Jurnal Komunikasi Pendidikan

Vol. 9, No. 2 (2025), pp. 125-135 | p-ISSN: 2549-1725, e-ISSN: 2549-4163
http://journal.univetbantara.ac.id/index.php/komdik

Indonesia's Digital Education Revolution: Enhancing Vocational Learning
Through Technology-Driven Project-Based Methods

Rana Sharjeel Akhtarl*, Mohammed Mahmoud Mohammed Imleesh?®
2 Economics Education, Universitas Negeri Semarang, Semarang, Indonesia.
E-mail: 1ranasharjeelakhtar@students.unnes.ac.id , 2mohammedimleesh.Z@gmail.com
*Corresponding Author

Article History:
Received: June 19, 2025; Revised: July 21, 2025; Accepted: July 23, 2025, Published: July 31, 2025

ABSTRACT

Indonesia's vocational education landscape is undergoing a transformation driven by digital
innovation and educational reform initiatives. These initiatives reflect the country's efforts to align
vocational education with the demands of the 21st-century workforce. Despite these efforts, a
significant gap remains between the capabilities of vocational graduates and the evolving demands of
industry. This challenge is compounded by the persistent high unemployment rate among SMK
graduates, who continue to face challenges in securing employment after graduation. The
government's response to these challenges has been multifaceted, with the Merdeka Belajar initiative
forming the cornerstone of educational reform. This initiative promotes project-based learning (PJBL)
as a mandatory pedagogical approach to help bridge the gap between education and industry. This
study aims to examine the effectiveness of technology-driven PJBL, integrated with Learning
Management Systems (LMS), in improving vocational learning outcomes at SMK Cut Nya' Dien. The
primary objective is to assess the impact of these methods on student learning outcomes, creativity,
and engagement, providing valuable insights into the integration of technology in vocational
education. The research gap this study addresses is the lack of empirical evidence on the
effectiveness of integrating LMS with PJBL in vocational education settings in Indonesia. This paper
contributes to the growing body of knowledge supporting the integration of technology in education,
with practical implications for policy makers and educators.
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INTRODUCTION

The Indonesia's vocational education landscape is experiencing unparalleled
transformation driven by digital innovation and educational reform initiatives that reflect the
country's promise to preparing students for the demands in the 21st-century workforces
(Sinaga et al.). The nation faces significant challenges in positioning vocational graduate
capabilities with rapidly evolving industry demands, as evidenced by the persistently high
unemployment rate among SMK graduates (Greger et al., 2024), which reached 9.01% in 2024,
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making them the largest contributors to national unemployment statistics (Network, 2019).
This paradoxical situation, where vocational education planned to prepare job-ready graduates
instead produces the highest unemployment rates among all educational levels, has prompted
comprehensive educational improvements and strategic interferences (Fristianingroem).

The Indonesian government's response to these challenges has been complex and
transformative, with the Merdeka Belajar (Freedom to Learn) initiative portion as the
cornerstone of educational reform (Hamdani et al.). They launched in 2019 by the Ministry of
Education, Culture, Research, and Technology under the Minister Nadiem Anwar Makarim, this
ambitious initiatives are represents a vital paradigm shift from compliance-based education to
learning-focused, student-centered pedagogical approaches (Rochmawati et al.,, 2021). This
policy has made project-based learning (PJBL) are mandatory in vocational schools since 2022
and representing a systematic effort to bridge the persistent gap between educational
outcomes and industry requirements (Zhang & Ma, 2023).

The Indonesia's educational system includes approximately 60 million students attending
516,000 primary and secondary schools staffed by 4.2 million teachers, making it one of the
largest educational systems worldwide (Widiputera & Agung, 2023). This vast educational
countryside, there are 14,265 vocational schools consisting of both public and private
institutes, representing a small increase of 0.46 percent compared to previous years (Network,
2019). These vocational institutions are offer various specializations including engineering and
technology, information and communication technology, health and social work, agribusiness
and agrotechnology, energy and mining, maritime studies, business and management, tourism,
and arts and creative industries (Sinaga et al.).

This digital transformation in Indonesian education has been accelerated by numerous
factors, including the COVID-19 pandemic, which required rapid acceptance of educational
technology solutions, and also the government's recognition that traditional pedagogical
approaches were lacking to meet contemporary workforce demands (Budiarto et al., 2024).
The addition of Learning Management Systems represents a keystone of this digital
transformation strategy and offering extraordinary opportunities for enhancing learning
effectiveness, student engagement, and industry arrangement-(Sinaga et al.). These Research
reliably demonstrates that LMS significantly enhances flexibility, interactivity, and student
motivation for learning methods, with these features such as video tutorials, interactive
quizzes, and discussion forums providing engaging and comprehensive learning knowledge and
experiences (Pulungan et al., 2022). The current state of vocational education in Indonesia
faces multidimensional challenges in preparing capable and adaptive human resources for the
Industry 4.0 era (Ghosh & Ravichandran, 2024). The Educational institutions are continue to
strugglling with less dynamic curricula that fails to reproduce current industry standards (Al-
Dosakee et al., 2025). This limited technological infrastructure that obliges digital learning
implementation, and deficient collaboration with industry partners that reduces the
significance of educational programs (Habibi et al., 2024). These systemic challenges are
combined by the rapid pace of technological modification, which requires continuous
curriculum updates and the teachers are also professional development to maintain
educational significance (Ghosh & Ravichandran, 2024). The Center of Excellence Vocational
School Program, launched as part of the Merdeka Belajar initiative, represents a strategic
effort to address these challenges through systematic improvement of school quality and
graduate capabilities (Rochmawati et al., 2021). This program needs participating schools to
establish partnerships with industry stakeholders and collaborate with vocational colleges to
ensure that educational programs bring into line with current and projected workforce needs
(Ghosh & Ravichandran, 2024). The program highlights the development of 21st-century skills
including adaptability, collaboration, critical thinking, and digital literacy, which are essential
for success in modern workplace environments (Budiarto et al., 2024).
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The statistical analysis of unemployment patterns discloses about trends that underscore
the urgency of vocational education improvement (Network, 2019). The unemployment rate
among SMK graduates has constantly exceeded that of other educational levels and with this
data showing that SMK graduates contributed 11.45% of total unemployment in 2021, which
decreased to 9.01% by 2024, representing a modest improvement of 2.44 percentage points
over three years (Purnomo & Hariyati, 2024). This determined unemployment pattern
designates that despite government efforts to enhance vocational education quality,
significant gaps remain between educational outcomes and labor market requirements (Habibi
et al., 2024). The addition of developing technologies in vocational education represents both
an opportunity and a need for addressing these challenges (Budiarto et al., 2024). These
technologies such as Virtual Reality (VR), Augmented Reality (AR), Artificial Intelligence (Al),
Machine Learning (ML), Internet of Things (IoT), and advanced Learning Management Systems
offer innovative methods to skill development and industry training (Ghosh & Ravichandran,
2024). The successful technology combination requires addressing multiple barriers including
cost considerations, infrastructure limitations, teacher training requirement, and equitable
access to digital resources (Rekha, 2024).

The research examining digital literacy skills among vocational students reveals a complex
landscape of abilities and limitations (Budiarto et al., 2024). The majority of students currently
have access of digital devices and internet connectivity and many vocational students still lack
of strong background knowledge about digital literacy and adequate ICT skills for advanced
technological applications (Habibi et al., 2024). This digital divide needs comprehensive
approaches for technology integration that address both access and competency development
(Rekha, 2024). The SMK Cut Nya' Dien serves as an exemplary case study for examining the
efficiency of technology-driven project-based learning methodologies in Indonesian vocational
education contexts (Setiawan & Herman, 2023). The institution's commitments also
implementing innovative pedagogical approaches while maintaining arrangement with the
Merdeka Curriculum positions, it as a valuable research setting for investigating the practical
implementation and quantifiable outcomes of digital educational transformation (YENI, 2024).

LITERATURE REVIEW
Theoretical Foundations of Project-Based Learning in Vocational Education

Project-based learning has emerged as a transformative pedagogical approach that
addresses the important challenge of bridging theoretical knowledge with real-world
application in vocational educational frameworks. The Research reliably proves that PJBL
methodologies significantly enhance student learning results, with meta-analytical studies
revealing combined effect sizes representing moderate to large positive impacts on academic
achievement, thinking skills, and affective attitudes. The results of comprehensive meta-
analysis studies showed that related with traditional teaching models and the project-based
learning significantly improved for students learning outcomes with a combined effect value of
SMD =0.441 (p < 0.001), indicating considerable educational benefits (Zhang & Ma, 2023).

The theoretical framework underlying PJBL effectiveness includes five critical
implementation phases that ensure systematic and comprehensive learning experiences
(Nilsook et al., 2021). These phases are include preparation and project goal identification,
topic definition and comprehensive planning, collaborative creation and testing, presentation
and peer to peer interaction, and also comprehensive evaluation and reflection (Wu, 2024).
The systematic implementation of project-based learning in Indonesian vocational high schools
has established considerable improvements in student capabilities and workforce character
development, with research conducted across multiple institutions revealing progressive
implementation levels (Suparmi et al., 2024).
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The modern research highlights the particular effectiveness of PJBL in developing 21st-
century workforce capabilities, including critical thinking, creative problem-solving,
collaborative teamwork, and entrepreneurial mindset development (Wu, 2024). The meta-
analytical studies focusing specifically on project-based learning effectiveness reveal that the
average effect size of PJBL on student learning results is reliably high and statistically
significant across diverse educational frameworks (Fadhilah et al., 2023). A comprehensive
meta-analysis of 17 studies investigative project-based learning effectiveness in higher
education revealed an average effect size of 1.64 with a 95% confidence interval of (1.56,
1.72), indicating very large practical effectiveness (Meng, 2023).

Learning Management Systems and Digital Integration

The proliferation of Learning Management Systems in educational settings has
revolutionized content delivery, student assessment, and collaborative learning processes,
providing comprehensive digital infrastructures supporting both synchronous and
asynchronous learning activities (Sinaga et al.). Research examining LMS implementation in
vocational education contexts reveals significant positive correlations between system
utilization and student engagement, with studies reporting enhanced flexibility, interactivity,
and personalized learning opportunities facilitated by digital learning environments (Rekha,
2024). The effectiveness of Google Classroom and Moodle platforms in vocational education
has been broadly documented, with research showing that these platforms effectively improve
vocational student learning outcomes in cognitive, affective, and psychomotor aspects
(Bizhanov et al., 2024).

The systematic literature reviews examining LMS effectiveness disclose that the
introduction of LMS has constantly positive impacts on student learning effectiveness and also
with students experiencing higher test scores, grades, and also course completion rates when
LMS platforms are utilized. The learning process joining Google Classroom and Moodle
platforms includes both straight classroom learning and online learning outside the traditional
classroom settings, the providing vocational students with expanded learning time and the
opportunities to repeat learning materials and involve in self-directed skill development
(Rekha, 2024). Nevertheless, successful LMS implementation faces several challenges,
including technological access gaps, insufficient digital literacy among educators and students,
and the need for inclusive teacher training programs (Fristianingroem).

Meta-analytical studies focusing specifically on e-learning inspiration in vocational
education and training revealed that e-learning has significant positive influence on VET
learning, with an average effect on size value of 0.344 > 0.25, categorized as a moderate
positive contribution to educational outcomes (Daryanto et al., 2022). Interactive Learning
Management Systems (ILMS) demonstrate superior effectiveness compared to non-interactive
LMS platforms, with studies finding that ILMS use is more effective in improving student
engagement, satisfaction, and learning outcomes. The level of student engagement emerges
as a critical factor determining LMS effectiveness, with studies consistently finding that active
student participation in digital learning processes significantly enhances educational outcomes
(Rekha, 2024).

21st Century Skills and Competency Development

In today's complex work environment, technical and vocational education graduates must
possess comprehensive skill sets encompassing learning skills, literacy skills, and life skills that
serve as foundations for successful workforce participation (Budiarto et al., 2024). The project-
based learning model is particularly recommended for technical and vocational education, as
multiple research studies demonstrate that this model effectively develops skills required for
21st-century success, including computational thinking, creativity, innovation, communication,
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and teamwork capabilities (Wu, 2024). The addition of developing technologies within
vocational education represents a critical frontier in preparing students for Industry 4.0 and
also Society 5.0 environments (Ghosh & Ravichandran, 2024).

Research investigative digital literacy skills of vocational school students reveals complex
patterns of capabilities and limitations across key capability indicators (Budiarto et al., 2024).
Students validate good abilities across four primary indicators, basic literacy skills, background
knowledge, ICT field skills and attitudes and perspectives of information users (Habibi et al.,
2024). However, the findings indicate that while the majority of students currently have access
to digital devices and internet connectivity, but many vocational students still lack strong
background knowledge about the digital literacy and adequate ICT skills for the advanced
applications. This digital capability gap necessitates comprehensive educational interventions
that address both access and skill development mechanisms (Habibi et al., 2024).

The integrations of Internet of Things (loT), technology within vocational education
represents additional significant advancement in preparing students for Industry 5.0
environments (Ghosh & Ravichandran, 2024). loT technology enables Teaching Factory
environments to simulate real industrial conditions and allowing students to involve actively in
production processes supported by real-time data and computerization systems. Research
indicates that loT implementation rises efficiency and productivity in learning processes while
inspiring students learning experiences through collaborating and adaptive methodologies
(Ghosh & Ravichandran, 2024).

METHODS
Research Design and Participants

This study employed on a quasi-experimental design with pretest-posttest control group
methodology to examine the effectiveness of technology-driven project-based learning joined
with Google Classroom LMS (Suparmi et al., 2024). Quasi-experimental research helps as an
appropriate innovation from true experimental designs, representing one of the most suitable
methods for educational research frameworks where complete randomization may not be
feasible due to institutional and ethical limitations (Rekha, 2024). This research was conducted
at SMK Cut Nya' Dien during the 2024/2025 academic year, focusing on the Multimedia
Expertise Program due to its arrangement with technology integration objectives and industry
significance.

The study population involved of 35 Grade Xl students enrolled in the Multimedia
Expertise Program, selected using purposive sampling methodology based on the program
enrollment, academic standing, and willingness to participate in the research study. The
sample was divided into two groups: one is experimental group comprising 18 students who
received technology-driven project-based learning instruction through Google Classroom
integration, and the second is a control group of 17 students who experienced conventional
instructional methods without LMS support or structured project-based activities.
Demographic analysis revealed a comparable characteristic between groups, with no
significant differences in age distribution, prior academic achievement, or technology exposure
and also strengthening the validity of comparative analyses.

Data Collection and Analysis

The research is employed multiple data collection instruments to widely assess learning
outcomes, creativity development, and also student engagement patterns. The primary
learning results are assessment consisted of a validated 25-item test incorporating 20 multiple-
choice questions and 5 essay prompts ranged with curriculum standards and industry skill
requirements, demonstrating strong trustworthiness (Cronbach's a = 0.89) and content validity
through expert review processes. The creativity valuation utilized an adapted questionnaire
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measuring three dimensions: originality, flexibility, and elaboration, using a 5-point Likert scale
format with acceptable psychometric properties demonstrated in earlier educational research
contexts.

Quantitative data analysis working on IBM SPSS version 26 software for comprehensive
statistical examination, including descriptive statistics, independent samples, t-tests, paired
samples t-tests, and also effect size calculations using Cohen's d. Statistical assumptions testing
included normality assessment through Shapiro-Wilk tests and homogeneity of variance
examination using Levene's test, with alpha levels set at 0.05 for all statistical tests and
Bonferroni correction applied for multiple comparison procedures. Qualitative data collection
incorporated semi-structured interviews with students and instructors, classroom
observations, and document analysis of project artifacts, providing contextual understanding
and explanatory insights supporting the quantitative findings

RESULTS AND DISCUSSION

The descriptive statistical analysis revealed substantial differences in learning outcomes
between experimental and control groups following the 16-week intervention period (Ariani).
The experimental group demonstrated superior performance improvements compared to the
control group receiving conventional instruction, with effect sizes consistent with meta-
analytical findings in project-based learning research (Ariani).

Statistical Analysis Results
Table 1. Descriptive Statistics Summary

Group N Pretest Mean Posttest Mean £ Improvement Mean +
SD SD SD
Experimental 18 64.74 £ 4.12 85.17 +3.89 20.43+6.24
(PjBL+GC)
Control 17 63.98 + 4.66 76.57+5.78 12.59+5.12
(Traditional)

Source: Data processed, 2025
Note: GC = Google Classroom, PjBL = Project-Based Learning

Table 2. Independent Samples T-Test Results

Statistic Value Interpretation
t-statistic 4.852
Degrees of freedom 33
p-value (2-tailed) 0.0003 Highly Significant
Cohen's d (effect size) 1.67 Very Large Effect
Mean difference 8.60

Source: Data processed, 2025

Independent samples t-test analysis revealed statistically significant differences between
experimental and control group posttest scores (t(33) = 4.852, p = 0.0003, two-tailed). Effect
size calculation using Cohen's d yielded a value of 1.67, indicating a very large practical effect
that exceeds the 1.64 average effect size reported in meta-analytical studies of project-based
learning in higher education (Meng, 2023).
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Table 3. Paired Samples T-Test Results

Group t-statistic Df p-value Mean Difference | Effect Size (Cohen's d)
Experimental -13.884 17 0.0000 @ -20.43 4.97
Control -10.138 16 0.0000 | -12.59 2.46

Source: Data processed, 2025

Both groups showed significant improvements, but the experimental group's gains were
substantially larger, consistent with meta-analytical findings supporting project-based learning
effectiveness (Fadhilah et al., 2023).

Creativity and Engagement Assessment
Table 4. Creativity Assessment Results

Creativity Dimension Experimental Group = Control Group Effect Size
Overall Creativity (Pre-Post) 3.12 > 4.47 3.08 > 3.71 1.35
Improvement +1.35 +0.63 Large Effect

Source: Data processed, 2025

Table 5. Google Classroom Engagement Metrics (Experimental Group)

Metric Mean Benchmark Status
Weekly Logins 4.8 Met (>3.0)
Forum Posts per Student 13.7 Met (>10.0)
Assignment Completion Rate 100% Met (>95%)
Resource Access Count 28.5 Met (>20.0)

Source: Data processed, 2025

Learning Management System activity logs provided comprehensive data regarding
student engagement patterns, with experimental group participants demonstrating high levels
of system engagement across all measured indicators, consistent with research on LMS
effectiveness in educational settings (Rekha, 2024).

Competency Development Analysis
Table 6. Learning Outcomes by Competency Area

Competency Area Experimental Group Control Group Effect Size
Technical Skills 86.3+4.2 75.8+5.1 2.25
Creative Problem Solving 4.47 £ 0.65 3.71+£0.82 1.03
Digital Literacy 4.23 +0.58 3.42+0.73 1.22
Collaboration Skills 4.61+0.52 3.85+0.69 1.25

Source: Data processed, 2025

The comprehensive analysis across multiple competency areas revealed consistent
superiority of the experimental group, with effect sizes exceeding those reported in systematic
reviews of e-learning effectiveness in vocational education (Budiarto et al., 2024).

Table 7. Long-term Impact Assessment (6-Month Follow-up)

Performance Indicator Experimental Group Control Group Difference
Skill Retention Rate 89.2% 72.4% 16.8%
Industry Readiness Score 4.31/5.0 3.67/5.0 0.64
Employment Preparation 92.3% 76.8% 15.5%
Digital Competency 4.19/5.0 3.28/5.0 0.91

Source: Data processed, 2025
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Long-term follow-up assessment demonstrated sustained benefits for the experimental
group across multiple indicators of vocational preparedness (Sugiartiningsih et al., 2019)

Vocational Education in Indonesia: A Comprehensive Overview
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DISCUSSION

The positive outcomes demonstrated in this study provide empirical support for broader
vocational education reform initiatives emphasizing project-based learning adoption and
technology integration (Rochmawati et al., 2021). The findings align with Indonesian
government policy directions supporting the expansion of innovative pedagogical approaches
across the vocational education system, addressing persistent challenges in graduate
unemployment and industry alignment (Zhang & Ma, 2023). The demonstrated effectiveness
of Google Classroom-integrated project-based learning provides an evidence-based model for
institutional adoption and scaling, with very large effect sizes (Cohen's d = 1.67) exceeding
benchmarks established in meta-analytical research (Ariani).

The superior learning outcomes, creativity development, and student engagement
observed in this study address several critical challenges in Indonesian vocational education,
including the 9.01% unemployment rate among SMK graduates and persistent skills
misalignment with industry requirements (Purnomo & Hariyati, 2024). The authentic, industry-
relevant nature of project-based learning activities provides direct preparation for workplace
environments and enhances graduate readiness for professional roles, supporting the
objectives of Indonesia's Merdeka Belajar transformation initiatives. Meta-analytical evidence
from similar studies indicates that project-based learning implementations achieve substantial
effect sizes, with this study's results exceeding typical benchmarks established in international
research (Zhang & Ma, 2023).

The pretending real-world projects and leveraging the digital tools through Google
Classroom, students developed capabilities and directly aligned with industry requirements,
including teamwork, digital literacy, and problem-solving capabilities essential for Industry 4.0
environments (Ghosh & Ravichandran, 2024). This approaches is addressing Indonesia's
determined graduate-employment gap and supports the objectives of the Merdeka Belajar
curriculum, which is highlights competency-based learning and industry relevance (Hamdani et
al.). The combination of multimedia projects with LMS technology provided students with
practical experience using professional grades and digital tools while developing collaborative
and communication skills vital for modern workplaces (Budiarto et al., 2024).

Research examining digital literacy skills of vocational students designates that while basic
access to digital devices is widespread, considerable gaps remain in advanced ICT capabilities
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and background knowledge required for contemporary workplace success (Budiarto et al.,
2024). The current study and the findings prove that structured, project-based approaches to
technology integration can effectively address these gaps, with digital competency scores
showing large effect sizes (Cohen's d = 1.22) and sustained improvements at six-month follow-
up (Habibi et al., 2024). The high engagement metrics observed through Google Classroom
analytics suggest that well-designed digital learning environments can overcome traditional
barriers to student participation and motivation (Pulungan et al., 2022).

CONCLUSION

The integration of technology-driven project-based learning via Google Classroom LMS at
SMK Cut Nya' Dien has significantly improved student learning outcomes, creativity, and
engagement likened to conventional methods, with statistical analysis revealing very large
effect sizes (Cohen's d = 1.67) and highly significant differences (p = 0.0003) that exceed
benchmarks recognized in international meta-analytical research. These results, supported by
robust statistical analysis and comprehensive student performance data, align with broader
literature and policy directions in Indonesia's vocational education improvement, providing
concrete evidence of improved student achievement through with innovative pedagogical
approaches. This model offers a scalable pattern for other vocational institutions countrywide,
demonstrating the practical effectiveness of combination project-based learning with digital
learning management systems in addressing the persistent challenges of graduate
unemployment and industry skill misalignment. The comprehensive student data presented in
this study proves measurable improvements across multiple competency areas, including
technical skills (effect size = 2.25), creative problem-solving (effect size = 1.03), and digital
literacy (effect size = 1.22), validating investments in technology-enhanced vocational
education methods. The high levels of student engagement demonstrated through LMS
analytics (100% assignment completion, 4.8 weekly logins, 97.2% collaboration participation)
indicate strong stakeholder acceptance and suggest potential for successful scaling across
diverse educational contexts. Long-term follow-up data revealing sustained benefits six
months post-intervention (89.2% skill retention, 92.3% employment preparation) provides
evidence for lasting rather than temporary educational improvements that address
fundamental challenges in Indonesian vocational education.
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