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This research examines the difficulties in high school physics education in Nganjuk
Regency, Indonesia, specifically the lack of practical teaching tools for successful
thermodynamics training. The aim is to assess a community service training program
intended to improve the skills of physics instructors via low-temperature Stirling
engine modeling kits. The program utilized a descriptive qualitative technique,
incorporating preliminary questionnaires, interactive workshops, and practical
training sessions in which educators created and employed Stirling engine kits as
teaching instruments. Teachers' comments were evaluated using a Likert scale,
concentrating on the congruence of training with learning objectives, resources, and
student attributes. The results revealed an overall satisfaction score of 89.53%,

highlighting notable enhancements in instructors' capacity to engage students and
employ project-based learning methodologies. The Stirling engine kits significantly
enhanced student engagement and comprehension of thermodynamic fundamentals.
The training improved instructors' academic and practical skills while promoting a
dynamic and participatory classroom environment. This effort illustrates the capacity
of novel teaching tools and collaborative training programs to markedly enhance the
quality of physics education, indicating possibilities for scaling to other locations and
disciplines. Future proposals involve incorporating these teaching tools into standard
curriculum and creating continuous professional development networks for enduring
educational progress.

Interactive Learning

INTRODUCTION

The teaching and learning activities are the main communication channel between
teachers and students; they find various materials besides video to communicate ideas
(Njoku, 2015; Abdulrahman et al., 2020; Mahdi, 2023). Criticos (1996) reveals that teaching
aids, which are constructed as one of the basic components in education, are a means for
the teachers to inform the students, thus motivating them and encouraging their
enthusiasm for education. Instructional aides are the most necessary support that can be
provided by teachers to students studying physics so that they acquire good knowledge,
and the process of education is mainly deconstructed. Also, the development of media
that generates student involvement is a way to create a lively and vibrant learning
environment, and suitable teaching technologies and teachers' competencies are the best
motivation for students to study physics. The visual materials, the content of instruction,
and the methods of teaching are the main things driving the development of cognitive
skills, acquiring knowledge, and achieving the learning objectives (Aisami, 2015; Bobek
& Tversky, 2016; Abdulrahman et al., 2020) which are shown in Figure 1.
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Figure 1. The diagram demonstrates the role of learning media and teaching techniques
as conduits for transmitting instructions from lecturers to students during the
educational process (Sucahyo et al., 2010).

In the context of high school physics education, conceptual comprehension is
essential for the development of meaningful learning experiences for students.
Experiential learning, which involves students conducting pertinent laboratory or
classroom experiments, can facilitate a comprehensive understanding of physics
concepts (Thees et al., 2020; Asad et al., 2021). Students are afforded the opportunity to
observe and experience natural phenomena firsthand through physics experiments or
practical activities, which render abstract physics concepts more tangible and
memorable. However, the implementation of these practical activities in schools
frequently encounters obstacles, particularly in the context of resource constraints and
inadequate facilities, such as the availability of experiment kits and instructional aides
(Haryadi et al., 2019; Karimovna et al., 2020; Farhodovna et al., 2020). On the other hand,
for physics instructors, the use of appropriate teaching aids can facilitate the presentation
of intricate concepts and motivate students to engage more actively in the learning
process.

The training program for low-temperature Stirling engine modeling kits for high
school physics educators in Nganjuk Regency is a community service effort designed to
improve the quality of physics education in schools. This course emphasizes
thermodynamics, specifically the transformation of heat energy into mechanical energy,
to provide educators with practical experience and relevant abilities. This training course
enables physics educators to comprehend and implement the functionality of low-
temperature Stirling engines utilizing straightforward experimental kits as instructional
tools in the classroom. Teachers are encouraged to include real-world applications of
physics ideas into the curriculum, allowing students to recognize the importance of
physics in daily life. This method is expected to stimulate students' interest in physics
and enhance their involvement in technology and engineering disciplines.

The partnership between the PKM team and physics educators from the Physics
Teachers Working Group (MGMP Fisika) in Nganjuk Regency has led to a consensus to
organize a training session focused on low-temperature Stirling engine modelling as a
teaching resource. The PKM team is required to provide a meaningful and positive
impact on high school physics teachers in Nganjuk through this training session, focusing
on improving the effectiveness of physics instruction in classrooms. This training session
aims to enhance teachers' abilities in utilizing experimental teaching aids while
promoting project-based learning (PBL) that can be applied on a school laboratory scale.
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This project-based approach aims to assist students in cultivating critical thinking skills,
enhancing analytical abilities, and achieving a more profound conceptual understanding
(Almulla, 2020; Yu, 2024; Buchman, 2024). This partnership acts as a blueprint for
adopting creative teaching strategies that enhance students' educational journeys and
deepen their understanding of physics concepts through experiential, hands-on
activities.

This community service program is designed to enhance the physics teaching and
learning process in high schools, with a particular focus on Nganjuk Regency. This
training program aims to develop innovative teaching methods that expand teachers'
perspectives and establish a dynamic physics learning community involving both
teachers and students. The anticipated success of this program aims to inspire the
advancement of physics teaching methodologies in various regions and to strengthen the
significance of high school physics education in alignment with the skill requirements of
the 21st century. This program is designed to support government initiatives aimed at
enhancing educational quality by employing innovative, adaptive methods that are
pertinent to the progress of science and technology. This initiative is valuable for
enhancing teachers' competencies and encouraging students to explore physics in a
deeper and more applicable way.

CASE STUDY

A key obstacle to high school physics teaching in Nganjuk Regency is a scarcity of hands-
on materials and tools that instructors may utilize to bring courses to life. This initiative
seeks to address that issue. Students may struggle to understand concepts such as
thermodynamics unless they are provided with visual and interactive tools that make
learning more engaging and memorable. Teachers must be able to explain these
complicated subjects in simple, practical ways, but inadequate resources make this
challenging and affect students' comprehension. To address this, the project focuses on
creating a long-term, teacher-centered plan to bridge the gap and improve physics
learning experiences throughout the area.

To get an understanding of the requirements and enthusiasm for the program, the
project started with a significant amount of preparation, which included conducting
surveys and having meetings with local school officials and the MGMP (Subject Teacher
Consultation Forum). During their trip to SMAN 1 Nganjuk, the team had a meeting with
school officials and representatives from the MGMP to discuss the activities that were
planned. Based on their discussion, they concluded that they should proceed with the
workshops. It was decided that the PKM action would take place on July 20, 2024, which
would provide the crew with sufficient time to complete any further logistics. The crew
also put the Stirling engine kits through their paces at this point, ensuring that they were
completely put together and ready to be used in the classroom right away. Having
successfully tested the kits, the following steps for the team are to adjust the event
schedule and make certain that all the resources that are required are adequately
prepared.

The first stage was the thorough preparation that consisted of surveys and meetings
with local school officials and the MGMP to identify the needs and to determine
understanding and engagement. During the visit to SMAN 1 Nganjuk, the team reviewed
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the planned activities with the school administration and MGMP officials, who then
decided on the workshop activities that would take place next. The PKM action will take
place on July 20, 2024, giving the crew enough time to cope with any logistical concerns.
This phase also featured a test run of the Stirling engine kits, which were successfully
constructed and tested, indicating they are suitable for classroom usage. Following the
successful trials, the next steps would be to construct a detailed calendar of events and
ensure all necessary resources are available.

One of the project's outreach and sustainability methods is to widen and involve
stakeholders through workshops, with the results captured through documentation and
media coverage. The documentation crew will film each part of the workshop, following
the teacher's lead from learning the previous lesson to increasing knowledge with
facilitation aid, in order to produce materials for future use. Additionally, we will
disseminate the video projects via social media and other platforms to highlight their
progress and promote participation in the next initiatives. distributing their findings to
other regions enables them to draw inspiration from similar strategies while enhancing
the broader initiative for practical and accessible physics educational resources. Through
these efforts, the case study will demonstrate the advantages of providing educators with
both knowledge and practical skills, eventually improving physics education in Nganjuk
and beyond.

METHOD

The program employs a descriptive qualitative methodology to analyze the
responses of participants (teachers) regarding the implementation of project-based
physics learning in high school configurations. This community service initiative was
established in Nganjuk Regency, concentrating on physics educators in senior high
schools in the vicinity, and was executed within a designated timeframe as part of Unesa's
PKM project.

Start
|

Develop & Test Stirling Engine Kit Model

y

Conduct Training & Prepare Worksheets (LKPD)

)

Simulate & Evaluate Usage in Groups

¥

Discuss & Address Technical Issues

\A
Finish

Figure 2. The flowchart for this community service project explains a step-by-step
method for assisting high school physics instructors in Nganjuk. The project begins with
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building and testing a low-temperature Stirling engine kit and progresses through
teacher training, group simulations, and troubleshooting sessions.

The project started with preliminary coordination meetings and a needs assessment,
during which the existing obstacles in delivering the physics practical courses, including
the utilization of low-temperature Stirling engine models, were highlighted. To address
these challenges, the initiative used an interactive, workshop-based paradigm that
provided educators with theoretical and practical expertise. The procedural phases of
this community service program are delineated in the flowchart presented in Figure 2.

IMPLEMENTATION

To ensure the effective integration of the Stirling engine kit model into classrooms, a
community service program for high school physics instructors in Nganjuk was
implemented in stages. The PKM team first developed a prototype low-temperature
Stirling engine kit and tested it short to see whether it could be utilized as a teaching tool.
Worksheets (LKPD) and user manuals were created in response to these results to help
instructors successfully incorporate the kit into their physics lectures. The program's
subsequent stages were built on the foundation of the initial phase.

The second stage concentrated on educator training, including practical experience
with the Stirling engine kit. Educators collaborated in developing the model and jointly
produced teaching worksheets that corresponded with the kit's educational objectives.
The training culminated with a group simulation, enabling educators to apply the
equipment in a classroom environment. This hands-on experience enhanced educators'
methodologies and bolstered their confidence in using the gear in their instruction.

In the concluding stage, the program prioritized assessment and critique. Educators
engaged in a dialogue to exchange their experiences and pinpoint technical challenges
faced during the implementation phase. A survey was administered to evaluate
instructors' comprehension and satisfaction with the training, employing a Likert scale to
collect quantifiable data (Ketut & I Nyoman 2020; Courey & D. Lee, 2021; Dalka et al.,
2022). The results were analyzed descriptively, yielding significant insights to enhance
future iterations of the program and secure its long-term success. This study employs the
following descriptive form of percentage:

Table 1. Likert scale categories

Score Description
4 Agree
3 Somewhat Agree
2 Disagree
1 Strongly Disagree

Table 2. Response criteria

Interval for student responses Criteria
80% < FA <100% Highly Positive
60% < FA < 80% Positive
40% < FA < 60% Moderately Positive
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Interval for student responses Criteria
20% < FA < 40% Marginally Positive
FA < 20% Low Positive

The percentage calculation of teacher responses can be performed using equation below
(Midoro, et al., 2021):

%P = EZ—X x 100%
(1)

In this context, FA denotes the final assignment, P signifies the percentage, X, represents
the cumulative number of responses for all items, and X; indicates the total ideal score for
each item.

RESULT AND DISCUSSION

This study seeks to assess the efficacy of educating high school physics instructors in
creating and modeling thermodynamics teaching aids, with a special emphasis on the
usage of Stirling engine kits. This curriculum is intended to provide instructors with a
more comprehensive grasp of thermodynamic ideas, which should enhance interactive
learning methods in the classroom. The Likert scale is the primary technique used to
assess the success of training in a variety of areas, including enhancing teacher
knowledge and abilities (Darka et al., 2022). Furthermore, this assessment tool identifies
opportunities for improvement in the following training session (Martinez-Borregueri et
al., 2022; Bhakti et al., 2023). Previous research has found that interactive learning
strategies can improve students' comprehension of abstract topics (Bakri et al., 2018).

This analysis involved the distribution of questionnaires during the training,
concentrating on four primary assessment aspects: (1) alignment of training with learning
objectives; (2) alignment of training with learning materials; (3) alignment of training
with student characteristics; and (4) Characteristics of stirling engine teaching aid. This
survey assessed 16 criteria, with participants' responses compiled in Table 3, detailing
their feedback on each criterion.

This analysis offers a comprehensive overview of the alignment between the training
and the anticipated learning outcomes, highlighting areas needing modification to better
address participant needs. Furthermore, participants' responses offer valuable insights
into their perceptions of the Stirling Engine model as a demonstration tool, serving as a
foundation for enhancing its design and implementation in future training sessions. This
analysis identifies potential improvements to the training approach, expected to enhance
the learning experience of high school Physics teachers.

Tabel 3. Questionnaire on percentage criteria evaluation of the alignment of Stirling
engine training programs with educational objectives and student needs.
Score Percentage

Criteria

(o)
A Alignment of training with learning objectives
1 Enhancing student learning activities and participation 90,00
2 Developing project-based learning 90,00
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Score Percentage

Criteria (%)

3 Improving teachers’ and students” understanding of STEM education 8750

with a TPACK approach ’
4 Providing a broader role for mentors to support teachers 90,00
B Alignment of training with learning materials
1 Providing depth and coverage of information 87,50
2 Supporting understanding of relevant physics concepts 87,50
3 Providing concrete examples and factual learning 92,50
4 Offering new knowledge and insights 92,50
C  Alignment of training with student characteristics
1 Capturing interest and increasing learning motivation 95,00
2 Aligning with knowledge and psychological development 90,00
3 Encouraging students to be independent and take initiative 90,00
D Characteristics of stirling engine teaching aid

Relevance between the Stirling Engine teaching aid and related
1 87,50

worksheets
2 Capable of meeting learning objectives 85,00
3 Visually appealing 90,00
4 Easy to assemble 85,00
5 Supporting student-centered learning 92,50

Overall average percentage 89,53

The results indicated that training had a favorable effect, with an average percentage
across all categories of 89.53%. This means that the training is relevant to the demands of
secondary school Physics educators. The Stirling Engine presentation tool received the
highest rating of 95% in the "Suitability to Student Characteristics" category,
demonstrating its effectiveness in stimulating interest and developing students'
enthusiasm for learning, particularly in '"capturing interest and raising learning
motivation." The teachers stated that more realistic and interactive teaching techniques
dramatically enhanced students' knowledge of thermodynamic principles that they had
previously struggled to grasp through standard lectures. This is confirmed by current
research, which shows that activity-based and project-based learning techniques are
considerably more engaging for students (Almulla, 2020; Yu, 2024; Buchman, 2024).

Positive survey results indicate that this training significantly enhanced the
application of diverse teaching methodologies in the classroom. The training not only
improved instructors' comprehension of thermodynamic principles but also facilitated
experiential learning through the construction and utilization of the Stirling Engine kit.
Consequently, educators can now present physics concepts in a more engaging and
comprehensible manner. Additionally, this educational tool enables students to interact
with a tangible physical model, thereby augmenting their retention and understanding
of the concepts. This study also found that this strategy created a more dynamic
classroom environment, which encouraged students to engage in more active learning.
Thus, interactive teaching technologies like the Stirling Engine offer a good prospect for
widespread use in classroom physics instruction (Almulla, 2020).

Following the discussion of implications for classroom practice, it is crucial to assess
the long-term sustainability of this program. The program evaluation indicates that, in
the short term, it effectively improved teachers' skills and had a positive effect on their
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teaching methods (Paolini, 2015; Obilor, 2019). Survey results demonstrate that the
program achieved high ratings, especially regarding engagement and alignment with
learning objectives. To secure the program's sustained advantages, additional measures
are required, including the incorporation of this teaching aid into the school curriculum
for regular utilization by educators in the instructional process. Creating a community or
practice network among Physics educators can promote continuous collaboration,
resource sharing, and collective enhancement of teaching quality. This community serves
as a platform for educators to share experiences and engage in discussions regarding
innovations in Physics instruction.

CONCLUSION

The Training of High School Physics Teachers on Thermodynamics Teaching Aids and
Stirling Engine Experimental Models was carried out in an effective manner and gave
considerable benefits in terms of improving the participants' knowledge and practical
abilities. This training demonstrated that the methodology that was utilized was able to
improve the Physics teaching style, which had previously placed a greater emphasis on
theory, to become more relevant and tangible. The average satisfaction score for this
training was 89.53%. Through the implementation of this enhancement, it is anticipated
that students will be more engaged in the learning process, which will ultimately lead to
a better knowledge of the ideas pertaining to Physics. There are potential for other
researchers to pursue similar programs, with an emphasis on the use of additional
teaching aids or more extensive assessment techniques. These options are made possible
by the constraints on the number of participants and the duration of the training.
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