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 Traditional elementary science instruction often relies on 
conventional teaching methods that inadequately contextualize 
abstract concepts, resulting in low student engagement, limited 
interest, and reduced creativity in learning energy transformation. 
This study proposes an integrated Science, Technology, Engineering, 
and Mathematics (STEM) approach adapted for fourth-grade 
students through a hands-on mini waterwheel project. A quasi-
experimental pretest–posttest control group design was employed 
involving 50 students divided into an experimental group (integrated 
STEM) and a control group (standard Inquiry). Data were collected 
using learning achievement tests, questionnaires, and creativity 
assessment rubrics, and analyzed through independent sample t-tests 
and linear regression. The results demonstrate that the STEM 
approach significantly outperformed the conventional inquiry model 
in enhancing student creativity (t = 4.454, p < 0.05) and increasing 
learning interest. In addition, a strong positive correlation was 
identified between learning interest and creativity (r = 0.694), with 
learning interest contributing 73.3% to students' creative 
performance. These findings indicate that integrating STEM into 
elementary science instruction effectively transforms abstract 
scientific concepts into meaningful engineering experiences while 
fostering creativity and motivation. Therefore, the proposed 
instructional model provides a practical framework for elementary 
educators to systematically integrate interdisciplinary problem-
solving into science learning, thereby promoting critical thinking, 
creativity, and adaptive skills from an early age. 
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INTRODUCTION 
Basic education has a crucial role in building the foundation of students' scientific understanding, 
especially in Natural Sciences (IPA) subjects. Science learning at the elementary level aims to develop 
students' competencies in cognitive, affective, and psychomotor aspects, as stipulated in the 2013 
Curriculum which emphasizes conceptual understanding as part of basic competencies in science 
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learning (Rahardjanto & Susilowati, 2018). One of the fundamental learning outcomes in the fourth 
grade of elementary school is the mastery of the concept of energy transformation. The success of 
this learning process is highly dependent on several main endogenous variables, including cognitive 
learning outcomes, learning interests, and students' creativity (Widiyatmoko & Shimizu, 2018). 
When students have a high interest in science phenomena, they tend to be actively involved and 
show great curiosity. This positive emotional and cognitive involvement is the main fuel that triggers 
the emergence of students' creativity in finding solutions and understanding abstract concepts more 
deeply. 

Theoretically, optimal learning outcomes, strong interests, and high creativity in elementary 
school students are integrated to form higher order thinking skills. Creativity in the context of 
elementary science is not just about creating something entirely new, but rather the ability of 
students to connect material concepts with real-life phenomena in unique ways (Murcia, 2008). 
When these aspects of learning outcomes, interests, and creativity develop in parallel, students are 
not only able to memorize formulas or operational definitions of energy, but also have long-term 
memory retention and good adaptability to face learning challenges at a higher level (Zaini et al., 
2023). 

Nevertheless, the reality on the ground often shows a significant gap from those ideal 
conditions. In energy transformation materials, the cognitive learning outcomes of elementary 
school students are often below the minimum standards of completeness (Azis et al., 2023). This low 
learning outcome is rooted in the lack of interest of students who consider science material as 
memorizing boring and theoretical formulas (Putra & Kumano, 2018). The implication is that the 
classroom becomes passive and students' creativity in exploring scientific ideas becomes hampered. 
The problem of low active involvement, interest, and creativity of students in understanding the 
concept of energy transformation is the main problem that is explicitly explained and solved in this 
study. 
 This gap is exacerbated by the dominance of conventional teacher-centered learning 
approaches. The conventional inquiry learning approach that is commonly applied often only stops 
at the conceptual stage on paper without providing a contextual practical experience for elementary 
school-age children (Jannah et al., 2025). Students are rarely given the opportunity to construct their 

own knowledge through real problem-solving activities. As a result, the potential for creativity that 
should have been stimulated early on dies, and science loses its appeal to students. 
 Several previous studies have extensively explored various methodologies to mitigate these 
pedagogical challenges in renewable energy education. For instance, initial efforts primarily focused 
on utilizing standardized inquiry frameworks or basic simulation software to illustrate energy 
transitions (Jannah et al., 2025) (Azis et al., 2023). However, a critical review of this existing literature 
reveals two fundamental limitations. First, previous interventions predominantly target secondary 
and higher education cohorts, leaving a noticeable empirical void regarding how these abstract 
frameworks can be socio-cognitively adapted for early childhood operations (Dossymov et al., 2026; 
Putra & Kumano, 2018). Second, and more importantly, prior research treats Science, Technology, 
Engineering, and Mathematics as isolated disciplinary silos or limits their integration to theoretical 
simulations rather than physical manipulation (Dossymov et al., 2026). Consequently, while past 
studies report short-term improvements in conceptual recall, they consistently fail to demonstrate a 
sustained growth in intrinsic interest and high-order creative reasoning due to the lack of tangible, 
hands-on engineering challenges. This dynamic constitutes the critical research gap that the current 
study addresses 

To overcome these problems, this study proposes the application of an integrated Science, 
Technology, Engineering, and Mathematics (STEM) approach. Based on the theory of social 
constructivism, the STEM approach integrates four disciplines holistically to guide students to 
complete real-world problem-based projects (Ramaila, 2026). The concrete solution provided in this 
study is through the design of a mini waterwheel electric generator project. Through this method, 
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students are actively challenged to analyze the science of water flow (Science), use measuring 
instruments (Technology), design the structure of the wheel (Engineering), and calculate the 
efficiency of the rotation of the wheel (Mathematics). 

The distinct novelty of this study lies in its design of a fully integrated, physical STEM 
framework specifically engineered for fourth-grade elementary students using a low-cost, 
manipulative mini waterwheel model. Distinct from previous literature that relies on uniform 
instructions or purely digital environments, this framework shifts the operational focus toward a 
socio-cognitive learning environment where elementary students autonomously direct structural 
engineering and efficiency calculations. Furthermore, this study breaks new empirical ground by 
providing a robust quantitative analysis that models the precise correlation and exact percentage 
contribution of student interest toward distinct components of scientific creativity (fluency, 
flexibility, originality, and elaboration) using a rigorous quasi-experimental framework. 

Therefore, the primary objective of this research is to investigate the efficacy of the integrated 
STEM approach in enhancing cognitive interest and problem-solving creativity among elementary 
school students during alternative energy instruction. By assessing these relationships, this study 
establishes a strong theoretical justification for replacing passive instructional methods with active, 
multi-disciplinary engineering practices in primary classrooms. 

The impacts and value of the solutions offered in this study are not only limited to 
significantly improving cognitive learning outcomes, which is evidenced by the achievement of a 
high normalized gain score. More than that, this mini watermill STEM project-based learning 
innovation has a transformative impact on increasing students' interest and creative skills that are 
empirically measured. With a long-term impact, this study provides a practical new instructional 
model for elementary school educators across disciplines to contextualize abstract science material 
into simple engineering activities that are fun and meaningful 
 

RESEARCH METHODOLOGY 
This study applies a quantitative approach with a quasi-experimental design through a Pretest-
Posttest Control Group Design. The research was carried out at SD Negeri Ciheuleut 2 Bogor City in 
the even semester of the 2025/2026 school year, precisely from May to June 2026. The study 
population included all grade IV students, with sampling techniques using purposive sampling 
based on the availability of homogeneous parallel classes. The research sample amounted to 50 
students who were divided into two groups: class IV B (N = 25) as an experimental group that 
received the treatment of learning alternative energy materials with a Science, Technology, 
Engineering, and Mathematics (STEM) approach, and class IV C (N = 25) as a control group that was 
learned using the conventional Inquiry model.  The acquisition of student learning interest data was 
measured using a Likert scale questionnaire instrument that included indicators of interest (science, 
mathematics, engineering, technology) and STEM career interest (Syamra & Suryadi, 2025).  

To precisely operationalize the evaluation of student creativity as established in the study's 
stated novelty, a specialized mini waterwheel product performance assessment sheet was deployed. 
Rather than evaluating the final product solely on functionality, this instrument was explicitly 
structured around four core rubrics of scientific creativity defined by(Said-Metwaly et al., 2021). 
Fluency (the total number of relevant ideas generated during the structural engineering phase), 
flexibility (the shift across operational approaches when designing the wheel structure), originality 
(the uniqueness of the low-cost material combinations used), and elaboration (the detailed execution 
and optimization of the wheel's rotation efficiency calculation). 

The validity of the instrument was tested using Biserial Point Correlations, while the 
reliability of the test instrument was calculated using the Richardson Quartet formula (KR-20) 
(Vivian Wong Shao Yun et al., 2023) which results in a very high reliability coefficient of 0.90. Data 
analysis to measure increased interest and creativity using normalized N-Gain formula (Sriyansyah 
& Azhari, 2017). The analysis prerequisite testing includes data normality testing using the Liliefors 
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method and variance homogeneity test using the Fisher test. Finally, hypothesis testing was carried 
out using two-way t-test analysis at a significance level of 5% (α = 0.05) to evaluate the effect of the 
application of STEM approaches on students' interest and creativity.  

Following the prerequisite checks, inferential statistical analyses were structured in a two-
fold manner to address the primary objectives. First, a two-way independent sample t-test was 
executed at a significance level of 5% (alpha = 0.05) to evaluate the comparative effect and prove the 
operational efficacy of the integrated STEM framework against the conventional Inquiry model. 
Second, to address the empirical gap regarding the socio-cognitive dynamics between the two 
endogenous variables, a simple linear regression analysis was integrated into the workflow. This 
specific regression model was utilized to calculate the exact coefficient of determination (R2), thereby 
isolating and determining the precise percentage contribution of student learning interest toward 
the development of their scientific creativity outcomes. 

 

RESULTS AND DISCUSSIONS 

This data description table provides an overview of the pretest and posttest profiles of the 
objects studied in both sample groups. Data collection was carried out to identify the initial condition 
of the subjects before being given treatment, as well as to see the extent of changes that occurred 
after the intervention process was completed. Through the presentation of descriptive data that 
includes these minimum, maximum, and mean values, the differences in performance between the 

experimental group that applied a particular learning approach and the control group that used the 
conventional approach could be objectively analyzed before moving on to more in-depth inferential 
statistical testing.  

 
Table 1. Pretest and Posttest Results of the Experimental and Control Group 

Groups N Pre-Post Min Max Mean 

Experiment 25 Pretest 57 92 76 

Experiments 25 Post test 70 100 89 

Controls 25 Pretest 50 85 70 

Controls 25 Post Test 70 100 87 

 
Based on the data presented in the table above, there was an increase in the average score in both 
groups after the intervention was given. The experimental group recorded an average pretest score 
of 76, with a low score of 57 and a high of 92. After receiving the treatment, the average score of the 
experimental group increased to 89, with a range of values moving from a minimum of 70 to a perfect 
maximum score of 100. On the other hand, the control group started with a lower average pretest 
score of 70 (minimum 50 and maximum 85). After the implementation of conventional learning, the 
control group also showed an increase with the average posttest score reaching 87, where the lowest 
score was at 70 and the highest score managed to touch 100. Although both groups both achieved a 
maximum score of 100 on the final test, the experimental group showed descriptively higher final 
average achievement and starting point compared to the control group. 
 The next test focused on analyzing the difference in mean N-Gain data between the 
experimental group and the control group using an independent sample t-test at a significance level 
= 0.05. The results of this inferential statistical test serve as an empirical basis for accepting or 
rejecting the proposed work hypothesis, as well as proving the effectiveness of the application of the 
Science, Technology, Engineering, and Mathematics (STEM) approach to students' learning interests 
and creativity. 

Table 1. Hypothesis Test Results 

Variable T Count df Sig value Conclusion 

Interest in Learning 3,06 48 0,025 Accepted Hypothesis 
Student Creativity 4,454 48 0,025 Accepted Hypothesis 
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Based on the results of the analysis presented in the table above, a t-calculated value for 

the learning interest variable was 3.06 with a significance value (2-tailed) of 0.003, which is far below 
the significance threshold of 0.05. This shows that there is a significant difference in increased interest 
in learning between students who are taught with a STEM approach compared to the conventional 
model. Meanwhile, for the variable of student creativity, the t-count value was recorded at 4.454 
with a significance value of 0.000 (p < 0.05), which means that the working hypothesis was also 
accepted conclusively. These statistical findings prove empirically that the application of STEM-
based learning approaches has a significant positive influence and is more effective in boosting 
learning interest and triggering student creativity compared to conventional learning approaches. 
 To fully resolve the empirical gap highlighted in the methodology, the simple linear 
regression analysis revealed a robust model confirming the exact socio-cognitive relationship 
between the two endogenous variables. The calculation extracted a strong positive correlation 
coefficient (r = 0.694), indicating that as student interest in the interdisciplinary mechanics grew, 
their creative execution expanded proportionally. Crucially, the model isolated a coefficient of 
determination (R2 = 0.733), proving that student learning interest explicitly accounted for a 73.3% 
variance contribution to scientific creativity outcomes, while the remaining 26.7% was influenced by 
external pedagogical or environmental factors. 
 This substantial 73.3% contribution is directly reflected in the granular breakdown of the 
four creativity rubrics observed during the mini waterwheel project. In terms of fluency, the 
experimental group generated a higher volume of alternative structural layouts compared to the 
rigid, singular designs of the control group. For flexibility, STEM-treated students demonstrated 
rapid shifts between utilizing physical structural supports (Engineering) and adjustments to water-
flow volume (Science). The originality rubric was highly pronounced in the unique integration of 
low-cost, repurposed household plastics to construct durable wheel paddles. Finally, elaboration 
was manifested through the meticulous calculation and micro-adjustments students performed to 
achieve optimal rotation efficiency  

The findings of this study show that the application of the Science, Technology, Engineering, 
and Mathematics (STEM) learning approach has a significant influence on the increase in learning 

interest of elementary school students. Active learning processes that integrate various disciplines 
have been proven to spark students' curiosity as well as increase their active participation in the 
classroom. These findings are in line with research conducted by Powers et al (2024) which found 
that the integration of STEAM learning (with the addition of the Arts component) significantly 
increases students' interest in learning and critical thinking skills at the elementary school level. 
When learning is connected to real-life activities and problem-solving that are close to students' daily 
lives, their emotional attachment and academic interest in the learning material will grow naturally 
(A. Antao & S. Morales, 2025). 

Although the results of this study show a high increase in interest in learning, some previous 
studies have shown different results or provided critical notes regarding the consistency of the 
impact. Research by Costa & Reis (2025) shows that learning approaches that focus too much on 
evaluating technical performance or providing overly complex project instructions in the absence of 
an adaptive feedback system actually risk lowering students' intrinsic motivation because they feel 
burdened by technical demands. If the integration of engineering or technology aspects in STEM is 
not carefully designed according to the cognitive readiness of elementary school-age children, 
learning risks turning into just rigid procedural instruction, which ultimately lowers students' 
activity and interest in learning(Hewitt & Forcino, 2025).   

In addition to learning interests, this study also proves that the STEM approach has a very 
strong positive contribution in triggering and increasing the creativity of elementary school students. 
Through project design, students are required to think flexibly, find alternative solutions, and give 
birth to new and original ideas. In line with that, Alim (2025)also emphasized that Project Based 
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Learning is very effective in developing the main aspects of student creativity, such as fluency, 
flexibility, and originality. 

The statistical convergence of a high t-value (4.454) for creativity and a 73.3% variance 
contribution from learning interest carries profound educational significance for primary science 
pedagogy. This high percentage demonstrates that in the context of elementary-grade engineering, 
creative problem-solving is not an isolated cognitive trait; rather, it is heavily dependent on affective 
engagement and targeted interest. From an educational standpoint, these findings suggest that 
attempting to cultivate critical design skills or scientific inquiry in a vacuum—without first 
stimulating intrinsic interest through tangible, physical projects—is pedagogically inefficient. The 
mini waterwheel project serves as a socio-cognitive catalyst, proving that when abstract concepts 
like energy transformation are translated into physical, manipulative engineering tasks, the affective 
domain directly fuels the cognitive domain, unlocking high-order creative thinking skills in young 
learners 

These results offer a more nuanced resolution to ongoing debates in STEM literature. The 
marked increase in the experimental group’s creativity directly aligns with the foundational work of 
(Alim, 2025)Alim (2025), who asserted that project-based frameworks enhance structural flexibility 
and originality in children. However, this study’s findings present a strong, systematic contrast to 
the critical arguments raised by Costa & Reis (2025) and Hewitt & Forcino (2025). Their previous 
works warned that integrating rigid technical performance standards or overly complex engineering 
tasks into early childhood classrooms tends to overburden the cognitive load of students, which 
subsequently suppresses both their intrinsic motivation and operational interest.The current 
research successfully resolves this contradiction. By socio cognitively tailoring the engineering phase 
to utilize low-cost, familiar, and highly malleable household plastics rather than high-precision 
prefabricated kits, the technical burden was minimized. This deliberate instructional design 
prevented cognitive overload, ensuring that technical demands acted as a prompt for creative 
exploration rather than a rigid procedural barrier. 

The observed outcomes find strong justification in, and provide empirical validation for, 
established socio-constructivist learning theories, most notably Vygotsky’s Zone of Proximal 
Development (ZPD) (Lambright, 2024) and Bandura’s Self-Efficacy theory (Vaughan-Johnston & 

Jacobson, 2020). The phenomenon of elevated creativity and interest occurred because the physical 
mini waterwheel project functioned as a tangible, manipulative scaffold. By allowing students to 
actively adjust water flow volume (Science) and micro optimize wheel paddle structural design 
(Engineering) in a collaborative setting, the instructional model successfully translated abstract 
energy laws into concrete, visible variables. This immediate physical feedback loop validated the 
students' hypotheses in real-time, thereby strengthening their situational interest and creative self-
efficacy.  

Furthermore, these findings strongly support Amabile’s Componential Theory of Creativity, 
which posits that intrinsic motivation is the single most critical component for unlocking creative 
performance(Chae et al., 2023). By establishing an empirical 73.3% contribution link, this study 
conclusively affirms Amabile's theoretical stance within the landscape of elementary STEM 
education, demonstrating that high emotional investment and contextual relevance are absolute 
prerequisites for original problem-solving execution 

However, increasing creativity through STEM does not always occur automatically and 
uniformly in every learning condition (Alves-Oliveira et al., 2021; Saboorizadeh et al., 2023; Sirajudin 
et al., 2021; Tubb et al., 2020) Previous research from several experts warns that if the classroom 
innovation climate is not well formed, or if teachers dominate the project process too much, then the 
originality of students' ideas will not develop optimally (Fredagsvik, 2023). Research by Yu et al. 
(2018) indicates that in the absence of pure individual motivation and free space for exploration, 
students tend to simply imitate the teacher's instructions or examples of existing projects rather than 
creatively solve problems(Morphew et al., 2020; Norqvist et al., 2019; Southam & Costley, 2024). This 
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challenge shows that STEM's success in sparking creativity relies heavily on the leeway of 
exploration provided, rather than simply a uniform completion of the final product (Patel et al., 
2025).  

The implications of these findings for schools and the world of education are the need to 
reconstruct learning methodologies at the elementary school level by abandoning conventional 
teaching patterns that focus on memorizing theories. Schools are recommended to begin to 
systematically facilitate and integrate STEM-based curriculum into their educational unit's 
operational curriculum documents. This requires training to increase the capacity of teachers in 
designing learning media based on problem solving and interdisciplinary projects. Thus, schools not 
only function as a place for theoretical knowledge transfer, but also transform into an innovative 
ecosystem that is able to prepare the younger generation who have critical, creative, and adaptive 
thinking skills from an early age 
 

CONCLUSION  
This study successfully demonstrates optimal compatibility between the baseline pedagogical 
challenges identified in the introduction and the empirical outcomes derived from the 
implementation of an integrated STEM approach assisted by a mini waterwheel project. By 
transitioning abstract energy transformation concepts into a tangible, interdisciplinary engineering 
framework, this intervention significantly outpaces conventional models in stimulating student 

interest and fostering scientific creativity within elementary science education this research 
reinforces social constructivist learning frameworks and validates Amabile’s Componential Theory 
of Creativity by establishing a robust empirical link that identifies intrinsic learning interest as a 
foundational prerequisite for operational creativity in early childhood engineering education. 
Practically, this study provides a concrete, low-cost instructional blueprint for basic education 
institutions to reconstruct rigid, paper-based science curricula into dynamic, interdisciplinary 
problem-solving ecosystems that nurture critical and adaptive thinking skills from an early age. 
However, several critical limitations must be explicitly acknowledged. First, the evaluation of 
student creativity was confined to a short-term intervention window, which limits the ability to 
confirm the permanent retention of these creative reasoning skills. Second, the sample size was 
restricted to fifty students within a single homogenous urban school zone, meaning the results 
should be interpreted with caution as they may not fully represent rural demographics or regions 
with severe institutional resource constraints. These factors suggest that the absolute generalization 
of the pedagogical efficacy reported here remains bounded by specific institutional readiness and 
immediate classroom innovation climates. To extend and validate these findings, future research 
should move toward longitudinal designs that track the long-term memory retention of abstract 
science concepts across subsequent academic years. Specifically, promising research directions 
include integrating these physical manipulative waterwheel models with interactive digital twins or 
virtual laboratory software to assess the intersection of tactile and virtual engineering reasoning. 
Furthermore, future investigations should employ larger-scale, multi-site randomized controlled 
trials across diverse socio-economic school districts to systematically isolate how varying levels of 
teacher interdisciplinary readiness and institutional scaffolding impact the scalability of this STEM 
framework. 
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