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Abstract: This study focuses on the development of RBL–STEM learning materials that 
integrate research-based learning and STEM principles to foster students’ creativity 
through an eco-friendly technological innovation project, specifically the 
transformation of used cardboard into a functional electric broom. The development 
used the ADDIE development model, which consists of the stages of Analysis, Design, 
Development, Implementation, and Evaluation, and this study produced a set of 
comprehensive learning materials, including instructional modules, student 
worksheets, project media, and creativity assessment instruments. Expert validation 
confirmed that the developed materials were valid, while responses from teachers and 
students indicated a high level of practicality. Empirical implementation demonstrated 
a moderate improvement in students’ learning outcomes, as reflected by an average N-
gain score of 0.5617, and evidenced the students’ ability to generate creative and 
functional electric broom prototypes. These findings contribute to the field of science 
education by providing an empirically validated RBL–STEM learning framework that 
promotes creativity through sustainable technological innovation at the elementary 
school level. The significance of the study is reflected in its contribution to enhancing 
students’ creativity, strengthening their understanding of scientific concepts, and 
fostering environmental awareness through research- and engineering-oriented 
learning experiences. The developed RBL–STEM learning materials were empirically 
demonstrated to be feasible and effective in supporting innovative science instruction 
at the elementary school level. 
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Introduction  

 
In recent years, issues related to environmental 

sustainability have increasingly dominated global 
media coverage in both developed and developing 
countries. Growing public awareness of the importance 
of environmental services and their preservation has 
positioned environmental sustainability as a widely 
discussed global concern. However, economic 
development, which remains a primary objective for 
most countries worldwide, has often progressed in 
contradiction to environmental quality. In practice, 

economic development activities tend to exert more 
detrimental impacts on the environment than beneficial 
ones. One significant negative consequence of such 
development is the continuous accumulation of 
consumer waste. When waste accumulates without 
adequate management, it can generate additional social 
and environmental problems within communities. 
According to data reported by ISPN, the total volume of 

waste generation reaches 36,847,005,210 tons per year, of 
which only approximately 32.36% is properly managed, 
while the remaining 67.64% is left untreated and 
continues to accumulate (BPS, 2024). 
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Such conditions highlight the relevance of 
environmental issues as an important context within 
educational discourse. In educational settings, 
numerous learning topics are closely related to concrete 
environmental issues, especially in science education, 
which examines natural phenomena and their 
interactions with the surrounding environment. The 
learning process therefore requires well designed 
learning materials that serve as essential references for 
effective teaching and learning activities (Pratiwi et al., 
2021). In the context of elementary education, where 
students require concrete examples to understand 
conceptual problems, teachers are expected to carefully 
select appropriate learning models and instructional 
methods that align with students’ developmental 
characteristics and the intended learning objectives. 

Issues related to waste problems in the surrounding 
environment, when examined within the context of 
elementary science education, offer substantial potential 
to be integrated as contextual learning materials. This 
perspective provides an initial foundation for 
positioning environmental problems, particularly waste 
accumulation, as meaningful learning contexts in 
schools through the application of appropriate 
instructional design. To effectively transform these real-
world environmental challenges into structured 
learning experiences, science instruction requires 
learning materials that integrate research activities and 
engineering processes, enabling students to explore 
problems systematically and develop creative solutions. 
Consequently, the development of RBL–STEM learning 
materials becomes a relevant pedagogical approach to 
support innovative and context-based science learning 
at the elementary school level. 

The RBL–STEM instructional design represents an 
effective integration of learning models and methods for 
implementing environment based learning in both 
elementary and secondary education. Liufvanni (2025) 
reported that STEM is a suitable instructional approach 
for practicum-oriented learning activities across 
elementary and secondary school levels. The study 
further indicated that learning experiences grounded in 
environmental and natural contexts have a significant 
influence on the development of students’ creative and 
critical thinking skills. Similarly, Kristiana et al. (2024) 
demonstrated that instruction employing an RBL–STEM 
design positively impacts students’ thinking skills. Their 
findings also suggest that creative thinking skills play a 
crucial role in enabling students to generate practical 
and solution-oriented responses to environmental 
problems encountered in their surroundings. 

An analysis of the available data indicates that the 
area surrounding SDN 01 Kepatihan Jember is 
experiencing several environmental challenges, 

particularly the inadequate management of 
accumulated cardboard waste. At the same time, the 
elementary science curriculum implemented at SDN 01 
Kepatihan includes learning outcomes that address 
waste processing and environmental management. 
These conditions highlight a convergence between 
existing environmental problems and curricular 
demands, creating a meaningful context for educational 
intervention. In response to this situation, the present 
study was conducted to develop RBL–STEM learning 
materials aimed at fostering students’ creativity through 
eco-friendly technological innovation, specifically 
through the transformation of used cardboard into an 
electric broom. 

 

Method  
 
This research adopted a research and development 

methodology by applying the ADDIE framework, 
encompassing the phases of Analysis, Design, 
Development, Implementation, and Evaluation, with the 
objective of producing RBL–STEM learning materials 
that meet the criteria of validity, practicality, and 
effectiveness (Arikunto, 2019). 

The effectiveness test employed a quasi-
experimental method with a pretest–posttest control 
group design, consisting of an experimental group, in 
which students were taught using RBL–STEM learning 
materials, and a control group, in which students 
received conventional instruction. 

The research site was SDN Kepatihan 01 Jember. 
Participants in the limited trial consisted of one fourth-
grade class. Participants in the large-scale trial consisted 
of two fourth-grade classes, comprising an experimental 
group and a control group. The sampling technique 
employed was purposive sampling, based on criteria 
including the relevance of instructional content, teacher 
readiness, and the conditions required for STEM-
oriented learning. 
 
Development Procedure (ADDIE Model) 
Analysis 

This stage includes analysis of instructional needs 
for RBL and STEM based learning, analysis of the 
characteristics of fourth grade students, curriculum 
analysis focusing on science and mathematics learning 
outcomes, a review of relevant literature on RBL, STEM, 
creativity, and environmentally friendly innovation, and 
aanalysis of the potential use of recycled cardboard as a 
medium for innovation-based projects.  
 
Design 

This stage encompasses the formulation of learning 
objectives, RBL and STEM activity sequences, and 
creativity indicators based on Guilford’s framework. 
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The design of instructional components includes 
teaching modules, RBL and STEM worksheets, 
instructional materials, creativity rubrics, test 
instruments, and observation sheets. The design of a 
project transforming recycled cardboard into an electric 
broom was aligned with STEM elements and the 
engineering design process. 
 
Development 

Development of draft RBL and STEM based 
learning materials. Expert validation involving subject 
matter experts, instructional design experts, and 
educational practitioners. First-stage revisions 
conducted until the learning materials were declared 
feasible and valid 
 
Implementation 

Limited scale trial to examine implementation 
feasibility and initial student responses. Large scale trial 
(experimental phase) involving the application of the 
learning materials in the experimental class. Data 
collection procedures include creativity pretest and 
posttest, observation of learning activities, and student 

and teacher response questionnaires. 
 

Evaluation 
Formative evaluation conducted at each stage of the 

ADDIE model. Summative evaluation aimed at 
assessing the effectiveness of the developed learning 
materials. Final revisions undertaken to produce a 
finalized set of learning materials ready for 
dissemination 

 
Research Instruments 

Assessment of content validity, construct validity, 
and linguistic clarity. Developed based on Guilford’s 
creativity indicators: fluency, flexibility, originality, and 
elaboration. Observation of student learning activities 
during RBL and STEM based instruction. Observation of 
instructional implementation fidelity. 

Response questionnaires, collection of student and 
teacher responses toward the learning materials. Electric 
broom product assessment rubric, evaluation criteria 
encompassing creativity, innovation, functionality, and 
technological feasibility. 

 
Data Collection Techniques 

Expert validation to determine the validity of the 

developed learning materials. Observation of student 
activities and instructional implementation during the 
learning process. Pretest and posttest assessments 
measure creativity and learning outcomes. Student and 
teacher response questionnaires. Documentation of the 
electric broom development process (Sugiyono, 2019). 
 

Data Analysis Techniques 
Validity Analysis 

The learning materials were considered valid when 
the average score assigned by the validators met the 
criterion: Va ≥ 3.25. 

 
Practicality Analysis 

Practicality was evaluated based on observation of 
instructional implementation. Teacher and student 
responses. The learning materials were considered 
practical when the response score met the criterion: 90% 
≤ SR ≤ 100%. 

 
Effectiveness Analysis 

Learning outcomes and creativity 

Effectiveness was measured using the normalized gain 
(N-Gain) with the criteria as shown in Table 1. 
 
Table 1. Research category of effectiveness 

Category N-Gain Value 

High ≥ 0.70 
Medium 0.30–0.70 
Low ≤ 0.30 

 

Classical mastery was achieved when at least 90% 
of students reached the established competency criteria. 
Student activity was considered effective when the 
activity level ranged between 90% and 100%. Student 
responses were categorized as effective when the 
average response score exceeded > 90%. 
 
Qualitative Analysis 

Qualitative data analysis followed the Miles and 
Huberman framework, encompassing data reduction, 
data display, and conclusion drawing or verification. 
This analysis was applied to examine: the 
implementation process of RBL and STEM based 
learning, students’ creativity throughout the project 
activities, and the quality of the electric broom products 
developed by the students (Sudjana, 2016). 
 

Results and Discussion 
 
Result 

The Analysis stage aimed to identify learning 
requirements and contextual issues to guide the 
development of RBL–STEM learning materials. Findings 
indicate that fourth-grade science instruction primarily 
emphasizes cognitive skills, offering limited 
opportunities to develop students’ creativity and 
research abilities. At the same time, the school 
environment faces an accumulation of cardboard waste 
that remains unused. Curriculum review showed that 
topics on waste management and basic engineering are 
highly suitable for integration with a STEM approach, 
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while students’ preference for hands-on activities 
supports the implementation of project-based learning. 
Moreover, students’ creativity, assessed through 
fluency, flexibility, originality, and elaboration, remains 
underdeveloped, highlighting the need for instructional 
materials that facilitate idea exploration and innovative 

product creation. With the availability of simple 
resources such as recycled cardboard, DC motors, and 
basic tools, the Transformation of Recycled Cardboard 
into an Electric Broom project offers a relevant and 
meaningful context for applying RBL–STEM-based 
learning. 

 
Table 1. Summary of Findings from the Analysis Stage 

Analyzed Aspect Key Findings Implications for the Development of RBL and 
STEM Learning Materials 

Learning Needs Analysis Elementary science instruction remains 
predominantly cognitive oriented and 
insufficiently promotes creativity and 

innovation. 

Learning materials should integrate RBL and 
STEM through research oriented and product-

based learning activities. 

Environmental Context 
Analysis 

Cardboard waste accumulation is prevalent in 
both school and home environments and is 

rarely utilized for educational innovation. 

The transformation of recycled cardboard into 
an electric broom provides a contextual basis 

for environmentally oriented learning. 
Curriculum Alignment 
Analysis 

Grade IV science emphasizes waste 
management and resource utilization, while 

mathematics addresses measurement, design, 
and basic computation. 

RBL and STEM learning materials must align 
with integrated science and mathematics 

learning outcomes. 

Student Characteristics 
Analysis 

Fourth grade students demonstrate a 
preference for concrete, hands-on, and 

collaborative learning, while creative abilities 
remain underdeveloped. 

Instructional modules and worksheets should 
prioritize practical activities, visual supports, 

and structured opportunities for creativity. 

Facilities and Material 
Potential Analysis 

Recyclable materials and simple technological 
components are readily available and suitable 

for project-based learning. 

Learning materials should utilize accessible 
resources and include safe, age-appropriate 

practicum guidelines. 
Creativity Competency 
Analysis (Guilford) 

Indicators of fluency, flexibility, originality, 
and elaboration have not been optimally 

facilitated in prior instruction. 

Creativity assessment instruments should 
incorporate all Guilford indicators within the 

project context. 
Review of Prior Studies Empirical studies integrating RBL and STEM 

with environmentally friendly technological 
innovation using cardboard waste remain 

limited. 

Learning materials should integrate complete 
RBL syntax with the engineering design 
process to support authentic innovation. 

 
The Design stage focused on developing RBL-

STEM learning materials aimed at enhancing students’ 
creativity through the “Transformation of Recycled 
Cardboard into an Electric Broom” project. In this stage, 
learning objectives were established based on Grade IV 
science learning outcomes, and the RBL-STEM syntax 
was structured to encompass scientific investigation and 
the engineering design process. Worksheets were 
designed to guide exploration, brainstorming idea, 
sketching, and prototype evaluation. Teaching modules 
were prepared as comprehensive teacher guides, 

including supporting materials, observation sheets, and 
creativity rubric based on Guilford’s indicators. 
Additionally, the project product, media, tools, and 
required materials were planned, along with research 
instruments such as validation sheets, creativity tests, 
questionnaires, and product assessment rubrics. This 
design ensures that the developed learning materials 
provide a clear, relevant, and structured learning 
framework capable of facilitating research activities, 
technological innovation, and the development of 
creativity effectively. 

 
Table 2. Summary of findings from the design stage 

Design Component Findings from the Design Stage Implications for RBL-STEM Learning 
Materials 

Learning Objectives 
Formulation 

Objectives were developed based on Grade IV 
science learning outcomes covering waste 

utilization, simple energy, and environmentally 
friendly technology design. 

Ensures the learning materials achieve 
knowledge competencies, scientific 

process skills, and creativity. 

RBL-STEM Syntax Design The syntax includes problem identification → 
research question formulation → data 

Provides a structured learning process that 
supports inquiry, problem solving, and the 

engineering design process. 
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Design Component Findings from the Design Stage Implications for RBL-STEM Learning 
Materials 

collection → experimentation → analysis → 
prototype design → evaluation → revision. 

RBL-STEM Worksheet 
Design 

Worksheets guide investigation steps, concept 
exploration, brainstorming for the electric 

broom, design sketches, testing, and reflection. 

Serves as the main guide for students to 
conduct research and product engineering. 

Teaching Module Design Modules contain learning sequences, 
objectives, supporting materials, investigation 

guides, creativity indicators, assessment 
rubrics, and activity observation sheets. 

Facilitates systematic implementation of 
RBL-STEM learning by teachers. 

Creativity Assessment 
Design 

Creativity rubric developed based on Guilford 
indicators: fluency, flexibility, originality, and 

elaboration. 

Standardized assessment captures 
students’ idea development and creative 

growth. 
Project Product Design Designed product: Electric Broom from 

recycled cardboard, using a DC motor, battery, 
cardboard frame, and simple tools. 

Provides authentic engineering experience 
while utilizing environmentally friendly 

materials. 
Research Instrument Design Instruments include expert validation sheets, 

practicality questionnaires, creativity pretest–
posttest, observation sheets, and product 

rubric. 

Supports evaluation of validity, 
practicality, and effectiveness of the 

learning materials. 

Media and Material 
Planning 

Main media: design illustrations, step-by-step 
videos, and assembly tools from recycled 

materials. 

Ensures the project can be conducted 
safely and cost effectively. 

 
The Development stage focused on producing the 

complete set of RBL-STEM learning materials designed 
in the previous phase, including teaching modules, 
worksheets, project media, and instruments for 
assessing creativity, practicality, and effectiveness. 
These materials underwent validation by subject matter 
experts, instructional design specialists, and educational 
practitioners to assess content accuracy, language 
quality, presentation, and conformity with the RBL-
STEM framework. The validation results confirmed the 

materials as valid, with minor adjustments 
recommended, such as language refinement, 
simplification of project procedures, clarification of tool 
components, and improvement of the creativity rubric 
based on Guilford’s indicators. All suggested revisions 
were implemented, enhancing clarity, safety for student 
use, and ease of implementation for teachers. At the 
conclusion of this stage, the learning materials were 
considered fully prepared for both limited and extended 
trials in the Implementation phase. 

 
Table 3. Summary of findings from the development stage 

Developed Component Development Activities Key Findings Implications 

RBL-STEM Teaching 
Module 

Compiled based on RBL-STEM 
syntax, Grade IV science learning 

outcomes, and instructional 
design principles. 

Module includes 
objectives, learning 

sequence, conceptual 
materials, project 

guidelines, assessment 
rubrics, and observation 

sheets. 

Ready for trial and serves as a 
comprehensive teacher guide 

for implementation. 

RBL-STEM Worksheet Developed to include 
investigation, concept 

exploration, design, 
experimentation, evaluation, and 

reflection steps. 

Worksheet is practical, 
user-friendly, and 
supports research 

activities and electric 
broom construction. 

Enhances student engagement 
and learning activity. 

Project Media and 
Guides 

Created design guides, step-by-
step illustrations, and supporting 

videos for the electric broom 
project. 

Media are simple, cost-
effective, and suitable for 

project-based learning. 

Facilitates student 
understanding of procedures 

and minimizes technical errors. 

Assessment Instruments Developed creativity tests, expert 
validation sheets, practicality 

questionnaires, observation 
sheets, and product rubrics. 

Instruments incorporate 
Guilford indicators and 

align with research 
objectives. 

Supports evaluation of validity, 
practicality, and effectiveness of 

the learning materials. 
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Developed Component Development Activities Key Findings Implications 
Expert Validation Conducted by instructional 

design experts, subject matter 
experts, and educational 

practitioners. 

Materials were rated 
“Valid” with minor 
revisions suggested 

(language, layout, activity 
flow). 

Confirms materials are suitable 
for subsequent trial 

implementation. 

Material Revision Adjustments based on expert 
feedback: language 

improvement, tool safety 
instructions, simplification of 

project steps, and refinement of 
creativity rubrics. 

Materials are clearer, 
safer, and more accessible 
to teachers and students. 

Learning materials are ready for 
the Implementation stage 

(limited and extended trials). 

 
The validation results of the RBL-STEM learning 

materials indicate that all components including the 
teaching module, worksheets, project media and guides, 

assessment instruments, language and presentation, as 
well as alignment with RBL-STEM syntax and 
curriculum learning outcomes, received an overall 
rating in the valid category. Evaluations from the three 
validators confirmed that the materials meet content 
accuracy, clarity of presentation, appropriateness of 
instructional steps, and alignment with the objectives of 

fostering creativity and environmentally friendly 
technological innovation. The overall average score of 
3.50 suggests that the materials are suitable for 

instructional use, requiring only minor revisions as 
recommended by the experts to improve instructional 
clarity and presentation quality. Therefore, the 
developed learning materials are considered ready for 
implementation in both limited and extended trials. 

 
 

 

Table 4. Validation results of RBL-STEM learning materials 
Assessed Component Validators Average Category 

1 2 3 

Teaching Module 3.6 3.4 3.5 3.5 Valid 
RBL-STEM Worksheet 3.5 3.3 3.6 3.47 Valid 
Project Media and Guides 3.4 3.5 3.3 3.4 Valid 
Assessment Instruments 3.7 3.5 3.4 3.53 Valid 
Language and Presentation 3.5 3.4 3.5 3.47 Valid 
Alignment with RBL-STEM 
Syntax 

3.6 3.5 3.5 3.53 Valid 

Curriculum Alignment 
(CP/TP) 

3.7 3.5 3.6 3.6 Highly Valid 

Overall Average    3.50 Valid 

The results of the Implementation stage indicate 
that the RBL-STEM learning materials effectively 
enhanced students’ learning outcomes and creativity. 
Descriptive analysis showed an average N-Gain score of 
0.5617, ranging from 0.41 to 0.71, indicating a medium to 
high level of improvement. This suggests that following 
the application of research and engineering based 
learning materials, students demonstrated increased 

conceptual understanding, critical thinking skills, and 
creativity in problem solving through the electric broom 
project using recycled cardboard. The variation in N-
Gain scores also reveals that some students achieved 
substantial gains, highlighting the effectiveness of the 
materials in accommodating diverse learning needs. 

 
 

 
Table 5. Summary of findings from the implementation stage 

Variable N Minimum Maksimum Mean Std. Deviation Category 

N-Gain Score 28 0.41 0.71 0.5617 0.08481 Medium to 
High 

N-Gain Percentage 
(%) 

28 40.54 71.43 56.17 8.48 Medium 

 
Furthermore, the average N-Gain percentage of 

56.17% falls within the medium category, reinforcing the 
effectiveness of RBL-STEM learning materials in 

elementary science and STEM instruction. The range of 
40.54% to 71.43% indicates that most students benefited 
from investigation, concept exploration, design, and 
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product evaluation activities conducted during the 
learning process. The implementation of these materials 
not only enhanced cognitive understanding but also 
promoted student motivation and engagement through 
contextual and meaningful project activities. 

Consequently, the results demonstrate that RBL-STEM 
materials are suitable as an instructional approach that 
effectively fosters creativity and measurable 
improvements in learning outcomes. 

 
Table 6. Summary of results from the evaluation phase 

Evaluated Aspect Evaluation Findings Conclusion / Implications 

Validity Evaluation The average score from expert validation was 3.50, 
falling within the valid category. All components are 

ready for use with minor adjustments. 

The learning materials are appropriate for 
implementation in actual classroom 

settings. 
Practicality 
Evaluation 

Responses from students and teachers indicated a 
very practical category (≥ 90%). Worksheets are clear, 

instructions are easy to follow, and project activities 
are comprehensible. 

The materials are easily implemented and 
well received by both teachers and 

students. 

Effectiveness 
Evaluation 

The average N-Gain Score was 0.5617 (medium 
category) with an N-Gain Percentage of 56.17%. 

Students showed notable improvement in creativity 
and learning outcomes. 

The materials effectively support the 
development of creativity and conceptual 

understanding. 

Learning Process 
Evaluation 

Students exhibited high engagement, enthusiasm, and 
active participation in investigation, experimentation, 

and product design activities. 

The RBL-STEM learning process was 
successfully implemented and supports 

21st-century competencies. 
Student Product 
Evaluation 

Students successfully created electric brooms from 
cardboard with diverse designs, functional 

performance, and high creativity. 

The project aligns with learning objectives 
related to engineering skills and 

environmentally friendly innovation. 
Final Revision 
Evaluation 

Adjustments included refining worksheet 
presentation, simplifying instructions, improving the 

creativity rubric, and enhancing media. 

The materials are ready for broader 
dissemination and classroom application. 

Overall Feasibility Overall, the materials were valid, practical, and 
effective. 

The learning materials are considered 
feasible and ready for final deployment. 

 
The evaluate stage was conducted to assess the 

overall quality of the RBL-STEM learning materials 
following validation, implementation, and revision 
processes. The evaluation results indicate that the 
materials met the criteria for validity, practicality, and 
effectiveness, as evidenced by an average expert 
validation score of 3.50 (valid category), highly positive 
responses from students and teachers, and an 
improvement in learning outcomes with an average N-
Gain of 0.5617, falling within the medium category. The 
evaluation of the learning process revealed that students 
actively participated in investigation, experimentation, 
and product design activities. Furthermore, the 
evaluation of student products demonstrated that all 
groups successfully created electric brooms from 
cardboard, exhibiting both creativity and functional 
performance. Final revisions were carried out to refine 
presentation, clarify instructions, and enhance 
assessment rubrics, resulting in learning materials that 

are ready for broader application in elementary school 
science instruction based on RBL-STEM. 
 
Discussion 

The RBL-STEM based learning implemented in this 
study proved to provide a more meaningful learning 
experience for students, as they not only acquired 

theoretical concepts but also applied them directly 
through research and product engineering activities 
(Gita, Waris, et al., 2023). During the problem 
identification phase, students were engaged in 
understanding real environmental issues in their 
surroundings, specifically the accumulation of 
cardboard waste that had not been properly utilized 
(Adrillian et al., 2024). This direct involvement 
heightened students’ environmental awareness and 
motivated them to develop creative solutions. The 
integration of research-based learning across problem 
formulation, data collection, experimentation, and 
solution testing provided a structured learning process 
that enabled students to cultivate critical and scientific 
thinking skills from the outset (Alvin et al., 2025). 

The “Transforming Used Cardboard into an 
Electric Broom” project offered students a practical 
context to explore the application of STEM concepts in 
daily life. In the science domain, students gained 

knowledge of basic electrical energy, motion forces, and 
material properties (Fikriyah & Sukmawati, 2022). In 
terms of technology and engineering, students practiced 
designing, constructing prototypes, and refining their 
designs based on trial results (Delfianza et al., 2023). The 
mathematics component was integrated through 
activities such as measurement, material calculation, 
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and proportion planning for product design. The holistic 
engagement of all four STEM elements transformed this 
project into more than a practical activity; it served as a 
platform for developing engineering-based problem-
solving competencies (Guntur et al., 2025). 

The learning process demonstrated a significant 
development of students’ creativity, particularly across 
the four Guilford indicators, namely fluency, flexibility, 
originality, and elaboration. Students were able to 
generate numerous alternative ideas for utilizing 
cardboard, explore various potential designs and 
mechanisms for the electric broom, and produce unique 
and functionally valuable prototypes (Cheng & Bololia, 
2024). This enhancement of creativity was facilitated by 
the RBL-STEM learning materials, which provided 
opportunities for brainstorming, design exploration, 
experimenting with new solutions, and revising 
outcomes based on component testing (Amanda et al., 
2024). The use of creativity rubrics and guided support 
through research-based learning further enabled 
students to systematically reflect on and refine their 
ideas (Gita et al., 2024). 

Beyond fostering creativity, the implementation of 
the learning materials significantly enhanced students’ 
engagement and active participation throughout the 
learning process. Observations indicated that students 
were more enthusiastic and actively participated in 
group discussions, material analysis, component 
assembly, and performance testing of the electric broom. 
The project- and research-based activities made learning 
more contextual and enjoyable, enabling students not 
only to understand concepts but also to develop a sense 
of ownership over the products they created. Positive 
responses from both students and teachers further 
confirmed that the RBL-STEM learning materials are 
practical and suitable for use in elementary school 
science instruction (Renita, 2023). 

In general, the implementation of RBL-STEM 
learning materials proved effective in enhancing 
students’ creativity, promoting divergent thinking, and 
fostering a comprehensive understanding of 
environmentally friendly technological innovation 
processes (Gita, Waris, et al., 2023). The electric broom 
project using used cardboard served not only as a 
contextual learning medium but also as a means to instill 
sustainability values through upcycling waste into 
functional products (Juliastari et al., 2022). These 
findings reinforce that integrating research-based 
learning with STEM constitutes a relevant educational 
strategy for addressing twenty-first century learning 
demands, particularly in cultivating a generation that is 
creative, environmentally conscious, and capable of 
producing simple yet practical technological 
innovations (Fatah et al., 2025). 

The study results indicate that the developed 
learning materials effectively enhanced students’ 
creativity. Guilford’s creativity indicators fluency, 
flexibility, originality, and elaboration showed notable 
improvement throughout the design and prototype 
development process (Ariawan et al., 2023). Students 
generated various alternative ideas for broom shapes, 
cardboard arrangements, and modifications to the 
driving mechanism. They demonstrated greater 
flexibility in thinking and were more open to revising 
their designs following trial testing. Brainstorming 
sessions and design sketches in the student worksheets 
effectively facilitated creative ideation, while the 
creativity rubric supported systematic self-evaluation 
and iterative product improvement (Fauzia et al., 2024). 

Project-based learning implemented through the 
RBL-STEM learning materials also demonstrated a 
significant increase in student engagement and 
motivation. The classroom became more dynamic as 
students collaborated in groups, engaged in discussions, 
assembled components, and conducted trials on the 
performance of the electric broom they created (Alvin et 
al., 2025). This process fostered collaboration, 
communication, and a sense of responsibility among 
group members. Observations indicated that students 
were more enthusiastic when confronted with real-
world challenges that required problem-solving, 
particularly when they could observe tangible outcomes 
from their efforts (Jamebozorg et al., 2022). These 
findings align with the developmental characteristics of 
elementary school students, who prefer concrete and 
experiential learning activities (Atsilnaura et al., 2024). 

In terms of teacher perspectives, the developed 
learning materials were considered practical because 
they provide comprehensive guidance through teaching 
modules, student worksheets, creativity rubrics, and 
easily applicable assessment instruments (Christina et 
al., 2025). Teachers reported that the structured RBL-
STEM approach, covering investigation, 
experimentation, design, and product evaluation, 
facilitated the teaching process. The standardized 
materials also enabled teachers to manage time 
effectively, support group activities, and conduct 
creativity assessments more objectively (Cheng & 
Bololia, 2024). Therefore, these learning materials 
demonstrate strong potential for sustainable 
implementation in elementary school science education 
(Hariyantini et al., 2025). 

The findings of this study confirm that RBL-STEM 
learning serves as an effective approach for enhancing 
students’ creativity while fostering sustainability values 
through environmentally friendly technological 
innovations. The project of creating an electric broom 
from used cardboard not only hones students’ scientific 
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and engineering skills but also cultivates awareness of 
waste management and the reuse of simple materials 
(Fitri et al., 2025). These findings indicate that well-
designed learning materials can positively impact the 
quality of instruction and the development of twenty-
first century competencies (Patras et al., 2024). With the 
support of teachers and adequate school readiness, RBL-
STEM materials hold strong potential for broader 
implementation in project-based learning at the 
elementary education level (Miskiyah & Safitri, 2023). 

The Development phase represents the core of the 
RBL-STEM learning material development process, as it 
transforms the initial designs created during the Design 
phase into complete, systematic, and ready-to-test 
instructional materials. The preparation of teaching 
modules, student worksheets, project media, and 
assessment instruments was carried out with 
consideration of elementary students’ characteristics 
and the objectives of science learning, which emphasize 
research skills and creativity. Each component was 
aligned with the RBL-STEM framework to ensure a 
structured learning process from problem identification 
to the evaluation of the electric broom prototype made 
from used cardboard (Gita, Waris, et al., 2023). 

In general, the Development phase produced well-
prepared RBL-STEM learning materials ready for testing 
in the Implementation stage. Revisions made based on 
expert feedback enhanced the quality of the materials, 
ensuring they better met the needs of teachers and 
students while remaining safe for use in project-based 
learning (Fidela & Fadilah, 2024). The success of this 
phase demonstrates that effective instructional material 
design requires collaboration among theoretical 
foundations, practical considerations, and expert 
evaluation (Rachman et al., 2024). With validated 
materials, the study can proceed to the next stage to 
assess how these resources contribute to enhancing 
creativity and environmentally friendly technological 
innovation skills among elementary school students 
(Allolinggi et al., 2024). 

Expert validation indicated that the developed 
RBL-STEM learning materials met the criteria for 
content feasibility, construct, and readability 
(Nurdiyanti et al., 2022). Each component, including the 
teaching module, student worksheets, project media, 
and assessment instruments, aligned with the principles 
of research and engineering based learning. The overall 
average score fell within the valid category, 
demonstrating that the materials possess an appropriate 
structure, are relevant to the learning objectives, and 
effectively support investigative activities and 
environmentally friendly technological innovation 
(Ubaidah et al., 2025). This evaluation confirms that the 
materials are suitable for elementary science instruction, 

which emphasizes concept exploration through hands-
on experiences (Maria, 2025). 

The validation process also revealed several aspects 
requiring improvement to enhance usability for both 
teachers and students. Validator feedback primarily 
addressed the simplification of language, refinement of 
visual presentation, and clarification of procedural steps 
in the cardboard electric broom project. Revisions based 
on these suggestions were crucial for improving the 
readability of the materials, providing clearer guidance 
within the student worksheets, and ensuring that the 
learning sequence aligns with the developmental 
capabilities of elementary students. Adjustments to the 
creativity rubric further strengthened the assessment 
instruments, making them more measurable and 
consistent with the indicators of fluency, flexibility, 
originality, and elaboration. 

Overall, the validation process confirmed that the 
RBL-STEM learning materials are ready for 
implementation to assess their practicality and 
effectiveness in real classroom settings (Gita, Waluyo, et 
al., 2023). The high validity indicates that the materials 
have been systematically designed, aligned with 
curriculum requirements, and relevant to the goals of 
fostering creativity and environmentally friendly 
technological innovation. With strong theoretical and 
structural feasibility, these materials have the potential 
to positively influence students’ learning experiences, 
particularly in developing creative thinking skills and 
problem-solving abilities through contextual projects 
involving simple technology (Jamebozorg et al., 2022). 

The implementation of the RBL-STEM learning 
materials demonstrated that the learning process 
became more structured, meaningful, and challenging 
for students (Patras et al., 2024). The research-based 
approach engaged students actively from the outset in 
identifying problems, collecting data, conducting 
experiments, and designing technological solutions 
through the project Transforming Used Cardboard into 
an Electric Broom. This activity not only emphasized the 
understanding of science concepts but also fully 
integrated elements of technology, engineering, and 
mathematics, making learning relevant to real-life 
contexts. Such engagement encouraged students to 
develop higher-order thinking skills and creativity. 

The N-Gain Score data from 28 students indicated 
an average learning gain of 0.5617, falling within the 
moderate category. The minimum score of 0.41 and the 
maximum score of 0.71 reflected a range of 
improvements from moderate to high among the 
students. These results suggest that the learning 
materials effectively supported most students in 
enhancing their conceptual understanding. Although 
not all students reached the high category, the relatively 
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even distribution of scores demonstrates that the 
materials were able to accommodate diverse learning 
needs (Hake, 1999). 

The mean N-Gain percentage of 56.17% provides 
further evidence that the implemented learning 
approach positively influenced students’ academic 
achievement and creative performance. The 
improvement scores, which ranged from 40.54% to 
71.43%, suggest that none of the students demonstrated 
low learning gains, while a proportion achieved high 
levels of improvement. These findings indicate that the 
project involving the development of an electric broom 
made from recycled cardboard served as a meaningful 
learning experience, fostering higher-order thinking, 
creative idea development, and a deeper understanding 
of science concepts related to electrical energy, force, and 
material characteristics (Juwitasari, 2023). 

A key factor contributing to the effectiveness of the 
implementation lies in the instructional design, which is 
closely aligned with the characteristics of RBL STEM 
learning. The student worksheets were developed to 
incorporate systematic stages of investigation, 
conceptual exploration, prototype design, and tool 
performance evaluation, providing students with clear 
guidance throughout the project completion process 
(Miskiyah & Safitri, 2023). In addition, the teaching 
modules, supported by detailed instructions and 
supplementary learning materials, assisted teachers in 
facilitating instruction in a consistent and structured 
manner. This strong alignment between the 
instructional materials and the learning process enabled 
students to engage in both autonomous learning and 
collaborative group work (Tamaji et al., 2025). 

A substantial increase in student participation was 
observed during the implementation stage of the 
learning activities. Learners showed high levels of 
enthusiasm when conducting measurements, 
assembling simple components, evaluating the 
performance of the electric broom, and refining their 
design prototypes (Fikriyah & Sukmawati, 2022). Such 
active participation aligns with the core principles of 
project-based learning, which emphasize experiential 
processes that allow students to experiment, make 
mistakes, revise their work, and develop creative 
solutions (Fidela & Fadilah, 2024). These learning 
activities contributed meaningfully to the enhancement 
of students’ creativity, which was ultimately reflected in 
the increased N-Gain scores. 

RBL–STEM-based instruction demonstrated higher 
levels of student motivation and more positive learning 
responses compared to conventional learning 
approaches (Adrillian et al., 2024). Students were given 
autonomy to design products and incorporate personal 

creative elements, which fostered a strong sense of 
ownership toward their work (Fidela & Fadilah, 2024).  
Furthermore, the use of recycled materials such as 
cardboard contextualized the learning experience within 
students’ everyday lives and aligned it with 
environmental issues. Consequently, the learning 
process became not only engaging but also meaningful, 
as students were able to recognize the real-world 
relevance and practical value of the projects they 
developed (Ubaidah et al., 2025). 

The implementation of RBL–STEM instructional 
instruments contributed positively to teachers’ 
pedagogical effectiveness. The availability of structured 
teaching modules and integrated assessment 
frameworks enabled teachers to conduct learning 
activities in a more focused and efficient manner. 
Moreover, the incorporation of creativity-based rubrics 
facilitated more systematic and objective evaluation of 
both students’ learning processes and project outputs. 
Accordingly, these instructional instruments functioned 
not only as learning supports for students but also as 
mechanisms for enhancing the overall quality of 
classroom instruction (Alvin et al., 2025). 

In general, the results of the implementation stage 
demonstrate that RBL-STEM instructional tools are 
effective in improving students’ learning outcomes and 
creativity. Moderate to high N-Gain values, supported 
by positive responses from both students and teachers, 
indicate that these instructional tools are appropriate for 
wider application across different classes and 
educational levels (Delfianza et al., 2023). Research- and 
engineering-oriented learning activities embedded in 
environmentally friendly technology projects have been 
shown to facilitate the development of key 21st-century 
competencies, including creativity, collaboration, 
problem-solving, and STEM literacy (Cheng & Bololia, 
2024). Therefore, these instructional tools exhibit strong 
potential to serve as an innovative learning model that 
aligns with current educational needs. 

The final evaluation results indicate that the 
developed RBL-STEM instructional tools have met the 
required standards in terms of validity, practicality, and 
effectiveness. An average expert validation score of 3.50 
places the instructional tools within the valid category, 
reflecting adequacy in content quality, alignment of 
instructional syntax with the RBL STEM approach, and 
coherence between learning materials and the 
curriculum’s learning outcomes and objectives. This 
level of validity confirms that the instructional tools 
were designed in a systematic, logical, and consistent 
manner, allowing them to function as reliable guides for 
both classroom instruction and educational research 
(Alvin et al., 2025). Furthermore, the evaluation verifies 
that the conceptual framework, project implementation 
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stages, and assessment instruments satisfy appropriate 
pedagogical standards for the elementary school level. 

 
Conclusion  

 
This study produced RBL–STEM instructional tools 

that are valid, practical, and effective in enhancing 
students’ creativity and learning outcomes through an 
environmentally friendly technological innovation 
project entitled “Transforming Used Cardboard into an 
Electric Broom.” The development process, guided by 
the ADDIE model, demonstrated that the resulting 
instructional tools are well aligned with instructional 
needs, elementary school students’ characteristics, and 
current curriculum demands. Expert validation results 
classified the instructional tools as valid, while feedback 
from both students and teachers indicated that the tools 
were easy to use and engaging. These findings provide 
evidence that the developed instructional tools possess 
both theoretical soundness and practical feasibility to 
support research- and engineering-based science 
learning. The application of the developed instructional 
tools led to a marked enhancement in students’ abilities, 
as reflected in an average N-Gain score of 0.5617 and an 
N-Gain percentage of 56.17%, both falling within the 
moderate improvement category, as well as students’ 
ability to produce functional and creatively designed 
electric broom products. The concluding evaluation 
indicates that RBL–STEM instructional tools effectively 
strengthen students’ conceptual understanding of 
science while simultaneously promoting creativity, 
collaborative competence, and environmental 
awareness. Consequently, these instructional tools 
demonstrate strong feasibility for wider adoption as an 
innovative instructional model to facilitate the 
development of 21st-century skills in elementary school 
settings. 
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