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Abstract

Problem-based learning (PBL) and STEAM integration have both been shown to enhance
conceptual understanding and transferable competencies, yet their joint methodological
articulation for teaching physics remains underdescribed. This article proposes and
theoretically substantiates a problem-based methodology for forming core physics concepts
within a STEAM framework, where authentic problems become the engine for interdisciplinary
inquiry, modeling, design, and artistic representation. The approach positions students as
investigators who iteratively cycle through problem framing, conceptual hypothesizing,
experiment and simulation, engineering design, and communicative expression through
mathematical, technological, and artistic media. Drawing on research in conceptual change,
active learning, and integrated STEM/STEAM education, we describe the didactic design,
learning tasks, scaffolding mechanisms, and assessment logic that align with disciplinary
practices of physics while opening productive interfaces with engineering design cycles,
computational modeling, and creative visualization. The article concludes with practical
implications for curriculum and teacher professional development, offering a reproducible
pattern for schools seeking to teach physics conceptually and creatively through real-world
problems.
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Introduction

Forming stable and generative physics concepts requires more than exposure to formulas; it
requires engagement with phenomena, representations, and practices through which meanings
are constructed. Problem-based learning situates knowledge formation in ill-structured,
authentic problems that resist routine solution and demand conceptual reasoning supported
by evidence. STEAM education, in turn, connects science with technology, engineering, arts, and
mathematics to cultivate holistic understanding and creativity. When combined, PBL and
STEAM can transform physics lessons into laboratories of inquiry where students build, test,
and communicate ideas across modalities. Research shows that active and inquiry-oriented
pedagogies improve achievement and reduce failure rates in STEM courses, while PBL can
equal or surpass conventional instruction when problems are well scaffolded and assessment
attends to understanding rather than recall. The challenge is methodological: to design tasks,
tools, and assessments that preserve the epistemic integrity of physics while leveraging
interdisciplinary affordances.
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The aim of this study is to formulate a coherent problem-based methodology for forming
physics concepts within a STEAM framework, and to justify its pedagogical effectiveness
through theoretical argumentation and design-based implementation logic.

The proposed methodology is intended for an upper-secondary physics unit on energy and
momentum, though it generalizes to other topics. Students are introduced to a real-world
challenge—such as designing a safe, low-cost kinetic-art installation that transforms
gravitational potential into controlled motion for a public space. The problem is deliberately
open, invites constraints negotiation, and requires understanding of conservation principles,
forces, work, efficiency, and dissipation. Learning unfolds through iterative cycles. In the initial
cycle, students map prior conceptions and articulate hypotheses about energy transfer using
qualitative sketches and written narratives. The teacher introduces canonical
representations—free-body diagrams, bar charts, and mathematical models—at the moment
of need, not in advance, to minimize inert knowledge. In the investigation cycle, students design
and conduct experiments using motion sensors and video analysis, compare empirical traces
with analytic and numerical models, and refine assumptions about frictional losses and system
boundaries. The engineering cycle follows, where teams prototype mechanisms with accessible
materials and microcontrollers, using computational tools to simulate parameters before
fabrication. The arts component functions as a medium for communicating scientific ideas:
students storyboard the intended aesthetic effect, design kinetic forms that reveal invisible
quantities through motion or light, and prepare public-facing exhibits.

Scaffolding is layered. At the task level, constraints and intermediate milestones reduce
extraneous load; at the conceptual level, bridging analogies and multiple linked representations
support abstraction; at the metacognitive level, reflective prompts guide students to reconcile
predictions, measurements, and models. Formative assessment is continuous: concept
inventories target misconceptions about energy and momentum; performance assessments
capture design quality, modeling accuracy, and evidence-based argumentation; reflective
journals trace conceptual change. While the approach is student-centered, teacher
orchestration remains central in curating phenomena, sequencing complexities, and ensuring
alignment between problem demands and disciplinary learning goals.

The methodology is expected to yield three clusters of outcomes supported by prior literature.
First, conceptual coherence improves when students coordinate empirical data with
mathematical and computational models in the service of solving a tangible problem. Linking
bar charts of energy states to sensor-derived velocity profiles and to code that updates system
energy in time reduces fragmentation between representations, a common barrier in physics
learning. Second, transfer strengthens because knowledge is encoded in multiple contexts—
experimental, computational, and design—inviting students to abstract invariants such as
conservation laws and to adapt them to new constraints. The act of optimizing a prototype
under trade-offs makes the role of assumptions explicit, a hallmark of expert reasoning. Third,
engagement and scientific communication are enhanced by the artistic dimension, which
motivates audience-aware explanation, visual storytelling, and aesthetic refinement without
diluting conceptual rigor. Students must justify design choices with energy accounting, argue
from data when prototypes underperform, and translate equations into motion and light that
make ideas palpable to non-experts.

»
y 4



ADAPTING TO TRANSFORMATION: STRATEGIES FOR CHALLENGES AND
OPPORTUNITIES IN A DYNAMIC WORLD

Published Date: - 30-09-2025 Page No: - 256-259

Empirical syntheses caution that PBL can falter when cognitive demands exceed supports or
when assessment rewards product over understanding. The present design mitigates these
risks by staging problems through increasingly sophisticated sub-tasks, embedding timely
mini-lessons that introduce necessary formalism, and assessing sense-making explicitly. Active
learning meta-analyses further suggest that even brief, structured interactions around clicker
questions or whiteboard derivations can materially impact achievement; accordingly,
strategically placed whole-class discussions consolidate findings and surface alternative
models before teams iterate. The integration of engineering design aligns with contemporary
frameworks that define science learning as engagement in practices—asking questions,
modeling, arguing from evidence—rather than mere accumulation of facts. Computational
modeling acts as a bridge between mathematics and technology, enabling parameter sweeps
that would be impractical physically and revealing sensitivity to initial conditions that deepens
understanding of system behavior.

Implementation challenges remain. Teachers require confidence with open-ended facilitation,
assessment of complex artifacts, and basic microcontroller and coding skills. Schools need time
structures that permit iterative cycles and access to simple fabrication tools. Nevertheless, the
approach is modular: it can be enacted with cardboard, smartphone cameras, and free analysis
software, scaling upward as resources allow. Most crucially, the methodology reframes physics
concepts as tools for purposeful creation. When students feel the explanatory and design power
of conservation principles in artifacts they conceive and defend, concepts are more likely to be
retained, connected, and transferable.

A problem-based STEAM methodology for physics can form robust concepts by situating formal
ideas in authentic problem spaces where experimentation, modeling, design, and artistic
communication converge. The approach preserves the epistemic core of physics while
expanding its expressive resources, supports conceptual change through scaffolded cycles, and
assesses what matters: the ability to reason with evidence and to apply principles across
contexts. For sustainable adoption, curricula should define anchor problems that map to target
concepts, provide teacher guides for scaffolding and assessment, and build professional
development around facilitation, computational modeling, and artifact evaluation. Future work
should include comparative studies that track effects on concept inventories, transfer tasks, and
student discourse to accumulate an evidence base for scaling. As schools seek to cultivate
creativity without sacrificing rigor, problem-based STEAM physics offers a viable, actionable
pathway.
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