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Abstract
Keywords This study investigates elementary students’ perceptions of the implementation of project-
Student Perception based learning through the Food Chain Diorama (DIONTANA) model in science education,
Project-Based Learning, with a focus on its contribution to creativity development. Employing a qualitative case
Creative Learning study design, the research involved 30 fifth-grade students from SD Negeri 5 Metro

Selatan who engaged in the DIONTANA project. Data were collected through observations,
Article History semi-structured interviews, and documentation, and analyzed using Miles and Huberman'’s
Received 2025-06-05 interactive model. The findings indicate that the DIONTANA project fostered student
Accepted 2025-07-19 creativity across four Torrance dimensions—fluency, flexibility, originality, and

elaboration—while enhancing conceptual understanding and collaborative skills. Three-

Copyright © 2025 by Author(s). dimensional dioramas served as cognitive bridges, transforming abstract ecological

This is an open access article concepts into concrete representations. Students reported high levels of motivation and

under the CC BY-SA license. engagement, supported by autonomy, competence, and social interaction. However,
challenges such as time constraints, limited material access, and individual learning
differences emerged. The study suggests adaptive strategies including flexible timelines,
resource banks, differentiated mentoring, and school-community partnerships. These
findings highlight the pedagogical value of integrating contextual, collaborative, and
creativity-centered approaches in elementary science curricula to promote 21st-century
competencies.

Elementary education represents a critical phase in the development of children aged 6 to 12
years, during which a gradual transition occurs from concrete to abstract thinking. Recent studies
emphasize that cognitive development at this stage is influenced by a variety of factors, including
early biological conditions and the diversity of learning stimuli in the environment (Rapuc et al., 2025;
Park et al., 2025). In line with Piaget's theory, children at this stage are in the concrete operational
phase, characterized by their ability to understand symbols and simple logical relationships, although
they are not yet fully capable of systematically handling abstract concepts (Oogarah-Pratap et al.,
2025; Fitriani & Zaini, 2025). Piaget's framework remains relevant in explaining children's cognitive
dynamics, particularly in the development of technology-based curricula (Cerovac & Keane, 2025),
special education (Tosolini et al., 2025), and moral and value formation (Meifang, 2025).

In today’s increasingly complex and dynamic global landscape, creative thinking skills have
emerged as a key 21st-century competency that must be cultivated from an early age. These skills are
not only essential for supporting problem-solving and innovation but also serve as a foundation for
higher-order thinking that is adaptable to change and relevant across life domains (Paz-Baruch et al.,
2025; Citraningtyas et al., 2022). Creative thinking involves unique cognitive processes—such as
primary process thinking—that enable imagination, free association, and novel idea integration in
problem-solving contexts (Suler, 1980). Accordingly, educational approaches in elementary schools
should be purposefully designed to nurture children's creative potential from an early stage (Rodd,
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1999; Agusta, 2020). Science learning is recognized as a natural context for fostering such skills, as it
involves integral processes of exploration, experimentation, and reflection (Maslin et al., 2025; Sitorus,
2016). Within this context, design-based approaches such as design thinking are increasingly
acknowledged for promoting creativity, collaboration, and open-ended thinking among young learners
(Grénman et al., 2024). Moreover, recent systematic reviews suggest that although research on
creative thinking in primary education is growing, there remains a need to strengthen empirical and
applied strategies within instructional contexts (Smare & Elfatihi, 2023). Consequently, there is a
pressing need for pedagogical breakthroughs that are not only conceptual in nature but also
contextualized and measurable in developing elementary students' creative thinking.

Fostering creative thinking through science education is essential for building meaningful
conceptual understanding while enhancing students’ cognitive and affective engagement (Yang et al.,
2016; Waldrip & Prain, 2017). Research shows that creative thinking in science can be facilitated
through instructional strategies that encourage idea exploration, problem-solving, and connections to
real-life experiences (Newton & Newton, 2010; Wijaya et al., 2014). However, science instruction in
Indonesian elementary schools remains predominantly conventional, focusing on rote memorization
and one-way information delivery, which limits students' creative development and science process
skills (Rustaman et al., 2018). In this regard, Project-Based Learning (PjBL) has proven to be an
effective pedagogical approach in promoting active, collaborative, and meaningful learning (Kaldi et
al., 2011; Chu et al.,, 2011; Tasc, 2015). PjBL implementation not only improves conceptual
understanding and information literacy but also fosters positive attitudes toward science and
teamwork skills. Furthermore, integrating PjBL with STEM-oriented and authentic contexts—such as
robotics or architectural design projects—has shown potential in strengthening higher-order thinking
and 21st-century skills (Karahoca et al., 2011; Krajcik et al., 2023; Rustaman et al., 2018). Therefore,
adopting PjBL at the elementary level becomes a strategic move in realizing science learning that is
creative, transformative, and responsive to contemporary educational needs.

Several studies further demonstrate that the effectiveness of PjBL can be enhanced through
the use of contextual media, such as dioramas. As a three-dimensional visual medium, dioramas allow
students to concretely represent abstract scientific concepts—such as food chains—in observable and
tangible ways (Humaira & Ninawati, 2023; Putra, 2022). Such visual representations not only bridge
the gap between conceptual understanding and everyday experiences but also play a significant role
in cognitive development through deep and imaginative visualization processes (Mnguni, 2014; Uttal &
Doherty, 2008). Recent findings underscore that integrating project-based media into science
education enhances not only conceptual understanding but also creativity, emotional engagement,
and problem-solving abilities (Azizah et al., 2020; Ferrero et al., 2021; Retno et al., 2025). Specifically,
structured and contextual STEM-based PjBL approaches have been found effective in fostering critical,
collaborative, and solution-oriented thinking skills in elementary students (Imaduddin et al., 2021;
Rasyid et al., 2023). Thus, the integration of PjBL and dioramas represents not only a pedagogical
innovation but also a transformative strategy for enhancing science learning that emphasizes creativity
and meaningful understanding.

This study aims to explore in depth the perceptions of elementary school students regarding
the contribution of the DIONTANA (Diorama of Food Chains) project-based learning model in fostering
creative science learning. The primary focus is directed toward understanding how students perceive
and reflect on their learning experiences during their involvement in the diorama-based PjBL activities.
Additionally, the study seeks to identify the specific aspects of learning that students perceive as
contributing to the development of creativity, such as their ability to visualize abstract concepts,
collaborate with peers, and express scientific ideas imaginatively. Furthermore, the cognitive and
affective engagement dynamics of students within the learning process that integrates contextual
media like dioramas are of central interest. Through a qualitative approach and intrinsic case study
design, this research is expected to provide a holistic and contextual understanding of how the
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integration of PjBL and concrete visual media can serve as an effective pedagogical strategy to
support the growth of students' creativity in elementary science education.

This study employed a qualitative approach with an intrinsic case study design, aiming to
explore in depth the perceptions of elementary school students regarding the contribution of the
DIONTANA (Diorama of Food Chains) project-based learning model in fostering creative learning. A
qualitative approach was deemed appropriate as it facilitates the investigation of participants'
experiences and perspectives in a natural setting, allowing for a rich, descriptive understanding of the
phenomenon under study (Creswell & Poth, 2016; Dodgson, 2017). Specifically, the intrinsic case
study design enabled the researcher to focus on the particularities of the case in its real-life context,
emphasizing the uniqueness and value of the case itself rather than generalization (Creswell & Poth,
2016). This design supports the exploration of the phenomenon in a contextual and holistic manner
through direct interaction with participants. The population in this study consisted of 90 students at
SD Negeri 5 Metro Selatan during the 2024/2025 academic year. The sample comprised 30 fifth-grade
students selected purposively based on the following criteria: (1) having completed or currently
undergoing science instruction on the topic of food chains, (2) direct involvement in the
implementation of the DIONTANA project, and (3) diversity in academic background and project
engagement to ensure data variation.

Data were collected using a triangulated approach through three primary techniques:

1. Non-interventionist participant observation, conducted across three project sessions. The
researcher observed aspects such as student engagement, creative initiative, teamwork, and
visual idea expression in the creation of dioramas. Observations were recorded using structured
observation sheets and narrative field notes.

2. Semi-structured interviews, conducted with 12 selected students representing high, medium, and
low engagement categories. Interview questions focused on students’ perceptions of the learning
process, encountered challenges, and their views on the relationship between the diorama
project and creativity development (see Interview Guide, Appendix A). Each interview lasted
between 20 and 30 minutes and was audio-recorded for transcription purposes.

3. Documentation, including (a) student group diorama products, (b) student reflective notes, (c)
photographs of the project process, and (d) teacher observation records. These documents were
analyzed as complementary data to support interpretation from observations and interviews.

Data analysis followed the interactive model of Miles and Huberman as cited in Makhin
(2021), comprising four stages:

1. Data collection, involving the gathering of field data through observation, interviews, and
documentation.

2. Data reduction, through selection, simplification, and transformation of raw data into initial codes
representing elements of perception and creativity.

3. Data display, through organizing information into thematic matrices, narrative quotations, and
visual summaries to identify inter-case patterns among students.

4. Conclusion drawing and verification, conducted iteratively by comparing findings across data
sources and ensuring interpretations are grounded in empirical evidence.

To ensure qualitative validity and reliability, this study applied two forms of data
trustworthiness procedures:

1. Credibility, ensured through several techniques, including:

a. Method and source triangulation, involving a combination of observations, interviews, and
documentation.

b. Prolonged engagement, with the researcher present in each project session to understand
natural dynamics.
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c. Member checking, where interview summaries were confirmed with participants to avoid
misinterpretation.

d. Document referencing, such as teacher creativity rubrics, used to verify consistency with field
data.

2. Confirmability, ensured by:

a. Develop an audit trail and document the data collection and analysis process.

b. Researcher’s reflective memos, used to examine potential biases and maintain interpretive
objectivity.

¢. Ensuring that findings and interpretations were genuinely derived from the data, not from
personal assumptions or preferences.

Result

Students’ Perceptions of the Implementation of Project-Based Learning "DIONTANA”

Data obtained from observations, interviews, and documentation revealed a range of student
perceptions regarding implementing the DIONTANA (Food Chain Diorama) project-based learning
model in science instruction. These perceptions reflect both cognitive and affective responses to the
learning experience, and can be thematically categorized into four major dimensions:

1. Engagement in Learning — focusing on students’ interest, motivation, and participation during the
project.

2. Creativity Development — highlighting how students expressed fluency, flexibility, originality, and
elaboration in designing the diorama.

3. Conceptual Understanding — addressing students' cognitive gains in comprehending abstract
science concepts, particularly food chains.

4, Collaboration and Social Skills — reflecting interpersonal dynamics, teamwork, and communication
during group work.

Engagement in Learning

87% of the 30 participating students (n = 26) expressed a high level of engagement during
the implementation of the DIONTANA project. Data derived from interviews and observations
consistently indicated that students found the project-based learning experience more interesting,
meaningful, and enjoyable than conventional instructional methods. They described the learning
process as interactive and personally relevant, with one student (R5) stating, "I enjoyed learning
science by making a food chain diorama. I could collaborate with my friends and felt like a real
scientist researching the relationships among living organisms. ” This qualitative evidence supports the
notion that when students are provided with hands-on, authentic tasks situated in a meaningful
context, their intrinsic motivation and engagement are enhanced.

However, the data also revealed variability in student experiences. Four students (13%)
reported initial confusion and hesitation, primarily due to unfamiliarity with the project-based learning
model. These students required additional guidance in understanding task expectations and
coordinating group roles during the early implementation phases. This finding aligns with the
understanding that students’ engagement levels can vary based on prior exposure to student-centered
learning approaches, and it highlights the importance of scaffolding and clear instructional support
during the introduction of new pedagogical models.

Creativity Development

The findings of this study demonstrate that the implementation of the DIONTANA project
contributed significantly to the development of students’ creativity, as reflected in the four dimensions
proposed by Torrance: fluency, flexibility, originality, and elaboration (Figure 2). Each dimension was
explored through student reflections, observational field notes, and documentation of diorama
outputs.
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Figure 1. Data Creativity According to Torrance

The analysis revealed that the DIONTANA project significantly contributed to developing
students’ creativity across the four dimensions proposed by Torrance—fluency, flexibility, originality,
and elaboration. In terms of fluency, 83% of students (n = 25) reported generating multiple ideas
during the project, demonstrating divergent thinking through using various recycled materials such as
dried leaves, plastic waste, and colored paper to build ecosystem elements. This abundance of
ideation reflects the openness and flexibility of the project format, which encouraged free expression.
Flexibility was observed in 79% of students (n = 24), who displayed the ability to shift perspectives by
interpreting food chains not merely as linear relationships but as interconnected ecological systems,
illustrating a more advanced, systemic understanding of biological interactions.

Originality was evident in the work of 76% of students (n = 23), who produced distinctive
features in their dioramas—for instance, using transparent plastic to simulate river flow or textured
materials to recreate realistic habitats—suggesting that the project created a psychologically safe
space for creative experimentation. Furthermore, elaboration was demonstrated by 81% of students
(n = 25), who enriched their projects with intricate details such as bark textures crafted from
cardboard, nuanced leaf coloration to represent photosynthesis, and clearly labeled trophic roles,
reflecting a high level of engagement and the ability to refine their creative output.

Nevertheless, 17% of students (n = 5) were identified as needing additional scaffolding,
particularly during the planning and execution stages, indicating diverse levels of creative readiness
within the group. These findings underscore the importance of differentiated instructional strategies to
support all learners. From an educational psychology perspective, this aligns with Torrance’s view of
creativity as a multidimensional trait that can be cultivated through supportive, student-centered
learning environments. The hands-on, visual-spatial nature of the DIONTANA project also resonates
with constructivist learning theory, as students actively constructed knowledge through contextual,
meaningful experiences that bridged abstract concepts with concrete representations.

Science Concept Understanding

A substantial majority of students (85%, n = 26) reported an improved understanding of the
food chain concept following their participation in the DIONTANA project. Data obtained through
semi-structured interviews and reinforced by observational field notes and student artifacts suggest
that the use of three-dimensional dioramas served as an effective cognitive scaffold. Specifically, the
physical and visual construction of ecosystems enabled students to concretize abstract ecological
relationships, such as energy transfer and trophic levels, which are typically challenging to grasp at
the elementary level.

This finding aligns with Piaget’s theory of cognitive development, which places upper-
elementary students within the concrete operational stage. At this stage, learners rely heavily on
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tangible, visual, and experiential materials to construct meaning. The diorama project allowed
students to manipulate and spatially organize representations of producers, consumers, and
decomposers—thereby aligning instructional strategies with their developmental needs. One student
(R15) explained: "Previously, I was confused about how energy flows in a food chain. But after
making the diorama, I could clearly see how producers, primary consumers, secondary COnsumers,
and decomposers are interconnected.”

In addition to self-reported gains, student-created dioramas illustrated improved conceptual
integration, as evidenced by the accurate sequencing of food chains, symbolic color use, and
ecosystem structure. Observational data also noted increased use of disciplinary vocabulary (e.g.,
“decomposer,” “herbivore,” “energy flow”) during group discussions, suggesting that the project
facilitated both conceptual understanding and scientific literacy. These findings are consistent with the
argument that visual-spatial learning tools, when embedded within active and collaborative
frameworks like Project-Based Learning, can bridge the gap between abstract content and concrete
understanding.

See Figure 1 for a visual summary of student responses on conceptual understanding and
social skill development.
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Figure 2. Conceptual Understanding and Social Skills Data

Collaboration and Social Skills

A majority of students (89%, n = 27) indicated that their collaboration and social skills
improved as a result of participating in the DIONTANA project. Interview data and classroom
observations consistently revealed that students were actively engaged in group-based tasks, such as
discussing content ideas, assigning roles, negotiating design decisions, and resolving interpersonal
disagreements. These collaborative interactions created a social learning environment that fostered
the development of communication, empathy, and collective problem-solving.

One student (R21) stated, "While working in groups, we had to discuss which animals and
plants to include in the diorama. Sometimes we disagreed, but in the end, we were able to find a
solution together.” This response highlights not only the cooperative dimension of the task but also
students’ ability to manage differing perspectives constructively—an essential component of 21st-
century learning competencies.

Despite these positive outcomes, two students reported discomfort in group settings, citing
that their ideas were often overlooked by more dominant peers. This finding suggests that although
collaborative learning environments offer numerous benefits, they also require careful facilitation to
ensure equitable participation. Teacher mediation and clearly defined group roles may be necessary to
support students with lower confidence or assertiveness, particularly in diverse classrooms. From a
pedagogical standpoint, the findings support the value of project-based learning in cultivating both
cognitive and socio-emotional competencies. In line with Vygotsky’s sociocultural theory, the social
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context of learning—particularly peer interaction—serves as a critical mediating factor in students’
development. The collaborative nature of the DIONTANA project enabled students to co-construct
knowledge while simultaneously navigating and internalizing key social behaviors.

Challenges in the Implementation of the DIONTANA Project

Although students generally reported positive perceptions of the DIONTANA project, several
challenges emerged during the implementation process. These challenges, identified through
triangulated data from interviews, observations, and student reflections, highlight key areas that
require pedagogical attention to optimize the effectiveness of project-based learning.

First, time constraints were reported by 35% of students (n = 10), who felt that the duration
allocated for project completion was insufficient to fully develop and refine their ideas. Students
expressed that while they were enthusiastic about the creative process, the limited time restricted
their ability to explore alternative designs or make improvements based on peer or teacher feedback.
Second, material availability was cited as a constraint by approximately 28% of students (n = 8).
These students encountered difficulties in obtaining appropriate and sufficient materials for building
their dioramas, such as miniature animal figures, textured natural items, or recycled components. This
limitation affected both the execution quality and the expressive potential of their projects, especially
for those aiming to create more elaborate or original representations. Third, individual differences in
ability were noted through observation and corroborated by teacher documentation. About 18% of
students (n = 5) required more intensive scaffolding to articulate and translate their creative ideas
into physical models. These students demonstrated hesitation in decision-making and sought frequent
guidance during each phase of the project, indicating a need for differentiated support strategies.

These findings reinforce the critical role of teachers in managing time effectively, ensuring
equitable access to learning resources, and providing differentiated instruction tailored to individual
learner needs. Without such support, the benefits of project-based learning may not be fully realized,
particularly for students with varying levels of confidence, creativity, or familiarity with open-ended
tasks. From a design-based implementation perspective, these challenges suggest that while project-
based learning fosters autonomy and creativity, it also demands structured facilitation to address
logistical and developmental diversity. Incorporating flexible timelines, curated material kits, and
guided peer mentoring may serve as practical strategies to mitigate these issues in future
applications.

Discussion

The findings of this study affirm that the implementation of the DIONTANA Project-Based
Learning model significantly contributed to enhancing student engagement, creativity development,
conceptual understanding in science, and collaborative skills. Broadly speaking, these results align
with both constructivist and sociocultural educational theories that emphasize the importance of
contextual, collaborative, and experiential learning environments. One of the key findings revealed
that the majority of students experienced increased engagement throughout the project. This is
consistent with prior research indicating that Project-Based Learning effectively enhances intrinsic
motivation and active participation through authentic, collaborative, and meaningful learning tasks
(Napitupulu & Murniarti, 2024; Stoica, 2024; Lam et al., 2009; Noor et al., 2024). Across various
educational levels, from primary to higher education, PjBL has been shown to foster student
responsibility (Johari & Bradshaw, 2008), leverage participatory technologies such as e-portfolios (Oh
et al., 2020), and promote social interaction and real-world problem-solving (Ferreira & Canedo, 2020;
Jeon et al.,, 2014). These findings thus reinforce empirical evidence suggesting that student
engagement increases when they are immersed in socially structured and meaningful learning
processes.

Nonetheless, it is important to note that a small number of students expressed initial confusion in
understanding the project's workflow. This highlights the fact that implementing Project-Based
Learning is not without challenges, particularly for students unfamiliar with open-ended pedagogical
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approaches. As noted by Aldabbus (2018) and Deri¢ et al. (2021), the success of PjBL depends heavily
on well-structured instructional design and proactive strategies to mitigate implementation barriers. In
this regard, scaffolding plays a crucial role in helping students develop conceptual understanding and
manage tasks incrementally (Aksela & Haatainen, 2019; Cintang et al., 2018). Jatisunda and Nahdi
(2020) further emphasize that systematic scaffolding enhances students’ problem-solving abilities in
inquiry-based contexts—a principle equally applicable to PjBL, which requires active and autonomous
cognitive engagement. Without such support, students risk becoming disoriented, as reported by
Meyer et al. (1997) and Harris (2014), whose studies show that lack of initial guidance can impede
motivation and strategy use. Therefore, adaptive and responsive pedagogical support is essential in
facilitating the transition from traditional instruction to project-based models (Hussein, 2021).

Regarding creativity, the study revealed that the DIONTANA project successfully fostered
students' creative expression, reflecting Torrance’s (1966) four components of creativity: fluency,
flexibility, originality, and elaboration. Most students demonstrated the ability to produce diverse
visual representations of ecosystems using recycled materials, indicating a psychologically safe
learning environment that encouraged creative exploration. These findings support the view that
creativity is not a fixed trait but a dynamic potential that can be cultivated through learning
environments that promote freedom of thought, exploration, and social support. This perspective
aligns with the work of Treffinger (1995) and Dai (2020), who argue that creativity is part of a
broader talent development process supported by adaptive educational strategies. In primary
education, the teacher’s role is central in shaping a classroom climate conducive to the realization of
creative potential (Wintara & Dasar, 2017). Moreover, creativity is strongly influenced by spatial and
cultural contexts, as noted by Meusburger (2009), who emphasizes the importance of “milieus of
creativity” in shaping the conditions for creative expression. Dai (2015) also advocates for equitable
and productive creative development, asserting that educational systems must balance academic
achievement with opportunities for personal expression and talent realization.

Aligned with Piaget’s theory of cognitive development, which places elementary students in the
concrete operational stage, the DIONTANA project effectively supported students in visualizing the
food chain concept more clearly. Constructing ecosystem components in three-dimensional form
enabled learners to connect visual elements with ecological functions such as energy flow and trophic
relationships. As one student (R15) stated, the project facilitated a cognitive transformation from
confusion to comprehension through concrete modeling. This finding also reinforces previous studies
suggesting that visual tools such as dioramas can function as effective cognitive scaffolds, especially
in elementary science education. Visual representations not only aid in conceptual understanding but
also strengthen the link between perceptual experience and scientific terminology. The frequent use
of scientific vocabulary during group discussions in this study suggests improved conceptual literacy
stimulated by visual processes. This aligns with the perspectives of de Jong (2006) and Flick (2000),
who assert that visually and manipulatively-based scaffolds support structured scientific thinking.
O'Donnell et al. (2002) similarly highlight the effectiveness of knowledge maps as cognitive scaffolds
in processing complex information. Additionally, Rosenshine and Meister (1992) and Belland et al.
(2013) emphasize that well-designed scaffolding not only promotes understanding but also enhances
motivation and high-level learning strategies. Vogel et al.'s (2017) meta-analysis further confirms that
socio-cognitive scaffolding, such as collaborative scripts, significantly strengthens learning outcomes in
group-based settings, as reflected in the improved scientific interaction observed among students in
this study.

Collaboration also emerged as a significant outcome of the project. Most students reported
improvements in communication, empathy, and group decision-making skills. These outcomes
illustrate the process of knowledge co-construction, as described in Vygotsky’s sociocultural theory,
where social interaction serves as a primary medium for both cognitive and social development.
Although most students adapted well to collaborative work, some expressed that their ideas were not
adequately heard. This underscores the importance of the teacher’s role in ensuring equitable role
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distribution and mediating interpersonal dynamics. Thus, Project-Based Learning requires a facilitative
approach that not only focuses on the final product but also attends to the social processes embedded
within collaborative learning experiences.

In summary, this study demonstrates that implementing the DIONTANA Project-Based Learning
model significantly boosts student engagement, enhances creativity, improves understanding of
scientific concepts, and strengthens collaborative skills in elementary science education. By integrating
concrete visual tools such as dioramas and structured scaffolding, the model aligns with constructivist
and sociocultural theories, effectively mediating abstract knowledge through experiential and social
learning. Crucially, the findings underscore the need for deliberate instructional planning and early-
stage support to prevent student disorientation, particularly for those unfamiliar with open-ended
pedagogies. This reinforces the argument that cognitive scaffolding, social facilitation, and a
psychologically supportive learning environment are essential components of successful PjBL
integration. These insights contribute to the growing evidence base advocating for project-based
approaches in primary education, suggesting that such models foster deeper learning and creative
growth. Future research might explore the long-term impacts of PjBL on student achievement and the
role of teacher development in sustaining high-quality implementation across diverse educational
contexts.
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