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ABSTRACT

This study aims to develop a model of teaching materials for the Building Information Modeling (BIM)
subject integrated with the green building concept, in order to improve students' understanding and
awareness of the principles of sustainability in building design. The background of this study is based
on the need for teaching materials relevant to the development of the modern construction industry,
especially the application of Building Information Modeling (BIM) and global demands for sustainable
development. The research method used is Research and Development (R&D) with the Borg & Gall
development model consisting of ten stages, starting from preliminary studies to product trials. The
research subjects consisted of vocational high school students majoring in BIM and learning media. The
instruments used included interviews, validation questionnaires, observation sheets, and
comprehension tests. The results of the study indicate that the developed teaching material model
meets the eligibility criteria in terms of content, presentation, language, and visual appearance based
on expert validation results. Limited trials indicate an increase in students' understanding of the BIM
concept and green building principles with N-Gain scores in the medium to high category. In addition,
student responses to the teaching materials are very positive, indicating that this model is interesting,
easy to understand, and relevant to the needs of the workplace. Thus, this teaching material model is
suitable for use in DPIB learning and is recommended for implementation as part of strengthening
technology- and sustainability-based curricula in vocational education.
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INTRODUCTION

The current development of the construction sector requires not only the production of
functional and aesthetic buildings but also environmental sustainability. Buildings are known to be one
of the largest contributors to energy consumption, making the application of energy conservation
principles crucial. The National Standardization Agency, through SNI 03-6196-2000, emphasizes that
buildings must be designed with energy efficiency in mind through the management of lighting and
ventilation systems, as well as the use of materials that support energy savings (BSN, 2011). This
demonstrates that sustainability has become a national standard that is mandatory for all players in the
construction industry, including in the education sector.

Developments in information technology and global awareness of environmental issues have
driven significant changes in the construction sector. One key innovation that is rapidly developing is
Building Information Modeling (BIM), a digital-based approach to the planning, design, construction,
and management of buildings. BIM is a technology that enables the creation of digital models of a
building's physical and functional location throughout its lifecycle and facilitates real-time cross-
disciplinary collaboration (Eastman et al., 2011).

Research in architecture and construction education suggests that Green BIM needs to be
integrated into the curriculum to ensure graduates have professional skills that meet global
sustainability demands (Ahmed, 2025). Research by Ramadhani and Kurniawan (2020) shows that
integrating BIM into building design learning at vocational schools (SMK) can improve students' digital
design competencies and industrial work readiness. Meanwhile, Kurniawan and Rahman (2021)
revealed that implementing green building principles in architectural design has a positive impact on
design quality and building energy efficiency. This demonstrates that integrating BIM and green
building concepts into learning has significant potential to improve the quality of vocational education
in the construction sector.

These shifting industrial and educational paradigms demonstrate the need to develop structured
and comprehensive learning materials that integrate BIM and green building principles. These models
are expected to convey the basic concepts of BIM and sustainability conceptually and practically,
facilitate project-based and simulation-based learning, explain the use of BIM for energy analysis and
environmental impact evaluation, and prepare graduates with competencies relevant to industry needs
(Nguyen et al., 2025). Without innovation in learning materials, engineering and architecture
education has the potential to produce graduates who are ill-prepared to face the demands of the global
construction industry, which is increasingly oriented toward energy efficiency and sustainability.

From a pedagogical perspective, developing relevant learning models is key to the successful
implementation of innovative materials. Huda (2016) emphasized that effective learning models must
be contextual, applicable, and capable of developing students' higher-order thinking skills. Vocational
education in Indonesia, particularly Vocational High Schools (SMK), plays a strategic role in preparing
work-ready human resources with competencies aligned with job market needs. Vocational education
is designed to produce graduates with practical, adaptive, and relevant skills relevant to industrial
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developments (Sudira, 2016). However, in reality, there is still a gap between the competencies of
vocational high school graduates and the needs of the business and industrial world (DUDI), resulting
in low graduate absorption rates in the job market (Yulianto & Sutrisno, 2019). This gap is also
influenced by the suboptimal standards of partnership between schools and industry that can ensure
the relevance of graduate competencies to the demands of the real world of work (Wibowo & Haryanto,

2020).

METHOD

This study employed a Research and Development (R&D) approach using the Borg and Gall
development model. The R&D approach was used because this research aimed not only to describe
phenomena but also to produce educational products and test their feasibility and effectiveness in
learning (Borg & Gall, 2003; Sugiyono, 2019). The product developed was a Building Information
Modeling and Design (DPIB) module/teaching material based on green building concepts that can be
used by teachers and students in the DPIB subject at SMK Negeri 3 Tondano. Integrating green building
concepts into vocational education is crucial for fostering sustainability awareness and the relevance of
graduate competencies to the needs of the modern construction industry (UNESCO, 2017). The Borg
and Gall model was chosen because it has systematic, structured, and relevant development stages for
educational product development, from needs analysis to product dissemination (Borg & Gall, 2003).

The development procedure in this study followed the ten-stage Borg and Gall model. These ten
stages are used as a reference in developing DPIB teaching materials based on green buildings so that
the resulting products are truly valid, practical and effective (Borg & Gall, 2003).

RESULTS AND DISCUSSION

The research results indicate that the developed learning module is categorized as very feasible.
This indicates that the substance, structure, language, and depth of the material align with the
characteristics of vocational high school students and the needs of the DPIB expertise competency. The
feasibility of this material is demonstrated by its alignment with learning outcomes (CP) and learning
objectives (TP), the integration of the Green Building concept with building modeling competencies,
and the completeness of learning components such as objectives, materials, exercises, projects, and
evaluations. A research and development product is deemed feasible if it meets the aspects of content
validity, construction validity, and suitability to user needs (Borg & Gall, 2003).

The integration of the Green Building concept into the module provides added value because
students not only learn building modeling techniques but also understand the principles of
sustainability, energy efficiency, water efficiency, the selection of environmentally friendly materials,
and sustainable building design concepts. This aligns with the demands of the modern construction
industry, which is geared towards sustainable construction.

The practicality of the learning material is assessed through student responses and observations
during the learning process. Student responses are categorized as very good, meaning the learning
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material is easy to use, engaging, and facilitates understanding. This practicality is also reflected in the
increase in student learning activities, student involvement in discussions, and students' ability to
complete green building design projects.

The effectiveness of the learning materials was analyzed by comparing pre-test and post-test
results. The analysis showed a significant improvement in student learning outcomes after using the
learning module. The higher average post-test score compared to the pre-test indicates that the
developed learning materials were able to improve students' understanding of Green Building concepts
and building modeling. This aligns with Sugiyono's (2016) opinion, which states that the effectiveness
of a learning product can be seen from the improvement in learning outcomes after treatment is
administered.

The t-test results showed a significant difference between pre-test and post-test scores, thus
supporting the research hypothesis that Green Building-based learning materials effectively improve
student learning outcomes. Furthermore, the N-Gain value was in the moderate to high category,
indicating a substantial improvement in student learning outcomes. This finding is supported by
Richard R. Hake (1998), who classified learning outcomes into low, medium, and high categories based
on gain values.

The integration of Green Building concepts with Building Information Modeling (BIM)
technology in the learning module makes a significant contribution to improving student competency.
Students not only understand theoretical concepts, but are also able to apply these concepts in building
modeling using AutoCAD, Revit, and SketchUp software.

CONCLUSION

The Green Building concept-based teaching materials developed have undergone needs analysis,
design, development, expert validation, initial trials, main trials, and product revision. The results
indicate that the teaching materials are highly suitable for use in the Building Information Modeling
and Design (BIM) competency. The results of the DPIB student trials indicate that the teaching
materials are easy to understand, systematic, and support BIM practice-based learning. Students were
able to follow the learning steps, from the Green Building concept and building modeling to energy
and material efficiency analysis using the BIM approach. The pre-test and post-test analysis results
indicate a significant improvement in student learning outcomes after using the developed teaching
materials. Statistical tests (normality test, homogeneity test, and paired sample t-test) showed that there
was a significant difference between the pre-test and post-test scores. The N-Gain value was in the
quite effective category, which indicated that the teaching materials were effective in improving
students' understanding of the Green Building concept and the application of BIM. This teaching
material not only improved students' technical competence in building modeling, but also instilled
awareness of sustainable development, energy efficiency, the use of environmentally friendly
materials, and reducing environmental impacts in building planning. Thus, the teaching materials
supported the achievement of vocational education goals that were in line with the principles of
sustainable development.
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