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has significant positive impacts on deepening science education. This study aims to assess the
conceptual understanding of atomic theories as well as their distinctive characteristics, origins,
and limitations among student-teachers in physics and chemistry education programs, who
represent future educators in the educational system.

Materials and Methods: This qualitative study adopts an interpretive phenomenological
approach. The research population consisted of first-year student-teachers in physics and
chemistry education programs at Farhangian University of Tabriz during the 2023-2024
academic year. Using purposive sampling, 25 participants were selected, with theoretical
saturation determining the conclusion of sampling. Data were collected through semi-
structured interviews, and the recorded interviews were analyzed using the Strauss and
Carpenter method.

Findings: Analysis of participants’ understanding of concepts, historical context, and the
evolutionary progression of atomic theories—from Dalton’s theory to Schrodinger’s wave
How to Cite: Karami Garehgeshlagi, F.. &  theory—revealed four main themes: misconceptions regarding atomic models, lack of
Marandi Heydarloo, M. (2026). Phenomenological historical knowledge about atomic theories, the need for curriculum content revision, and

analysis of perceptions and descriptions by physics  strategies for enhancing theoretical knowledge of atomic models. Additionally, 22 sub-themes
and chemistry teacher students on the evolution of were identified
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Conclusion: The results indicate that most participants’ understanding of atomic structure
aligns with Bohr’s atomic theory, demonstrating a reasonable grasp of the nucleus (protons
and neutrons) and electron orbits based on this model. However, a significant deficiency was
observed in their comprehension of Schrodinger’s atomic theory. Most participants lacked a
coherent understanding of key quantum mechanical concepts, including the electron cloud
model, wave-particle duality of electrons, and its distinction from Bohr’s simplified orbital
model. Therefore, revising curricula and implementing scientifically grounded strategies
could effectively address these misconceptions and deficiencies.
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Extended Abstract

Introduction

Understanding atomic structure and the historical progression of atomic theories constitutes one of the most fundamental
scientific concepts with applications across numerous fields of science and technology. From the early theories of ancient Greek
philosophers like Democritus to more advanced models—such as Dalton’s atomic theory, Thomson’s and Rutherford’s models,
Bohr’s atomic model, and ultimately the quantum atomic model and Schrédinger’s wave equation—each represents humanity’s
enduring effort to deepen its understanding of the nature of matter. The proper teaching of these theories plays a decisive role
in shaping students’ scientific attitudes. Since teachers are the primary agents in transmitting these concepts, it is essential that
student-teachers themselves possess a profound understanding of these theories (Johnstone et al., 2018). Teachers’ beliefs and
conceptions—encompassing their mental frameworks and imagery of scientific concepts (Thompson, 1992)—can induce
lasting changes in students’ perspectives. A critical aspect of the teaching process is guiding learning objectives so that students
can construct understanding based on their learning experiences (Fouzia et al., 2022). This ability stems from teachers’
comprehension and communication of concepts, as the success of any educational system depends more on teachers’
professional knowledge and skills than on any other factor (Babaei et al., 2024). Although students’ conceptions of the nature
of matter have received considerable attention, little information exists regarding teachers’ conceptions, particularly in Iran.
While teachers’ pedagogical content knowledge (PCK) may develop over time through repeated teaching (Winer et al., 2020),
this does not negate the influence of their pre-service knowledge. The concept of atom serves as a prime example of the
conceptual profile theory (Eduardo Mortimer, 2014), which explains how individuals employ diverse ways of thinking and
understanding a single concept in different contexts. Human thinking about concepts is not static or one-dimensional, but
dynamic and multilayered. Examining the evolution of atomic theories is not merely a historical account but a reflection of
scientists’ intellectual endeavors across centuries. Such an exploration can lead to a better understanding of the nature of science
and the process of theory formation. Integrating a scientific perspective with a historical approach will enrich our
comprehension of atomic science.

Methodology

Phenomenology as a qualitative research methodology investigates the structures of lived experiences and individuals’
subjective perceptions. Utilizing Interpretative Phenomenological Analysis (IPA), this study offers an in-depth understanding
of student-teachers' theoretical knowledge of atomic theories. The research sample comprised 25 physics and chemistry teacher-
trainees from Farhangian University of Tabriz, selected through purposive sampling. Data were collected via semi-structured
interviews and analyzed following established qualitative validation protocols. The findings were organized into 4 core themes
and 22 sub-themes, revealing the multifaceted nature of participants’ comprehension of atomic theories.

Results and Discussion

Given the demographic homogeneity of the study participants, a thorough analysis of the recorded interviews yielded 4 core
themes and 22 sub-themes.

1. Common Misconceptions in Atomic Models:

- Solar system-like atomic representations with poor understanding of quantum models

- Two-dimensional (rather than three-dimensional) conceptions of atomic structure

- Misinterpretations of orbitals, uncertainty principle, and wave-particle duality

- Naive beliefs about atomic scale and observability




Karami Garehgeshlagi; Marandi Heydarloo | Phenomenological analysis of perceptions and descriptions...

2. Historical shortcomings and deficiencies in theoretical education:

- Neglect of evolutionary progression and historical scientific controversies

- Over-attribution to individual scientists while ignoring collective contributions

- Failure to connect scientific advances with technological and social developments

3. Curricular Content Shortcomings:

- Overemphasis on obsolete models with inadequate coverage of modern findings

- Counterproductive simplifications and unrealistic atomic representations

- Disconnected teaching of concepts across physics and chemistry courses

- Ineffective assessment methods favoring rote memorization

4. Proposed Improvement Strategies:

- Implementation of active learning methods and multidimensional media

- Development of digital simulations and 3D modeling tools

- Contextualizing theoretical concepts with practical applications and modern technologies

- Reforming teacher education programs and promoting student research

- Replacing memorization-based tests with qualitative analytical assessment systems

Conclusions

The results of this study demonstrate that student-teachers’ understanding of atomic theories remains predominantly
superficial and rooted in traditional teaching approaches, with significant deficiencies observed in their comprehension of
abstract modern physics concepts such as Schrédinger’s wave theory, electron wave-particle duality, Heisenberg’s uncertainty
principle, and the electron cloud model. Most participants continue to view electrons as particles moving in fixed orbits
resembling a solar system model, lacking any appreciation of the probabilistic nature of electron distribution within orbitals.
This likely stems from an overemphasis on the Bohr model in current educational practices. Particularly concerning is the
finding that some participants initially conceptualized atoms as solid, spherical entities, similar to Dalton’s model—a
problematic misconception for future science educators. Furthermore, the persistent belief in electrons following defined
trajectories reveals a fundamental misunderstanding of wave-particle behavior. While participants displayed adequate
awareness of the historical development of atomic theories, their understanding of the theoretical foundations and comparative
limitations of different models requires substantial improvement. The study also documented occasional severe
misconceptions, including inappropriate comparisons of atomic dimensions to biological cells and anthropomorphic
attributions to atomic behavior. To address these deficiencies, comprehensive reforms appear necessary, including revisions to
teaching methodologies, updates to educational content, and restructuring of basic science curricula. These findings corroborate
those of Qasemi et al. (2021), who emphasized the importance of addressing individual differences, implementing collaborative
learning strategies, employing integrated teaching models, adopting context-based approaches, establishing competency-based
objectives, and promoting active learning. Practical solutions should include the implementation of interactive teaching
methods, development of multimedia resources, explicit connections between theoretical concepts and practical applications,
in-service teacher training programs, and encouragement of student research initiatives. Additional recommendations involve
active teacher participation in curriculum development processes, creation of professional learning communities for experience
sharing, and systematic review of physics and chemistry education research. Finally, conducting longitudinal assessment
studies across grade levels could effectively monitor educational outcomes, inform curriculum improvements, and foster the

development of lifelong learning skills, enhanced problem-solving abilities, and critical thinking capacities among students.
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