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Annotation: This paper is devoted to methods of visualizing complex
concepts of quantum mechanics, such as wave functions, superposition,
quantum tunneling, and entanglement, which are notoriously difficult for
students to grasp through mathematical formalism alone. The relevance of the
topic is determined by the growing role of interactive simulations, animations,
and virtual and augmented reality tools in modern physics education, which
help transform abstract quantum phenomena into perceivable visual models
and thereby improve conceptual understanding and reduce common
misconceptions among learners.
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Quantum mechanics remains one of the most conceptually challenging
subjects in physics education because its core ideas — the probabilistic nature
of measurement, wave-particle duality, superposition, and entanglement —
have no direct analogue in everyday classical experience. Students frequently
rely on formal mathematical descriptions without developing an intuitive,
mental picture of the underlying physics, which leads to persistent
misconceptions. Visualization methods offer a way to bridge this gap by
translating abstract mathematical objects, such as the wave function or
probability density, into dynamic visual representations that can be observed,
manipulated, and explored interactively.

Several complementary approaches to visualizing quantum concepts have
been developed and studied in physics education research. The first group
consists of static and animated graphical representations, including plots of
probability density, phase-color-coded wave functions, and potential-energy
diagrams, which allow learners to see how a quantum state evolves in time and
how it depends on the shape of a potential well or barrier. The second group
comprises interactive computer simulations, such as PhET-style applets and the
QuVis project, which let students change parameters (energy, potential shape,
barrier width) in real time and immediately observe the resulting change in the
wave function or tunneling probability, thereby supporting inquiry-based and
exploratory learning. A third, more recent direction involves programmable and
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modular visualization environments, exemplified by tools such as Quantum
Composer, which combine graphical, node-based interfaces with the flexibility
of text-based coding, enabling both classroom demonstrations and advanced
research-level exploration. Finally, immersive technologies, including virtual
and augmented reality, are increasingly applied to represent multidimensional
quantum systems and abstract Hilbert-space concepts in a spatial, embodied
way that is difficult to achieve with two-dimensional graphics alone. Research
shows that the effectiveness of these methods depends strongly on design
choices: visualizations must be paired with guided activities and clear
conceptual framing, since poorly designed images can themselves introduce
new misconceptions rather than resolving existing ones. Combining multiple
representations — algebraic, graphical, and simulation-based — has been
shown to give students a more flexible and robust understanding of quantum
states than any single representation used in isolation.
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Fig. 1. Visualization of quantum-mechanical concepts: (a) wave function
and probability density for a particle in an infinite square well; (b) quantum
tunneling of a wave packet through a potential barrier.

Visualization methods, ranging from simple animated diagrams to
interactive simulations and immersive virtual environments, provide an
effective means of making the abstract concepts of quantum mechanics more
accessible to students. Their pedagogical value depends not only on visual
quality but also on careful instructional design that connects the visual
representation to the underlying physical and mathematical meaning. Further
development and evaluation of such tools, together with their integration into
standard physics curricula, can substantially improve conceptual learning
outcomes in quantum mechanics education.
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