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1. Introduction

Human resource development plays a crucial role in improving the quality of basic
education, particularly in preparing students to meet the demands of the 21st century.
Educational stakeholders, including schools, parents, and communities, must collaborate to
create a learning environment that supports the development of science and mathematics
literacy, critical and creative thinking, basic technological skills, and adaptive and
collaborative competencies. These competencies are essentially not only for academic
achievement but also for enabling students to compete and innovate in an increasingly global
and technology-driven environment [1], [2].

Despite these expectations, the implementation of such competencies in elementary
education remains challenging. Internally, schools often face limitations in infrastructure, such
as inadequate laboratories, insufficient experimental materials, and a lack of interactive
learning media. Additionally, teacher competencies in STEM pedagogy vary significantly,
with many educators lacking formal training in designing project-based learning activities or
integrating digital technologies effectively. Curriculum constraints and administrative
workloads further restrict the implementation of sustained and iterative STEM activities in the
classroom [3]-[5].

To address these challenges, teacher capacity building through targeted training programs
has been widely recognized as a key strategy. Previous studies have emphasized the
importance of STEM-based learning and the integration of digital technologies to enhance
teaching effectiveness. In parallel, the emergence of Al offers new opportunities to support
teaching and learning processes, including interactive content creation, adaptive learning, and
automation of instructional tasks [5]-[7].

However, existing studies and training programs tend to address STEM pedagogy and
digital technology separately, and there remains a lack of structured initiatives that integrate
Al, computational thinking, and STEM learning simultaneously, particularly for elementary
school teachers. This gap highlights the need for a comprehensive and integrated training
approach that aligns technological tools with pedagogical practices suitable for primary
education [8]-[10].

From an external perspective, parental and community support for STEM education is not
yet fully optimized. Many parents still emphasize traditional, test-oriented learning outcomes,
limiting the adoption of exploratory and student-centered approaches. Socioeconomic factors
also influence students’ access to digital resources, such as internet connectivity and devices,
while limited school budgets constrain the implementation of innovative educational
programs.

Muhammadiyah Sokonandi Elementary School represents a relevant case, as it
demonstrated strong potential for educational innovation but still faces challenges in
implementing structured and sustainable STEM programs. Current initiatives remain sporadic
and largely dependent on individual teacher efforts, while the absence of a structured STEM-

based curriculum and systematic evaluation mechanisms limits the ability to measure learning
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outcomes effectively. Therefore, this program aims to implement and evaluate a structured
community service activities designed to enhance teachers’ competencies through the
integration of STEM pedagogy, computational thinking, and Al-based tools. The novelty of
this program lies in its holistic approach, which combines technical skill development,
pedagogical strategies, and ethical awareness of Al within a single training framework tailored
for elementary education. This approach is expected to support sustainable STEM

implementation and contribute to improving the overall quality of basic education.

2. Method

This program employed an evaluative approach with a quantitative descriptive design to
assess the effectiveness of a community service program in improving teachers’ competencies
in STEM and AI integration. The implementation of the program consisted of three main

stages: preparation, training, and evaluation, as illustrated in Figure 1.
=»| Preparation |[=® Workshop — Results gnd —
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Figure 1. Stages of Activity Implementation

2.1.Planning/Preparation Stage

The preparation stage began with an initial coordination meeting to define the objectives,
implementation schedule, and success indicators of the program. A needs analysis was then
conducted through classroom observations and semi-structured interviews with teachers to
identify challenges related to STEM implementation, digital literacy, and the availability of
learning resources [11]. Observations focused on infrastructure conditions, including teaching
aids, classroom environment, and the availability of materials [12]. Interviews explored teacher
profiles, including class size, students’ basic science competencies, and existing teaching
practices. Based on these findings, training modules, teacher modules, teacher guides,
assessment instruments, and STEM teaching aids were developed and adapted to the local
context [12]-[14].

2.2.Workshop/Training Stage

The workshop stage was conducted in two sessions involving 20 elementary school
teachers. The first session focused on introducing computational thinking concepts, basic
coding using Scratch, and the application of generative Al for developing interactive learning
media. The second session addressed the practical use of ChatGPT [15]; Al ethics [16], [17];
prompt engineering techniques [18], [19]; and the integration of STEM-based teaching aids
[20], [21] in classroom settings. Both sessions were designed to incorporate hands-on activities
to ensure that participants not only developed theoretical understanding but also acquired

practical skills applicable to real classroom situations.
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Figure 2. Documentation of Workshop Activities during the Community Service Program.
Training and Practices

2.3.Evaluation Stage

To measure the effectiveness of the training, a pre-test and post-test design was applied
during the activities [21]. The evaluation instrument consisted of 20 items (P1-P20) measured
using a five-point Likert scale (1=strongly disagree to 5=strongly agree). The instrument
assessed two categories: knowledge and skill aspect [22]. The knowledge aspect was defined
in a broader sense to include not only conceptual understanding but also awareness, perceived
applicability, perceived usefulness, and learning orientation (P1-P6, P8-P12, P15, P18, and
P19). Meanwhile, the Skill aspect includes items related to practical abilities, confidence, and
readiness to apply coding and Al tools in educational contexts (P7 and P13-P14, P16-P17, and
P20). The collected data were treated as quantitative data and analyzed using descriptive
statistics, particularly by comparing the mean scores between pre-test and post-test results.
The difference in mean scores was used as an indicator of improvement in teachers’ knowledge

and skills following the training.

3. Results and Discussion

3.1. Results

The program was implemented through three stages: preparation, workshop and
evaluation. During the preparation stage, observations and interviews conducted at
Muhammadiyah Sokonandi Elementary School identified a strong need to develop structured
STEM learning. Teachers reported limited experience in integrating Al and computational
thinking into classroom practices, confirming the need for targeted capacity-building
interventions. The workshop stage consisted of two intensive sessions conducted in a fully
equipped computer laboratory. Each session combined theoretical explanations with hands-

on activities to ensure the development of both conceptual understanding and practical skills.
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3.2.Practical Outputs and Community Impacts

In addition to improve teacher competencies, the program also generated several tangible
outputs that support sustainable implementation of STEM- and Al-based learning at
Muhammadiyah Sokonandi Elementary School. These outputs included activity
documentation (Figure 2), STEM teaching aids that were formally handed over and tested in
classrooms settings, training modules for teachers (Figure 3), and a website developed as a
centralized platform for documenting and disseminating community service activities and
learning resources (Figure 4). Collectively, these outputs demonstrate the program’s
contribution not only to teacher professional development but also to the provision of
sustainable educational resources that can continue to be utilized beyond the duration of the

program.

(b)

Figure 3. (a) STEM Teaching aids: Al and Robotic Tools; and (b) Training Modules produced for

Teachers’ Learning Resources

The effectiveness of the workshop was evaluated using pre-test and post-test instruments
(Figure 5). The results indicate a consistent improvement in both knowledge and skills across
participants. In the first training session, which focused on coding and generative Al

participants demonstrated notable improvements in conceptual understanding. The highest
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increase was observed in participants” understanding of the distinction between algorithms
and coding, with a mean difference of 1.3 points. Additional improvements were found in
computational thinking (P3, A =1.2) and the ability to apply algorithmic concepts in real=life
contexts (P4, A =1.25).
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Figure 4. Web-based Application developed for Community Service Information Portal

In terms of practical skills, the largest improvement was recorded in the ability to use
Scratch for instructional purposes (A = 1.5). Other significant gains included prompt
engineering skills (P13, A =1.15) and the use of Al-assisted tools such as Canva (P14, A = 0.85).
The second training session, which focused on Al ethics and STEM teaching aids, also showed
positive outcomes. Improvements were observed in participants’ understanding of Al
regulations, effective prompt usage, and the application of STEM teaching aids (P4-P6, A =
1.05). Furthermore, participants” self-assessed skill confidence increased, with post-test scores
exceeding an average of 3 across all indicators, suggesting a satisfactory level of competency

development following the training.
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Figure 5. Evaluation Results during Activities for (a) Knowledge Aspects, and (b) Skill Aspects

The findings in this program indicate that the integration of computational thinking,
coding, and Al-based tools within a structured training program can effectively improve
teachers” competencies in STEM education. The observed increase in both knowledge and
practical skills suggests that hands-on, technology-integrated training plays a crucial role in
bridging the gap between theoretical understanding and classroom implementation. This
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result supports recent findings that emphasize the role of Al-enabled technologies in
enhancing educators’ instructional capacity and transforming teaching practices [23]. In
addition, the integration of computational thinking with Al-based approaches is consistent
with studies showing that AO-supported learning environments can foster problem-solving
abilities and strengthen computational thinking skills in STEM education [24]-[26].

The significant improvement in algorithmic understanding and computational thinking
reflects the effectiveness of introducing foundational digital concepts through interactive
platforms such as Scratch. This finding aligns with previous studies emphasizing that
computational thinking enhances problem-solving abilities and supports STEM learning in
primary education. Moreover, the improvement in algorithmic understanding and Al tool
utilization indicates that teachers were able to adapt to emerging technologies when provided
with guided practice and contextualized learning materials. This supports the argument that
Al can serve as a valuable tool in enhancing instructional design, particularly in generating
learning content and facilitating creative teaching approaches [27].

The inclusion of Al ethics in the training also contributed to participants” awareness of
responsible technology use. This is particularly important in educational contexts, where the
misuse of AI tools may lead to ethical concerns such as academic dishonesty or
overdependence on automated systems. The findings suggest that combining technical
training with ethical considerations is essential in preparing teachers for sustainable digital
transformation. From a practical perspective, the use of STEM teaching aids and hands-on
activities contributed to increased teacher confidence and readiness to implement interactive
learning strategies. This indicates that experiential learning approaches are effective in
supporting teacher professional development.

In addition to the observed quantitative improvements, participants also reported several
perceived benefits of the training, which were summarized into key thematic categories. Out
of 20 participants, 15 participants (75%) highlighted hands-on practice as the most beneficial
aspect, particularly in developing educational content such as games, interactive learning
activities, and instructional materials [28], [29]. This finding indicates that experiential learning
plays a central role in enhancing both engagement and skill acquisition.

The use of Al including prompt engineering and tools such as Perplexity Al [30], was also
perceived as highly beneficial by 13 participants (65%). Participants reported that these tools
significantly supported the efficient development of learning materials, including question
generation and module preparation. This suggests that generative Al plays a critical role in
enhancing productivity within instructional design by enabling rapid content generation and
facilitating adaptive learning material development. This finding aligns with previous research
indicating that generative Al contributes to educational advancement by transforming
instructional design processes and enabling more efficient and innovative teaching practices
[31], [32]. Furthermore, 11 participants (55%) identified coding and the use of Scratch as
valuable components of the training, particularly for creating simple interactive learning

applications. This reflects the potential of coding education to foster creativity and support
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problem-based learning approaches in elementary classrooms. In addition, 8 participants
(40%) stated that all aspects of the training were beneficial, especially in improving their
understanding of the role of Al in teaching and learning processes. Overall, these findings
demonstrate that the training not only improved competencies but also generated positive
perceptions toward the integration of Al and STEM in education.

Despite these positive outcomes, qualitative feedback from participants revealed several
areas that require further support. Out of 20 participants, 70% expressed the need for
continued assistance in developing Al-based teaching materials, particularly in creating
visual-based assessment items, instructional modules, and Al-generated learning media.
Furthermore, 12 participants (60%) reported difficulties in effectively utilizing Al tools such as
Canva Al, Perplexity and prompt engineering techniques, indicating that initial exposure
requires reinforcement through guided practice. In the domain of computational thinking, 10
participants (50%) highlighted the need for deeper mentoring in coding design and the
practical use of Scratch. Additionally, 8 participants (40%) emphasized challenges in
developing categorized assessment models and implementing practice-based activities. These
findings suggest that while the training was effective in improving initial competencies,
sustained mentoring and iterative practice are necessary to ensure long-term implementation

in classroom settings.

Figure 6. Pilot Classroom and Hands-on Demonstration of STEM Teaching Aids

Following the training activities, a pilot classroom session (Figure 6) was conducted to
allow teachers to directly implement and demonstrate the STEM teaching aids and Al-assisted
learning approaches with elementary school students. During this session, teachers applied
the instructional materials, computational thinking activities, and interactive teaching tools
introduced in the workshop within real classroom settings. This follow-up implementation
provided participants with practical experience in adapting the training outcomes to authentic
learning environments and demonstrated the potential applicability of the developed
resources for supporting STEM-based learning in elementary education.

While Figure 7 illustrates the follow-up meeting conducted between the community
service team and school representatives prior to the implementation of the STEM and Al-based
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learning program. The meeting focused on identifying school needs, determining training
schedules, discussing classroom implementation strategies, and aligning learning objectives
with the school context. During the coordination meeting, school representatives explained
that the planned STEM class initiative would adopt the implementation model previously used
in the school’s specialized Tahfidz class and English class programs, both of which had been
successfully established and managed. In this context, the teacher capacity-building activities
conducted through this community service program were considered an initial strategic
foundation for supporting the future establishment of a STEM-based class and curriculum for
4™ Grade students in the upcoming academic year. This indicates that the program not only
contributed to short-term competency improvement but also supported the school’s long-term

educational development strategy toward STEM-oriented learning implementation.

Figure 7. Coordination Meeting for STEM Class Implementation

However, this community service program still has several limitations. The number
participants were limited, and the training duration was relatively short, which may affect the
generalizability of the findings. Additionally, the evaluation focused primarily on short-term
outcomes, without measuring long-term impacts on classroom practices or student learning
outcomes. Despite these limitations, the findings highlight the potential for scaling similar
programs in other schools. Future programs should consider continuous mentoring,

integration into formal curricula, and ongoing evaluation to assess sustained impact.

4. Conclusion

The implementation of STEM-based science and technology classroom development
activities at Muhammadiyah Sokonandi Elementary School has had a significant positive
impact on improving teacher competency, both in terms of knowledge and skills. Through two
training phases focused on coding, the use of Artificial Intelligence (Al), and the use of STEM
teaching aids, teachers demonstrated improved understanding of basic educational
technology concepts and their practical application in the classroom. Pre-test and post-test
evaluations indicated an increase in teachers' understanding of algorithms, computational

thinking, engineering prompts, and their ability to use digital platforms such as Scratch and
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Canva Al as teaching aids. Furthermore, training on the ethics of Al usage equipped teachers
with professional awareness to implement technology responsibly and in accordance with
educational values.

In terms of implementation, this program also successfully strengthened the school's
readiness to build a structured STEM learning ecosystem through the provision of teaching
modules, interactive teaching aids, and project-based learning guides. The long-term impact
of this activity is expected to encourage teachers to become agents of innovation in science and
technology learning, as well as foster students' interest and abilities in STEM fields from an
early age. Thus, this training activity can be concluded as a strategic step in supporting the
transformation of basic education toward 21st-century learning that is technology-based,
collaborative, and adaptive to developments in artificial intelligence. The success of this
activity also provides an important foundation for the development of follow-up programs
focused on ongoing teacher mentoring and strengthening collaboration between schools,

universities, and the education community.
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