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Abstract 

This study attempts to create a science literacy-based game using an RPG method 

to highlight the issues of environmental pollution. A DBR approach is followed, 

where needs assessment, design formulation, iterative refinement, and the review 

by media experts have been conducted. Results from validation reveal that the 

game has validity and is fit to be implemented for interactivity in education. 

Because of the results of the validation test showed that this game has the 

potential to make students more interested in learning processes, and to increase 

their understanding regarding environmental pollution issues. Other expected 

positive impacts include increased scientific literacy and increased environmental 

awareness of the students. The other future work recommended is a direct 

implementation test with real students in terms of how far the game can help 

students' understanding and awareness in a formal learning environment. 

Keywords: Environmental pollution, Game design, Role-playing game (RPG), 

Science literacy. 
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1. Introduction 

The design of a science literacy-based game using a Role-Playing Game (RPG) 

approach is an innovative strategy in education, especially at the elementary school 

level. Science literacy is very important for building scientific understanding and 

critical thinking skills from an early age. However, students often find some 

problems in connecting abstract thoughts of science to concrete reality, particularly 

about the global issue of the scientist facing problems related to pollution. This 

approach lets students, through RPG, gain interactive knowledge through practical 

training in such a way that it will better connect scientific knowledge with real 

situations, enhances learning motivation, and the capability for analysis to solve 

environmental problems [1-3]. 

Previous findings suggest that educational games also those designed as RPGs- 

can be very effective at improving science literacy and student engagement. Using 

RPG-based educational games helped students to develop a realistic view on the 

outcomes of pollution and how actions may affect the environment [4]. The 

narrative elements in RPGs provide a deeper learning context, while simulations 

help students develop critical thinking skills related to global sustainability issues 

and health [5, 6]. In addition, this game also enhances students' decision-making 

skills in the context of the environment [7, 8]. 

The aim of this research is to design a science literacy-based game using RPG, 

focusing on the issue of environmental pollution. The originality of this 

investigation is manifold: the integration of scientific literacy and RPG mechanics 

that aim to address specific challenges regarding environmental pollution; the 

problem-solving simulation relevant to real-life scenarios faced by the students 

themselves; and an engaging methodology whereby the participation of the 

students in the educational process is maximized and deepened in respect to 

environmental accountability. 

2. Literature Review  

Game design in educational games is necessary, which may be supported by 

attractive characters and storylines. A well-designed game can lead to improved 

motivation and engagement in learning for the students [3, 9]. Mechanical elements 

such as challenges and rewards also contribute to the effectiveness of learning [10, 

11]. In addition, educational games enhance material understanding and 

information retention [12, 13], while environment-based simulation games help 

students understand the long-term impacts of pollution and encourage real actions 

for mitigation [14, 15]. 

RPGs are one type of game in which players can enact the role of any character 

within a predetermined situation, which enhances learning through experience. In 

this context, educational settings use RPGs in student participations through 

interactions and player choices along with the flow of the game process [2, 16]. 

RPGs also support problem-solving and collaboration skills [15, 17], where their 

narrative elements help students understand the impact of their actions in 

environmental scenarios [6, 18]. Therefore, RPG is effective in enhancing science 

literacy and environmental awareness [7, 19]. 

Science literacy is very important for students to understand and apply scientific 

concepts in everyday life. Educational games have been proven effective in 
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enhancing science literacy, particularly related to environmental issues [17, 20]. 

Scientific literacy-based games enable learners to connect theoretical ideas with 

real-world experiences, thereby facilitating learning [5, 7]. This model also allows 

students to develop awareness about the effects of pollution and therefore enables 

them to tackle future global challenges more effectively [3, 21]. 

Environmental pollution is a critical concern and a factor in the deterioration of 

human quality of life. The detrimental of pollution on air, soil, and water are 

depicted in Fig. 1, where ecosystems are visibly disrupted by smog, contaminated 

soil, and polluted water.  

  

Fig. 1. Environmental pollution (a) air, (b) water, (c) soil. 

In addition to causing respiratory illnesses, this pollution damages important 

natural resources, disrupts agriculture, and jeopardizes sustainable development. 

Figure 1 shows that pollution poses a serious threat to public health and 

environmental conservation initiatives due to its long-term impact on regional 

ecosystems and global climate patterns. Serious educational games on pollution 

raise greater awareness among students and involve them in attempts to limit the 

impact of pollution [20, 21]. The playing of intense simulation games allows 

students to understand the long-term effects of their choices concerning the 

environment [4, 5]. If the games are designed to include aspects such as pollution, 

then the learners will gain specific information on environmental conservation and 

resource management [22, 23]. This experience is quite important because students 

will grow into lives with numerous responsibilities and environmentally-based 

awareness [7, 17]. 

3. Method 

This research uses a Design Based Research approach. (DBR). The stages in DBR 

include: (i) needs analysis, (ii) design development, (iii) iteration, and (iv) 

reflection. A needs analysis is conducted to address the lack of effective learning 

media in enhancing science literacy related to environmental pollution at the 

elementary school level, where there are still few resources that specifically 

integrate concepts with RPG-based science literacy games about environmental 

pollution issues. Therefore, a science literacy-based game design with RPG 

elements was created to serve as a solution to the existing gaps in learning media, 

with the hope of preparing students to become more responsible individuals who 

are aware of their environment. This research includes validation testing by media 

experts to ensure that the developed game is valid and suitable for use as an 

effective learning aid. 
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4. Results and Discussion 

This is because educational challenges at an elementary school level require the 

teaching of science to be connected with real-life experiences. In this regard, 

development of science literacy-based RPG media is very much relevant. It was 

revealed from the needs analysis conducted that the understanding of the students 

about global issues, such as environmental pollution, is still very limited. Therefore, 

media that can provide interactive and applicable learning experiences, as well as 

enhance student motivation and engagement, is essential. Through the RPG 

approach, it is hoped that students can be more active in the learning process and 

can connect scientific knowledge with real-life situations, so that students' science 

literacy can develop well. 

The plot in the science literacy-based RPG game that has been designed can be 

seen in Fig. 2, the game flowchart diagram. This diagram illustrates the steps and 

interactions undertaken by players in facing various challenges related to 

environmental pollution issues. The flowchart represents every step of the game, 

and it starts with the players in the character selection, then it goes through the 

introduction of the challenges, and finally ends in the players' identification and 

resolution of problems posed by pollution. This planned learning process is targeted 

to make the students acquire a combined and detailed vision of the action 

consequences of our planet environment. 

 

Fig. 2. Game flowchart diagram. 

Figure 2 the game flowchart diagram depicts the flow of the game from a 

science literacy-based RPG. The flow of the game begins from the menu screen 

whereby players can choose one of several options in front of them play, continue 

a saved game, view instructions, or exit the game. Flowchart menu description as 

follows: (i) startup: the game starts by displaying the main menu; (ii) menu display: 

options like play, continue, help/ instructions, and exit are provided to the players; 

(iii) play options: the game will start from the beginning, continue options: the 

game resumes from the saved file, instructions options: a list of instructions will 
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appear, exit options: the game ends; (iv) game: the game starts after the players has 

chosen either “play” or “continue”; (v) decision making: during gameplay, 

participants will encounter instances that necessitate decision-making within the 

game; (vi) game over: the game is over when the player has made their final 

decisions and the game’s terminal display has been presented. 

The results of the development of this medium include the visualization of the 

product, shown in the screenshot of Fig. 3, which portrays the environmental 

pollution map.  

 

Fig. 3. Map environmental pollution (a) air, (b) water, (c) soil. 

Figure 3 shows a screenshot of an environmental pollution map, where there is an 

air pollution map, a water pollution map, and a soil pollution map. These maps 

present a graphical representation of the areas affected by different forms of 

pollution. The air pollution map depicts the distribution or pattern in the 

atmosphere; however, the water pollution map shows where water bodies are 

contaminated. On the other hand, soil contamination maps show areas 

contaminated with toxic waste and hazardous chemicals for environmental 

conservation planning. This product will involve a set of attractive and colourful 

characters, scenes, and interactives to make environmental pollution topics more 

understandable to the students. It is expected that the materials produced will catch 

the students' attention and raise their willingness to learn about active participation 

in gaming activities. 

Iterative phase of this media design involves various critiques by media experts 

for enhancing the overall quality of the game. It includes modification of the visual 

presentation, refining gameplay, and incorporating challenges which are much 

related to the everyday lives of the students. The hope is that the produced product 

can meet the ideal learning needs, even though it is currently still in the 

development stage and requires more evaluation from end users. The involvement 

of media experts has helped in creating better products, but further testing is needed 

to ensure the effectiveness of these media in enhancing science literacy. 

Reflections from the design phase suggest that, in as much as many 

improvements had been made on the product, more development opportunities still 

existed. Information obtained from feedback early users provided important 

insights concerning the improvement need areas, which pertain to the difficulty 

level of the game and the need for an enhanced interactive engagement. By taking 

that feedback into account, further development is expected to optimize this media 

so that it meets the expectations and needs of the students. 
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The development of this science literacy-based RPG media refers to 

constructivist learning theory, which emphasizes the importance of active 

experience in the learning process. Educational games, such as role-playing games 

(RPGs), can create an engaging and interactive environment that facilitates 

students' comprehension of scientific principles [23]. In this instance, the media 

created is intended to improve students' grasp of environmental pollution topics and 

their relevance to daily life. While there are improvements in the various developed 

products based on the insights of media specialists and students, some 

shortcomings still need to be overcome. These are a limited variety in missions and 

a need to enhance interactivity. On one hand, increased evidence points out that 

high interactivity can lead to great improvement in student participation and 

provoke their curiosity [24, 25]. In this regard, it truly unlocks the possibilities of 

the medium to engage the learners and allow their further participation in the 

learning process. Thus, it can also be regarded as a tool that can effectively improve 

academic performances [26, 27]. Finally, this study adds new information as 

reported elsewhere [28-30]. 

5. Conclusion 

This research uses the RPG method to design a science literacy-based game about 

environmental pollution problems. This game has been tested by media experts to 

be suitable for interactive learning. The results show the developed game has great 

potential in increasing students' interest and understanding of issues related to the 

environment. Other positive effects include an increase in students' science literacy 

and environmental awareness. Further research recommends live trials with 

students to gauge the effectiveness of the game in a formal context. 
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