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physics education, as understanding them plays a crucial role in comprehending the structure
of matter and their microscopic behavior. However, teaching these models—especially the
transition from classical models such as Bohr’s model to modern models based on quantum
mechanics—faces numerous challenges.

Materials and Methods: This study aimed to identify and analyze the educational challenges
of atomic models, based on a systematic review of scientific literature published between 2016
and 2023. The novelty of this research lies in presenting a three-fold analytical framework
(content-based, cognitive, and technological) for categorizing challenges and proposing
specific strategies for each category.

Findings: Findings indicate that one of the main issues is the presentation of different models
separately and without attention to their historical and conceptual evolution, which leads to
misconceptions and inaccurate scientific understanding among students. Furthermore, due to
the abstract nature of quantum models, effective teaching requires interactive methods and
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teaching atomic models in chemistry: from Bohr’s infrastructure.
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model to quantum mechanics. Research in
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Conclusion: Accordingly, curriculum reform, teacher empowerment, and purposeful use of
educational technology can significantly improve the quality of learning fundamental concepts
DOI: 10.48310/chemedu.2025.18968.1321 and foster scientific thinking in students. Addressing these challenges is essential not only for
enhancing students’ conceptual understanding but also for fostering scientific thinking and
inquiry-based learning in science education.
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Extended Abstract

Introduction

In recent decades, quantum physics has played a crucial role in the development of modern technologies. The first quantum
revolution addressed the limitations of classical physics, introducing foundational concepts such as quantized energy, the
qguantum model of the atom, and wave-particle duality, which paved the way for technologies like lasers and transistors. The
second quantum revolution, beginning in the late 20th century, shifted focus to practical applications, including quantum
computing, cryptography, and sensing. Despite global investments and technological advancements, public understanding of
quantum mechanics has remained limited, especially among high school and early university students, due to its abstract nature
and contrast with classical intuition.

To address this, many countries have integrated quantum topics into high school curricula, supported by educational tools
such as visualizations, simulations, and virtual environments. However, students often struggle with the transition from
classical to quantum models, especially in understanding atomic structure. Persistent misconceptions—Ilike overreliance on the
Bohr model—highlight the need for teaching approaches that emphasize model comparison and conceptual clarity.

From ancient times to the present, various models have been proposed to describe the structure of the atom. Philosophers
such as Leucippus and Democritus were the first to introduce the idea of atoms as indivisible particles of matter, though their
views were purely philosophical. In the 19th century, John Dalton introduced an atomic theory based on experimental evidence,
describing elements as composed of identical atoms. Scientific progress led to J.J. Thomson's discovery of the electron and his
"plum pudding" model. Later, Rutherford's gold foil experiment revealed the existence of a dense atomic nucleus. Niels Bohr
further advanced the atomic model by combining classical mechanics with Planck's quantum theory to explain the hydrogen
spectrum, although it was limited in explaining more complex elements.

In the 1920s, the quantum model of the atom, introduced by Erwin Schrédinger’s wave equation, replaced earlier models.
Instead of definite orbits, this model describes the probability of an electron’s presence in specific orbitals and incorporates
concepts such as Heisenberg's uncertainty principle. It remains the most accurate description of atomic structure and underpins
advances in quantum chemistry, spectroscopy, and modern technologies. Nevertheless, teaching this model remains
challenging due to the abstract nature of its concepts. Tools such as simulations, animations, and interactive environments can
aid in comprehension, but many students still prefer simpler models like Bohr's. Thus, effective teaching of atomic models
requires a gradual, visual, and integrative approach that combines historical development with foundational quantum principles.

This study analyzes 15 recent articles on teaching atomic models to identify common challenges and evaluate the
effectiveness of modern instructional strategies, aiming to support educators in improving student comprehension of these
abstract concepts.

Methodology

This study employed a systematic review method to investigate the challenges of teaching atomic models in chemistry.
ERIC and Google Scholar were used as primary databases, and relevant articles were selected using advanced searches with
keywords such as Atomic Models Education, Bohr Model Teaching Challenges, Quantum Mechanics in Chemistry Education,
and Misconceptions in Atomic Models. The selection criteria included: publication date (only studies from 2016 onward),
journal quality (7 from Q1, 5 from Q2, and 2 from Q3 journals), and topical relevance (focusing directly on teaching
challenges). Articles unrelated to education, purely theoretical, or redundant reviews were excluded. For each selected paper,

key information such as study summary, methodology, target population, findings, limitations, and future recommendations
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were extracted and organized in tables to enable comparison. Through qualitative content analysis, common challenges and
recurring patterns were identified. Limitations included restricted access to some paid articles, potential bias in article selection
due to keyword and database limitations, and lack of original data analysis. Despite these, the study aimed to ensure reliable
results through careful selection and comparative analysis of credible sources

Results and Discussion

Atomic models are among the key concepts in chemistry education, playing a crucial role in understanding the structure of
matter and chemical behavior. However, teaching these models—from Dalton’s model to the quantum model—has consistently
posed challenges for both teachers and students. These challenges often stem from the complexity of the concepts, ineffective
teaching methods, and students’ difficulties in grasping abstract ideas. Research analysis shows that students frequently have
an incomplete understanding of atomic models, especially during the transition from classical to modern models.

Teaching approaches for atomic models can be classified into three categories: traditional, experimental, and technology-
based methods. Traditional methods, such as lectures and the use of static images, although common, often lead to
misconceptions. Hands-on methods like spectroscopy experiments can enhance understanding, but face limitations such as
restricted access to equipment and inadequate coverage of quantum models. In contrast, using simulation software like PhET
and Atom Builder can strengthen visual understanding of atomic models, but their effective use requires teacher training and
active student engagement.

The challenges of teaching atomic models can be grouped into three categories: conceptual, methodological, and cognitive.
Conceptually, students often struggle to understand the probabilistic nature of electron positions, the distinction between
orbitals and orbits, and the dual behavior of electrons. Methodological challenges include the lack of continuity between
models, insufficient use of technology, and limited instructional time. Cognitively, students struggle with visualizing quantum
concepts, understanding mathematical symbols, and accepting counterintuitive ideas.

To address these challenges, researchers suggest solutions such as designing progressive curricula, utilizing interactive
technologies, and applying active teaching strategies. Combining historical narratives with computer simulations and group
activities in class—especially in teacher education—can enhance the effectiveness of teaching atomic models. Ultimately,
improving teachers’ scientific knowledge and pedagogical skills in this area is essential for enhancing the quality of science
education.

Conclusions

The findings of this study indicate that teaching atomic models—especially the transition from classical models like Bohr's
to the modern quantum mechanical models—faces complex and multifaceted challenges. These challenges stem not only from
the conceptual complexity of the scientific content but also from the teaching methods, availability of educational tools, and
the preparedness of teachers. According to the analysis of the literature, one of the key factors contributing to students’
conceptual misunderstandings is the lack of coherence in teaching atomic models. Often, these models are taught in isolation
without emphasizing their historical and logical progression. This disjointed approach reinforces simplistic ideas, such as the
planetary Bohr model, and makes it more difficult for students to grasp the more abstract concepts of quantum mechanics.

On the other hand, traditional teaching methods—mainly relying on lectures and static images—are insufficient for fostering
a deep understanding of the dynamic and probabilistic nature of quantum models. While some teachers incorporate simple
experiments or interactive tools, technical infrastructure and specialized teacher training to effectively use modern technologies,
such as simulation and computer modeling software, are still lacking in many schools. From a cognitive perspective, students

often struggle with abstract and intangible concepts such as the probability of electron location, wave-particle duality, and
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quantum orbitals. These difficulties are exacerbated in the absence of active and interactive teaching methods, sometimes
resulting in cognitive conflicts and resistance to accepting new models.

Based on these findings, several recommendations can be proposed to improve the teaching of atomic models:

1. Revising the curriculum to emphasize the continuity and historical-conceptual evolution of atomic models.

2. Purposeful and organized use of educational technologies such as interactive simulations and modeling tools.

3. Empowering teachers through training courses on quantum concepts and active teaching strategies.

4. Developing multimedia educational resources that simplify abstract and complex concepts through visual and intuitive
representations.

5. Addressing cognitive aspects of learning by designing activities that turn cognitive conflicts into opportunities for deeper
understanding.

Ultimately, successful instruction of atomic models requires not only scientifically accurate content but also an integrated,
interdisciplinary, and student-centered approach. By utilizing modern teaching strategies, educators can enhance students’
conceptual understanding and critical thinking. Paying serious attention to these challenges can play a vital role in improving

the quality of science education and in preparing the next generation of scientists and science educators.
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