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Abstract
Purpose: This study aims to enhance the technological
' competence of vocational high school students through the

introduction of Python programming and Artificial Intelligence
(A]) to improve their digital literacy and computational thinking
skills.
Methodology: This study was conducted at Sekolah Menengah
Kejuruan (SMK) Sultan Iskandar Muda, involving 44 tenth-grade
vocational high school students. The program applied a quasi-
experimental approach with a pretest—posttest design to measure
Article History students’ understanding before and after training. The training
Received on 10 March 2026 activities included lectures, demonstrations, and hands-on coding
1 Revison on 13 March 2026 practice using Python 3.10, Google Colab, and Microsoft
2" Revision on 30 March 2026 PowerPoint as learning tools. Data were collected through
Accepted on 08 April 2026 . . : .

questionnaires, observations, and evaluation tests to measure the
students’ knowledge of programming concepts and Al
applications.
Results: The results showed a significant improvement in
students’ understanding after they participated in the training
program. The average pretest score of 53.5 increased to 82.8 in the
post-test. Students demonstrated better comprehension of Python
programming concepts, including syntax, variables, data types, and
input—output commands, as well as greater awareness of Artificial
Intelligence applications in everyday life.
Conclusions: The training program effectively improved students’
technological competence and increased their interest in learning
programming and in emerging technologies.
Limitations: The study was limited by the short training duration
and differences in students’ initial knowledge levels.
Contributions: This study contributes to vocational and
technology education by providing a practical training model that
can support the development of students’ digital literacy and
readiness to face the challenges of the digital transformation era.
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1. Introduction
The rapid advancement of information and communication technology has accelerated digital
transformation across various sectors, including education, industry, and society (Darmanto et al., 2025;
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Santati, Saftiana, Mavillinda, & Ghasarma, 2022; Yoraeni & Abdillah, 2024). Technological
developments such as cloud computing, artificial intelligence, big data, and the Internet of Things have
significantly changed the way people work, learn, and interact (Hu, Luo, & Wang, 2025; Macar et al.,
2023; Mafrukhah & Lisana, 2026). Consequently, the ability to understand and utilize digital
technologies has become an essential competency in the 215 century. Therefore, educational institutions
are expected to prepare students with the knowledge and skills needed to adapt to the rapidly evolving
digital environment (Masnia, Saputri, Kamsurya, & Tuhu, 2025; Poerna Wardhanie & Lebdaningrum,
2022).

In the educational sector, computers have become one of the most important tools for supporting
teaching and learning activities (Suhendah, Jennifer, Goh, & Heni, 2025; Wijaya et al., 2024). The use
of computers in senior high schools and vocational high schools has increased significantly in recent
years, especially for accessing learning resources, completing assignments, conducting online
assessments, and supporting digital learning platforms (Juliani & Rahman, 2025; Masnia et al., 2025).
Many schools have integrated computer laboratories and Internet access into their learning
environments to facilitate technology-based education (Annus, 2025; Yoraeni & Abdillah, 2024). The
availability of these technologies provides opportunities for students to develop digital literacy skills
and gain practical experience in using technological tools (Askar & Suhardiman, 2025).

Digital literacy is increasingly recognized as a fundamental skill for students in the contemporary era.
Digital literacy involves not only the ability to use computers and digital devices but also the capacity
to understand, evaluate, and create digital information effectively and responsibly (Masnia et al., 2025;
Matlubah, Herowati, & Punggeti, 2025; Santati et al., 2022). Students with strong digital literacy skills
are better prepared to navigate information-rich environments, solve problems using technology, and
participate in the digital economy. Therefore, strengthening digital literacy among high school and
vocational school students has become an important priority in educational systems worldwide
(Gonzalez, Lopez, & Castro, 2018; Halim, Gohzali, Pardosi, Wong, & Megawan, 2025).

Vocational education, particularly Vocational High Schools, plays a strategic role in preparing students
with practical skills aligned with the workforce’s needs (Juliani & Rahman, 2025; Mafrukhah & Lisana,
2026). SMK students are expected to develop competencies that enable them to directly contribute to
the industry after graduation. In the era of digital transformation, technological competence has become
essential for many occupations. Consequently, vocational education institutions must integrate
technology-based learning activities that can strengthen students’ digital skills and technological
understanding.

An important aspect of technological competence is programming knowledge. Learning programming
helps students develop computational thinking, logical reasoning, and problem-solving abilities
(Elnaffar, Rashidi, & Abualkishik, 2025; Hou & Yu, 2025). Programming also allows students to
understand how software and digital systems are created and operated in the real world. Among the
various programming languages available today, Python has become one of the most widely used
languages in both education and industry because of its simplicity, readability, and extensive library
support (Hu et al., 2025; Liu et al., 2024).

Python is commonly used in software development, data analysis, automation, and Artificial
Intelligence (Al) applications (Tribethran et al., 2023; Zhu, Liu, Wang, & Wu, 2023). Its simple syntax
makes it suitable for beginners learning programming for the first time (Khairudin, 2024; Putri & Nur,
2023). Because of these advantages, Python is increasingly being introduced in educational
environments to help students understand fundamental programming concepts and develop
computational thinking skills (Hidayatullah & Berliana, 2023; Jamil, Saputra, Fawait, Rahmah, &
Rosmasari, 2025; Junaidi, Devegi, & Kurniawan, 2023).

In addition to programming knowledge, understanding emerging technologies such as Artificial
Intelligence (Al) is becoming increasingly important (Wilyani, Arif, & Aslimar, 2024). Al has become
a transformative technology that influences many sectors, including healthcare, transportation, finance,
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manufacturing, and education (Alanazi, Li, Samra, & Soh, 2025; Elnaffar et al., 2025; Ramadhani et
al., 2025). Al technologies enable computers to perform tasks that typically require human intelligence,
such as pattern recognition, data analysis, and prediction. Introducing Al concepts to students at an
early stage can help them understand the technological changes occurring in society and prepare them
for future careers in technology-related fields (Hou & Yu, 2025; Suharsono, Gunawan, Sukmana, Ath-
Tharig, & Ahmad, 2023).

However, despite the increasing availability of digital technology in schools, the implementation of
programming and Al learning at the vocational high school level remains limited in many cases. Several
factors contribute to this situation, including limited curriculum integration, insufficient learning
resources, and lack of opportunities for hands-on programming practice. Consequently, many students
have limited exposure to programming and emerging technologies, which may hinder the development
of their technological competence. To address these challenges, educational initiatives and community
service programs can play an important role in introducing programming and Al concepts to students
in the lower grades. Such programs provide practical learning experiences that complement formal
classroom instruction and help students gain hands-on experience with digital technology.

Therefore, this community service program, entitled “Enhancing Vocational High School Students’
Technological Competence through the Introduction of Python Programming and Artificial
Intelligence” was designed to improve students’ technological competence by introducing fundamental
programming concepts and Al applications. Through interactive learning activities and practical coding
exercises, the program aims to enhance students’ digital literacy, computational thinking, and
technological awareness, thereby preparing them to face the challenges of the digital transformation era
in the future.

2. Methodology

2.1 Research Design

This study employed a community service—based educational intervention with a quasi-experimental
approach using a pretest and post-test design. This program aimed to evaluate the effectiveness of
introducing Python programming and Artificial Intelligence (Al) concepts to improve the technological
competence of vocational high school students. This study focused on measuring students’
understanding of basic programming concepts, Al awareness, and computational thinking skills before
and after participating in the training program. The activity was conducted as part of a Community
Service Program designed to provide practical learning experiences through hands-on coding activities
and interactive explanations of Al concepts.

2.2 Participants

The participants of this community service were 10th grade students from a Vocational High School
who took part in the training program. A total of 44 students participated in this study. The participants
were selected based on their enrolment in the targeted class and willingness to participate in the training
activities. Most participants had limited prior experience with programming and artificial intelligence,
making them suitable for introductory training on Python programming and Al concepts.

2.3 Materials and Learning Content

The learning materials used in this program focused on basic Python programming and introductory
Artificial Intelligence concepts, including:

Introduction to programming and coding concepts

Basic Python syntax and structure

Variables and data types in Python

Input and output operations using Python

Simple conditional statements and logic

Introduction to Artificial Intelligence concepts

. Examples of Al applications in everyday life and industry

The materials were designed to be simple, practical, and suitable for beginner-level learners.

N U W —
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2.4 Training Procedure
The program implementation consisted of several stages.

2.4.1 Preparation Stage

At this stage, the research team prepared learning materials, training modules, presentation slides, and
practical exercises related to Python programming and Al. The necessary hardware and software
environments were prepared prior to the training session.

2.4.2 Pretest

Before the training began, the participants completed a pretest questionnaire designed to measure their
initial knowledge and understanding of programming concepts, Python programming, and Artificial
Intelligence.

2.4.3 Training Implementation

The training session was conducted using a combination of lectures, demonstrations, and hands-on
practice. Students were introduced to the fundamentals of Python programming and guided through
simple coding exercises. In addition, Al concepts were explained using real-world examples to help
students understand how Al technologies are applied in their daily lives and industries. During the
practical sessions, students were encouraged to experiment with Python commands and develop simple
programs under the guidance of the instructors.

2.4.4 Post-test

After completing the training session, the students were asked to complete a post-test questionnaire to
evaluate their understanding of the materials presented. The post-test aimed to measure improvements
in students’ technological competence and conceptual understanding after they participated in the
program.

2.4.5 Evaluation and Reflection
The final stage involved analysing the results of the pre- and post-tests to determine the effectiveness
of the training program in improving students’ knowledge and technological competencies.

2.5 Data Collection Instruments

The data in this study were collected using the following instruments:

1. Pretest and post-test questionnaires were used to measure students’ knowledge and understanding
of Python programming and Al concepts.

2. Observation sheets to evaluate students’ engagement and participation during the training sessions.

3. Feedback questionnaires were used to collect students’ responses and perceptions regarding the
training program.

The questionnaire consisted of multiple-choice and short-answer questions designed to evaluate

students’ knowledge of basic programming concepts and Al applications.

2.6 Hardware and Software Used
The training implementation utilized several hardware and software tools, including:
1. Hardware
e Personal Computers used by participants
¢ LCD Projector for presentation and demonstrations
e Internet connection for accessing learning resources
2. Software
e Python 3.10 programming language
e Google Colab as the code editor
e Google Chrome (Google LLC) web browser for accessing online resources and demonstrations
e Microsoft PowerPoint (Microsoft Corporation) for training presentations
These tools were selected because they are widely available and suitable for beginner-level
programming education.
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2.7 Data Analysis

The collected data were analyzed using descriptive statistical methods. The results of the pre- and post-
tests were compared to determine the improvement in students’ technological competence after the
training program. The analysis focused on measuring changes in students’ knowledge levels and their
understanding of Python programming and Artificial Intelligence concepts. The effectiveness of the
program was evaluated based on the difference between pre- and post-test scores, as well as
observations of student participation during the training activities.

Present the materials, methods, survey, questionnaire, used in the study. Authors should explain
whether this study is experimental, a review study, or simulation- or survey-based. The software and
hardware used during the study are discussed with their brand names. Mention all research conditions,
assumptions, and theories that were followed. This section should be easy for any reader to repeat the
study under similar conditions.

3. Results and Discussions

3.1 Results

The community service program aimed to introduce Python programming and Artificial Intelligence
(AD) concepts to vocational high school students to improve their technological competence. The
effectiveness of the program was evaluated through pre- and post-test assessments, classroom
observations, and participant feedback. A total of 44 tenth-grade vocational high school students
participated in the training program. Before the training session began, the participants completed a
pretest designed to measure their initial knowledge of programming concepts, Python programming,
and Artificial Intelligence. After the training activities were completed, the students were asked to
complete a post-test to measure their level of understanding after receiving the training.

The training activities were implemented in several stages. The first stage was the preparation stage,
which included coordination with the school, preparation of training materials, and development of
evaluation instruments such as pre- and post-test questions. The materials were designed to introduce
the basic concepts of Python programming and Artificial Intelligence in a simple and understandable
manner for beginner-level students. The second stage was the implementation stage, where training
activities were conducted in the form of lectures, demonstrations, and hands-on coding practice. During
the lecture session, students were introduced to the importance of programming skills and the role of
Artificial Intelligence in modern technology. The instructors explained the basic Python concepts, such
as variables, data types, operators, and input—output commands. Students were also introduced to the
basic concept of Artificial Intelligence and its applications in everyday life and various industries.

Figure 1. Training session on python programn_ling

The second stage was the implementation stage, where training activities were conducted in the form
of lectures, demonstrations, and hands-on coding practice. During the lecture session, students were
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introduced to the importance of programming skills and the role of Artificial Intelligence in modern
technology. The instructors explained the basic Python concepts, such as variables, data types,
operators, and input—output commands. Students were also introduced to the basic concept of Artificial
Intelligence and its applications in everyday life and various industries.

In the demonstration and practice sessions, the students were guided to write simple Python programs
using a code editor. They practiced creating basic programs, performing simple calculations, and
displaying the outputs. The instructors also demonstrated simple examples of how Al systems work,
such as pattern recognition and data-processing. This practical approach allowed students to directly
experience the process of writing code and understand how programming works.

Figure 2. Students practicing python coding

The final stage was the evaluation stage, which aimed to measure students’ understanding after
participating in the training programmed. Students were given a post-test to assess their comprehension
of the materials that had been delivered. The pretest and posttest results were analyzed to evaluate the
effectiveness of the training program. The evaluation results indicate that the training program
successfully improved students’ understanding of Python programming and Artificial Intelligence
concepts. Before the training began, the students were given a pretest to measure their initial knowledge.
The results showed that most students had limited knowledge of programming and Al.

After participating in the training activities, the students were given a post-test to measure their learning
outcomes. A comparison between the pre- and post-test scores showed a clear improvement in students’
understanding. A comparison of students’ understanding before and after the training program is
presented in Table 1.

Table 1. Students’ understanding before and after the training (n = 44)

No Assessment Indicators Pretest Mean Posttest Improvement
Score Mean Score

1 Understanding of basic programming 54 79 125
concepts

2 | Knowledge of Python programming syntax 50 82 +32

3 Understanding variables and data types in 59 23 131
Python

4 Understandmg input and output commands 49 ]1 132
in Python

5 Understanding basic Artificial Intelligence 56 25 199
concepts

6 | Awareness of Al applications in daily life 60 87 +27
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Based on Table 1, it can be observed that all indicators of students’ understanding increased after the
training program. The highest improvement occurred in the indicators related to Python programming
syntax and input—output commands, each showing an increase of 32. This indicates that hands-on
coding exercises helped students understand programming structures and commands more effectively.
To further analyze the improvement in students’ performance, descriptive statistics of the pre- and post-
test scores are presented in Table 2.

Table 2. Distribution of students’ pretest and posttest scores (n = 44)

Test Type | Minimum Score Maximum Score Mean Score Standard Deviation
Pretest 40 68 53.5 7.2
Posttest 72 92 82.8 5.6

Table 2 show that the average pretest score was 53.5, indicating that most students had limited prior
knowledge of programming and Al concepts prior to the course. After the training program, the average
post-test score increased significantly to 82.8. The improvement in the average score demonstrates that
the training activities successfully enhanced the students’ understanding of the learning materials. In
addition, the standard deviation decreased from 7.2 to 5.6, indicating that students’ understanding
became more consistent after training. This suggests that the program not only improved students’
knowledge but also helped reduce the variation in their understanding.The improvement in students’
scores can also be seen visually in Figure 1, which shows a comparison between the average pre- and
post-test scores.

i Comparisan of Pretest and Posttest Mean Scores (n = 44|

a1

404

Average Score

211

(}.

Pretest Mean Soore Postiest Mean Scomg

Figure 3. Comparison of pretest and posttest mean scores

Figure 3 illustrates a clear increase in students’ learning outcomes after they participated in the training
program. The results confirm that introducing Python programming and Al concepts through structured
training activities significantly improves students’ technological competence. In addition to the
quantitative results, classroom observations showed that the students demonstrated high enthusiasm and
actively participated during the practical coding sessions. Many students experimented with simple
Python programs and showed curiosity about how programming could be used to solve real-world
problems. Participant feedback also indicated that the students found the training activities interesting
and beneficial. Several students expressed interest in learning more advanced programming topics after
the training sessions.

3.2 Discussion

The findings of this study indicate that introducing Python programming and Artificial Intelligence
concepts through practical learning activities can significantly improve the technological competence
of vocational high school students. The substantial increase in post-test scores suggests that students
gained a better understanding of programming logic and Al concepts after participating in the training
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program. This finding is consistent with previous research, which states that programming education
plays an important role in developing computational thinking skills. Learning programming encourages
students to think logically, analyze problems systematically and develop algorithmic solutions. These
skills are essential for preparing students to meet the demands of the digital workforce.

The results also support previous studies highlighting the advantages of Python as an introductory
programming-language. Python is widely recognized for its simple syntax and readability, which make
it suitable for beginner programmers. Because of its simplicity, students can focus on understanding
programming concepts rather than on dealing with complicated syntax rules. Another important aspect
of this program was the introduction of Artificial Intelligence concepts alongside programming
education. Al has become one of the most influential technologies in modern society, with applications
in healthcare, transportation, finance, and manufacturing. By learning about Al applications, students
can understand how programming skills are used to develop intelligent systems.

The positive response from students during the training sessions also indicated that hands-on learning
approaches are effective in teaching programming concepts. Practical activities allow students to apply
theoretical knowledge directly through coding exercises, which helps them to better understand
programming structures and problem-solving processes. However, several challenges were identified
during the training program’s implementation. Some students initially experienced difficulties in
understanding programming logic because they had little prior coding experience. In addition, the
limited duration of training restricts opportunities to explore more advanced programming topics or
deeper Al applications. Despite these limitations, the results of this study demonstrate that community
service programs focusing on technology education can play an important role in strengthening
students’ digital competence. Such initiatives can complement formal school curricula by providing
practical learning experiences that may not always be available in regular classroom settings. Therefore,
it is recommended that similar programs be implemented more frequently in vocational schools.
Integrating programming education and Al literacy into vocational training can help prepare students
to face the challenges of digital transformation and improve their readiness for technology-related
careers.

4. Conclusions

4.1 Conclusion

This community service program aimed to enhance the technological competence of vocational high
school students through the introduction of Python programming and Artificial Intelligence (AI). The
training program results indicate that the activities were effective in improving students’ understanding
of basic programming concepts and Al applications. The significant increase in students’ post-test
scores compared to the pre-test results demonstrates that the training successfully strengthened students’
knowledge of Python programming, including syntax, variables, data types, and input—output
commands. In addition, students developed a better understanding of the basic concepts of Artificial
Intelligence and its applications in everyday life. The hands-on learning approach, which combined
lectures, demonstrations, and practical coding activities, encouraged active participation and increased
students’ interest in learning programming and digital technology. Overall, the program contributed
positively to improving students’ technological competence and supporting their readiness to face the
challenges of the digital transformation era.

4.2 Research Limitations

Despite these positive outcomes, this study has several limitations. First, the duration of the training
program was relatively short, which limited the opportunity to explore more advanced programming
and Artificial Intelligence topics. Second, the participants had varying levels of prior knowledge and
experience with programming, which may have influenced their learning outcomes. Additionally, the
study involved a limited number of participants from a single vocational school, which may limit the
generalizability of the findings to other educational contexts.
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4.3 Suggestions and Directions for Future Service

Future programs should provide longer and more comprehensive training sessions that include more
advanced programming topics and deeper exploration of Artificial Intelligence applications. Further
studies should involve a larger number of participants from multiple vocational schools to obtain
broader and more generalizable results. Future research could also investigate the long-term impact of
programming and Al training on students’ technological competence, learning motivation, and career
readiness in the digital technology field.
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