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Abstract The STEM Center for Teaching and Learning at Parahyangan CatholicUniversity, in collaboration with Ruang Bergerak, organized a community outreachprogram as part of its Tridharma commitment. The program included seminarsand hands-on training for science teachers from the MGMP (Subject TeachersForum) in Salatiga. The goal was to introduce project-based learning (PBL) methodsusing a STEM (Science, Technology, Engineering, and Mathematics) approachwithin the context of smart agriculture. This initiative aimed to help teachersfoster essential 21st-century skills—such as problem-solving, critical thinking, andcollaboration—that had noticeably declined during the pandemic. This programwas designed to support teachers in implementing integrated, project-basedlearning that not only crosses disciplinary boundaries but also ties directly tomeasurable learning outcomes. Teachers were encouraged to connect the projectsto real-world contexts, making assessments more meaningful and relevant to eachsubject area. Additionally, the smart agriculture project served as a practicalapplication of P5 (Proyek Penguatan Profil Pelajar Pancasila) under Indonesia’s
Merdeka Curriculum. Teachers were given the flexibility to adapt the prototypeprojects for further development in their own schools, aligning with each school’sunique goals and agreements. Over the course of two days, participating teacherslearned how to design and execute contextual, problem-based STEM projects.They gained hands-on experience with technologies like Arduino and agriculturalsensors. The program consisted of two main phases, the first involved expert-led workshops, and the second focused on collaborative project design based onlocal agricultural challenges. Despite the limited time, the program successfullyfostered collaboration among teachers and expanded their understanding of howintegrated, STEM-based learning can support both academic goals and characterdevelopment through P5.

1. INTRODUCTION
Classroom learning activities are a vital part of the
education system’s effort to equip students with the
skills to read, analyze, identify problems, and develop
solutions. However, the lingering impact of the pandemic
on education is still being felt. The shift to online learning
created significant challenges, particularly due to limited
interaction between teachers and students. Many students
struggled to fully grasp the material, especially when

learning independently, as access to learning tools and
resources was often limited (Angraini et al., 2021). The
constraints of online platforms also restricted the variety of
teaching methods that could be used, ultimately narrowing
the scope of learning activities. As a result, studies have
reported a noticeable decline in students’ problem-solving
abilities, critical thinking, and collaboration skills (Muzana
et al., 2021; Pratama, 2021). In response, teachers must
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design engaging learning experiences that reignite students’
motivation and help rebuild these essential skills. Beyond
academic improvement, these learning activities should also
be contextual, meaningful, and infused with humanitarian
values—allowing students to gain hands-on, real-world
experience. One effective approach that meets these criteria
is the project-based learning (PBL) model. PBL not only
supports the development of problem-solving and critical
thinking but also grounds learning in real-life contexts
and fosters empathy and social responsibility (Fredagsvik,
2021).

Project-based learning (PBL) is an instructional model
that emphasizes both the process and the outcome of
learning, with students developing prototypes as tangible
solutions to real-world problems identified during the
learning process. Through PBL, students are encouraged
to design solutions to contextual problems provided
by the teacher, implement those solutions in the form
of prototypes, explain their problem-solving processes,
and, in doing so, strengthen their problem-solving and
collaboration skills (Winarni et al., 2022). PBL also fosters
essential interpersonal skills by requiring students to engage
in group discussions, navigate differing perspectives, work
toward consensus, and develop solutions that benefit the
group as a whole rather than relying solely on individual
viewpoints. One effective framework for supporting
project-based learning is the STEM (Science, Technology,
Engineering, and Mathematics) approach (Gale et al., 2020).
STEM-based learning encourages students to routinely
practice problem identification, solution planning, and
the application of interdisciplinary knowledge to real-life
challenges. This approach not only sharpens students’
critical thinking but also helps them connect academic
concepts to practical situations. Additionally, STEM-
based projects naturally integrate multiple disciplines,
providing opportunities for cross-subject collaboration.
Teachers can work together to design projects that align
with several subject areas, allowing the final student
outcomes, whether prototypes, reports, or presentations,
to serve as assessments across those integrated subjects.
This collaborative approach also helps teachers share the
workload while producing meaningful, multidimensional
learning experiences for students (Badriyah et al., 2021;
Hariyanto et al., 2022; Ouyang, 2022).

As part of its efforts to promote integrated learning, the
STEM Center for Teaching and Learning at Parahyangan
Catholic University organized seminars and training
tailored to meet teachers’ needs. These activities
specifically targeted MGMP science teachers across the city
of Salatiga. The two-day program focused on the theme of
STEM-integrated learning, with an emphasis on designing
STEM-based projects for classroom implementation. To
ensure relevance and practicality, the projects were
designed around issues familiar to both teachers and
students in their local environment. The chosen context
for this training was the agricultural sector. By the end
of the seminar and workshop, participants were expected
to produce a functional smart agriculture prototype as a

tangible outcome of the learning process (Halawa, 2024).
In addition to members of the STEM Center for

Teaching and Learning at Parahyangan Catholic University,
experts from Ruang Bergerak also joined the team to
support the program. While teachers in Salatiga generally
had sufficient access to teaching and learning facilities, they
faced significant challenges when it came to implementing
integrated learning strategies. Recognizing this gap, the
seminars and training sessions were designed to offer fresh
perspectives, practical strategies, and innovative ideas to
help teachers successfully adopt integrated, project-based
STEM learning in their classrooms.

2. METHOD
The community service program organized by the STEM
Center for Teaching and Learning at Parahyangan Catholic
University, in collaboration with Ruang Bergerak, was
conducted in the form of seminars and hands-on training
for MGMP science teachers across Salatiga. The program
was implemented at two locations using the same approach,
SMP Negeri 1 Salatiga, involving MGMP IPA teachers,
and SMP Kristen 2 Salatiga, involving teachers from
that school. However, this article specifically focuses
on the activities carried out at SMP Negeri 1 Salatiga
with MGMP IPA teachers to provide a more in-depth
discussion. The program was delivered in two sessions,
the first day consisted of a seminar, and the second
day focused on hands-on STEM project development.
During the seminar on day one, topics included student-
centered learning, integrated learning, and an introduction
to the tools and materials that would be used in the
workshop. The session also outlined the procedures for
the following day’s activities. Additionally, teachers were
encouraged to identify real-world problems, particularly
related to agriculture, and brainstorm potential solutions
to be developed during the hands-on session. On the
second day, teachers participated in group-based STEM
project activities. The participating junior high school
science teachers were divided into small groups of 4 to 5
members. Each group began by discussing and selecting
a project theme along with a relevant problem to address.
Once a consensus was reached, group members worked
collaboratively to design and develop a solution, ultimately
presenting it as a STEM-based project prototype. This
process ensured that the available tools and materials were
used effectively and efficiently by all participants.

During the STEM project activities focused on
agriculture, we guided teachers in using the provided
materials—particularly electronic components that required
programming, such as Arduino boards connected to
capacitive soil sensors. Arduino was selected as a
key tool due to its accessibility, affordability, and
flexible programming capabilities, making it well-suited for
educational projects.

The teachers followed the following structured, three-
step process in developing their STEM projects.

1. Identifying real-world agricultural problems
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