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Abstract:

Background and Objectives: Teaching and learning chemistry face challenges due to the
abstract nature of many of its concepts including atomic structure and chemical bonds, leading
to lack of motivation and misconceptions. Therefore, there is a need to use new and creative
methods in chemistry education. The aim of this study is to examine the effectiveness of
teaching subatomic structures in eighth-grade science classes using a combination of
technology, educational games, and interactive and participatory methods in science education
at senior high school level. Methods: This study was conducted using action research methods
following an observational and reflective approach. The statistical population consisted of
three senior high school students who were selected based on their needs, willingness, and
ability to attend after-school sessions. Initially, a pre-test consisting of various questions was
administered to assess the students’ initial level of knowledge. Then, a new teaching strategy
was designed and implemented, which included the use of animations, educational films, 2D
and 3D media, as well as educational software and games, simulations, and group and
participatory learning methods. After re-teaching, a post-test was conducted to evaluate
learning and the effectiveness of the teaching strategies being utilized. Findings: The results
showed that these methods significantly improved scores, increased motivation, addressed
misconceptions, and led to a deeper understanding of scientific concepts. Conclusion:
Therefore, it is recommended that teachers and educational planners pay more attention to
these methods and incorporate them into their teaching processes.
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Introduction

The transmission of scientific knowledge enhances public awareness, which, in turn, fosters critical and creative thinking
(Keshavarz & Moshk Bid, 1402). Effective learning occurs when new information is connected to students’ prior knowledge
(Gabel, 1999). Students typically enter the learning process with preconceived notions about the natural world, which can
sometimes lead to misconceptions (Rahmati Hasan Abadi & Paydar, 1402). Teaching chemistry faces challenges due to the
abstract nature of concepts like atomic structure and chemical bonds. These challenges include misconceptions and low
motivation among students. Some factors such as teachers, traditional teacher-centered methods, complex textbook content,
and lack of student interest in the subject lead to the development of misconceptions. Teaching methods, as one of the main
pillars of the educational process, significantly influence learning and understanding of scientific concepts (Redhana et al,
2017). These methods should be designed to engage students and encourage them to think critically and creatively. By
improving these methods and adopting appropriate strategies, learning can become more effective. Modern teaching methods,
particularly collaborative teaching and activity-based learning, significantly enhance students’ communication skills, critical
thinking, and deep learning. Collaborative teaching fosters a participatory environment and promotes responsibility (Anwer,
2019). Additionally, the educational technologies such as simulations and educational games are effective tools for correcting
misconceptions and presenting complex concepts. These tools provide an opportunity for a more engaging and in-depth
learning experience (Keshavarz & Amani, 1402). This study examines the effectiveness of teaching the subatomic structures
topic of eighth-grade science using interactive and collaborative strategies alongside technology tools like animations,

educational games, and simulations.

Methodology

This study was conducted using an action research method with an observation and reflective thinking approach in the
teaching domain of subatomic structures in experimental science (Grade 8 Science with the title “What's Going on Inside the
Atom?”). The participants included three 8th-grade students who were selected based on their needs, interests, and availability
outside of regular class hours. In the first phase of the study, an initial assessment was carried out to evaluate the students’ prior
knowledge and to identify their academic problem. This assessment involved a pre-test on the topic of subatomic structures.
The pre-test included various types of questions such as true/false, multiple-choice, descriptive, drawing, and computational
problems. After identifying the problems, strategies were designed and implemented to improve the current situation and
enhance students’ learning outcomes. With the participation of the students, the characteristics of the three particles—proton,
neutron, and electron—were reviewed and summarized in a table. In the third stage, animations and educational videos were
used to increase attractiveness of teaching. In the fourth stage, images of hydrogen and phosphorus isotopes were displayed,
and several questions were provided as exercises for the students. In the fifth stage, students collaboratively completed
incomplete informational cards related to various elements. These cards included the atomic number, mass number, chemical
symbol, and the number of protons, neutrons, and electrons of the elements. In the sixth stage, the PhET simulation website,
which contains educational content and games about various scientific topics, was introduced. The students were tasked with
completing the challenges in the ‘Build an Atom’ section. Finally, a post-test was conducted to assess students’ learning and
the effectiveness of the teaching strategies being used. The post-test results were compared and analyzed against the pre-test

results. Additionally, to ensure the validity and reliability of the pre-test and post-test questions, consultations were held with
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an educational evaluation and assessment expert as well as two experienced teachers in this subject and the validity and

reliability of the tests were confirmed.

Results and Discussion

Understanding abstract concepts in chemistry education, especially those related to subatomic structure, involves numerous
challenges. These challenges highlight the need for innovative teaching methods. One effective approach is utilizing
simulations, educational games, and graphical demonstrations, which can facilitate learning among students. The primary goal
of this research was to design learning activities based on group collaboration, simulations, visualization, dynamic graphical
representations, and the use of educational games. These activities were focused on topics such as determining the number of
subatomic particles, the capacity of electron shells, and isotopes. These methods aimed to promote deeper and more sustainable
understanding among students while preventing misconceptions.

In the first stage, a pre-test was conducted to assess the initial knowledge level of three students. In the pre-test, all three
students performed poorly in answering descriptive and conceptual questions. These results indicated the need for a change in
teaching methods to achieve a more profound understanding of the concepts. Subsequently, the topics were re-taught using
interactive and collaborative methods. With the students’ cooperation, the characteristics of subatomic particles, including
protons, neutrons, and electrons, were compiled into a table. Then, using animations, the formation of positive and negative
ions, the process of electron transfer, and the formation of an ionic bond between sodium and chlorine were depicted. These
demonstrations not only added more appeal to the class but also helped students better comprehend the concept of electron
transfer. Additionally, images of hydrogen and phosphorus isotopes were displayed, and students were asked to answer several
questions. Following this, students’ answers were reviewed and discussed, providing opportunities to explain mistakes.
Students were then asked to explain their answers to other group members and identify the reasons behind their errors.
Assigning responsibility of learning to students strengthened their confidence, motivation, and engagement in the teaching-
learning process. This helped foster better understanding and correct misconceptions. To review and reinforce the learned
lessons, students worked collaboratively to complete information cards for various elements, which included atomic number,
mass number, the number of subatomic particles, and chemical symbols. These activities not only increased student interaction
and collaboration but also boosted their motivation and enthusiasm. Furthermore, the PhET simulator website, which includes
educational tools and games about atomic structure, was utilized. This website provides interactive and visual simulations in
various scientific fields, especially physics, chemistry, biology, and mathematics. These simulations help students and teachers
gain a better understanding of scientific concepts while actively participating in the learning process. Educational games
allowed students to assess their learning, identify strengths and weaknesses, and improve their skills in calculating the number
of subatomic particles within an engaging and active learning environment. This approach enabled students not only to retain
and comprehend the content but also to develop the ability to analyze and apply these concepts in real-world situations.

Finally, a post-test was designed to evaluate the learning process and measure students’ understanding. This assessment
included multiple-choice, descriptive, and computational questions. The results showed significant improvement in the learning
of all three students. At the end of the assessment, the correct answers were explained, and the students’ errors were clarified.
Analysis of students’scores in the pre-test and post-test indicated notable progress in their understanding. This set of actions
resulted in increased confidence, interaction, and motivation among students, ultimately leading to deeper and more lasting

learning.( Table 1)
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Table 1- Comparison of the initial and final test results of the three students under study based on percentages.

Percentage of Correct Answers pre-test post-test
Student Name
Asma 80 100
Elham 55 100
Razieh 45 87.5
Conclusions

The results of this study demonstrate that employing creative and interactive teaching methods, including the use of media
technologies such as animations, dynamic and static graphical images, simulations, and group-based collaborative activities,
improves students’ scores. These methods enhance student interaction, motivation, and critical thinking skills, leading to a
deeper understanding of concepts and the resolution of misconceptions. One key advantage of these methods is their ability to
make abstract topics more tangible and engaging through visualization and interaction. Collaborative learning also fosters
increased student interaction, strengthens responsibility, and improves confidence and participation. However, implementing
these methods requires meticulous planning, access to technological resources, and additional time investment from both
teachers and students. Additionally, reliance on the tools such as PhET simulations may present challenges due to technical
limitations or lack of access to the internet and computers. Generally, when these methods are employed and combined with
traditional teaching approaches, they significantly improve learning outcomes. It is recommended that teachers and educational
planners pay more attention to these methods and incorporate them into their teaching practices. This approach could lead to

substantial improvements in the quality of chemistry education and learning.
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