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ABSTRACT

: This study employs a qualitative approach based on Grounded Theory to
develop a conceptual model for identifying and explaining the key factors, strategies, and outcomes of game-
based learning in chemistry education. “: The key indicators and components of this
educational approach have been systematically identified through the analysis of the participants'
perspectives. Data were collected via semi-structured interviews with 15 experts knowledgeable in
gamification, using purposive and snowball sampling until theoretical saturation was achieved. The data
analysis followed the Strauss and Corbin approach, involving open, axial, and selective coding processes.
ﬁ: The findings led to the development of a model that categorizes the key factors influencing
chemistry learning and illustrates the dynamic relationships among them. The study highlights the importance
of an optimal balance between education and entertainment, demonstrating that transforming abstract
concepts into narrative-driven games can enhance student engagement and learning, providing a foundation
for designing effective educational tools. _: Gamification enhances the learning process by creating
an interactive, motivating environment. Through rewards, competition, and engagement, it promotes deeper
understanding, retention of material, and strengthens students' problem-solving and creative thinking skills.
The conceptual model presented in this research provides a framework for designing educational games in
chemistry and improving game-based learning methods. By bridging the gap between general gamification
theories and the specific needs of chemistry education, this model contributes to the design of more effective
learning experiences in this field.
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Extended Abstract

Introduction

Gamification refers to the application of game-like procedures for purposes beyond mere entertainment
(Kardan & Taghavi-Namin, 2017). In the context of education, this concept involves incorporating elements
and principles of game design into teaching processes to create an engaging and interactive learning
environment aimed at enhancing learners’ participation, motivation, engagement, and learning outcomes
(Soheili, Mahmoudi & Arezi, 2023). This approach represents the intersection of educational technologies
and innovative teaching strategies, striving to create meaningful and stimulating learning experiences that
better prepare students for the complex scientific challenges of the modern world. Although the use of
games in education has a long-standing history, their systematic and scientific application particularly in
alignment with advances in digital technology and learner-centered approaches has experienced significant
growth since the early 21st century. This development has transformed gamification into a prominent area
of educational research worldwide (Nasirian & Habibollahi, 2015; Biglari et al., 2023). Various chemistry
concepts such as atomic models, molecular structures, bonding theories, and chemical laws often appear
abstract and challenging to students. Games can help make these concepts more tangible and
comprehensible, allowing students to connect with them more effectively and experience the learning
process in a more engaging way. Research indicates that game-based learning can enhance academic
performance and lead to a deeper understanding of chemistry concepts (Bayer, 2014; Lotfi, 2021).
Moreover, integrating games into education significantly enhances students’ motivation to learn (Soheili,
Mahmoudi, & Arezi, 2023; Khazaei & Jalilian, 2014). The primary reason for this positive effect lies in the
engaging elements of games such as scoring systems, competition, and rewards, which transform the
learning process into an enjoyable activity and actively involve students with the educational content.

Despite its potential benefits, the use of games in education requires careful consideration of several
important factors. Maintaining a balance between game elements and educational objectives is crucial. It is
essential that games be integrated into teaching methods in a balanced manner so that instructional integrity
is preserved while student engagement is enhanced. Additionally, attention to student diversity and their
individual needs is necessary to maximize the impact of educational games on learning outcomes. Although
educational games aim to create low-risk learning environments where students can engage in the learning
process without fear of negative consequences for making mistakes, the balance between game features
and academic standards must be carefully managed. While game-based learning represents a promising
path for educational transformation, ongoing research is essential to fully harness its potential. Accordingly,
the present study aims to examine the key indicators and components influencing game-based learning in
chemistry education, exploring various aspects of this instructional method along with its benefits and
challenges. A thorough analysis of these components and indicators can help clarify the strengths of this
approach, identify its challenges, and propose solutions, ultimately contributing to the advancement of
game-based learning in chemistry and other scientific disciplines.

Methodology

This study adopts a qualitative research approach and utilizes the grounded theory method (Creswell, 2012)
to identify the indicators and components influencing game-based learning in chemistry education, aiming
to design a conceptual model.

Statistical Population, Sampling, and Sample Selection Methods

The statistical population of this research consists of individuals selected through purposive and snowball
sampling methods. The participants included three university professors, two Ph.D. students, two
postdoctoral researchers, and eight high school teachers active in educational environments, all of whom
had experience and research backgrounds in game-based learning. Participant selection was based on their
level of knowledge and experience in the subject matter. Initially, key individuals were identified through
purposive sampling, followed by the snowball method to introduce additional participants. According to
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Creswell (2012), a suitable sample size for grounded theory research typically ranges from 10 to 15
participants. In qualitative research, data collection stops when theoretical saturation is achieved—i.e.,
when no new relevant data emerge, and all conceptual categories are sufficiently developed (Abedi, 2006).
Thus, in this study, the sample size was determined based on the point of data saturation. If saturation was
not reached, data collection continued, and the sample size was increased accordingly, following proper
sampling principles. In this research, data collection ceased after interviews with 15 individuals, upon
achieving data saturation through simultaneous analysis of semi-structured interviews.

Measurement Instruments

Data were collected through in-depth, semi-structured interviews (Creswell, 2012) to explore participants’
perspectives on components influencing game-based learning in chemistry education. Five key questions
were developed to uncover the indicators of each component. To assess the content validity of the interview
questions, expert judgment was employed—a common method for evaluating content validity (Sekaran &
Bougie, 2010). For this purpose, feedback was obtained from four university professors specializing in
chemistry education and educational sciences. Based on their input, the questions were revised in terms of
wording and clarity, and the final version was approved.

Data Analysis Methods

Data analysis was conducted using Strauss and Corbin’s (1998) grounded theory method, which involves
three main coding stages: open coding, axial coding, and selective coding, ultimately leading to the
development of the qualitative model of the study. The outcomes of the open, axial, and selective coding
processes ultimately led to the development of a proposed model for identifying the factors influencing
game-based learning in chemistry education, grounded in data-driven theory.

Results and Discussion

The responses of the interviewees indicate that, from their perspective, the development of cognitive skills
such as problem-solving, critical thinking, creativity, and intellectual curiosity; increased learner
engagement due to the appeal of gamification, given the entertainment and recreational nature of this
method; the presence of an interactive environment; the creation of a sense of healthy competition; the
encouragement and reward system inherent in this approach; and the dynamic learning environment all
contribute to the improvement of learning. Additionally, active learning, hands-on experiences, the
simplification of complex chemistry concepts, the stabilization and personalization of learning, and the use
of visual elements in this method lead to enhanced understanding of complex and abstract chemistry
concepts, ultimately resulting in better chemistry learning and improved academic performance.

Gamification enhances students’ ability to tackle problems, strengthen decision-making skills, and find
creative solutions. Educational games, by presenting puzzles that require multiple perspectives to solve,
guide students to think in various dimensions and approach problems from different angles. For example,
consider a game that asks students to alter variables such as temperature, pressure, or the environment in
solving problems related to thermodynamics or chemical reactions, and observe the effects of these changes
on the reactions. Additionally, the use of games and challenges can spark students’ curiosity and encourage
them to engage in further learning. As a result, educational games can strengthen students’ cognitive
abilities, enabling them to perform better in real-world situations. This is particularly significant in
understanding abstract subjects like chemistry, which can be challenging for some students.

Due to their entertaining nature, games naturally capture students’ attention and encourage them to
engage more actively in the learning process. The use of fun and recreational elements makes the learning
environment more appealing and increases students’ interest in the educational content. By the use of 3D
graphics, animations, and simulations, games help students visually and tangibly understand the spatial
structure of molecules, atomic models, and other complex concepts. The use of images, diagrams, and
animations that simplify complex concepts, along with the design of virtual environments that allow for the
practice and experimentation of these concepts, can significantly enhance the learning process.

According to the interview results, there are differences in the impact of educational games on students,
which relate to individual characteristics, academic levels, and gender. Educational games are generally
more effective for students with lower academic levels, helping them learn complex chemistry concepts in
amore engaging way and increasing their motivation to participate in class. However, this group of students
may require more guidance and support. Students at higher academic levels also benefit from this method,
but they may need greater challenges to maintain their motivation. Additionally, male and female students
may respond differently to game elements. For example, female students tend to enjoy group activities and
collaboration in games, while male students are more inclined towards competition and individual
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challenges. Therefore, games that are competition-oriented and offer rewards for quick successes are more
appealing to this group. The interviewees suggested the following parameters as influential factors in
designing a game for chemistry education: students’ needs, defining learning objectives, scoring methods,
designing challenges, creating the game scenario, the extent of technology use, attractiveness, feedback
methods, monitoring progress, and data collection and system evaluation. Figure 1 illustrates the model of
factors influencing game-based learning in chemistry education.
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Fig. 1- Conceptual Model of Factors Affecting Gamification in Chemistry Education

Conclusions

Considering the significant advantages of game-based learning, particularly in increasing motivation and
promoting deep learning, it is expected that this method will play a more prominent role in chemistry
education in the future. From a practical perspective, the development of engaging and interactive
educational platforms specifically designed for chemistry education is an essential need. Furthermore, as
educational systems worldwide aim to achieve sustainable development goals, incorporating games into
chemistry education can contribute to this goal by promoting innovative teaching methods that align with
contemporary educational needs. Ultimately, ongoing research in this field will be crucial for developing
effective strategies that not only improve academic performance but also prepare students to face the
challenges of an ever-changing world. Future studies can explore theoretical frameworks related to game-
based learning in greater depth, especially examining systematic methods for integrating game elements to
accommodate diverse learning styles and preferences. One factor that could impact learning outcomes is
the type of game (role-playing, digital, group-based, challenging). Qualitative and quantitative research on
the effectiveness of different types of games could reveal which style of gamification is more effective in
increasing engagement and learning productivity and whether combining these methods can lead to optimal
results. These studies will help optimize gamification strategies based on educational needs. Implementing
curriculum-aligned chemistry games in schools and assessing students’ experiences and perspectives
through structured questionnaires can provide valuable insights into the advantages and challenges of this
method. These data will be vital for refining and optimizing game-based teaching methods to better align
with students’ needs. By considering diverse learning styles and coordinating game elements with specific
educational goals, teachers can design more effective and inclusive chemistry curricula. Moreover,
collaboration between teachers, researchers, and technology developers can lead to the more efficient
design of educational chemistry games, ultimately improving students’ academic performance in this
subject and other scientific fields.
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