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The transformation of vocational education in the green economy era requires
learning models that extend beyond technical skill mastery to foster creativity
and environmental awareness. This study aimed to develop and evaluate the
practicality of a STEAM-SDGs-based IPAS learning model through a renewable
energy-based Smart House project for vocational students. Thirty tenth-grade
software engineering students and one teacher participated. Using the ADDIE
framework, data were collected through dichotomous practicality
questionnaires, classroom observations, and semi-structured interviews and

analyzed descriptively. Findings indicate that the instructional materials—
including modules, student worksheets, and assessment instruments—are
highly practical, supporting structured lesson planning, collaborative project
management, and coherent facilitation of hands-on activities. The model
enhanced students’ creative thinking, particularly imagination and originality,
and strengthened environmental literacy, including ecological knowledge and
energy awareness, though emotional reflection and pro-environmental
behaviours were less pronounced. Overall, the model is practical, contextually
relevant, and adaptable, offering a viable framework for fostering twenty-first-
century competencies and preparing students for the green economy, while
reinforcing the integration of STEAM pedagogy with SDG 7 in vocational
education.

Creative Thinking,
Environmental Literacy,
Green Economy,
STEAM,

Vocational Education

To cite this article: Patonah, S, Budiati, I., & Hayat, M. S. (2025). Practicality of STEAM-SDGs-based IPAS learning for
vocational students in the green economy era. Online Learning in Educational Research, 5(2), 369-394.
https://doi.org/10.58524/oler.v5i2.884

INTRODUCTION

Students at the upper secondary level, including vocational high school students (SMK) as
well as general high school level students (SMA/MA), belong to a generation of people who have
grown up in a digital environment that is characterized by easy and wide accessibility of technology
(Kurniawati et al., 2025; Masnu'ah et al,, 2023; Soleman et al,, 2020; Usman et al,, 2024). Although
vocational school level students have a Pragmatic type of orientation/character who pay more
attention to practicality, all levels of upper-secondary school students have to be taken into
consideration by specific context-based learning methods, which would be able to motivate them
and hence improve their outcomes (Asmara et al, 2019; Simajuntak et al., 2025). Nonetheless, it
can be noted that these people's creativity was not completely explored because all these study
activities tend to be carried out in a conventional and less-related-to-real-life situation manner.
This might result in these people having less innovation ability as well as less productive social and
natural environment activities. Consequently, it is imperative to have a new study paradigm that is
ideally suitable for these upper-secondary school level people as well as 21st century competency
requirements.
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Besides, the twenty-first-century challenges, such as environmental crises, climate change, and
dynamics of the labor market, have further underlined the strategic function of vocational
education. The SMK graduates are expected not only to master technical competencies but also be
able to adapt, be creative, and be responsible for the environment (Ismiati, 2024; Prabawati et al,,
2025; Utami et al., 2024). However, it is necessary to consider that the teaching of Integrated
Science and Social Studies in vocational schools continues to be theoretical and conventional,
offering little chance for developing students' creative thinking and environmental literacy. This
lack is very critical since such competencies are necessary to support the green economy, which is
oriented toward innovation, sustainability, and resource use efficiency. Such a deficiency will be
covered by learning models that can integrate STEAM pedagogies and SDG principles, enabling
students to apply scientific and technological knowledge to sustainability-oriented realities.

The challenges faced by vocational high school students, particularly related to the limited
facilitation of their creative potential, mark the appearance of unproductive behaviours and point
to the need for innovative pedagogical approaches. Vocational learning should contribute not only
to the development of technical and practical competencies but also to creativity, critical thinking,
collaboration, and environmental awareness, recognized in various literature as important 21st-
century skills (Efendi et al, 2025; Harianto et al., 2024; Mutohhari et al., 2021; Sumarni et al,,
2025). A promising approach in this direction can be the implementation of project-based learning.
The latter engages students in solving complex, real-life problems and fosters active learning. In the
context of PjBL, it is important to take into consideration interdisciplinary approaches in a real
context, with close relevance to reality and the future, while simultaneously responding to
challenges of sustainability. Literature has noted that combining STEAM pedagogy with SDGs on
project-based learning can increase students' creative and environmental competencies,
particularly in vocational settings where technical knowledge needs to be applied to real-life
problems.

Past studies show that the use of STEAM learning has increased in the field of Vocational
Education in a bid to enhance interdisciplinary knowledge development, project development, and
technical competencies development (Henze et al, 2022; Indahwati et al,, 2023; Nguyen et al,,
2024). But these implementations in the past show a marked emphasis on the completion of the
STEAM projects and technical or creative skills development without any direct relevance to the
development of sustainability concepts or the alignment of the learning objectives to the
Sustainable Development Goals. Notably, the concepts revolving around energy sustainability and
resource usage are not directly addressed in terms of Vocational Science and Technology education
in the context of the Sustainable Development Goal Target Area SDG7—"“Affordable and Clean
Energy” in the context of science and technology education in the Vocational Learning arena as
articulated in SDG Target Area Goal 7 (Ascensi et al., 2024; Emeka et al., 2025; Hoque et al., 2022;
Mart et al., 2024). Accordingly, STEAM activities rarely have sustainability content and do not aim
to enhance environmental knowledge and awareness concurrently with technical proficiency for
students. To address this shortcoming of STEAM, this study adopts STEAM education integrating
Goal 7 of the SDGs in a Project-Based Learning (PjBL) approach in a Smart House Project for
renewable energy to ensure that STEAM education and learning remain not only technology and
creativity-focused but also sustainability-focused and consonant with sustainable objectives in the
green economy (Derbas etal., 2025; Hossain et al,, 2022).

Vocational education learning about the linkage of scientific understanding, technological
application, creative problem solving, and real-life relevance has been increasingly required while
responding to challenges brought on by sustainability. In this regard, Integrated Science and Social
Studies learning, implemented through project-based activities, allows students to engage in
authentic problems relevant to energy use, technology, and the environment. Further, such learning
experiences foster competencies related to creative thinking, environmental awareness, and
responsible decision-making that bestow green skills upon vocational graduates necessary in the
green economy era (Corbacho-cuello, 2021; Himmi et al.,, 2025; Solihah et al.,, 2024). However,
feasibility is critical to vocational schools, where time, resource limitations, and the preparedness
of teachers and students are major constraints to the effective implementation of the innovation.
Thus, an IPAS learning model integrating interdisciplinary learning and a sustainability-oriented
project will be very important to explore its practicality, particularly regarding the perceptions of
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ease of implementation, clarity, and relevance of learning activities to vocational needs from
teachers and students.

However, considering the current global and national paradigm shift towards sustainability
and augmented pressure for innovation within the workforce, there is a pressing need for
vocational education institutions to change towards more innovative and practical models of
learning than before, which should not only be valid conceptually but also practical to implement
within the classroom environment as well (Meitiyani et al., 2021; Sudjimat, 2021). In light of these
requirements, it is proposed by this study to design and test the practicality of a STEAM-SDGs-
based IPAS model for implementation within a renewable energy-based Smart House Project. By
employing a Research and Development method by following the ADDIE model, it was
implemented on Grade X Software Engineering Students of SMK Bina Utama Kendal within the
project-based learning paradigm (Ghafara et al,, 2025; Huang et al,, 2023; Sinaga, 2025). As for
practicality, there is a point of emphasis on perceived ease of implementation and
understandability of activities, along with perceived usefulness for vocational teacher and student
perspectives.

METHOD

This research used a conductive approach for research and development (R&D) with the
ADDIE model (Analysis, Design, Development, Implementation, and Evaluation) (Elice et al.,, 2025;
Kharki & Berrada, 2021; Nurdin et al, 2024; Padmadewi et al., 2023; Patel, 2018). This study only
focused on the design development and implementation phases, with the central aim for the
development of the IPAS Learning Model for STEAM - SDGs through the Smart House project and
the subsequent practicality assessment for this learning model within the context of a vocational
education setting. The assessment phase for this particular study was focused more on the
practicality assessment for the proposed learning model, as indicated by the attitude and
perception of teachers and students with respect to the implementation process and the clarity and
appropriateness of the learning process (Hsiao & Su, 2021; Laela et al., 2025; Purwanti et al.,, 2024).

The choice of the ADDIE model is because of its appropriateness in providing an orderly and
spiraling approach to developing structured and occupation-specific learning designs that can
otherwise be implemented in class (Adelowo et al., 2024; Stapa & Mohammad, 2019; Yin & Gulnaz,
2025). This learning approach enables the learning model to therefore take into consideration its
appropriateness for vocational learning and its constraints, so that the designed learning model of
IPAS is more conceptually relevant and practically possible to implement in class. The stages of the
ADDIE model modified for application in this study are represented in Figure 1.
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Figure 1. Research and Development (R&D) Process using the ADDIE Model for STEAM-SDGs-
based IPAS Learning
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The research used a Research and Development (R&D) approach with the ADDIE model to
emphasize the development, implementation, and evaluation of practicality in using the STEAM-
SDGs-based IPAS Learning Model in the context of a Vocational School setting (Hui et al., 2022).
Regarding the analysis stage, data gathering was done using classroom observation, semi-
structured interviews with teachers, and initial student Questionnaires.

The data gathered was then analyzed using a descriptive approach to identify information
about the curriculum, students, and the incorporation of Sustainable Development Goal 7,
Affordable & Clean Energy. From the data analysis, it was clear that it provided credible
information to guide the development, implementation, and final stages of using the STEAM-SDGs-
based IPAS Learning Model, leading to this current study to investigate further about

For instructional design, the development of learning instruments such as the Learning
Objects Flow (ATP), student worksheets (LKS), education modules, reading materials, and test
instruments was done based on the characteristics of vocational learning, while creativity and
environment literacy standards were tapped from already established constructs through
renewable energy topics, projects for sustainability, and evaluation standards (Cano et al., 2023;
Ticheloven etal., 2021).

In terms of development, there were expert validations to consider relevance, clarity of
instruction, and feasibility of execution and related modifications based on feedback from the
validators. On another note, in terms of implementation, the trial or pilot implementation included
three sessions or 18 instructional hours for full class environments, featuring an experimental class
using the “STEAM-SDGs-based Smart House Project,” and another class learning as they normally
would.

Third, the evaluation phase involved gauging the practicability of the proposed model of
learning based on ease of use, ease of understanding, and relevance. This study used a variety of
methods of gathering information, including questionnaires of practicability, classroom
observations using inter-rater reliability, interviews, and documentation of projects, which
involved using a description method to establish practicability in applying the proposed model
within vocational training.

The present study was carried out during the implementation phase of the ADDIE model with
particular attention to examining the practicality of the STEAM-SDGs-based IPAS learning model.
The instruments used for this study were: (1) Practicality Questionnaire given to teachers and
students alike; (2) The rubric for observing Creative Thinking designed based on Torrance Tests of
Creative Thinking (TTCT) with its fundamental characteristics including: (a) Fluency (ideation),
measured as idea generation; (b) Flexibility (variation), which is occupied with variety of approach;
(c) Originality (novelty), including idea novelty; and (d) Elaboration (detail & systematic
development), which focuses on idea detail and development; (3) The Environmental Literacy
Observation was designed using the Middle School Environmental Literacy Survey (MSELS) with
selective parameters such as Environmental knowledge, Environmental awareness, and pro-
environmental behaviours.

The content validity, appropriateness, and consistency with the instructional goals and
context were ensured for all the instruments assessed by expert opinions before their
implementation. However, since the major concern for this study was only the practicability level of
the proposed learning model and not the validity and effectiveness testing processes for the new
model and constructs, respectively, no such form of psychometric test and data analysis was carried
out. Data for the study were gathered by questionnaires completed by practitioners in their
expertise fields, classroom, semi-structured interviews, and analysis of group projects undertaken
by the students. The quantitative data were processed with the help of percentage constructs for
the determination of the levels of practicality based on criteria for being "Very Practical” (>= 85%),
"Practical” (70 - 84%), "Moderately Practical" (55 - 69%), and "Impractical” (< 55%) (Aryanti et
al, 2021; Haswan et al, 2024; Nurwidodo et al, 2021; Yasaroh et al, 2023). In this study,
triangulation of methodology was carried out in relation to using a variety of data sources, which
aimed to build a robust analysis. This triangulation tool helped to confirm interpretations between
quantitative and qualitative data gathered in relation to the feasibility of STEAM-SDGs-based
learning models of IPAS in real vocational class settings (Santos et al,, 2020; Schlunegger et al,,
2024).
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Such an approach made it possible to carry out a comprehensive analysis of the applicability
of the STEAM-SDGs-based learning model, while at the same time offering empirical data to develop
relevant vocational education to meet competency requirements in the twenty-first century in the
context of the green economy.

RESULTS AND DISCUSSION

Results
Preliminary Analysis and Product Design

The analysis in the front-end revealed from the classroom observations, interviews with
teachers, and questionnaires given to the students three very dominant needs: (1) contextual
learning resources relevant to renewable energy and environmental sustainability, (2) clearly
structured learning objectives relating scientific concepts to vocational practices, and (3) learning
activities supporting PjBL to invite problem-based learning in a hands-on and engaging way for the
students concerned (Guo et al,, 2020; Hersom & Benthien, 2025; Logue et al., 2023; Nabilatunnisa &
Hernani, 2024).

A set of IPAS learning materials was therefore developed, based on STEAM-SDGs: (1)
Learning Objectives Flow (ATP) that adopted Bloom’s Taxonomy and PjBL syntax; (2) Student
Worksheets (LKS) for guiding exploration, design, implementation, and reflection; (3) contextual
reading materials about STEAM concepts (emphasizing SDG 7: Affordable and Clean Energy); (4) a
teacher module that integrated the principles of STEAM and project scenarios; and (5) creative
thinking and environmental literacy assessment instruments. For ease of use across learning
environments, the materials had to be made available both in printed and digital formats
(Awwalina et al., 2025; Hayat et al., 2024; Indahwati et al., 2023; Kioupi & Voulvoulis, 2019; Sigit,
2022).

Practicality of Learning Materials

The learning materials were previously tested for validity among five educational
professionals (three IPAS teachers and two senior high school physics teachers) before classroom
implementation. The learning materials were tested for ease of understanding and usage, efficiency,
applicability to vocations, and relevance to PjBL. Table 1 presents a recapitulation of the
practicality validation results of the learning materials based on expert assessments.

Table 1. Recapitulation of Practicality Validation Results

Evaluated Practitioner Mean (%) Categor
Component 1(%)  2(%) 3(%) 4(%) 5 (%) ° gory
Learning Objectives 100 100 90 90 90 94.0 Very .
Flow Practical
Very
Student Worksheets 100 96 90 90 90 93.0 .
Practical
Student Reading Very
Materials 95 90 95 20 90 92.0 Practical
. Very
Teaching Module 90 90 95 90 90 91.0 .
Practical
Assessment
Instruments Ver
(Creative Thinking 90 90 90 90 90 90.0 y .
: Practical
& Environmental
Literacy)

All components achieved mean scores above 90%, which denotes very high practicality. The
highest score was that for the Learning Objectives Flow, while the lowest, yet still within the “very
practical” category, was for the Assessment Instruments.
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Students’ Creative Thinking SKkills

Students' creative thinking skills were evaluated through three different instructional
meetings that follow the syntax of Project-Based Learning (PjBL). In the first meeting, students
collaborated in small groups to design a project on Smart House related to real problems taking
place in the world about the use of renewable energy and the mitigation of environmental risks
(Andriyatno & Yusni, 2024; Biazus & Mahtari, 2022; Jannah et al., 2025; Siyamuningsih et al., 2025).

At the planning stage, each group formulated a project rationale, identified local
environmental or energy-related issues, and proposed feasible technological solutions. An overview
of the Smart House project planning developed by each group is presented in Table 2.

Table 2. Smart House Project Planning by Student Groups

Main Project Proposed Solutions &

Type Rationale Additional Features

Group

Solar panels as a renewable
energy source, integrated with an
ESP32-based automatic lighting
control system.

Frequent power outages from the
Solar-Powered ) .
1 national grid prompted the need
Smart House .
for clean energy alternatives.

The home environment has stron L . .
& Mini wind turbines for electricity

Wind-Powered

winds, making mini wind turbines

2 ) . generation, integrated with
Smart House a feasible alternative energy ESP32-based lighting control.
source.
Flooding often occurs in students’ Water sensors for flood detection,
Flood Detector . . . :
3 Smart House residential areas due to poor integrated with ESP32-based
drainage. automatic emergency lighting.
) . . . A simple infiltration well with a
Infiltration Heavy rain causes waterlogging, . . : . .
2. . . filtration medium, combined with
4 Well Smart requiring effective  rainwater o
: ESP32-based automatic lighting
House absorption systems.

control.

The results demonstrate that all student groups successfully generated project ideas aligned
with SDG 7 (Affordable and Clean Energy) and meaningfully contextualized them within local
environmental challenges. The diversity of proposed solutions reflects a high level of idea fluency,
as students were able to produce multiple alternative concepts addressing energy efficiency,
renewable energy utilization, and environmental mitigation (Ariza & Olatunde-aiyedun, 2023;
Kumar et al, 2020; Trinh & Chung, 2023). Moreover, the combination of the renewable energy
system and the loT-based control system conveys the growing originality of the students’ problem-
solving strategies because the students attempted to go beyond the usual thinking to incorporate
technology in sustainable problem-solving. More significantly, the proposed projects were fully
capable and practical within the vocational school setting to ensure the effectiveness and
applicability of the proposed learning model approach (Idroes et al., 2024; Indahwati et al., 2023;
Kayohana & Amaria, 2023; Polas et al., 2022; Rosabal et al.,, 2023; Trinh & Chung, 2023).

These ideas have been subsequently converted into preliminary sketches of the Smart House
design, as depicted in Figure 2. It can be considered one of the earlier stages of development during
the creative process of thinking. Each of these sketches embodies different notions related to
sustainability, namely the utilization of solar panels and wind energy, flood sensors, and infiltration
Wells. It can be noticed that students have been attempting to combine technical elements and
creativity with notions of sustainability during this phase of the project. The capacity to apply these
ideas for designing sketches has indicated that the Project-Based Learning Framework is an
efficient tool for development during an instructional period (Chan & Nagatomo, 2022; Martins et
al,, 2020; Sanchez-garcia & Reyes-de-cézar, 2025)
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Figure 2. Initial Sketches of Smart House Projects by Student Groups

Overall, from the initial meeting, it can be observed that the use of the STEAM-SDGs-based
PjBL approach has practical effectiveness in terms of promoting the initial stages of creative
problem-solving, especially in fluency and initial elaboration. This phase was very important for
what followed, allowing the students, step by step, in the following meetings, to improve the
technical aspect, functionality, and sustainability dimension of their projects related to Smart
Houses.

Comparative Analysis of Initial Sketches

On comparison of the initial Smart House designs, it has been found that there are visible
differences between the groups of students regarding the quality of the designs (Table 3). It should
be noted that the assessment of the designs has been based on the functional viability, relevance,
and integration of Goal 7 of the Sustainable Development Goals in the project designs, which relate
to the viability of the STEAM-SDGs learning materials developed at the initial implementation
phase.

Table 3. Evaluation of Initial Smart House Project Sketches

Main Design . . Score
Group Focus Design Strengths Design Weaknesses (%) Category
Solar- Clear and functional
integration of solar panels Aesthetic details were Very
1 Powered . S . 90
and automatic lighting not fully optimized. Good
Smart House
control.
wing. - Comtemual et of g e
2 Powered . ENCC etail and [oT 85 Good
with  local  geographic . .
Smart House . integration.
conditions.
Flood Strategic placement of Renewable energy
3 Detector water sensors for flood integration was not 80 Good
Smart House  detection. strongly represented.
Infiltration Contextual infiltration well Automatic lighting Ver
4 Well  Smart concept with strong control was less 88 Goo}é
House sustainability orientation. emphasized.

As reflected in Table 3, Group 1 scored the highest with 90%, revealing the most integrated
and practically applicable design (Eltamaly et al.,, 2021; Hossain et al., 2022). This suggests that the
instructional guidance and project scaffolding included in the learning materials were clear enough
for the students to develop conceptual ideas into workable design solutions (Padmadewi et al.,
2023).

Groups 2 and 4 demonstrated very strong contextual fit with the set of local environmental
conditions and sustainability issues, especially regarding wind energy utilization and rainwater
management. However, further technical refinement was needed for both to clearly illustrate
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system integration and automation, no doubt pointing to areas in which additional instructional
prompts or exemplars might yield increased usability. By contrast, Group 3 demonstrated very
strong problem-oriented thinking in terms of flood mitigation but limited incorporation of the ideas
of clean energy, and thus partial alignment with the SDG 7 objectives. Incorporation of clean energy
concepts, indicating partial alignment with SDG 7 objectives.

From these findings, it can be said that the framework of STEAM-SDGs-based PjBL was
practically effective in enabling students to generate functional and contextually grounded design
ideas. Variations across the groups describe the capacity of the model to accommodate diverse local
problem contexts and a coherent sustainability focus of its practicality for vocational classroom
implementation (Sigit, 2022; Singh-pillay, 2020).

Observation of Creative Thinking Skills

After the assessment of the initial sketchings created by the students, the students ' skills in
performing creative thinking were observed. The observations were based on the syntax of Project-
Based Learning. The syntax allowed tracing the development of the skills of the students in
performing the process of creative thinking from the stage of developing essential questions in the
project or task. This can be supported by the idea posited (Dahri, 2022).

Creative Thinking Skills of Students

The observation of students’ creative thinking skills was conducted in three instructional
sessions that were followed according to the syntax of Project-Based Learning (PjBL). The
observation was conducted on the creativity criteria in Torrance, which include fluency, flexibility,
originality, and elaboration, which were integrated in each phase of PjBL to assess how (Putri &
Nisa’, 2025).

First Meeting
The outcome of observations of the first meeting is represented in Table 4. This first meeting

concentrated on problem identification and project conceptualization

Table 4. Observation Results of Students’ Creative Thinking Skills in the First Meeting based on

PjBL Syntax
PjBL Syntax CT Indicator Achu(a(\);e)m ent Category Key Findings
()
Students quickly linked
Fluency 86.7 High flood issues with cause-
. effect relationships.
Formulating Ideas remained general
essential Originality 66.7 Moderate . &
. and lacked innovation.
questions s .
Ver Critical questions
Openness to problems 93.3 Hi I}i emerged, mostly related
& to technology.
Multidimensional . Some students sjtruggl.ed
! 83.3 High to connect topics with
problem formulation .
project features.
Ideas developed: light
Designing Elaboration 80.0 High sensors, solar panels,
project planning automatic ventilation.
Functional designs
Im;'igma.tlorll and 90.0 High appeare.d, though
visualization proportions were not
precise.
Preparing Project steps were not
schedules and Systematic planning 70.0 Moderate sequential; work order
tasks was less logical.
Monitoring Communication of 76.7 High Group discussions were
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PjBL Syntax CT Indicator Achli(\;e)m ent Category Key Findings
0
project progress creative ideas active, though
participation was uneven.
. . Alternative solutions
Flexibility 767 High remained limited.

. Students showed
Presenting Ver emotional connection
outcomes & Emotional reflection 96.7 Ty .

. High with flood and energy
reflection issues

In essence, creative cognition ability during the first meeting was of a high to very high
degree, especially regarding openness to problems and emotional reflection. Conversely, originality
and systematic planning showed the lowest marks, which indicated that although students had
been able to point out and emotionally relate to context-related problems, they still had to be
guided on how to arrive at creative solutions and plan their project work systematically (Peng et al.,
2022; Thornhill-miller et al., 2025).

Second Meeting
The second meeting involved project monitoring and development of the prototype. The

observations are presented in Table 5.

Table 5. Observation Results of Students’ Creative Thinking Skills in the Second Meeting

CT Indicator Observed Activity Per?s/zl)t age Category Key Findings
Conversion of Desiens to Most students were able
Elaboration & 83.3 High to develop simple
Prototype Items
prototypes.
Communication of Explanations were
Fluency Project Stages within the 86.7 High relatively  clear and
Group coherent.
. . Students began openly
Flexibility Presenting technical 80.0 High sharing encountered
challenges e
difficulties.
I Offering different . Several creative
Flexibility solutions 767 High alternative ideas emerged.
Making adjustments to Adjustments remained
Flexibility plans taking into account 73.3 Moderate limited, requiring teacher
actual situations guidance.
Usin tools/materials Some students utilized
Originality & . 70.0 Moderate recycled materials
creatively and efficiently . .
innovatively.
Engaging actively and Collaboration improved
Elaboration taking the initiative with 90.0 High and initiative became
the group more evenly distributed.
Recording project Documentation was
Elaboration developments 80.0 High structured, though not yet
methodically complete.
Reflecting on interim Reflection developed,
Fluency results and adjusting 83.3 High though strategies were
strategies not fully mature.
Showing enthusiasm and Strong enthusiasm and
C . s . Very s
Originality responsibility concerning 93.3 High responsibility were

the project clearly evident.

Online Learning in Educational Research | 377



Online Learning in Educational Research

Patonah et al. | Practicality of STEAM-SDGs-Based...

The highest scores were for enthusiasm and responsibility and collaborative elaboration,
which scored 93.3% and 90.0%, respectively, indicating increased participation and collaboration
as projects unfolded. However, originality and adaptive flexibility remained relatively lower,
indicating that even though the design of learning proved functional to support continued
collaboration and completion of tasks, innovation remained dependent on teacher structuring.

Third Meeting
This third meeting focused on project presentation and reflection. The results are shown in
Table 6.

Table 6. Observation Results of Students’ Creative Thinking Skills in the Third Meeting

PjBL Syntax CT Indicator = Main Activity Perc(:)e/n)tage Category Brief Notes
0
Presenting Ideas were conveyed
Gallery ngk Fluency project outcomes 90.0 High clearly and
Presentation
orally coherently.
Explaining  the 3;123:;&?%(1 in
Originality =~ prototype and its 83.3 High
function prototype
design/function.
Explaining . .
Flexibility ~ challenges and  80.0 High  |cchnical solutions
solutions were explained.
Responding _ to esponses are
Flexibility = gallery walk 76.7 High unerzzenly
questions distributed.
Ideas were Dbeing
Elaboration Presentlng?T ideas 86.7 High shared among group
collaboratively members
alternately.
Responding to ) .
Flexibility = feedback  from 73.3 Moderate ﬁ;ﬂifecé“’“ was - still
other groups '
Linking the It was related to
. . . energy efficiency
Elaboration })Srscl)ljssct to energy 83.3 High and  environmental
concerns.
Delivering Personal reflection
Originality = emotional 80.0 High was included in
messages delivery.
Taking notes and Active participation
Fluency providing input 86.7 High p p
to others was observed.
Reflections
: . Writing  group . demonstrated an
Reflection Elaboration reflections 83.3 High understanding that

was comprehensive.

“MF3” reflected the strongest overall fluency and expansion skill during the third meeting.
Nonetheless, “Flexible response to peer feedback” was the weaker dimension among the three,
implying that the skill of reflective flexibility is a longer-term process, perhaps requiring a cycle of
PjBL (Li & Tu, 2024; Ratu et al., 2025; Walsh et al., 2023).
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Transition to Environmental Literacy

Observation of skills in creative thinking was combined with evaluating students'
environmental literacy for the same three sessions. This study evaluated students' environmental
literacy by using four sectors of ecological knowledge, cognitive skills, attitudes, and behaviour,
enabling a more comprehensive evaluation of students’ learning of the learning model of IPAS
through STEAM and its applications to achieve the SDGs.

Students’ Environmental Literacy

The results of students’ creative thinking abilities were also supplemented with structured
observation of students’ environmental literacy development. The evaluation was carried out
through a modified scale of Middle School Environmental Literacy Survey (MSELS) that was
specifically tailored based on the syntax of Project-Based Learning (PjBL) (Anggraini et al., 2022;
Nurwidodo et al.,, 2024; Pertiwi et al., 2024). The observation was made during three PjBL learning
sessions and consisted of four key dimensions of MSELS, namely knowing and understanding of
ecology, cognitive skills of issue identification and analysis, attitude of environmental concerns and
responsibility, and personal environmental behaviours of action intention and involvement
(Susanti & Nupus, 2022). The phased observation was made in an attempt to trace and analyze the
dynamic changes of students' environmental literacy during the various phases of PjBL. The
dynamic changes of students' environmental literacy during PjBL phases were explored instead of
cumulative data due to its potential application in character education and multiple phases of
project implementation during learning and activities (Janmaimool., 2019; Paristiowati et al., 2022;
Rahmawati et al.,, 2025; Salvadé & Novo, 2025; Xi & Wang, 2022).

First Meeting: Environmental Literacy across PjBL Syntax

Environment literacy development among students in the first class is shown in Figure 3 (a-
d), which displays data on observations following all four levels related to PjBL: driving question,
designing a project, scheduling, and presentation & reflection. In general, it shows a tendency
towards a high level of environment literacy among all students before beginning PjBL, especially
regarding affective and behavioral environment literacy, while the level of cognitive and planning-
related environment literacy was more diverse among different levels (Napitupulu et al.,, 2025;
Nurwidodo et al., 2024; Pertiwi et al., 2024; Salym et al., 2022; Syahmani et al., 2021).
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Figure 3. Observation Results of Students’ Environmental Literacy across PjBL Syntax in the First
Meeting: (a) Driving Question, (b) Designing the Project, (c) Scheduling, and (d)
Presentation & Reflection
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As presented in Figure 2a (PjBL Syntax - Driving Question), the results showed a strong
starting point of environmental literacy on the part of the students. Their ecological knowledge
scored 86.7% (high), indicating the capacity of the students to describe the reasons for flooding,
like deforestation, poor drainage systems, and the intensity of rain. Their cognitive skills scored
80.0% (high), signifying the capacity of the students to associate human actions, like land use and
improper waste management, with the degradation of the environment. Their environmental
attitudes scored 90.0% (high), manifesting the seriousness of the students when tackling the
strategies for flood prevention, and finally, their pro-environmental behaviours scored 83.3%
(high), signifying their appropriate solutions, like the planting of tree cover and the establishment
of infiltration wells.

In designing the project phase (Figure 2b), there was an enhanced level of environmental
literacy with increased affective participation. Ecological knowledge stood at 86.7% with a rating of
'high' for understanding the linkage between the use of fossil energy and climate change.
Environmental attitudes ascended to 93.3% with a 'very high' rating, considering that there were
active and positive discussions that indicated an elevated state of environmental awareness.
Cognitive skills stood at 76.7% and were rated 'high' since students were integrating technology
concepts of solar panels and flood sensors into their project design. However, pro-environmental
behavioural planning was comparatively lower at 73.3% (moderate), indicating that suggestions
for energy-saving features and sustainable design elements were still limited and required
additional instructional scaffolding.

In the scheduling phase (Figure 2c), there was an observed decrease in cognitive functions.
Cognitive abilities were reduced to 70.0% (moderate) performance levels, implying difficulties with
logical and systematic organizing of project timelines for better task sequencing and allocation of
time. However, there was a tendency to favour high performance of behaviour components at
80.0%, implying that students showed eagerness to engage in collaboration and division of labour
tasks but lacked efficiency in project management.

During the presentation and reflection phase (Figure 2D), the highest levels of environmental
literacy were observed. A 96.7% value was reached on the aspects of environmental attitudes,
which was very high. As the reflective tasks reinforced the value of sustainability and the
responsibility towards the environment, the results were not surprising. Pro-environmental
behaviours were also at 93.3% at this stage, which was very high. Students were fully committed to
the protection of the environment and had the confidence to share their actions related to
sustainability.

Overall, the initial meeting showed that there was a coherent progression in environmental
literacy in terms of the PjBL syntax. The affective and behaviour categories reliably scored above
the cognitive category, especially during the beginning and intermediate stages of the process. The
results underscore the significance of cognitive scaffolding, in relation to planning activities, in
order for environmental literacy to be developed in the context of STEAM-SDGs PjBL (Hanum et al,,
2023).

Second Meeting

The second meeting centered on enhancing the connection between the Smart House project
and climate change mitigation, with a specific focus on discourse on the effects of fossil energy,
energy efficiency, and sustainable behavior. Figure 6 summarizes the results of observation in
terms of students’ environmental literacy in relation to PjBL processes, which unfold in three PjBL
phases: monitoring (Figure 6a), product development (Figure 6b), and reflection (Figure 6c).
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Figure 4. Students’ Environmental Literacy across PjBL Phases in the Second Meeting: (a)
Monitoring, (b) Product Development, and (c) Reflection

During the monitoring phase (Figure 4a), the students showed a consistently high level of
environmental literacy on all aspects. The ecological knowledge was also high, as the children
showed they could articulate the effects of the use of fossil fuels in their own expressions. Cognitive
performance also reached a high level, reflected in students’ ability to link energy-saving features of
the Smart House to emission mitigation. Their attitudes and behaviours concerning the
environment were also very high, where they demonstrated passion in preparing materials and
following procedural instructions with discipline (Boca & Saracli, 2019). This stage indicates great
real-time interaction and awareness while executing tasks.

In the product development stage (Fig. 4b), ecological knowledge continued to be maintained,
which supported students’ grasp of Smart House ideas based on IoT technology and energy
conservation. Cognitive dimensions were slightly reduced, whereby students confronted
technological issues and initiated processes of recognizing challenges and finding alternative
solutions. This trend suggests a transference of ideas from abstract thinking to practical problem-
solving applications. Here, more complex tasks required more sophisticated cognitive processes. It
should be highlighted that environmental attitudes are at an extremely high level, supported by
teamwork awareness in joint discussions. Also, pro-environmental behaviours continued to be at a
very high level, whereby students implemented 5R principles throughout project tasks, integrating
values for a greener environment into practical tasks (Nurwidodo et al., 2024; Zheng & Zhang,
2024).

The reflection phase yielded the highest affective and behavioural results from Figure 4c. In
this stage, environmental attitudes peaked as students felt empathy and strong concern for
environmental problems, while pro-environmental behaviours reached very high levels through
demonstrated commitment to practices that involve recycling. These provide evidence for
reflection to be a pedagogic moment that solidified values on the environment and transformed
experiences of the project into sustained behavioural intention either (Napitupulu et al., 2025;
Syahmani et al.,, 2021).

In summary, the result of the second meeting showed a very good increase in the level of
environmental literacy along with the PjBL syntax. Ecological knowledge maintained its level,
whereas attitudes and behaviours were strengthened considerably, but cognitive skills
deteriorated when students passed from conceptual understanding to technical application. The
enhancement highlights the need for continuous cognitive scaffolding throughout the development
of the product and reflective activities on environmental responsibility within learning STEAM-
SDGs-based PjBL (Purwantiet al., 2024).
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Third Meeting

The third session focused on gallery-based presentations and reflective assessments for the
Smart House projects. Data on student observations is shown in Figure 5, which illustrates student
environmental literacy on three concluding PjBL phases, including gallery walk presentation
(Figure 5a), project presentation (Figure 5b), and reflection (Figure 5c)
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Figure 5. Students’ Environmental Literacy Across PjBL Phases in the Third Meeting: (a) Gallery
Walk Presentation, (b) Project Presentation, and (c) Reflection

Third Meeting - This is the culmination stage of the implementation of the STEAM-SDGs
framework for PjBL. This is the time when environmental literacy transitioned from action-
oriented involvement to conceptualization and internalization. This is reflected by the high level of
ecological knowledge shown by the students during the gallery walk activity (86.7%), the project
presentation (86.7%), and the reflective thinking (90.0%). This slight improvement is an indication
that teacher clarification had a reinforcing function that helped the students develop their
conceptual understanding.

From a cognitively inspired perspective, the linear increase from 80.0% (gallery walk) to
76.7% (project presentation) and, finally, to 83.3% (reflection) does not follow a linear pattern. The
dip during the project presentation can be attributed to the phenomenon of cognitive load, where
students needed to address technical points, react to feedback, and reinterpret designs. The
improvement during the reflection phase, on the other hand, marks the effectiveness of activities
related to reflection, where students could reorganize their experiences through tasks of
metacognitive processing, incorporating coalesced learning outcomes.

Affective outcomes proved the most dominant dimension during the third meeting. Attitudes
towards the environment attained a percentage of 90.0% during the gallery walk, consequently
rising to 93.3% during both the presentation of projects as well as reflection, indicating a high
degree of emotional engagement. This indicates that public presentation, as well as interaction with
peers, served as a motivating factor, further embracing students’ sense of ownership towards
projects embracing sustainable approaches.

Likewise, pro-environmental behaviour showed a steadily increased strength from 83.3%
during the gallery walk to 86.7% during the project presentation and then to 93.3% during the
reflection stages. This shows that it took a while for participants to manifest commitment towards
pro-environmental actions, and by focusing on observable activities related to recycling and logging
pro-environmental behaviours, it can be realized that there has been an effective shift from
intention to commitment.

In general, the third meeting underscored the importance of the stages of presentation and
reflection in PjBL. The earlier stages were mainly oriented toward knowledge-building and
problem-solving, with the last stages playing an essential role in cementing understanding,
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consolidating cognition, and inculcating values concerning the environment. The merging of high
Affective and Behavioural Outcomes indicates that the application of PjBL in STEAM-SDGs is very
effective in promoting students’ understanding of sustainability issues, in addition to inculcating
environmentally sound behaviour that is imperative in the green economy era (Fiandini et al,
2024; Purwanti et al., 2024; Hayat et al., 2024; Janmaimool & Khajohnmanee, 2019; Mylvaganam et
al,, 2021).

Teacher Observation during Implementation

From observations conducted by teachers during the implementation phase, the performance
was very good in almost all teaching aspects, as highlighted in Figure 8. Overall, it was observed
that the teaching materials were strongly aligned with the Project-Based Learning approach of
PjBL.
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Figure 6. Teacher Observation Results on the Implementation of STEAM-SDGs-Based PjBL
Learning (Lesson Planning, Learning Implementation, Classroom Management, and
Achievement of Learning Objectives)

Based on the observations made by the teachers in the implementation stage, very good
performance was observed in various aspects of the teaching, as shown in Figure 6. On a
quantitative assessment, the score in lesson preparation was measured at 91.7% very good, which
shows that the learning materials played a very effective role in preparing teachers to design
lessons on the framework of the PjBL. Learning implementation was also at 90.0% very good,
which indicated the successful execution of the learning tasks. The highest score was recorded in
classroom management at 92.5%, very good. This revealed that the systematic order of the projects
was successful in appropriately managing the classroom. However, the score in the attainment of
the learning objectives was only at 89.2%, or good, which implies that while the objectives are
generally fulfilled, the higher-order ones need to be developed.

From a pedagogical standpoint, it is observed that the acquired findings are imperative in
stating that the instructional materials acted as a reliable scaffold in ensuring that the instructors
were able to direct students through the complicated stages of a project without undermining
instructional coherence. By understanding the set parameters of every project, instructors were
able to ensure that appropriate discussions were fostered among groups of students, ensuring
minimal instructional confusion during project activities (Hattie, 2025; Wulandari et al., 2025).

Despite this, however, qualitative responses provided by teachers showed that there were
still some issues. Asymmetric levels of student participation were observed, especially when
dealing with more cognitively intensive phases like project implementation and decision making.
This indicated that high levels of classroom management scores do not always ensure fair cognitive
participation. Moreover, teachers expressed low confidence levels in their assessment of projects,
especially when it came to more intricate constructs like creative thinking skills and
environmentally literate skills (Al-Muhdhar et al., 2021; Napitupulu et al,, 2025; Nurwidodo et al.,
2024; Salym et al., 2022).

In general, it can be said that the results clearly provide an insight into how learning
resources with high practical feasibility and instructional support can be further enhanced by
teacher assessment capability as a moderating condition for achieving optimum PjBL effectiveness.
This calls for a comprehensive training activity on developing assessment rubrics, formative
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assessment, and higher-order thinking assessment to result in balanced outcomes for STEAM- SDGs
PjBL (Hayat et al,, 2024; Jannah et al., 2025; Purwanti et al., 2025).

Student Interviews: Perceptions and Relevance of Learning

Semi-structured interviews were conducted with 12 purposely sampled students to test
views on practicality, creative thinking, and environmental literacy. The data were analyzed using
thematic analysis, where positive views were registered across all elements (Table 7).

Table 7. Summary of Interview Findings based on Research Aspects

Aspect Key Findings Representative Statement

“The instructions in the module were
easy to follow, so our group could
start working right away.”

Practicality of Materials were clear, easy to use, and
Materials aligned with project workflow.

Students were encouraged to generate

Creative : . “We added a light sensor to make the
. . new ideas, develop designs, and L,
Thinking Skills . smart house more energy-efficient.
innovate.
. Increased awareness of sustainability “Now [ understand why infiltration
Environmental , ;
Literacy issues such as renewable energy, water wells are important to prevent

management, and flood mitigation. flooding.”

Thematic analysis has verified that students found the PjBL STEAM-SDGs-Driven IPAS
concept to be practical, applicable, and highly relevant to sustainability concerns. The teaching aids
successfully encouraged creativity, innovative designs, and improved environmental knowledge
(Laeli et al., 2024; Melindawati et al., 2025). These findings reinforce that project-based These
results newly emphasize that the use of project-based learning with STEAM-SDGs integration in
education is highly successful in developing intellectual abilities towards environmental concern
and ecological awareness to meet the green economy epoch demand (Napitupulu et al, 2025;
Syahmani et al.,, 2021).

Discussion

The implementation of STEAM-SDGs-based IPAS learning within the Smart House project
showed strong practical feasibility and pedagogical effectiveness, in line with how the instructional
materials fit the framework of PjBL (Pertiwi et al,, 2024; Syahmani et al., 2021). The instructional
materials were highly practical since they instructed teachers to conduct lesson planning and
unfold structured projects with systematic classroom organization. This may enable the teacher to
execute a student-centered approach effectively. This coherence guaranteed that the project stages
could run smoothly and at the same time provided students with ample opportunities to solve
problems collaboratively and confront real-world sustainability challenges. While functional and
practical assessment instruments showed the need for refinement in capturing higher-order
creative thinking and nuances in the development of environmental literacy-a process dependent
on scaffolding and strong support from the teacher (Haswan et al., 2024; Paristiowati et al., 2022).
These findings corroborate earlier studies that noted how such integration of STEAM-SDGs
enhances sustainability-oriented vocational learning. (Fiandini et al., 2024; Purwanti et al., 2024;
Hayat et al., 2024; Mylvaganam et al., 2021).

Qualitative analyses of students' creative thinking skills revealed differential development
across the PjBL stages, reflecting the influence of instructional design on cognitive, social, and
technical competencies. During initial project planning, students demonstrated strong fluency and
imagination by generating diverse ideas relevant to local environmental contexts, such as flooding,
renewable energy utilization, and energy efficiency (Jettanasen et al., 2025; Melindawati et al,,
2025). Originality and systematic planning were still emerging, constrained by limited technical
experience and an understanding of integrating technology; this stage, however, did effectively lay
a foundation for creative engagement and promoted early awareness of sustainability aligned with
SDG 7 (Ariza & Olatunde-aiyedun, 2023; Kumar et al., 2020; Trinh & Chung, 2023). In the next stage
of monitoring and prototype development, elaboration and collaborative skills increased as
students translated conceptual ideas into functional prototypes, applied scientific and technological
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principles, and integrated sustainability considerations Emotional engagement and intrinsic
motivation were also apparent, whereas originality and adaptive flexibility developed more
gradually, enabled by teacher scaffolding (Ningroom et al., 2025; Peng et al., 2022).

The final stage, concerned with project presentation and reflection, demonstrated an
emphasis on a higher level of fluency in communication and elaboration skills, with students
expressing their prototypes in relation to energy and environmental concerns, and incorporating
technological, aesthetic, and sustainability elements (Milovanovic et al., 2022; Nurwidodo et al,,
2024). Originality was enhanced through design innovations that were relevant and context-driven,
and flexibility in adapting to peer review suggestions gradually developed, underlining the
importance of reflecting for several iterations in order to enhance flexibility reflexively. Fluency
and imagination were developed rapidly through context-driven problem-solving tasks.
Elaboration was enhanced through the collaborative application of ideas, originality was developed
through guided and incremental exposure to technology, and flexibility was developed through
gradual reflective processes. Thus, the holistic, positively effective influence of STEAM-SDGs-driven
PjBL on imagination is underlined.

In parallel, students’ environmental literacy abilities became synergistically developed with
the aid of creative thinking skills. On each stage, starting from the beginning, students
demonstrated high levels of ecologically-based knowledge, environmental behaviours, and
environmental attitudes, meaning that using authentic sustainability tasks helped facilitate action-
based awareness levels efficiently and effectively. When entering complex levels in projects, skill
sets in cognitive functions tended to be variable, like those related to technical decisions, reflecting
higher complexities in applied problem-solving processes. Reflection activities or delivering
presentations tended to be highly essential among affective levels located within behavioural
objectives, meaning that technically, students reinforced specific environmental behaviours while
integrating conceptual-based ideas with collaborative-based ideas throughout the social process
(Hayat et al., 2024; Melindawati et al.,, 2025; Putri & Nisa’, 2025).

The observation made was that Teacher observation supported the finding and ensured that
learning materials promoted effective lesson planning and management, collaborative activity
organization, and student autonomy. The sequencing of projects and their work process made it
easy for teachers to integrate their teaching while promoting student autonomy. Some of the
difficulties were associated with uneven student engagement during challenging project phases and
assessing higher-order skills, showing that there is a need for teacher competency in facilitation
and assessment of PjBL (Mulyono et al, 2023; Sari & Sunyono, 2019). The observation was
supported by student interviews, showing that students found the learning materials effective,
straightforward, and able to assist with creative idea development and environmental
understanding (Melindawati et al., 2025; Syahmani et al.,, 2021). The students appreciated project
relevance, which made theoretical concepts relevant in real-world sustainable practices. This
positively influenced student readiness in dealing with real-world environmental and work
problems (Amirah et al., 2023).

Taking all these findings into account, it's very clear that the above findings have collectively
ensured that the STEAM-SDGs-based IPAS learning model not only has an educationological
foundation but has also been proven to be practical and has been validated within the context of a
vocational education class. In an attempt to elaborate upon the relevance of all these above
findings, the following discussion will attempt to link all these findings with other research that has
been related to STEAM and has been marked with neutrality towards sustainability (Amanova &
Abildina, 2025; Rosyida et al., 2025; Rodrigues-silva, 2023). The above model of learning would
ensure that all students have an opportunity for context-based continuous learning within the
realms of science and technology and would be equipped to handle all innovation and green
economy-related challenges within vocational education (Handayani et al, 2020; Saputri &
Ediyono, 2022; Shamzzuzoha et al., 2022).

LIMITATIONS

However, it should be noted that despite these positive outcomes, there are also some
limitations that have to be taken into consideration. These include: Firstly, the practicality
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measurement was conducted among shortlisted experts and teachers; it is impractical to generalize
it to vocational education. Secondly, the measurement of students’ Creative Thinking and
Environment Literacy was conducted among three Project-Based Learning sessions, and hence it
may not be representative of long-term improved higher-order thinking. Thirdly, although it was
taken into consideration that it was practical for classroom application and formative measurement
of Creative Thinking and Environment Literacy, it didn’t encompass all-around aspects of
measurement of these parameters, which include aspects of special creativity and cognitive
acumen. Lastly, views and outcomes were collected among shortlisted students only, which may
not be representative of specific and diverse views on implementing STEAM-SDG-based lessons.
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Acknowledging these limitations provides a basis for refining instruments, extending
implementation, and broadening validation, thereby enhancing the adaptability of STEAM-SDGs-
based PjBL to strengthen sustainability competencies in vocational education.

CONCLUSION

This research aimed to create and assess the practicability of the STEAM-SDGs/IPAS learning
paradigm according to a Smart House project based on the concept of renewable energy for
vocational students. The results of the research showed that the practicality of the educational
materials, such as teaching modules, worksheets, and assessment tools, is high and ready to be used
in class. The educational materials were found to strengthen the processes of teaching, project
management, and prudent student engagement during hands-on activities of the learning process
by the students, whereas the students found them straightforward, useful, and appropriate for
learning at the vocational levels. It was observed in the process of project-based learning that the
model offered genuine and sustainability-focused tasks in which scientific, technological, and socio-
environmental knowledge was integrated to allow for connecting theoretical knowledge and
applications. The process of problem identification and resolution through solution building in
project-based learning (PjBL) is done through an iterative process.

In general, this study confirms that the STEAM-SDGs-based IPAS learning model is very
applicable and supportive of vocational education. This model has provided a structured and
adjustable platform under which students could take an active role. By incorporating projects
related to renewable energy, this model has provided vocational education students with skills
relevant to a green economy. This study has proven that it is very effective to implement this model
in a variety of vocational education settings, which has also supported competencies for a green
economy. Future research is recommended to implement the STEAM-SDGs-based IPAS learning
model in broader vocational contexts and over longer instructional periods to examine its long-
term effects on students’ creative thinking, environmental literacy, and higher-order skills. Further
studies should also employ more comprehensive assessment instruments and involve more diverse
student populations to enhance the generalizability and robustness of the findings.

AUTHOR CONTRIBUTIONS

SP envisioned the research endeavor and authored the STEAM-SDGs-framed IPAS materials
and classroom implementation. IB authored and refined research instruments and carried out
classroom observation and analysis of students' results for divergent thinking and environmental
literacy. MSH coordinated research validation with expert practitioners and helped with statistical
analysis of results for practicality. All authors contributed towards formulating and approving
research findings through drafting and approving research conclusions based on research
objectives and results.

ACKNOWLEDGMENT

The authors would like to extend their heartfelt appreciation to SMK Bina Utama Kendal for
permitting and facilitating them to conduct the above research. Appreciation is also given to
teachers and students who have actively cooperated during the research. The above research is

386 | Online Learning in Educational Research



Online Learning in Educational Research
Patonah et al. I Practicality of STEAM-SDGs-Based...

financially supported by the Bima Grant Management Institution, and the contribution is greatly
valued. Appreciation is also given to colleagues and reviewers for providing constructive opinions,
which significantly improved the above manuscript.

REFERENCES

Adelowo, K., Bin Ahmad, A., & Bin Pairan, M. R. (2024). Development of effective instructional
teaching module in TVET: A comparative review of Addie and Nedham’s 5phases
instructional design model. International Journal of Academic Research in Progressive
Education and Development, 13(4), 334-354. https://doi.org/10.6007/IJARPED/v13-
i4/22946

Al-Muhdhar, M. H. I, Basaroh, A. S., Prasetyo, T. I., Sumberartha, I. W., Mardiyanti, L., & Fanani, Z.
(2021). Improvement of creative thinking skills and environmental literacy through the e-
module of surrounding nature exploration. AIP Conference Proceedings, 2330, 020012.
https://doi.org/10.1063/5.0043102

Amanova, A. K,, & Abildina, S. K. (2025). A systematic review of the implementation of STEAM
education in schools. Eurasia Journal of Mathematics, Science and Technology Education 21(1).
em15894. https://doi.org/10.29333 /ejmste /15894

Amirah, I, Anggoro, B. S, & Gunawan, W. (2023). PDEODE strategy assisted by GeoGebra:
improving students' critical thinking and mathematical analysis. Online Learning in
Educational Research. 3(1), 117-126. https://doi.org/10.58524 /oler.v3i1.203

Andriyatno, L., & Yusni, D. (2024). Improving students ’ collaboration skills through Project -Based
Learning on environmental change material. The Eurasia Proceedings of Educational & Social
Sciences (EPESS). 34, 71-79. https://doi.org/10.55549 /epess.793

Anggraini, N., Nazip, K., Amizera, S., & Destiansari, E. (2022). Penerapan Model Problem Based
Learning berbasis STEM menggunakan bahan ajar realitas lokal terhadap literasi lingkungan
Mahasiswa. BIOEDUSAINS:Jurnal Pendidikan Biologi Dan Sains, 5(1), 121-129.
https://doi.org/10.31539/bioedusains.v5i1.3589

Ariza, |. A, & Olatunde-aiyedun, T. G. (2023). Bringing Project-Based Learning into renewable and
sustainable energy education : A case study on the development of the electric vehicle EOLO.
Sustainability, 15(13), 10275. https://doi.org/10.3390/su151310275

Aryanti, Y., Afandi, Wahyuni, E. S., & Putra, D. A. (2021). Torrance creative thinking profile of senior
high school students in biology learning: Preliminary research. Journal of Physics: Conference
Series, 1842(1). https://doi.org/10.1088/1742-6596/1842/1/012080

Ascensi, M., Bel, A,, Frechilla-alonso, A., Cristiam, A., Movilla-quesada, D., & Bel, A. (2024). Raising
awareness of the important role of engineering in sustainable development. Heliyon, 10(1),
e23494. https://doi.org/10.1016/j.heliyon.2023.e23494

Asmara, A. S., Hardi, H., & Ardiyanti, Y. (2019). Contextual learning on mathematical subjects to
enhance student motivation for learning in vocational high school. JPI (Jurnal Pendidikan
Indonesia), 8(2), 228. https://doi.org/10.23887 /jpi-undiksha.v8i2.13499

Awwalina, D. P, Dawana, . R, & Rizki, I. A. (2025). Effectiveness of STEAM education in physics
learning and impact to support SDGs. Journal of Current Studies in SDGs. 1(1), 1-19.
https://doi.org/10.63230/jocsis.1.1.8

Biazus, M. D. O., & Mabhtari, S. (2022). The impact of Project-Based Learning ( PjBL ) Model on
secondary students ’ creative thinking skills. International Journal of Essential Competencies in
Education (IJECE) 1(1), 38-48. https://doi.org/10.36312/ijece.v1il.752

Boca, G. D., & Saragl;, S. (2019). Environmental education and student
sustainability. MDPI. 11(6), 1553. https://doi.org/10.3390/su11061553

Cano, L. H. T, Gomez, A. F. R,, & Hoyos, J. E. P. (2023). Needs analysis to design an english blended
learning program: teachers’ and administrators’ voices. PROFILE Issues in Teachers
Professional Development, 25(1), 193-210. https://doi.org/10.15446/profile.v25n1.101316

Chan, M., & Nagatomo, D. (2022). Study of STEM for sustainability in design education : Framework
for student learning and outcomes with design for a disaster project. Sustainability, 14(1),
312. https://doi.org/10.3390/s5u14010312

Corbacho-cuello, 1. (2021). Emotional performance of a low-cost eco-friendly Project Based

)

s perception , for

Online Learning in Educational Research | 387


https://doi.org/10.6007/IJARPED/v13-i4/22946
https://doi.org/10.6007/IJARPED/v13-i4/22946
https://doi.org/10.1063/5.0043102
https://doi.org/10.29333/ejmste/15894
https://doi.org/10.58524/oler.v3i1.203
https://doi.org/10.55549/epess.793
https://doi.org/10.31539/bioedusains.v5i1.3589
https://doi.org/10.1088/1742-6596/1842/1/012080
https://doi.org/10.1016/j.heliyon.2023.e23494
https://doi.org/10.23887/jpi-undiksha.v8i2.13499
https://doi.org/10.63230/jocsis.1.1.8
https://doi.org/10.36312/ijece.v1i1.752
https://doi.org/10.3390/su11061553
https://doi.org/10.15446/profile.v25n1.101316
https://doi.org/10.3390/su14010312

Online Learning in Educational Research

Patonah et al. | Practicality of STEAM-SDGs-Based...

Learning methodology for science education: An approach in prospective teachers. MDPI
13(6), 3385. https://doi.org/10.3390/su13063385

Dahri, N. (2022). Problem and Project Based Learning (PPjBL) Model pembelajaran abad 21. CV.
Muharika Rumah Ilmiah.

Derbas, A., Ayyoub, H. Y., Hyarat, T., Hnaif, A., Al-quraan, R., Al-Serhan, A. et al. (2025). The role of E-
learning in institutions of higher education in achieving the goals of sustainable development
in Jordan. PLoS ONE 20(3), e0319192. https://doi.org/10.1371/journal.pone.0319192

Efendi, R, Ambiyar., Estuhono., Wulandari, R. A. (2025). Bridging the industry 4.0 skills gap: an
immersive augmented reality mobile learning approach for vocational education.
International Journal of Interactive Mobile Technologies (iJIM), 19(06), 60-74.
https://doi.org/10.3991/ijim.v19i06.53825

Elice, D., Patimah, S., Pahrudin, A., Koderi, A., Fauzan, A., & Liriwati, F. Y. (2025). Development of
abacus training management in the artificial intelligence era. Munaddhomah: Jurnal
Manajemen Pendidikan [slam, 6(2), 267-280.
https://doi.org/10.31538/munaddhomah.v6i2.1719

Ernawati, M. D. W., Rusdi, M., Asrial.,, Muhaimin., Wulandari, M., & Maryani, S. (2022). Analysis of
problem-based learning in the scaffolding design: Students’ creative-thinking skills. Cypriot
Journal of Educational Science. 17(7), 2333-2348. https://doi.org/10.18844/cjes.v17i7.7551

Eltamaly, A. M., Alotaibi, M. A, Alolah, A. I, & Ahmed, M. A. (2021). IoT-based hybrid renewable
energy system for smart campus. MDPI, 13(15), 8555. https://doi.org/10.3390/su13158555

Emeka, H., Lin, P, David, ]J., Shina, D., Theoni, I, & Nnamdi, N. (2025). Critical skills needs and
challenges for STEM / STEAM graduates increased employability and entrepreneurship in the
solar energy sector. Renewable and Sustainable Energy Reviews, 187, 13776.
https://doi.org/10.1016/j.rser.2023.113776

Fiandini, M., Nandiyanto, A. B. D., & Muktiarni, M. (2024). Experimental demonstration for teaching
the concept of steam engine power plant to vocational students to support the Sustainability
Development Goals (Sdgs) and its comparison to Indonesian Merdeka Curriculum. Journal of
Engineering Science and Technology, 19(5), 1878-1905.

Ghafara, S. T., & Ambiyar, A., Giatman, M., Jalinus, N., Rizal, F., & Fadhillah, F. (2025). Development of
an Android-assisted STEAM-based Project Based Learning Model in informatics subjects at
vocational high schools, Salud, Ciencia y Tecnologia, 5, 1826.
https://doi.org/10.56294 /saludcyt20251826

Guo, P, Saab, N,, Post, L. S., & Admiraal, W. (2020). A review of project-based learning in higher
education : Student outcomes and measures. International Journal of Educational Research,
102(4), 101586. https://doi.org/10.1016/j.ijer.2020.101586

Handayani, M. N., Ali, M., Wahyudin, D., & Mukhidin. (2020). Industry perceptions on the need of
green skills in agribusiness vocational graduates. Journal of Technical Education and Training,
12(2), 24-33. https://doi.org/10.30880/jtet.2020.12.02.003

Hanum, L., Hasan, M. Ulfa, A, Pada, T., Rahmatan, H. Fazlia, R, & Rahmayani, I. (2023).
Development of learning devices based on Ethnoscience Project Based Learning to improve
students ' critical thinking skills. Jurnal Pendidikan Sains Indonesia, 11(2), 288-305.
https://doi.org/10.24815/jpsi.v11i2.28294

Harianto, B. B., Pambudiyatno, N., & Irfansyah, A. (2024). Analysis of factors increasing creative
thinking in vocational education. Indonesian Journal of Applied and Industrial Sciences (ESA),
3(5), 439-458. https://doi.org/10.55927 /esa.v3i5.11594

Haswan, H., Ridzal, D. A., & Rosnawati, V. (2024). Analysis of students creative thinking abilities
through project-based learning in environmental knowledge courses. Jurnal Pijar Mipa, 19(1),
33-36. https://doi.org/10.29303/jpm.v19i1.6328

Hattie, J. (2025). The impact of teaching materials on instructional design and teacher development.
Frontiers in Education, 10, 1577721. https://doi.org/10.3389 /feduc.2025.1577721

Hayat, M. S., Yunus, Nada, N. Q., & Suma, S. (2024). Analysis of the integration of SDGs values in
learning science project in vocational schools to build a sustainable lifestyle. KnE Social
Sciences, 173-183. https://doi.org/10.18502/kss.v9i6.15265

Henze, ]., Schatz, C., Malik, S., & Bresges, A. (2022). How might we raise interest in robotics, coding,
artificial intelligence, STEAM and sustainable development in University and on-the-job

388 | Online Learning in Educational Research


https://doi.org/10.3390/su13063385
https://doi.org/10.1371/journal.pone.0319192
https://doi.org/10.3991/ijim.v19i06.53825
https://doi.org/10.31538/munaddhomah.v6i2.1719
https://doi.org/10.18844/cjes.v17i7.7551
https://doi.org/10.3390/su13158555
https://doi.org/10.1016/j.rser.2023.113776
https://doi.org/10.56294/saludcyt20251826
https://doi.org/10.1016/j.ijer.2020.101586
https://doi.org/10.30880/jtet.2020.12.02.003
https://doi.org/10.24815/jpsi.v11i2.28294
https://doi.org/10.55927/esa.v3i5.11594
https://doi.org/10.29303/jpm.v19i1.6328
https://doi.org/10.3389/feduc.2025.1577721
https://doi.org/10.18502/kss.v9i6.15265

Online Learning in Educational Research

Patonah et al. I Practicality of STEAM-SDGs-Based...

teacher training? Frontiers in Education, 7(June), 1-15.
https://doi.org/10.3389/feduc.2022.872637

Hersom, H. & Benthien, F. L. (2025). Practice-based holistic STEM teaching in VET Increasing
students ’ participation opportunities. Skandinavisk tidsskrift for yrker og profesjoner i
utvikling, 10(1), 241-256. https://doi.org/10.7577 /sjvd.5891

Himmi, N., Armanto, D., & Amry, Z. (2025). Implementation of Project Based Learning (PjBL) in
mathematics education: A systematic analysis of international practices and theoretical
foundations. Science Insights Education Frontiers, 26(2), 4305-4321.
https://doi.org/10.15354/sief.25.0r699

Hoque, F., Yasin, R. M., & Sopian, K. (2022). Revisiting education for sustainable development:
methods to inspire secondary school students toward renewable energy. MDPI, 14(14), 8296.
https://doi.org/10.3390/su14148296

Hossain, L, Islam, M. S., Sultana, R, & Rahman, M. R. (2022). [oT based home automation system
using renewable energy. American Journal of Agricultural Science, Engineering, and
Technology, 6(3), 73-77. https://doi.org/10.54536/ajaset.v6i3.820

Hsiao, P. W, & Su, C. H. (2021). A study on the impact of steam education for sustainable
development courses and its effects on student motivation and learning. Sustainability
(Switzerland), 13(7), 1-24. https://doi.org/10.3390/su13073772

Huang, C., Cheng, B.,, & Lou, S. (2023). Design and effectiveness evaluation of a smart greenhouse
virtual reality curriculum based on STEAM education. MDPI, 15(10), 7928.
https://doi.org/10.3390/su15107928

Hui, L. M., Halilj, S. H., & Razak, R. B. A. (2022). Piloting a qualitative interview for malaysia primary
school active learning needs analysis regarding learner control experiences. The qualitative
report, 27(8), 1462-1482. https://doi.org/10.46743/2160-3715/2022.5464

Idroes, G. M., Hardji, 1., Rahman, M. H., Afjal, M., Noviandy, T. R., & Idroes, R. (2024). The dynamic
impact of non-renewable and renewable energy on carbon dioxide emissions and ecological
footprint in Indonesia. Carbon Research, 3(1). https://doi.org/10.1007 /s44246-024-00117-0

Indahwati, S. D., Rachmadiarti, F., Hariyono, E., Prahani, B. K., Wibowo, F. C., Bunyamin, M. A. H,, &
Satriawan, M. (2023). Integration of independent learning and physics innovation in STEAM-
based renewable energy education to improve critical thinking skills in the era of Society 5.0
for Sustainable Development Goals (SDGs) 2030. E3S Web of Conferences, 450.
https://doi.org/10.1051/e3sconf/202345001010

[smiati, N. (2024). Implementing STEAM education in the independent curriculum: Enhancing 21st
century skills.  Journal of  Holistic Islamic Education, 4(1), 37-48.
https://doi.org/10.28918/tadibia.v4i1.7238

Janmaimool, P., & Khajohnmanee, S. (2019). Roles of environmental system knowledge in
promoting university students ' environmental attitudes and pro-environmental behaviors.
MDPI, 11(16), 4270. https://doi.org/10.3390/su11164270

Jannah, A. M., Yennita.,, & Azizahwati. (2025). Efforts to improve creative thinking skills and
communication skills through the application of project based learning models. Jurnal
Penelitian Pendidikan IPA, 11(3), 380-384. https://doi.org/10.29303/jppipa.v11i3.10316

Jettanasen, C., Thongsuk, S., Sottiyaphai, C., Songsukthawan, P., Chiradeja, P., Lertwanitrot, P.,
Ananwattanaporn, S., & Ngaopitakkul, A. (2025). An approach to energy conservation in
lighting systems using luminaire-based sensor for automatic dimming. Scientific Reports,
15(1), 1-17. https://doi.org/10.1038/s41598-025-87813-y

Kayohana, K. W., Asnawi, R., & Amaria, M. A. (2023). The effectiveness of iot-based learning media
for supporting the expertise program of renewable energy engineering in vocational high
school.  Jurnal Pendidikan Teknologi dan Kejuruan, 29(2), 170-188.
https://doi.org/10.21831/jptk.v29i2.52766

Kharki, K. El, & Berrada, K. (2021). Design and implementation of a virtual laboratory for physics
subjects in Moroccan Universities. Sustainability, 13(7), 3711.
https://doi.org/10.3390/su13073711

Kioupi, V., & Voulvoulis, N. (2019). Education for sustainable development: A systemic framework
for connecting the SDGs to educational outcomes. Sustainability, 11(21), 6104.
https://doi.org/10.3390/su11216104

Online Learning in Educational Research | 389


https://doi.org/10.3389/feduc.2022.872637
https://doi.org/10.7577/sjvd.5891
https://doi.org/10.15354/sief.25.or699
https://doi.org/10.3390/su14148296
https://doi.org/10.54536/ajaset.v6i3.820
https://doi.org/10.3390/su13073772
https://doi.org/10.3390/su15107928
https://doi.org/10.46743/2160-3715/2022.5464
https://doi.org/10.1007/s44246-024-00117-0
https://doi.org/10.1051/e3sconf/202345001010
https://doi.org/10.28918/tadibia.v4i1.7238
https://doi.org/10.3390/su11164270
https://doi.org/10.29303/jppipa.v11i3.10316
https://doi.org/10.1038/s41598-025-87813-y
https://doi.org/10.21831/jptk.v29i2.52766
https://doi.org/10.3390/su13073711
https://doi.org/10.3390/su11216104

Online Learning in Educational Research

Patonah et al. | Practicality of STEAM-SDGs-Based...

Kumar, N. M., Chopra, S. S, Chand, A. A, Elavarasan, R. M., & Shafiullah, G. M. (2020). Hybrid
renewable energy microgrid for a residential community: A techno-economic and
environmental perspective in the context of the SDG?7. Sustainability, 12(10), 3944.
https://doi.org/10.3390/su12103944

Kurniawati, E., Sodiq, S., & Indarti, T. (2025). Integrating Mobile learning and BOM ATOM Model in
teaching observational report texts at vocational high schools. Ghancaran: Jurnal Pendidikan
Bahasa dan Sastra, 7, 63-84. https://doi.org/10.19105/ghancaran.v7i1.18998

Laela, Z. N, Prasongko, A., & Putri, K. Y. (2025). Teacher and students perception: The
implementation of Project-Based Learning Method in learning english for vocational
students. Academic Journal Perspective: Education, Language, and Literature, 13(1), 1-9.
https://doi.org/10.33603/perspective.v13i1.9992

Laeli, S. I, Dafik., & Purwoningsih, T. (2024). The development of PJBL-STEAM learning design to
improve the student creativity in handling waste : Utilizing used cardboard in making simple
miniature ATMs. International Journal of Current Science Research and Review, 07(06), 3623-
3635. https://doi.org/10.47191/ijcsrr/V7-i6-11

Li, M-M.,, & Tu, C-C. (2024). Developing a project-based learning course model combined with the
Think - Pair - Share Strategy to enhance creative thinking skills in education students.
Education Sciences, 14(3), 233. https://doi.org/10.3390/educsci14030233

Logue, P., Nash, R, Walsh, M., Faney, M., & Donnghaile, D. 0. (2023). Deep learning: A study on
marine renewable energy and sustainability education in an Irish context. (pp. 1047-1054).
(International Conference on Higher Education Advances). Universidad Politecnica de
Valencia. https://doi.org/10.4995/HEAd23.2023.16150

Mart, G., Naranjo-correa, L., & Mateos-n, M. (2024). Integrating energy and sustainability into the
educational curriculum: A pathway to achieving SDGs. Sustainability, 16(10), 4100.
https://doi.org/10.3390/su16104100

Martins, F., Almeida, M. F,, Calilj, R., & Oliveira, A. (2020). Design thinking applied to smart home
projects: A user-centric and sustainable perspective. Sustainability,12(23), 10031.
https://doi.org/10.3390/su122310031

Masnu’ah, S, Idi, A.,, & Wigati, 1. (2023). Strategi program vocational skill untuk mengembangkan
kewirausahaan santri. Munaddhomah: Jurnal Manajemen Pendidikan Islam, 4(2), 207-219.
https://doi.org/10.31538/munaddhomah.v4i2.406

Meitiyani, Elvianasti, M., & Dharma, A. P. (2021). Correlation between students creative thinking
ability in solving environmental problem with achievement of environmental education.
Proceedings of the 1st Annual International Conference on Natural and Social Science
Education (ICNSSE 2020), 547(Icnsse 2020), 275-281.
https://doi.org/10.2991/assehr.k.210430.042

Meitiyani, M., Elvianasti, M., Maesaroh, M., Irdalisa, 1., & Amirullah, G. (2022). Analysis of students
creative thinking ability in environmental problem solving. AL-ISHLAH: Jurnal Pendidikan,
14(2), 1983-1994. https://doi.org/10.35445 /alishlah.v14i2.1629

Melindawati, S., Sartono, E. K. E.,, Wuryandani, W., & Fatimah, F. (2025). Project-based IPAS
Learning to support Sustainable Development Goals (SDGs): A literature review on
implementation and impact on environmental awareness of elementary school students.
Jurnal Penelitian Pendidikan IPA, 11(6), 29-35. https://doi.org/10.29303/jppipa.v11i6.11402

Milovanovic, J., Shealy, T., & Godwin, A. (2022). Senior engineering students in the USA carry
misconceptions about climate change: Implications for engineering education. Journal of
Cleaner Production, 345(1635534). https://doi.org/10.1016/j.jclepro.2022.131129

Mulyono, Y., Suranto, Yamtinah, S., & Sarwanto. (2023). Development of critical and creative
thinking skills instruments based on environmental socio-scientific issues. International
Journal of Instruction, 16(3), 691-710. https://doi.org/10.29333/iji.2023.16337a

Mutohhari, F. Sutiman, S. Nurtanto, M. Kholifah, N, & Samsudin, A. (2021). Difficulties in
implementing 21st century skills competence in vocational education learning. International
Journal of  Evaluation and Research in Education (IJERE), 10(4).
https://doi.org/10.11591/ijere.v10i4.22028

Mylvaganam, S., Timmerberg, J., Halvorsen, H.-P., & Viumdal, H. (2021). Sustainability awareness
through STEAM+. Nordic Journal of STEM Education, 5(1).

390 | Online Learning in Educational Research


https://doi.org/10.3390/su12103944
https://doi.org/10.19105/ghancaran.v7i1.18998
https://doi.org/10.33603/perspective.v13i1.9992
https://doi.org/10.47191/ijcsrr/V7-i6-11
https://doi.org/10.3390/educsci14030233
https://doi.org/10.4995/HEAd23.2023.16150
https://doi.org/10.3390/su122310031
https://doi.org/10.31538/munaddhomah.v4i2.406
https://doi.org/10.2991/assehr.k.210430.042
https://doi.org/10.35445/alishlah.v14i2.1629
https://doi.org/10.29303/jppipa.v11i6.11402
https://doi.org/10.1016/j.jclepro.2022.131129
https://doi.org/10.29333/iji.2023.16337a
ttps://doi.org/10.11591/ijere.v10i4.22028

Online Learning in Educational Research

Patonah et al. I Practicality of STEAM-SDGs-Based...

https://doi.org/10.5324 /njsteme.v5i1.3974

Nabilatunnisa, I, & Hernani, H. (2024). Project Based Learning design development of food
additional ingredients green chemistry approach to support scientific literacy of culinary
vocational high school students: An introduction study. QUANTUM: Jurnal Inovasi Pendidikan
Sains, 15(1), 102-114. https://doi.org/10.20527 /quantum.v15i1.17440

Napitupulu, N. D., Miftah, Zaky, M., Siddik, Septianti, A., & Talokon, R. C. A. (2025). Improving
environmental literacy and creative thinking skills through earth and space science
integrated eco-pedagogy (ESS-EcoP) module. Jurnal Penelitian Pendidikan IPA, 11(1), 734-
741. https://doi.org/10.29303/jppipa.v11i1.9878

Nguyen, L. T. Van, Cleveland, D., Nguyen, C. T. M., & Joyce, C. (2024). Problem-based learning and the
integration of sustainable development goals. Journal of Work-Applied Management, 16(2),
218-234. https://doi.org/10.1108/JWAM-12-2023-0142

Ningroom, R. A. A,, Yamtinah, S., & Riyadi. (2025). A two-tier multiple-choice diagnostic test to find
student misconceptions about the change of matter. Journal of Education and Learning, 19(2),
1144-1156. https://doi.org/10.11591/edulearn.v19i2.21478

Nurdin, N., Anhusadar, L., Lubis, M., Hadisi, L., & Rijal, M. (2024). Beyond the chalkboard: Digital
innovations in Islamic learning through interactive PowerPoint. Jurnal Ilmiah Peuradeun,
12(3), 1099-1128. https://doi.org/10.26811/peuradeun.v12i3.1637

Nurwidodo, N., Romdaniyah, S. W., Sudarmanto, S., Rosanti, D., Kurniawati, K., & Abidin, Z. (2021).
Analisis profil berpikir kritis, kreatif, keterampilan kolaboratif, dan literasi lingkungan siswa
kelas 8 SMP Muhammadiyah sebagai impak pembelajaran modern. Bioscientist : Jurnal IImiah
Biologi, 9(2), 605. https://doi.org/10.33394 /bioscientist.v9i2.4642

Nurwidodo, N., Wahyuni, S., Hindun, L., & Fauziah, N. (2024). The effectiveness of problem-based
learning in improving creative thinking skills, collaborative skills and environmental literacy
of Muhammadiyah secondary school students. Research and Development in Education
(RaDEn), 4(1), 49-66. https://doi.org/10.22219 /raden.v4i1.32123

Padmadewi, N. N., Artini, L. P., Ratminingsih, N. M., Suhardiana, L. P. A., Zamzam, A., & Juniarta, P. A.
K. (2023). Designing project-based learning in research proposal writing: Its effect ,
problems , and scaffolding utilized. Studies in English Language and Education, 10(2), 841-
862. https://doi.org/10.24815/siele.v10i2.27408

Paristiowati, M., Rahmawati, Y., Fitriani, E., Satrio, |. A., Azizah, N., & Hasibuan, P. (2022). Developing
preservice chemistry teachers ' engagement with sustainability education through an online
project-based  learning summer course program. Sustainability, 14(3), 1783.
https://doi.org/10.3390/su14031783

Patel, S. R, Margolies, P. ]., Covell, N. H., Lipscomb, C., & Dixon, L. B. (2018). Using instructional
design , analyze , design , develop , implement , and evaluate , to develop e-learning modules
to disseminate supported employment for community behavioral health treatment programs
in New York State. Fronties in Public Health, 6, 113.
https://doi.org/10.3389/fpubh.2018.00113

Peng, ], Yuan, B, Sun, M., & Jiang, M. (2022). Computer-based scaffolding for sustainable project-
based learning : Impact on high- and low-achieving students. 1-24. Sustainability, 14(19),
12907. https://doi.org/10.3390/su141912907

Pertiwi, T. U., Oetomo, D., & Sugiharto, B. (2024). The effectiveness of STEM Project-Based Learning
in improving students’ environmental literacy abilities. JPBI (Jurnal Pendidikan Biologi
Indonesia), 10(2), 476-485. https://doi.org/10.22219 /jpbi.v10i2.33562

Polas, M. R. H., Kabir, A. I,, Sohel-Uz-zaman, A. S. M., Karim, R., & Tabash, M. I. (2022). Blockchain
technology as a game changer for green innovation: green entrepreneurship as a roadmap to
green economic sustainability in Peru. Journal of Open Innovation: Technology, Market, and
Complexity, 8(2). https://doi.org/10.3390/joitmc8020062

Prabawati, M. A., & Yamtinah, S. (2025). Validity of the development of PjBL-Based science teaching
modules containing ethno-STEAM to empower creative thinking skills on ecology and
biodiversity materials in Indonesia. Jurnal Penelitian Pendidikan IPA, 11(4), 736-744.
https://doi.org/10.29303/jppipa.v11i4.10952

Purwanti., Hayat, M. S., & Dewi, E. R. S. (2024). Students ’ creative thinking skills with STEAM-SDGs
approach to energy concept: Rasch Model analysis. Jurnal Penelitian Pendidikan IPA 10(12),

Online Learning in Educational Research | 391


https://doi.org/10.5324/njsteme.v5i1.3974
https://doi.org/10.20527/quantum.v15i1.17440
https://doi.org/10.29303/jppipa.v11i1.9878
https://doi.org/10.1108/JWAM-12-2023-0142
https://doi.org/10.11591/edulearn.v19i2.21478
https://doi.org/10.26811/peuradeun.v12i3.1637
https://doi.org/10.33394/bioscientist.v9i2.4642
https://doi.org/10.22219/raden.v4i1.32123
https://doi.org/10.24815/siele.v10i2.27408
https://doi.org/10.3390/su14031783
https://doi.org/10.3389/fpubh.2018.00113
https://doi.org/10.3390/su141912907
https://doi.org/10.22219/jpbi.v10i2.33562
https://doi.org/10.3390/joitmc8020062
https://doi.org/10.29303/jppipa.v11i4.10952

Online Learning in Educational Research

Patonah et al. [ Practicality of STEAM-SDGs-Based...

11152-11161. https://doi.org/10.29303/jppipa.v10i12.9532

Purwanti., Hayat, M. S., & Dewi, E. R. S. (2025). Effectiveness of differentiated science learning
oriented to STEAM -SDGs: Improving students’ creative thinking skills on energy concepts.
KnE Social Sciences, 10(9), 580-593. https://doi.org/10.18502/kss.v10i9.18529

Putri, M. A, & Nisa’, K. (2025). Enhancing creative thinking in high school physics through Project-
Based Learning integrating local wisdom and STEAM for quality education. Journal of Current
Studies in SDGs, 1(1), 47-67. https://doi.org/10.63230/jocsis.1.1.10

Rahmawati, Y., [Irwanto, [., Mardiah, A., Taylor, E., Taylor, P. C, Lisdiana, H., & Syaadah, R. S. (2025).
Student’s engagement in STEAM PjBL-design thinking for environmental literacy. Journal of
Education Culture and Society, 16(1), 555-580. https://doi.org/10.15503/jecs2025.2.555.580

Ratu, D. M., Nurhayati, N., Ratni, N. P., & Nurmaisyah, N. (2025). Transforming writing education :
An investigation of students ’ experiences with Project-Based Learning in teaching writing.
Utamax Journal of Ultimate Research and Trends in FEducation, 7(1), 44-57.
https://doi.org/10.31849 /utamax.v7i1.25037

Rodrigues-silva, ]. (2023). STEM / STEAM in early childhood education for sustainability ( ECEfS ):
A Systematic Review. Sustainability, 15(4), 3721. https://doi.org/10.3390/su15043721

Rosabal, O. M., Ruiz-guirola, D., Raghuwanshi, P., Mikhaylov, K., Member, S., Member, S, Iyer, S., &
Member, S. (2023). Energy-sustainable IoT connectivity. nIEEE Open Journal of the
Communications Society, vol. 4, pPp- 2609-2666, 2023.
https://doi.org/10.1109/0JCOMS.2023.3323832

Rosyida, K. M. L, Prahani, B. K., & Kurtulus, M. A. (2025). Analysis of the role of STEAM education in
improving critical thinking skills for sustainable development. Journal of Current Studies in
SDGs, 1(2), 20-32. https://doi.org/10.63230/jocsis.1.1.9

Salvadé, Z., & Novo, M. (2025). Dealing with urban biodiversity through butterfly gardens: A
Project-Based Learning proposal for pre-service teachers training. Sustainability, 17(5),
2195. https://doi.org/10.3390/su17052195

Salym, A. Q. N,, Sumarmi, S., Soekamto, H., & Osman, S., (2022). Pengaruh model Project Based on
Environment Learning dan Literasi Lingkungan dalam kaitannya dengan creative thinking
skill. ~ J-PIPS  Jurnal  Pendidikan  Ilmu  Pengetahuan  Sosial,  9(1), 63-81.
https://doi.org/10.18860/jpips.v9i1.18054

Sanchez-garcia, R., & Reyes-de-cézar, S. (2025). Enhancing Project-Based Learning: A framework
for optimizing structural design and implementation — A systematic review with a
sustainable focus. Sustainability, 17(11), 4978. https://doi.org/10.3390/su17114978

Santos, K. da S., Ribeiro, M. C., de Queiroga, D. E. U,, da Silva, I. A. P., & Ferreira, S. M. S. (2020). The
use of multiple triangulations as a validation strategy in a qualitative study. Ciencia e Saude
Coletiva, 25(2), 655-664. https://doi.org/10.1590/1413-81232020252.12302018

Saputri, F. M., & Ediyono, S. (2022). Education framework 2030: Do vocational school students have
green skills? Jurnal Kependidikan: Jurnal Hasil Penelitian Dan Kajian Kepustakaan Di Bidang
Pendidikan, Pengajaran Dan Pembelajaran, 8(3), 605. https://doi.org/10.33394/jk.v8i3.5355

Sari, N. W. N,, & Sunyono, S. (2019). Development of the three tier diagnostic test based “higher
order thinking skills” instrument. Dinamika Jurnal Ilmiah Pendidikan Dasar, 11(2), 86.
https://doi.org/10.30595/dinamika.v11i2.5053

Schlunegger, M. C., Zumstein-Shaha, M., & Palm, R. (2024). Methodologic and data-analysis
triangulation in case studies: A scoping review. Western Journal of Nursing Research, 46(8),
611-622. https://doi.org/10.1177/01939459241263011

Shamzzuzoha, A., Cisneros Chavira, P., Kekile, T., Kuusniemi, H., & Jovanovski, B. (2022). Identified
necessary skills to establish a center of excellence in vocational education for green
innovation. Cleaner Environmental Systems, 7(August), 1-10.
https://doi.org/10.1016/j.cesys.2022.100100

Sigit, D. V. (2022). Integration of Project-Based E-Learning with STEAM : An innovative solution to
learn ecological concept. International Journal of Instruction, 15(3), 23-40.
https://doi.org/10.29333/iji.2022.1532a

Simajuntak, M. B., Rafli, Z., & Utami, S. R. (2025). Elevating vocational student competence: The
crucial need for English literacy competence. Jurnal Ilmiah Peuradeun, 13(1), 721-744.
https://doi.org/10.26811/peuradeun.v13i1.1109

392 | Online Learning in Educational Research


https://doi.org/10.29303/jppipa.v10i12.9532
https://doi.org/10.18502/kss.v10i9.18529
https://doi.org/10.63230/jocsis.1.1.10
https://doi.org/10.15503/jecs2025.2.555.580
https://doi.org/10.31849/utamax.v7i1.25037
https://doi.org/10.3390/su15043721
https://doi.org/10.1109/OJCOMS.2023.3323832
https://doi.org/10.63230/jocsis.1.1.9
https://doi.org/10.3390/su17052195
https://doi.org/10.18860/jpips.v9i1.18054
https://doi.org/10.3390/su17114978
https://doi.org/10.1590/1413-81232020252.12302018
https://doi.org/10.33394/jk.v8i3.5355
https://doi.org/10.30595/dinamika.v11i2.5053
https://doi.org/10.1177/01939459241263011
https://doi.org/10.1016/j.cesys.2022.100100
https://doi.org/10.29333/iji.2022.1532a
https://doi.org/10.26811/peuradeun.v13i1.1109

Online Learning in Educational Research

Patonah et al. I Practicality of STEAM-SDGs-Based...

Sinaga, 1. A. (2025). Designing digital learning media with Canva and Project- Based Learning to
enhance IPAS instruction. FINGER: Jurnal Illmiah Teknologi Pendidikan, 4(2), 134-140.
https://doi.org/10.58723 /finger.v4i2.431

Singh-pillay, A. (2020). Pre-service technology teachers ’ experiences of Project Based Learning as
pedagogy for education for sustainable development. 8(5), 1935-1943.
https://doi.org/10.13189/ujer.2020.080530

Siyamuningsih, L. A., Khoiri, N., Nuroso, H., & Hayat, M. S. (2025). Development of learning tools
with Project-Based Learning ( PjBL ) Model on students’ creative thinking skills in renewable
energy material. Jurnal Penelitian Pendidikan IPA, 11(5), 181-189.
https://doi.org/10.29303/jppipa.v11i5.10783

Soleman, M., Moeins, A., & Suriawinata, I. S. (2020). Education conception between the National
Curriculum and modern islamic boarding schools in adjusting the 21st century development
in SMA Al-Izzah Batu. Indonesian Journal of Business Accounting and Management, 3(2), 90-
103. https://doi.org/10.36406/ijbam.v3i2.603

Solihah, P., Kaniawati, I, Samsudin, A., & Riandi, R. (2023). Prototype of greenhouse effect for
improving problem-solving skills in science, technology, engineering, and mathematics
(STEM)-education for sustainable development (ESD): Literature review, bibliometric, and
experiment. Indonesian  Journal of Science and  Technology, 9(1), 163-190.
https://doi.org/10.17509/ijost.v9i1.66773

Stapa, M. A, & Mohammad, N. (2019). The use of Addie Model for designing blended learning
application at vocational colleges In Malaysia. Asia-Pacific Journal of Information Technology
and Multimedia, 8(1), 49-62. https://doi.org/10.17576/apjitm-2019-0801-05

Sudjimat, D. A. (2021). Implementation of Project-Based Learning Model and workforce character
development for the 21st century in vocational high school. International Journal of
Instruction, 14(1), 181-198. https://doi.org/10.29333/iji.2021.14111a

Sumarni, S., Atik, V. Sasanti, D., & Saputro, I. N. (2025). Developing creativity assessment
instruments for building engineering vocational high school students based on self-
assessment in creative and entrepreneurial product subjects. Qubahan Academic Journal
(QA]), 5(1), 461-475. https://doi.org/10.48161/qaj.vSn1al389

Susanti, W., & Nupus, D. H. (2022). Analisis profil literasi lingkungan siswa SMP pada pembelajaran
environmental literacy profile analysis of middle school students in science learning. Report
of Biological Education, 3(1), 11-16. https://doi.org/10.37150/rebion.v3i1.1608

Syahmani, S., Hafizah, E., Sauqina, S., Adnan, M. Bin, & Ibrahim, M. H. (2021). STEAM approach to
improve environmental education innovation and literacy in waste management:
bibliometric research. Indonesian Journal on Learning and Advanced Education (IJOLAE), 3(2),
130-141. https://doi.org/10.23917 /ijolae.v3i2.12782

Thornhill-miller, B., Camarda, A., Mercier, M., Burkhardt, ]., Morisseau, T., Bourgeois-bougrine, S.,
Vinchon, F., Hayek, S. El, Augereau-landais, M., Mourey, F., Feybesse, C., Sundquist, D., &
Lubart, T. (2025). Creativity, critical thinking, communication, and collaboration: assessment,
certification, and promotion of 21st century skills for the future of work and
education. Journal of Intelligence, 11(3), 54. https://doi.org/10.3390/jintelligence11030054

Ticheloven, A., Blom, E. Leseman, P., Mcmonagle, S.,, & Leseman, P. (2021). Translanguaging
challenges in multilingual classrooms: scholar, teacher and student perspectives.
International Journal of Multilingualism, 18(3), 491-514.
https://doi.org/10.1080/14790718.2019.1686002

Trinh, V. L, & Chung, C. K. (2023). Renewable energy for SDG-7 and sustainable electrical
production, integration, industrial application, and globalization: Review. Cleaner Engineering
and Technology, 15(0ctober 2022), 100657. https://doi.org/10.1016/j.clet.2023.100657

Usman, N., Murniati, A. R,, Irani, U., Mylostyvyi, R., & Siswanto, 1. (2024). Technoparks as catalysts
for a sustainable future innovative ecosystem in vocational schools. Jurnal llmiah Peuradeun,
12(1), 203-222. https://doi.org/10.26811/peuradeun.v12i1.1042

Utami, B., Indriyanti, N. Y., Probosari, R. M., Supurwoko, S., Fakhrudin, I. A.,, Khasanah, A. N,, &
Hudha, M. N. (2024). Empowering teachers in implementing the project to strengthen
students’ pancasila profile using STEAM-based learning for optimizing sustainable
development goals (SDGs) in junior high school. Masyarakat Berdaya dan Inovasi, 5(2), 1-7.

Online Learning in Educational Research | 393


https://doi.org/10.58723/finger.v4i2.431
https://doi.org/10.13189/ujer.2020.080530
https://doi.org/10.29303/jppipa.v11i5.10783
https://doi.org/10.36406/ijbam.v3i2.603
https://doi.org/10.17509/ijost.v9i1.66773
https://doi.org/10.17576/apjitm-2019-0801-05
https://doi.org/10.29333/iji.2021.14111a
https://doi.org/10.48161/qaj.v5n1a1389
https://doi.org/10.37150/rebion.v3i1.1608
https://doi.org/10.23917/ijolae.v3i2.12782
https://doi.org/10.3390/jintelligence11030054
https://doi.org/10.1080/14790718.2019.1686002
https://doi.org/10.1016/j.clet.2023.100657
https://doi.org/10.26811/peuradeun.v12i1.1042

Online Learning in Educational Research
Patonah et al. [ Practicality of STEAM-SDGs-Based...

Walsh, M. M., Krusmark, M. A., Jastrembski, T., Hansen, D. A., Honn, K. A.,, & Gunzelmann, G. (2023).
Enhancing learning and retention through the distribution of practice repetitions across
multiple sessions. Memory & Cognition, 455-472. https://doi.org/10.3758/s13421-022-
01361-8

Wulandari, S., Istiyono, Y. P., Anjuli, A. P., & Nursabila, A. A. (2025). Development of an energy-
efficient flipbook based on Project-Based Learning (PjBL) to strengthen the profile of
pancasila students and preserve local wisdom in elementary schools. PrimaryEdu : Journal of
Primary Education, 9(1), 77-86. https://doi.org/10.22460/pej.v9i1.5633

Xi, ], & Wang, X. (2022). Development of landscape architecture design students’ pro-
environmental awareness by Project-Based Learning. Sustainability, 14(4), 2164.
https://doi.org/10.3390/su14042164.

Yasaroh, S., Wilujeng, 1., Atun, S., & Sari, M. L. P. (2023). Environmental literacy profile of students in
natural science learning-based experiential. Jurnal Pendidikan Matematika Dan IPA, 14(1), 33.
https://doi.org/10.26418/jpmipa.v14i1.51680

Yin, J., & Gulnaz, A. (2025). Enhancing teaching effectiveness in ancient architecture colour painting
through blended design: An ADDIE model application in vocational education. AIS -
Architecture Image Studies, 6(1), 142-157. https://doi.org/10.48619/ais.v6i1.1093

Zheng, L., & Zhang, R. (2024). Pro-environmental behaviors and environmental value orientation of

vocational college students in China. Sustainability, 16(22), 9694,
https://doi.org/10.3390/su16229694

394 | Online Learning in Educational Research


https://doi.org/10.1016/j.clet.2023.100657
https://doi.org/10.1016/j.clet.2023.100657
https://doi.org/10.22460/pej.v9i1.5633
https://doi.org/10.3390/su14042164
https://doi.org/10.26418/jpmipa.v14i1.51680
https://doi.org/10.48619/ais.v6i1.1093
https://doi.org/10.3390/su16229694

	Overall, from the initial meeting, it can be observed that the use of the STEAM-SDGs-based PjBL approach has practical effectiveness in terms of promoting the initial stages of creative problem-solving, especially in fluency and initial elaboration. T...
	Comparative Analysis of Initial Sketches
	On comparison of the initial Smart House designs, it has been found that there are visible differences between the groups of students regarding the quality of the designs (Table 3). It should be noted that the assessment of the designs has been based ...
	Students’ Environmental Literacy
	Environment literacy development among students in the first class is shown in Figure 3 (a-d), which displays data on observations following all four levels related to PjBL: driving question, designing a project, scheduling, and presentation & reflect...

