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Abstract— Research suggests that recycling has various 

benefits to society including reducing waste, preventing pollution, 

and conserving natural resources and energy. For the recycling 

efforts of a country to be successful, the citizens of the country 

have to correctly sort their garbage in the right garbage bins so 

that items that should be recycled do not end up in landfills. 

Landfill sites can be responsible for the contamination of soil and 

groundwater. Thus, to ensure that items that can be recycled do 

not end up in landfills, there is an urgent need to teach people how 

to sort their waste. Serious games, games designed for other 

purposes besides entertainment, have been used in the past to 

teach important concepts such as nutrition education and 

computer programming. In the current paper, we developed a 

serious game, Eco-mania, to teach about recycling, particularly, 

how to sort household garbage for recycling. We present the 

design and development of the game which is based on the results 

of a systematic literature review previously carried out by the 

authors. 
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I. INTRODUCTION 

Recycling, the process of collecting and processing waste 
materials, is important for the environment as it reduces the 
amount of waste sent to landfills and incinerators. One key 
aspect of successful recycling is the effective collection and 
management of waste [1]. Most countries require citizens to sort 
their waste by type, such as compostable waste, recyclable, and 
non-recyclable materials, with each waste type having a 
different garbage bin and collection day. Research suggests that 
some people do not separate their waste correctly, either because 
they do not know how to do it or because they do not have 
enough motivation to do so [1]. Considering the importance of 
proper waste sorting and recycling on the environment, there is 
a need to develop interventions to motivate and teach people 
how to sort their garbage properly to ensure that each garbage 
ends up in the correct bin. 

Serious games serve as interventions to motivate individuals 
to adopt sustainable behaviours and practices. Serious games are 
developed for other purposes besides entertainment [2] and have 
been used successfully in various domains such as health 
education [3], nutrition education [4] and peer learning [5]. In 
sustainability, serious games engage in behaviours such as waste 
sorting and recycling. For example, Gaggi [1] developed 
PadovaGOGreen, to teach users how to sort waste for recycling 
in the city of Padua. However, this game is currently not in 
English and was designed mainly for the city of Padua. Ibanez 
et al. [6] introduced the Kinect Recycling Game, a gesture-based 
game that can only be played on the Kinect platform. In contrast, 

Eco-mania is a web-based game, accessible via mobile and 
desktop devices. 

Persuasive strategies are frequently utilized in games to 
drive desired behaviours. These strategies, known as just-in-
time nudges, can effectively alter attitudes or behaviours when 
applied appropriately  [7]. For instance, The Energy Piggy Bank 
[8] incorporated various persuasive strategies such as self-
monitoring, comparison, feedback, social comparison, 
reminders, and rewards to promote energy conservation. 
Similarly, Veganity [9] utilized strategies such as goal setting 
and rewards to encourage sustainable diets.  

This paper contributes to how persuasive technology 
platforms can foster sustainability awareness and pro-
environmental lifestyles in individuals, especially sustainable 
waste management behaviours. The paper presents the design 
and development of Eco-mania, a serious game that aims to 
influence sustainable waste sorting and recycling behaviour. 
Through two engaging levels, 'Cooking' and 'Runners,' players 
are immersed in waste-sorting activities, connecting in-game 
actions with real-life behaviours. The novelty of our game lies 
in the use of persuasive technologies and the two unique levels 
of the game. The first level simulates a cooking environment, 
while the second level is implemented as a runner game, which 
is one of the most popular types of games. Due to the simplicity 
of these levels, Eco-mania can be played by people of all ages 
including kids. 

II. DESIGN METHODOLOGY FOR ECO-MANIA   

To design Eco-mania, the authors carried out a systematic 
literature review [10] of existing persuasive technologies 
designed to influence sustainable behaviour to determine the 
current state-of-the-art. Persuasive technologies are serious 
games, apps and tools developed using persuasive strategies to 
change people’s attitudes and/or behaviours [7]. We searched 
for relevant articles using the terms "persuasive technologies 
AND sustainability" and "behaviour change AND 
sustainability" in the ACM Digital Library and IEEE Explore 
databases. We excluded non-English articles and those 
published before 2016 to focus on current research, only 
including articles that developed persuasive technologies. Based 
on these, 16 articles were included in the literature review [10]. 

The literature review analyzed the design and development 
of existing games, the method of evaluation used in the studies 
and the findings/results of the evaluation. In the current paper, 
we only present the results of the design and development of 
Eco-mania, following the results of reviewing the design and 
development of the 16 persuasive technologies. 
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The result of the review indicated that several platforms are 
used to develop technologies that influence sustainable 
behaviours, including mobile devices and web platforms. To 
align with the results from the review, in the current paper, we 
implemented Eco-mania as a web-based game that can be 
played on a device with a web browser such as a mobile phone, 
tablet, or computer system. The top three targeted behaviour 
changes included energy conservation, sustainable food 
management and waste reduction. For this reason, we chose to 
develop Eco-mania as a waste reduction themed game. Also, we 
chose waste reduction because it is a theme that is continuously 
promoted in public places such as malls and schools in the form 
of different coloured bins for people to sort their waste. 

The systematic review also found that most technologies 
were designed with multiple persuasive strategies to encourage 
positive sustainable habits. The top five commonly utilized 
strategies include rewards, suggestions, self-monitoring, praise, 
and competition. Rewards, such as points and badges earned for 
target behaviours, effectively persuade users to engage in 
desired actions [11]. Commonly used rewards are points and 
badges [8]. Suggestions are often implemented as prompts or 
pop-ups within games, and they guide players toward a target 
behaviour [11]. Self-monitoring features, like dashboards that 
track progress and performance metrics, support users in 
achieving their goals and contribute to persuasive gameplay 
[11]. Praise, delivered through words, images, or sounds, 
positively reinforces user actions, making them more receptive 
to persuasion [11]. Competition is often implemented in the 
form of competitive tasks where users win a prize if they carry 
out the tasks consecutively for a certain number of days [11].  

In Eco-mania, we also implemented the five persuasive 
strategies to make the game persuasive to the players.  

III. ECO-MANIA GAME DESIGN 

Based on the findings from the literature review, we set out 
to design and develop Eco-mania. In this section, we describe 
the design of Eco-mania. 

A. Eco-mania’s Game Play 

Eco-mania was developed to influence people to adopt 
positive recycling habits, such as accurately sorting their 
garbage so that items that should be recycled do not end up in 
landfills or incinerated. The game’s setting is a city with typical 
facilities such as houses, schools, hospitals, roads, etc. Each 
player has a house with several rooms, such as a kitchen, game 
room, washroom etc. The more points a player earns in the 
game, the more assets they can purchase for the various rooms 
in their house, such as furniture and a fireplace. They can also 
purchase and add a new level to their house.  

Eco-mania is designed as a web-based game that can be 
played on mobile devices. A mobile-based version, which will 
be available on the app store, is currently being developed. 
Players are required to create an account with an email address, 
username, and password to play the game. Once logged in, 
players see the home page in Fig. 1. where they can start the 
game, learn about the keyboard keys they need to play the game 
with or view the leaderboard to see where they place compared 
to other players.  

        

Fig. 1. Homepage of the game and the page with instructions. 

The game currently has two levels. Level 1 is a cooking 
game where players are required to cook for a few minutes and 
then sort their waste and thrash the garbage generated from their 
cooking, correctly into three bins as shown in Fig. 2. Before 
playing this level, there is a description of the game and the types 
of items that should be collected in each bin. Players earn points 
for each item that is thrashed correctly.  

          

Fig. 2. The cooking game in level 1. 

Level 2 is a runner game as shown in Figure 3, similar to the 
popular Subway Surfers. The players run along the streets of the 
city to collect garbage. This level has three parts. The players 
must collect only the compostable items, such as banana peel in 
the first part; recyclable items, such as empty cans, plastic 
bottles, etc in the second part and non-biodegradable, such as 
furniture, and styrofoam containers, etc in the third part. The 
players have to collect the required items for each part while 
avoiding the hurdles that exist on their paths. For every item they 
correctly collected, they earn points, while they lose points for 
hurdles they do not avoid or for wrong items they collected.  

 

Fig. 3. The runner game in level 2 with three different sub-levels. 

Players can use their points to purchase assets for their 
house. Fig. 4 shows what the purchase screen looks like.  

 

Fig. 4. Purchase screen. 

B. System Architecture and Implementation 

Eco-mania was developed using Unity, C#, Adobe 
Photoshop, and Adobe Illustrator. Some libraries that were used 
while developing the game are UnityEngine.UI for the user 
interface components like buttons, TMPro for text manipulation 
in-game, UnityEngine for the core functionality, and 



Newtonsoft.Json for dealing with JSON data. The packages that 
were used include 1) bcrypt for securely storing user passwords 
in irreversible hashes in the database, 2) doteenv which enabled 
us to load environment variables for the API to work, 3) express 
for building web servers and APIs efficiently, 4) mongoose to 
easily interact with the MongoDB database.  

The gameplay data of users is stored in JSON format locally 
on their device using XOR encryption while the user plays the 
game. At the end of gameplay, the data is then stored in an 
encrypted format in a MongoDB database which is accessible 
from the game via a REST API developed in NodeJS. When a 
user logs into the game, their gameplay data is loaded from the 
MongoDB database to their current session using the REST API. 
A version of the game is currently hosted on itch.io. A final 
version will be made publicly available when all updates have 
been implemented. Fig. 5 shows the architecture of the game. 

 

Fig. 5. Architecture of Eco-mania. 

C. Game Components 

The system components are an important specification 

during game design and include the system elements to be 

implemented in a game [12]. Duke [12] recommends twelve 

basic elements: scenario, pulse, cycle sequence, steps to play, 

rules, roles, model, decision sequence, accounting system, 

indicators, symbology, and paraphernalia. We designed Eco-

mania using Duke’s paradigms and described how some of 

these were implemented in this section.  

1) Scenario 

The scenario is text in the game that outlines the plot of the 

game [12]. It also includes the starting conditions of the game 

as well as the circumstances leading into play. The scenario in 

Eco-mania is shown in the second image in Fig. 1. It includes 

text that describes the game’s plot, including the economic 

aspects of earning points.  

2) Pulse 

Pulse is a challenge or event introduced during gameplay to 

shift the attention of the player to specific aspects of the game 

[12]. It can be designer-induced or player-induced. The event 

could also be predetermined, random, or prompted by an action 

in the game. Eco-mania uses various designer-induced pulses 

as pop-up persuasive messages to encourage players to carry 

out specific behaviours while playing the game.  

3) Steps to Play 

According to Duke [12], steps to play explicitly describe the 

progression of activities in the game. They provide the 

guidelines needed for a player to progress in the game. In Eco-

mania, the player progresses from level one of the game when 

they have successfully completed the task in the kitchen game 

and they progress to level two when they correctly collect items 

that should go to the corresponding garbage bin while avoiding 

the hurdles on their path.  

4) Rules 

The rules of Eco-mania are based on the level a player is on. 

In level 1, the rule is to prepare a meal, collect the garbage 

generated after cooking, and sort it into the correct bins. If a 

player tries to do anything outside these, a pop-up message is 

displayed with prompts that will guide the player back to the 

rules of the game. Duke [12] recommended that the rules of the 

game should be clear to players from the beginning. In our 

design, the second screen the player sees after login is the rules 

of the game, as shown in Fig. 1. The keyboard control rules can 

be viewed when the player clicks on the controls link on the 

first page of the game, as shown in Fig. 6.  

 

 

Fig. 6. Some symbols used in Eco-mania 

5) Roles 

Roles are the characters that players are assigned to with 

specific behaviour patterns. In Eco-mania, players can take on 

only one role, the role of a resident of the city.  

6) Symbology 

Symbology are the visual aids that represent the 

characteristics of the game [12]. In Eco-mania, because the 

game is about keeping a city clean, we used symbols of a city 

and the things that one can typically find in a city, such as cars, 

a hospital, houses, and parks, as shown in Fig. 7. 

 

 

Fig. 7. Some symbols used in Eco-mania. 

D. Persuasive Strategies 

Research shows that persuasive strategies can be used to 
change people’s attitudes and/or behaviours [7]. We used 
persuasive strategies in Eco-mania to influence people’s 
attitudes and behaviours while playing the game. The more 
people are exposed to persuasive strategies that they are 
influenced by, the more likely they are to carry out an expected 
behaviour [11]. The strategies implemented in Eco-mania were 
guided by the systematic literature review carried out before 



developing the game to identify the commonly used persuasive 
strategies in serious games for influencing sustainable 
behaviours. These include rewards, suggestions, self-
monitoring, praise, and competition.  

Rewards were implemented in the form of points. As shown 

on the upper right-hand side of the screen in Fig. 2, 3 and 7, the 

player earns points (score) at each level of the game. 

Suggestions were implemented in Eco-mania in the form of 

pop-ups as shown in Fig. 8. This pop-up suggests that the player 

could empty the bin to earn points.  

 

 

 

 

 

Fig. 8. Example of suggestion persuasive strategy in Eco-mania. 

 

 

 

 

Fig. 9. Example of praise persuasive strategy in Eco-mania. 

Self-monitoring was implemented in the form of the 

accuracy score displayed on the upper left-hand side of the 

screen, as shown in Fig. 8. The score shows how accurate the 

player has been in carrying out tasks, such as sorting the 

garbage generated during the cooking game and collecting the 

correct items for each stage of the runner game. Praise was 

implemented in the form of positive pop-up messages that 

encouraged positive behaviours. For example, when a player 

has successfully sorted and placed items in the correct bins after 

the cooking game, praise, as shown in Fig. 9, is presented. 

IV. EVALUATION 

 To evaluate Eco-mania, we adopted a two-step approach. 
First, we reviewed the game to ensure it met the characteristics 
of a good game as developed by Bliemel and Ali-Hassan [13] 
and used by Pandeliev et al. [14]. This review was done as a first 
step in the evaluation process before carrying out a user study. 
According to Bliemel and Ali-Hassan [13], a good game should 
have Flow, Challenge and immersion, Control, Goals, Social 
interaction, and Learning. We found that our game embodies 
these traits; for instance, players learn waste-sorting techniques, 
fulfilling the learning aspect of a good game.  

Pending the long-term evaluation of Eco-mania's 
effectiveness in teaching recycling and inducing behaviour 
change, we conducted an informal assessment by soliciting 
feedback from lab mates and friends. Their feedback guided us 
in enhancing the game's aesthetics and providing clearer 
instructions. A formal evaluation approved by our university's 
ethics board will be conducted soon and will involve pre- and 
post-game surveys that will measure self-efficacy, attitude 
towards recycling, and intention to recycle. 

V. CONCLUSION AND FUTURE WORK 

To contribute to influencing positive recycling habits, we 
developed a serious game, Eco-mania, that teaches players to 
sort household garbage correctly. Before developing the game, 
we conducted a systematic literature review of behaviour change 
systems for promoting sustainable habits. The results of the 
systematic literature review guided the design and development 
of Eco-mania. The game includes persuasive strategies that can 
influence behaviour change in players and two unique levels. 
We will formally evaluate the game in the future for self-
efficacy towards recycling, attitude towards recycling, and 
intention to recycle in the future. 
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Fantastic! You’re making a positive impact 
on the environment by choosing the right 

place to dispose of your garbage. 

Select the bin you wish to throw this into:
  

Your Garbage bin is 

full! You will have to 
clean it outside before 

collecting more. 


