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Abstract:

Background and Objectives: Understanding the behavior and properties of gases is essential
in chemistry education. It not only provides a solid foundation for comprehending various
chemical reactions and phenomena but also helps students make a connection between
theoretical concepts and real-world applications. This research presents a practical-descriptive
approach for designing educational content on gas behavior. Methods: The present study used
an integrated approach based on modern educational methods that activate the students in the
learning process. Drawing from real-life experiences, the method integrates inquiry-based
learning with STEM principles. The primary audience includes high school students and
chemistry teachers, who will benefit from the the enriched understanding fostered by this
STEM-focused approach. To design the content, various resources such as articles,
educational magazines, scientific books, and reputable websites related to gas laws were
studied. Findings: After organizing the collected materials, common misconceptions and their
underlying causes in existing educational resources were identified. With this in mind,
interactive sections on four major gas laws—Boyle's, Charles', Amonton's, and Avogadro's—
were designed using experiments rooted in everyday life. Experienced chemistry professors
and teachers reviewed, evaluated, and revised the content, ultimately granting their approval.
Conclusion: In light of the positive effects of inquiry-based and STEM-focused learning on
science education, particularly in chemistry, applying this methodology to create content for
other significant chemistry concepts is recommended.
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Extended Abstract

Introduction

Research indicates that adopting modern and active teaching methods in a statistical community significantly enhances
effective learning and reduces misconceptions. Guided inquiry, a key component of such methods, promotes learning through
scientific observations, experimentation, and critical thinking. Implementing carefully designed activities fosters students’
cognitive abilities and practical skills. The STEM approach is recognized as a means to cultivate a skilled workforce equipped
with 21st-century abilities, driving ongoing efforts by educators, researchers, and policymakers to enhance education.
Achieving effective concept instruction using the STEM approach requires the design of complementary theoretical and
practical content grounded in educational objectives. The goal of this study is to develop exploratory, STEM-based educational
content for gas behavior-related scientific concepts. The focus is on creating active content that provides chemistry teachers
and students with experiment-based activities rooted in everyday experiences to facilitate a better understanding of the

significant laws of Boyle, Charles, Amonton, and Avogadro.

Methodology

The current research has an applied-descriptive nature, aiming to expand applied knowledge within a particular domain. In
designing content, the study emphasized fostering student comprehension of gas behavior by creating motivation and
highlighting the vital role gases play in daily life. To achieve this, a variety of visual aids, such as images, tables, charts, and

diverse STEM-based activities, were incorporated into the content design.

Results and Discussion

The content design attempts to present gas behavior-related scientific concepts in an exploratory and STEM-focused manner,
rooted in relatable, real-life experiences. The primary objective of this teaching methodology is to encourage learners to identify
and draw connections between familiar daily experiences and new concepts. This approach fosters a deeper understanding of
the subject matter, enabling students to apply scientific knowledge to their lives and develop the ability to reason and
scientifically justify various phenomena. The developed content is outlined below.

The content begins with verse 11 of the blessed Surah Al-Fussilat, elucidating the significance and relevance of gas behavior
within the six educational domains outlined in the fundamental transformation document, with particular emphasis on belief,
worship, and morality. To effectively organize the audience’s thoughts, a notable real-life example is presented, highlighting
the critical role of Earth's atmosphere in sustaining all life forms.

This section enables educators to discuss the global impact of individual actions on the well-being of all inhabitants. Charts
and tables then provide an overview of the gases constituting breathable air, emphasizing the importance of understanding gas
properties, behavior, and interactions in maintaining a healthy atmosphere. The connection to everyday life is further
established by addressing essential uses of gases, such as oxygen and fire extinguishers, necessitating knowledge of gas
concepts like volume, pressure, and temperature. This section exemplifies the engineering and mathematical aspects of the
STEM approach.

Subsequently, the content explores gas laws and relationships, guiding students in applying previously learned concepts to

solve related problems. Employing animated visuals or scientific simulators like Phet can aid comprehension of these concepts,
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reflecting STEM's science, technology, and mathematics dimensions. Test Yourself offers a formative evaluation and recap of
gas laws, followed by an industrial application — the ammonia production process.

Encouraging students to brainstorm Haber's solutions to ammonia production challenges reinforces the science
dimension. Engaging them in exploratory intellectual exercises can ignite creativity, innovation, and the application of gas

behavior concepts to develop intriguing artifacts like gas manometers and vacuum pumps (Figure 1).

Figure 1 - Scientific artifacts related to the behavior of gases

In the Research section, it is recommended to introduce students to reputable scientific resources. Additionally, considering
the widespread applications and growing use of artificial intelligence, students should be encouraged to utilize modern tools
for information gathering. This approach underscores the connection between science and technology, fostering a greater depth
of learning, promoting career motivation in fields like engineering and medicine, and guiding students towards a professional -
academic path (technology dimension). Lastly, five questions are designed to serve as a final content evaluation. These

questions align with the textbook's end-of-chapter queries and final exam conceptual inquiries.

Conclusions

In addition to their fundamental role in the biological processes of living organisms, gases are extensively utilized across a
multitude of industries, including but not limited to the oil and gas sector, petrochemical production, fertilizer manufacturing,
various chemical industries, mining operations, steel production, metallurgy, environmental conservation, pharmaceutical
development, food processing, electronics, and aerospace. Consequently, the characteristics and behaviors of gases must be
thoroughly investigated within the secondary school curriculum, to address the existing challenges and apprehensions
associated with teaching this subject matter to the fullest extent possible, thereby enhancing its appeal to students and fostering
their engagement in learning and instruction. In the field of education, methodologies that facilitate increased interactions
among learners, the educational environment, and instructors tend to yield more effective and enduring outcomes, thereby
enhancing students' interest, motivation, and inquisitiveness toward learning. In numerous educational contexts, the limitations
imposed by time and occasionally spatial constraints hinder the establishment of profound connections between the concepts
pertinent to a particular subject matter. Consequently, the development of suitable content utilizing active and contemporary
pedagogical approaches can significantly mitigate these challenges. This content explores the application of a STEM approach
to teaching gas behavior, with an emphasis on fostering 21st-century skills. Beyond imparting scientific concepts and skills
related to gas pressure, volume, and temperature, this approach seeks to engage learners in practical applications of their
knowledge. By equipping students with such skills, the ultimate goal is to prepare them for a more informed and empowered

life as active members of society.
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