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Abstract: The process of acid rain formation is a chemical phenomenon that involves the interaction of pollutants, such as 

sulfur dioxide (SO₂) and nitrogen dioxide (NO₂), with water in the atmosphere. This phenomenon has significant 

environmental impacts, making it essential to introduce it in school chemistry education. This study aims to develop an 

innovative learning medium based on a three-dimensional miniature that simulates acid rain using recycled materials. The 

miniature illustrates sources of air pollution, the formation of acid rain in the atmosphere, and its effects on the environment, 

and is designed to assist students in understanding complex chemical concepts. The method employed is an exploratory 

approach through the development of a miniature prototype, without conducting empirical testing of student 

comprehension. The results of the project indicate that recycled materials can be effectively utilized to create educational and 

engaging miniatures. The main challenges faced include the selection and processing of waste materials to accurately 

represent the chemical concepts. This project provides insights into the potential for developing economical and 

environmentally friendly learning media that supports sustainable education. 
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Introduction 
 

Chemistry education at the secondary school level 

often encounters challenges in explaining abstract 

and complex phenomena to students. One topic 

that requires a deep understanding is acid rain, an 

environmental issue of increasing relevance in the 

industrial era. Acid rain occurs when pollutant 

gases such as sulfur dioxide (SO₂) and nitrogen 

oxides (NOₓ) react with water in the atmosphere, 

producing precipitation with a pH below 5.6 

(Abbasi et al., 2013; Anjum, 2015; Bhargava & 

Bhargava, 2013; Bhatti et al., 1992; Bricker & Rice, 

1993; Chen & Achal, 2020; Dai et al., 2013; Diatta et 

al., 2021; Fei et al., 2020; Ferenbaugh, 1976; 

Grennfelt et al., 2020; Irwin & Williams, 1988; D. W. 

Johnson et al., 1982; Krug & Frink, 1983; Larssen et 

al., 2006; Li et al., 2021; Likens et al., 1972; Likens & 

Bormann, 1974; M. Liu et al., 2019; Z. Liu et al., 

2020; Lu et al., 2020, 2021; Mahdikhani et al., 2018; 

Maler, 1989; Menz & Seip, 2004; Mohnen, 1988; 

Reis et al., 2012; Singh & Agrawal, 2007; Underdal 

& Hanf, 2019; Wettestad, 2018; Yin et al., 2019; 

Zhang et al., 2022). 

As students in a chemistry education program, 

gaining a deep understanding of effectively 

conveying chemistry concepts is crucial in 

preparing for future roles as educators. Visualizing 

the acid rain formation process presents one of the 

challenges in chemistry learning, as the complexity 

of atmospheric processes cannot be observed 

directly. Conventional learning media, such as 

textbooks and PowerPoint presentations, have 

limitations in demonstrating the dynamic 

processes involved in acid rain formation 

(Marfu’ah et al., 2022, 2023; Marfu’ah & Anwar, 
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2018; Marfu’ah & Meristin, 2022; Wardani et al., 

2019). 

The use of interactive, three-dimensional 

learning media can serve as a solution to bridge 

this gap in understanding. Previous research has 

shown that using physical models in science 

education can enhance conceptual understanding 

and develop students' critical thinking skills 

(Abdinejad et al., 2021; Evagorou et al., 2015; 

Olympiou et al., 2013; Olympiou & Zacharia, 2012; 

Rahman et al., 2020; Wang & Tseng, 2018). 

Furthermore, the use of recycled materials in 

creating educational media not only offers 

economic value but also educates students on the 

importance of environmental sustainability. 

In the context of higher education, collaboration 

between students and faculty in developing 

innovative learning media serves as an effective 

platform for refining the creativity and pedagogical 

skills of prospective teachers. The process of 

creating educational media not only provides 

practical experience in designing teaching aids but 

also cultivates critical thinking and problem-

solving abilities, which are essential for future 

educators (Hidayat et al., 2021). 

Innovation in developing chemistry learning 

media has become increasingly important to meet 

the demands of 21st-century education, which 

emphasizes critical thinking, creativity, and 

problem-solving skills. Effective educational media 

should be able to integrate cognitive, affective, and 

psychomotor aspects into the learning process 

(Cooper & Higgins, 2015; Septiani & Rejekiningsih, 

2020). Miniature simulations as educational tools 

hold potential to meet these needs by providing a 

more concrete and meaningful learning experience. 

The development of an acid rain miniature 

simulation using recycled materials is a 

collaborative effort between students and faculty to 

create innovative, economical, and 

environmentally friendly learning media. This 

approach aligns with the principles of Education 

for Sustainable Development (ESD), which 

integrate environmental issues into the learning 

process. By using recycled materials, students not 

only learn about chemistry concepts but also gain 

an understanding of waste management and 

environmental conservation (Burmeister & Eilks, 

2012; Ifegbesan et al., 2017; Zuin et al., 2021). 

This study aims to develop and describe the 

process of creating an acid rain miniature 

simulation using recycled materials as chemistry 

learning media. The development focuses on 

visualizing the acid rain formation process, from 

pollutant gas emissions to acid precipitation. Using 

recycled materials in the miniature not only 

considers economic aspects but also adds value 

through environmental education. 

 

 

Materials and Methods 

 

Study area 

This developmental study was conducted at a 

university in South Sumatra and involved a 

research team comprising five second-semester 

chemistry education students and one supervising 

lecturer specializing in chemistry education. The 

method employed is an exploratory approach 

(Armstrong, 1970) through the development of a 

miniature prototype, without conducting empirical 

testing of student comprehension. The miniature 

development process took place from February to 

May 2024, with a focus on exploring and 

prototyping a visual demonstration of the acid rain 

formation process. 

 

Procedures 

This study adopted an exploratory approach in 

developing a miniature prototype focused on 

constructing and visualizing the acid rain 

phenomenon. The development process was 

conducted through several structured stages. In the 

initial exploration stage, the team conducted a 

literature review on the acid rain phenomenon and 

its formation mechanisms. They identified key 

components to be visualized and inventoried 

recyclable materials with potential for use, 

concluding this stage with sketches and initial 

designs for the miniature prototype. In the 

prototype development stage, the team 

experimented with various recycled materials to 

construct miniature components, including models 

of factories and vehicles as sources of emissions, 

along with a system to visualize clouds and rain. 
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The system was then assembled to illustrate the 

sequence of processes involved in acid rain 

formation, with subsequent enhancements made to 

the visual and structural aspects of the prototype to 

improve its appeal and informativeness. In the 

final documentation stage, the team recorded the 

entire development process, created technical 

descriptions for each miniature component, and 

prepared assembly and usage guidelines to ensure 

the prototype could be easily understood and 

implemented. 

 

Data analysis 

The data analysis in this study employed a 

descriptive-exploratory approach, focusing on 

several key aspects. First, the technical feasibility of 

the miniature construction was analyzed, covering 

evaluations of structural strength and stability, 

accuracy of the acid rain components' 

visualization, and clarity in process representation. 

Additionally, the team analyzed the use of recycled 

materials by identifying the types of materials 

used, evaluating their effectiveness in construction, 

and documenting the processing techniques 

applied. Each stage of the construction process was 

meticulously recorded, accompanied by a 

compilation of photos and technical diagrams, as 

well as the development of a replication guide to 

facilitate future reproduction. 

 

 

Results and Discussion 

 

Result 

The development process of the acid rain 

simulation miniature resulted in a prototype 

capable of comprehensively visualizing the 

sequence of acid rain formation. During the initial 

exploration phase, a literature review identified 

three primary components that needed 

visualization in the miniature: pollution emission 

sources, the chemical transformation process in the 

atmosphere, and the environmental impacts of acid 

precipitation. The inventory of materials led to the 

selection of recycled materials, including 

cardboard, paper, and leftover crafting materials, 

which were used for miniature construction. 

In the prototype development phase, the 

construction of the miniature components 

successfully visualized the acid rain formation 

scenario in three dimensions. Pollution emission 

sources were represented through a factory model 

with a cardboard smokestack and two motor 

vehicles placed on a roadway. The factory model 

was labeled “NOx” to indicate nitrogen oxide 

emissions, while the roadway was labeled “CO2” 

to signify carbon dioxide emissions from the 

vehicles. 

The atmospheric transformation process was 

visualized by placing white paper clouds labeled 

“SO2” and “NOx,” representing the transformation 

of pollutant gases in the atmosphere. Blue water 

droplets depicted acidified precipitation, 

illustrating the acidification process during rainfall. 

The environmental impact was represented 

through components such as green trees and a fish 

pond, symbolizing ecosystems affected by acid 

rain. 

In the documentation phase, each miniature 

component was thoroughly documented, including 

material specifications, construction techniques, 

and assembly guidelines. The use of a black 

background provided a clear contrast to highlight 

the miniature components. Chemical labels and 

symbols were added to identify the various 

elements and compounds involved in the acid rain 

formation process. Figure 1 presents the results of 

the development of the acid rain simulation 

miniature. 

 

 

 
Figure 1. Acid Rain Simulation Miniature 
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Discussion 

The development of a recycled material-based acid 

rain simulation miniature demonstrates the 

potential of utilizing simple materials to create 

effective learning media. The successful 

visualization of the acid rain process in this 

miniature aligns with the principles of contextual 

learning proposed by E. B. Johnson, (2002), 

wherein physical representations can aid in 

understanding abstract concepts in science 

education. 

Choosing recycled materials as the primary 

construction resource not only supports 

environmental sustainability but also adds value in 

terms of accessibility and ease of replication. The 

use of cardboard for constructing the factory and 

vehicle models illustrates that simple materials can 

be effectively employed to create adequate visual 

representations (Sankey, 2003). This supports the 

findings of Wardani et al. (2019) regarding the 

importance of developing economical and easily 

reproducible learning media. 

The technical aspects of the miniature showcase 

several advantages in visualizing the acid rain 

process. The placement of emission sources, 

including factories and motor vehicles, provides a 

comprehensive overview of the primary 

contributors to air pollution. The inclusion of 

chemical labels (SO2, NOx, CO2) aids in 

identifying specific pollutants involved in acid rain 

formation, aligning with chemistry education 

concepts that emphasize understanding molecular 

transformations (Claesgens et al., 2009; Kozma & 

Russell, 2005; Sevian & Talanquer, 2014; Wu et al., 

2001). 

The visualization of atmospheric processes 

through the representation of clouds and rain 

droplets offers a sequential depiction of the 

transformation of pollutants into acid precipitation. 

The use of distinct colors for the miniature 

components (green for vegetation, blue for water, 

white for clouds) helps differentiate the elements 

involved in the process. This supports the visual 

design principles in education highlighted by 

Carter (2003), Hidayat et al. (2021), Kimball (2013), 

Øygardslia et al. (2020), Yeh & Cheng (2010), Yong 

et al. (2016), emphasizing the importance of 

contrast and differentiation in learning media. 

Integrating ecosystems through representations 

of trees and a fish pond provides context regarding 

the impact of acid rain on the environment. This 

representation aids in building a holistic 

understanding of the cause-and-effect relationships 

between human activities, air pollution, and 

environmental degradation. This approach aligns 

with the principles of education for sustainable 

development, which emphasize understanding the 

interconnections among environmental aspects 

(Agbedahin, 2019; Annan-Diab & Molinari, 2017; 

Blewitt, 2012; Di Biase et al., 2022; Kioupi & 

Voulvoulis, 2019; Mensah, 2019; Nilsson et al., 

2018; Sharma, 2023). 

However, the development of this miniature 

also faced several technical challenges. The use of 

recycled materials necessitated specific techniques 

in processing to achieve sturdy and durable 

structures. Additionally, visualizing microscopic 

chemical processes on a macro scale required 

simplifications that must maintain conceptual 

accuracy. These challenges may serve as 

considerations for further development in creating 

more refined learning media. 

The success of this miniature development 

indicates that an exploratory approach to creating 

learning media can yield creative solutions for 

visualizing complex chemistry concepts. The use of 

recycled materials not only supports sustainability 

but also demonstrates that effective learning media 

can be developed with limited resources. 

 

 

Conclusions 

 

The development of a recycled material-based acid 

rain simulation miniature has successfully 

produced an effective learning medium to 

visualize the complex processes involved in acid 

rain formation. Through an exploratory approach 

and the utilization of recycled materials, this 

research not only provides a creative solution for 

chemistry education but also supports 

environmental sustainability principles. The 

successful visualization of key components, such as 

emission sources, atmospheric transformations, 

and environmental impacts, combined with the use 

of appropriate chemical labels, demonstrates that 
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complex learning media can be developed with 

limited resources without compromising 

educational value and conceptual accuracy. 
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