral change. Psychological Review, 84(2), 191-215.
https://doi.org/10.1037/0033-295X.84.2.191

Bandura, A., & Wessels, S. (1997). Self-efficacy (Vol. 10). Cam-
bridge University Press.

Barker, B. S., Nugent, G., & Grandgenett, N. (2014). Examining
the efficacy of STEM camps: Relationships among student out-
comes and program components. Journal of STEM Education:
Innovations and Research, 15(3), 26-32. https://www.jstem.org/
jstem/index.php/JSTEM/article/view/1830. Accessed Aug 2025.

Beard, C., & Wilson, J. P. (2018). Experiential learning: A handbook
for education, training and coaching (3rd ed.). Kogan Page.

Blikstein, P. (2013). Digital fabrication and “making” in education:
The democratization of invention. In J. Walter-Herrmann & C.
Biiching (Eds.), FabLabs: Of machines, makers and inventors
(pp. 1-21). Transcript Publishers.

Boling, E. (2010). The need for design cases: Disseminating design
knowledge. International Journal of Designs for Learning, 1(1).
https://doi.org/10.14434/ijd1.v1i1.919

Bransford, J. D., Brown, A. L., & Cocking, R. R. (Eds.). (2000). How
people learn: Brain, mind, experience, and school. National
Academy Press.

Brown, J. S., & Adler, R. P. (2008). Minds on Fire: Open Education, the
Long Tail, and Learning 2.0. EDUCAUSE Review, 43(1), 16-32.

Browne, L. P., Gillard, A., Garst, B. A., & Whittington, A. (2017).
Measuring the impact of camp on physical activity. Journal of
Outdoor Recreation, Education, and Leadership, 9(2), 155-169.
https://doi.org/10.18666/JOREL-2017-V9-12-7884

Chergui, N. (2022). Data analytics for crop management: A big data
view. Journal of Big Data, 9(1), Article 164. https://doi.org/10.
1186/s40537-022-00668-2

@ Springer

Dyment, J. E., & O’Connell, T. S. (2011). Assessing the quality of
reflection in student journals: A review of the research. Teaching
in Higher Education, 16(1), 81-97. https://doi.org/10.1080/13562
517.2010.507308

Food and Agriculture Organization (FAO), IFAD, UNICEF, WFP,
WHO. (2021). The state of food security and nutrition in the world
2021. FAO. https://doi.org/10.4060/cb4474en

Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroa-
for, N., Jordt, H., & Wenderoth, M. P. (2014). Active learning
increases student performance in science, engineering, and
mathematics. Proceedings of the National Academy of Sciences,
111(23), 8410-8415. and PubMed confirm availability Research
Gate+10PNAS+10SCIRP+10.

Garst, B. A., Browne, L. P., & Bialeschki, M. D. (2011). Youth devel-
opment and the camp experience. New Directions for Youth Devel-
opment, 2011(130), 73-87. https://doi.org/10.1002/yd.398

Garst, B. A., Gagnon, R. J., & Whittington, A. (2016). Developing a
sense of community in organized camp settings. Journal of Expe-
riential Education, 39(1), 45-59. https://doi.org/10.1177/10538
25915608876

Hattie, J., Marsh, H. W., Neill, J. T., & Richards, G. E. (1997). Adven-
ture education and outward bound: Out-of-class experiences that
make a lasting difference. Review of Educational Research, 67(1),
43-87. https://doi.org/10.3102/00346543067001043

Herrington, J. (2014). Introduction to authentic learning. In Activity
theory, authentic learning and emerging technologies (pp. 61-67).
Routledge.

Herrington, J., Reeves, T. C., & Oliver, R. (2013). Authentic learning
environments. Handbook of research on educational communica-
tions and technology (pp. 401-412). Springer.

Holstermann, N., Grube, D., & Bogeholz, S. (2010). Hands-on
activities and their influence on students’ interest. Research in
Science Education, 40(5), 743-757. https://doi.org/10.1007/
s11165-009-9142-0

Honicke, T., Broadbent, J., & Fuller-Tyszkiewicz, M. (2023). The self-
efficacy and academic performance reciprocal relationship: The influ-
ence of task difficulty and baseline achievement on learner trajectory.
Higher Education Research & Development, 42(8), 1936-1953.

Jiang, M.Y.-C., Jong, M.S.-Y., Chai, C. S., Huang, B., Chen, G, Lo,
C.-K., & Wong, F.K.-K. (2024). They believe students can fly: A
scoping review on the utilization of drones in educational settings.
Computers & Education, 220, Article 105113. https://doi.org/10.
1016/j.compedu.2024.105113

Johnson-Glenberg, M. C. (2018). Immersive VR and education:
Embodied design principles that include gesture and hand con-
trols. Frontiers in Robotics and Al, 5, Article Article 81.

Johnson, D. W., & Johnson, R. T. (2009). An educational psychol-
ogy success story: Social interdependence theory and cooperative
learning. Educational Researcher, 38(5), 365-379. https://doi.org/
10.3102/0013189X09339057

Kamilaris, A., & Prenafeta-Boldd, F. X. (2018). Deep learning in agri-
culture: A survey. Computers and Electronics in Agriculture, 147,
70-90. Accessible via ScienceDirect and ResearchGate Research
Gate+7ScienceDirect+7SCIRP+7.

Kolb, D. A. (1984). Experiential learning: Experience as the source
of learning and development. Prentice Hall.

Kolb, D. A. (2015). Experiential learning: Experience as the source
of learning and development (2nd ed.). Pearson.

Ladson-Billings, G. (1995). Toward a theory of culturally relevant ped-
agogy. American Educational Research Journal, 32(3), 465-491.
https://doi.org/10.3102/00028312032003465

Le, H., Janssen, J., & Wubbels, T. (2018). Collaborative learning prac-
tices: Teacher and student perceived obstacles to effective student
collaboration. Cambridge Journal of Education, 48(1), 103—122.
https://doi.org/10.1080/0305764X.2016.1259389


https://afterschoolalliance.org/documents/AA3PM-2014/AA3PM_National_Report.pdf
https://afterschoolalliance.org/documents/AA3PM-2014/AA3PM_National_Report.pdf
https://doi.org/10.1542/peds.2019-0997
https://doi.org/10.1542/peds.2019-0997
https://www.acacamps.org/resource-library/research/research-360
https://www.acacamps.org/resource-library/research/research-360
https://www.acacamps.org/resource-library/research/research-360
https://www.acacamps.org/resource-library/research/research-360
https://doi.org/10.1037/0033-295X.84.2.191
https://www.jstem.org/jstem/index.php/JSTEM/article/view/1830
https://www.jstem.org/jstem/index.php/JSTEM/article/view/1830
https://doi.org/10.14434/ijdl.v1i1.919
https://doi.org/10.18666/JOREL-2017-V9-I2-7884
https://doi.org/10.1186/s40537-022-00668-2
https://doi.org/10.1186/s40537-022-00668-2
https://doi.org/10.1080/13562517.2010.507308
https://doi.org/10.1080/13562517.2010.507308
https://doi.org/10.4060/cb4474en
https://doi.org/10.1002/yd.398
https://doi.org/10.1177/1053825915608876
https://doi.org/10.1177/1053825915608876
https://doi.org/10.3102/00346543067001043
https://doi.org/10.1007/s11165-009-9142-0
https://doi.org/10.1007/s11165-009-9142-0
https://doi.org/10.1016/j.compedu.2024.105113
https://doi.org/10.1016/j.compedu.2024.105113
https://doi.org/10.3102/0013189X09339057
https://doi.org/10.3102/0013189X09339057
https://doi.org/10.3102/00028312032003465
https://doi.org/10.1080/0305764X.2016.1259389

TechTrends

Liakos, K. G., Busato, P., Moshou, D., Pearson, S., & Bochtis, D.
(2018). Machine learning in agriculture: A review. Sensors, 18(8),
Article 2674. https://doi.org/10.3390/s18082674

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Sage
Publications.

McLeod, J., & McLeod, S. (2015). Engineering summer camps: Build-
ing self-efficacy through experiential learning. Proceedings of the
ASEE Annual Conference & Exposition, Seattle, WA. https://peer.
asee.org/engineering-summer-camps-building-self-efficacy-throu
gh-experiential-learning. Accessed Aug 2025.

Moll, L. C., Amanti, C., Neff, D., & Gonzalez, N. (1992). Funds of
knowledge for teaching: Using a qualitative approach to connect
homes and classrooms. Theory into Practice, 31(2), 132-141.
https://doi.org/10.1080/00405849209543534

Moon, J. (2004). A handbook of reflective and experiential learning:
Theory and practice. RoutledgeFalmer.

Morris, T. H. (2020). Experiential learning — A systematic review and
revision of Kolb’s model. Interactive Learning Environments,
28(8), 1064-1077. https://doi.org/10.1080/10494820.2019.15702
79

National Aeronautics and Space Administration. (2013). NASA Sum-
mer of Innovation evaluation report. NASA Office of Education.
https://www.nasa.gov/sites/default/files/files/SOI-EvalReport
2013.pdf. Accessed Aug 2025.

National Research Council. (2009). Transforming agricultural educa-
tion for a changing world. The National Academies Press.

NGSS Lead States. (2013). Next generation science standards: For
states, by states. National Academies Press. https://doi.org/10.
17226/18290

Oxman, R. E. (1994). Precedents in design: A computational model for
the organization of precedent knowledge. Design Studies, 15(2),
141-157.

Packard, B. W. L. (2023). Successful STEM mentoring initiatives for
underrepresented students: A research-based guide for faculty and
administrators. Routledge.

Papargyropoulou, E., Lozano, R., Steinberger, J. K., Wright, N., & bin
Ujang, Z. (2014). The food waste hierarchy. Journal of Cleaner
Production, 76, 106-115.

Papert, S., & Harel, I. (1991). Situating constructionism. In I. Harel &
S. Papert (Eds.), Constructionism (pp. 1-11). Ablex Publishing.

Paris, D. (2012). Culturally sustaining pedagogy: A needed change in
stance, terminology, and practice. Educational Researcher, 41(3),
93-97. https://doi.org/10.3102/0013189X 12441244

Pergantis, P., & Drigas, A. (2024). The effect of drones in the educa-
tional process: A systematic review. Education Sciences, 14(6),
665. https://doi.org/10.3390/educscil4060665

Prince, M. (2004). Does active learning work? A review of the research.
Journal of Engineering Education, 93(3), 223-231. https://doi.
org/10.1002/j.2168-9830.2004.tb00809.x

Scager, K., Boonstra, J., Peeters, T., Vulperhorst, J., & Wiegant, F.
(2016). Collaborative learning in higher education: Evoking posi-
tive interdependence. CBE—Life Sciences Education, 15(4), ar69.
https://doi.org/10.1187/cbe.16-07-0219

Schunk, D. H., & DiBenedetto, M. K. (2016). Self-efficacy theory in
education. In K. R. Wentzel & D. B. Miele (Eds.), Handbook of
motivation at school (2nd ed., pp. 34-54). Routledge.

Slavin, R. E. (2014). Cooperative learning and academic achievement:
Why does groupwork work? Anales De Psicologia, 30(3), 785—
791. https://doi.org/10.6018/analesps.30.3.201201

Thurber, C. A., Scanlin, M. M., Scheuler, L., & Henderson, K. A.
(2007). Youth development outcomes of the camp experi-
ence: Evidence for multidimensional growth. Journal of Youth
and Adolescence, 36(3), 241-254. https://doi.org/10.1007/
$10964-006-9142-6

U.S. Department of Agriculture. (2020). USDA science blueprint: A
roadmap for USDA science from 2020 to 2025. Located at https://
www.usda.gov/sites/default/files/documents/usda-science-bluep
rint.pdf

U.S. Department of Agriculture. (2023). USDA science and research
strategy, 2023-2026: Cultivating scientific innovation. USDA.

Wilson, C., & Sibthorp, J. (2018). Examining the role of summer
camps in developing academic and workplace readiness. Journal
of Youth Development, 13(1-2), 83—104. https://doi.org/10.5195/
jyd.2018.564

Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M.-J. (2017). Big data
in smart farming — A review. Agricultural Systems, 153, 69-80.
https://doi.org/10.1016/j.agsy.2017.01.023

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

. @ Springer


https://doi.org/10.3390/s18082674
https://peer.asee.org/engineering-summer-camps-building-self-efficacy-through-experiential-learning
https://peer.asee.org/engineering-summer-camps-building-self-efficacy-through-experiential-learning
https://peer.asee.org/engineering-summer-camps-building-self-efficacy-through-experiential-learning
https://doi.org/10.1080/00405849209543534
https://doi.org/10.1080/10494820.2019.1570279
https://doi.org/10.1080/10494820.2019.1570279
https://www.nasa.gov/sites/default/files/files/SOI-EvalReport2013.pdf
https://www.nasa.gov/sites/default/files/files/SOI-EvalReport2013.pdf
https://doi.org/10.17226/18290
https://doi.org/10.17226/18290
https://doi.org/10.3102/0013189X12441244
https://doi.org/10.3390/educsci14060665
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x
https://doi.org/10.1187/cbe.16-07-0219
https://doi.org/10.6018/analesps.30.3.201201
https://doi.org/10.1007/s10964-006-9142-6
https://doi.org/10.1007/s10964-006-9142-6
https://www.usda.gov/sites/default/files/documents/usda-science-blueprint.pdf
https://www.usda.gov/sites/default/files/documents/usda-science-blueprint.pdf
https://www.usda.gov/sites/default/files/documents/usda-science-blueprint.pdf
https://doi.org/10.5195/jyd.2018.564
https://doi.org/10.5195/jyd.2018.564
https://doi.org/10.1016/j.agsy.2017.01.023

	Experiential and Collaborative Learning to Engage Youth in STEM and Agriculture: A Design Case Study
	Abstract
	Introduction
	Literature Review
	Experiential Learning Theory and Extensions
	Design Principles Supporting Experiential Learning
	Contextual Relevance in Smart Agriculture Learning

	The Design Case Method
	Design Case of a Summer Camp for Middle And High School Students
	Context of the Design
	Design Goals and Guiding Principles
	Stakeholders in the Design


	Design and Development Process
	Identifying Learning Goals and Outcomes
	Mapping Content to Context
	Designing Learning Activities
	Development Process
	Incorporating Evaluation From the Outset
	Iterative Refinement

	Design Implementation
	Week 1: IndoorOutdoor Farming and IoT Sensor Networks
	Week 2: Data and Machine Learning

	Design Reflections and Lessons Learned
	What Worked Well
	Challenges Encountered
	Recommendations for Future Iterations
	Implications for Practice

	References


