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Abstract. THE GROWTH is an environmental game aiming to tackle growing 
population issues and its impact on natural environment. The game also extends 
to cover social issues and unsustainable resources consumption caused by rapid 
population growth. Unlike many environmental games, THE GROWTH de-
monstrates that financial, social and health factors can be improved simply by 
committing to sustainable consumption patterns. The game aims to investigate 
the possibility of using serious games to promote players’ environmental 
awareness and ultimately, the possibility of using serious games to modify 
players’ consumption patterns. This game is designed for a specific target group 
of male population between 20-30 years of age in Bangkok (Thailand) and is 
focused on environmental issues raising the residential accommodation. Early 
experimental sessions were conducted with 17 participants and this paper 
presents the preliminary results of the study. 

Keywords: Applications: Education, Applications: Entertainment, Applica-
tions: Virtual worlds and social computing, Interaction and navigation in VR 
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1 Introduction 

Global human population exceeded 7.1 billion by the end of 2013 [1]. The trend of 
rapid population growth is projected to continue at a rapid pace, with one study esti-
mates global population to exceed 8 billion by 2030 [2]. From an environmental point 
of view, the growing human population imposes pressures on the natural environment 
through increased resources extraction and consumption rates [2]. For example, the 
expansion of the agriculture sector is one of the main drivers for deforestation [3]. At 
the same time, man-made hazardous wastes and pollutants are spreading into the envi-
ronment, impacting natural habitats and wildlife [4]. The effects of pollution also 
reflect back on human habitats and contribute to health problems [5].  

Apart from this environmental perspective, unsustainable population growth also 
poses social and well-being risks as well. Globally, about 1.2 billion live in extreme 
poverty [6]. Also, a number of populations worldwide are living in vulnerable and 
diminished conditions [7].  

Seeking to address these issues, THE GROWTH is an environmental game  
which aims to highlight the interrelationship between natural environment, economic, 



 THE GROWTH: An Environmental Game Focusing on Overpopulation Issues 211 

population, and human community. Unlike many environmental games which use an 
"environmental-only" model, THE GROWTH uses financial incentives, health im-
provements and social well-being as key messages to reach out to non-
environmentally conscious players. 

2 Serious and Commercial Games with Environmental 
Characteristics 

Researchers have highlighted the possibilities of using games and simulations to mo-
tivate the public (especially children and teenagers) in order to help them understand 
the importance of environmental conservation. Games and simulations can be used as 
supplemental material to allow learners to gain knowledge in “a more interactive 
way” [8]. Players can also find games to be motivating [9]. Researchers have sug-
gested that computer games can be used to promote awareness [8] and even alter  
behaviors [10].  

Currently, many computer games are designed to address and tackle environmental 
issues. For example, The CUSTOMER project (Coventry University Students’ Opti-
mization and Management of Energy Resources) is an energy awareness game devel-
oped at Coventry University [11]. The focus group of this game is students living in 
university accommodation or apartment complexes. The game is set in a standard 
student room, wherein players assume the role of a student in university accommoda-
tion. Players have to take key actions in order to minimize energy and water con-
sumption without compromising their own health and safety issues. For example, 
players can put a laptop computer in stand-by mode or turn it off in order to save elec-
tricity. Players can turn-off the lights in bathroom and living room or close the  
window in order to prevent heat loss. Another serious game seeking to tackle envi-
ronmental issues is the BBC CLIMATE CHALLENGE game [12]. The game aims to 
tackle global warming issue among other environmental and societal issues. The goal 
of this game is to set a target for CO2 reduction, and devise policies in order to 
achieve the target. Some policies can benefit the environment but also cause a nega-
tive impact on economy. Thus, players have to balance multiple game factors. Anoth-
er serious game in this genre is ENERGYVILLE [13]. In this turn-based game,  
players are given a pre-defined budget and must initiate the construction of power 
stations in order to satisfy energy demands of the city. There are several types of 
power stations available to players (e.g. nuclear, coal, natural gas or wind power). 
Alternatively, players can invest in energy conservation policy which helps reduce 
some energy demands. The game also includes random events. For example, random 
events such as oil conflict and coal shortage can have a consequence on the energy 
future of the city.  

Several studies have obtained interesting information and positive outcomes from 
serious games [14], [15]. While many games (both commercial and serious games) 
are now based in ICT, a study has shown that a tradition paper-based game can be 
used as an effective tool to address environmental issues as well [14]. Commercial 
games have also been designed to target environmental issues, for example 
ANNO2070, a game published by Ubisoft in 2011 [16] envisages a future scenario 
where the world has been largely affected by global warming, causing the rise of sea 
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level and separated landscapes into chains of small islands. Environmental factor 
plays a prominent role in this game. Positive environmental condition improves agri-
cultural production, and reduces health problems and disasters. Concordantly, critical 
environmental condition in this game inflicts negative impacts on agricultural produc-
tion, magnifying health problems and disasters. 

Some commercial games also highlight constraints between population size, natu-
ral resources and the environment. Examples of these games include FATE OF THE 
DRAGON [17] and STRONGHOLD: CRUSADER [18]. In FATE OF THE 
DRAGON, food supplies play a prominent role where players must maintain food 
stock for the army. Large armies will deplete food stock rapidly and food shortage 
leads to severe reduction in combat performances. The game also includes unpredict-
able natural disasters such as a locust swarm (affecting agricultural output severely), 
fires, earthquakes, and disease outbreaks, which can affect an unprepared army.  

In STRONGHOLD: CRUSADER, players must maintain food supplies similar to 
FATE OF THE DRAGON. Population morale in STRONGHOLD: CRUSADER can 
be increased by providing multiple food types and issuing large food rations. The 
game also demonstrates the effects of disease, with a densely populated town is at 
higher risk from disease outbreak.      

3 CASE STUDY: THE GROWTH Serious Game: A SG 
Aiming to Increase the Environmental Awareness of the 
Players 

THE GROWTH is a single-player, role-playing serious game seeking to promote 
environmental awareness amongst players. The game is currently being developed at 
Coventry University, United Kingdom. This game is based on the current global trend 
of rapid human expansion, ecological degradation and exhaustive resources consump-
tion, as the key issue for environmental degradation. Apart from environmental as-
pect, this game also attempts to demonstrate to players that unsustainable population 
growth causes a negative impact on society and economy as well. 

This game is designed to target the Thai population specifically. The final game 
version will be delivered in Thai language, with an English version also available. 
About 50% of content in this game is based upon local issues in Thailand. The deci-
sion of creating a ‘game designed for a specific group’ is borrowed from Coyle 
(2005), who notes that the public are generally more attracted and motivated to issues 
in their immediate surroundings [19]. However, because environmental problems can 
spread from one region to another, it is necessary for the public to recognize and be-
come aware of global environmental problems as well. Hence, around 50% of issues 
in this game are based on global themes.  

THE GROWTH suggests that other strategies should be used in order to convey 
messages to players. For example, Rose (2009) suggests that environmental messages 
should inform the public of rewards that can be gained from environmental conserva-
tion [20]. To this end, a range of content in the game seeks to demonstrate to players 
that sustainable consumption can help save household expenditure as well (e.g. invest 
in water efficient products in order to save the environment and water bills at the 
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same time and unplug electronic appliances after use to prevent cost associated with 
phantom load).   

The game design approach was based on the Four-Dimensional-Framework [21]. 
The four dimensional framework (4DF) has been developed to aid evaluation, valida-
tion and development of serious games. The framework outlines four dimensions: the 
learner dimension (user modeling and profiling, specified needs and requirements of 
learners), the pedagogic dimension (using associative, cognitive and situative mod-
els), the representation of the game (differing levels of interactivity, fidelity and im-
mersion required to support the learning objectives) and the context within which 
learning takes place (including disciplinary context, place of learning and resources 
available). The author decided to use this framework because the 4DF mapping al-
lows for end-to-end development, validation and evaluation of the game, using a par-
ticipatory design approach model. Furthermore, the ARCS Model of Motivational 
Design [22] was used as a guideline during game concept development. The setting of 
THE GROWTH provides a background story that shares many similarities to Earth; 
the world is experiencing a rapid ecological degradation situation caused by rapid 
human expansion, deforestation, land transformation, resources extraction and pollu-
tion. In THE GROWTH, humans have already appropriated about 78% of planetary 
resources. The remaining plants and animal species are being challenged by man-
made pollution as well as global warming and climate change. Five years ago, a major 
industrial explosion (known as ‘The Event’) occurred which collapsed an entire dis-
trict and released a massive amount of pollution into the air. This causes major im-
pacts on remaining natural environment as well as coating most buildings and land-
scapes with orangish polluted particles. The background story is presented to players 
by slides of static images and accessible to players at the main menu. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Game environment 

3.1 Role-Playing 

The game puts players in the role of a newly elected president of a giant environmen-
tal group called ‘The Environmental Consortium’ or TEC. TEC is in fact, a front (co-
vert) organization of the government, that exists to combat environmental problems 
and conserve the region’s remaining natural resources. Apart from affiliation with the 
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government, TEC is working closely with other major environmental organizations in 
the region. 

3.2 Key Factors (resources) 

There are four key factors in this game. These being: Population, Environment, 
Emergency Supply, and Wealth. Players lose the game if environmental factor is dep-
leted. Key characteristics for each factor are the following:  

• Population factor: represents total population in this region. Large population size 
causes environmental factor to deteriorate at faster rate. However, the region will 
experience economic collapse if the population size is lower than 30% of total ca-
pacity. Economic collapse will reduce players’ income greatly. This means players 
will have to balance population size in order to maintain healthy natural environ-
ment and economy at the same time. 

• Environmental factor: represents environmental situation in the city. By default, 
the environmental factor slowly decreases to reflect degradation caused by human 
activities. However, environmental factor can decrease at various speeds. For ex-
ample, at 35% of total capacity, environmental factor will decrease faster by 15% 
(this represents the scenario where environmental condition starts to deteriorate 
beyond recovery). Also, natural disasters are likely to occur much more frequently 
when environmental factor is running low.  

• Emergency Supply factor: represents supplies that players will need to spend on 
special missions (e.g. in the events of famine or armed conflicts).  

• Wealth factor: represents accumulated wealth that players can spend on certain 
improvements and investments (discuss below). Also, certain amount of wealth 
will be automatically withdrawn from players’ treasury to be spent as humanitarian 
aids in case of disasters.    

3.3 Player Actions: Overview 

There are several actions that players can perform in this game. For example, players 
can setup a campaign to promote sustainability which improves environmental condi-
tion and decrease population growth rate. Players can order a large amount of emer-
gency supplies to be produced (but this also comes at the cost of the environment). 
Also, players can accumulate wealth which can be used to invest in certain improve-
ments. 

3.4 Player Actions: Upgrade and Improvements 

Upgrades represent technologies and policies that players can research and implement 
in order to provide certain benefits for the region. For example, an ‘advanced public 
transportation network’ encourages the population to use the public transport which  
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improves environmental condition as well as generate small amount of wealth (from 
reduced energy imports). Another example is ‘family planning upgrade’ which encou-
rages parents to plan for optimum family size (slowing population growth). Each up-
grade requires investment of resources from players (chiefly wealth among others). 
Upgrade and improvements can fail to be implemented. In this case, players will lose 
their investment in the process. Also, all upgrades provide temporary benefits for the 
region which means they need to be re-invested after certain period of time. The major-
ity of upgrades in this game are based on existing and emerging technologies and poli-
cies. Upgrades can be further categorized into three types based on their characteristics. 
These being: technology, policy and propaganda. Technology represents highly ad-
vanced devices that can be used to help mitigate environmental and social problems 
(e.g. automation). Upgrades that fall under this category are generally very expensive 
to develop. They also have a low to moderate chance of successful implementation. 
However, successful implementation of technology can provide significant beneficial 
effects to the region for a very long period of time. Policies, on the other hand, 
represent the law imposed in the region. Upgrades that fall under this category are 
generally moderately expensive to initiate. A number of them have a relatively low 
chance of successful implementation, but can provide tremendous amount of beneficial 
effects to the region for a long period of time. For example, ‘Carbon tax policy’ can 
greatly improve environmental condition since it influences public’s consumption 
patterns in many ways. However, this has a relatively low chance of successful imple-
mentation, owing to a perceived public rejection. Lastly, propaganda represents play-
ers’ attempts to communicate with the public and request for their cooperation.  
Upgrades that fall under this category are generally inexpensive to initiate. A number 
of them have a relatively low to moderate chance of implementation, but can provide 
significant amount of beneficial effects to the region for a moderate duration. Some 
examples of upgrades from this category include: recycle programs, car pooling, and 
energy conservation program. Apart from beneficial effects, upgrades and improve-
ments can trigger or prevent the occurrence of certain game events. For example, in-
vesting in ‘Marine Conservation Program’ can trigger the public to donate certain 
amount of wealth to support players’ environmental causes. Another example can be 
seen in ‘Disease Control Program’ which reduces occurrence of disease outbreak in the 
region by 50%. 

3.5 Real Property 

Players can purchase real properties in order to gain long-term benefits. Similar to 
‘Upgrade & Improvements’ function, players must first pay capital investment (i.e. 
wealth). However, unlike ‘Upgrade and Improvements’, real properties provide con-
stant investment return for player permanently. Players can also further efficiencies of 
buildings by ‘equip’ them with certain improvements.  

For example, players have recently purchased a high-rise apartment. This apart-
ment now generates 300 points of wealth per second for players. Player can impose 
restriction on elevator usage for this building which results in players gaining 1 envi-
ronmental point per second in return (for energy conservation). 
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3.6 Player Actions: Campaigning (quiz) 

Campaigning represents players’ attempts to promote environmental and social 
awareness to the public. This is represented by series of quiz where players have to 
read a random article and match them with a corresponding category. Successful 
matching reflects the fact that players have successfully implant awareness into the 
public. This provides players either population reduction, environmental or wealth 
bonus. For example, a random article describes recent issues on high rate of un-
planned pregnancies and venereal diseases infection in Thai teenagers. A player now 
marks this article as ‘social issue’. By solving this quiz, population growth in the city 
will be decreased for a short period. All articles in this game are collections of real-
world events (from both local and global perspective). 

3.7 Player Actions: Special Actions 

Special actions represent emergency edicts that can be issues by players. There are 
three types of special actions in this game. These are: Emergency Supplies, Environ-
mental and Population Special Actions. All special actions need to be ‘recharged’ 
once used.  

Emergency Supplies Special Action is characterized as mass and rapid production 
of supplies. Once selected, it adds certain amount of Emergency Supplies to players. 
However, this special action costs players in wealth and also contributes some dam-
ages to natural environment. Environmental Special Action is characterized as an 
emergency land reclamation project. This special action helps improve overall envi-
ronmental condition in the region, but costs players in wealth. Lastly, Population Spe-
cial Action is characterized as the government’ effort to decrease population growth 
rate. This function also costs players in wealth. 

3.8 Random Events 

The aim of random event system is to promote players’ awareness on unpredictable 
nature of environmental and social situations. In THE GROWTH, events such as 
contamination, disease outbreaks and natural disaster may occur as the game 
progresses. For example, the game informs players of toxic waste being leaked from a 
landfill as a result of landslide. The resulting event causes 1,000 points of environ-
mental damage. Also, 3,000 wealth and 100 supplies are withdrawn from player’s 
treasury to fund a recovery project. As mentioned above, occurrences of some events 
are depended on players’ performances. For example, a random event informs players 
that the public has donated 80,000 wealth for players as a reward for safeguarding 
their natural environment (this event has a higher probability to make appearance if 
environmental condition in the region is high). 

4 Preliminary Sessions 

Preliminary sessions were conducted between early 2012 to August 2013. The objec-
tive of preliminary sessions was to investigate key areas such as participants’ overall 
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satisfaction with the game, motivation and basic learning outcomes. Purposive sam-
pling method was used to recruit participants. This method was selected because the 
game will be focus on a specific population group (Thai). Also, the method was con-
venient for recruiting a limited number of participants in a limited timeframe. The 
total of seventeen (17) male participants of Thai nationality between 22-29 years old 
voluntarily participated in preliminary sessions. These were: 11 post-graduate stu-
dents based at Coventry University, 3 undergraduate students (based in Thailand) and 
3 office employees with post-graduate degree (also based in Thailand). All 11 post-
graduate students from Coventry University were contacted directly (face-to-face) by 
a researcher in the UK. This is the first group to participate in preliminary test ses-
sions. The other six participants were first contacted by researcher’s agent in Thailand 
and, after receiving participants’ confirmation, the researcher contacted them again 
via both telephone and e-mails in order to arrange for date and time. All six partici-
pants in this group did not have any contact with the researcher prior to their recruit-
ment. Preliminary sessions with this second group were conducted in Bangkok 
(Thailand). 

All participants reported they had used computer games and paperboard games be-
forehand. In regards to computer games, five participants have identified themselves 
as avid gamers, while another 12 identified themselves as casual gamers. As this 
project aims to deliver a game from single-player perspective, all sessions were con-
ducted with one participant at the time. All sessions have been conducted at partici-
pants’ private space. 

Preliminary sessions were heavily relied on physical equipments such as paper 
cards which were used as a ‘mock-up’ to represent concepts of the digital version. A 
laptop computer was used to assist the gameplay as well as record players’ progress. 
A dice was used to produce randomness and uncertainty during the session. Each 
session was completed within approximately 90 minutes. 

A Likert-style rating scale was employed to obtain players’ level of satisfaction 
with the game (e.g. learning curve, theme, graphical representation and game mechan-
ism). Semi-structured interview was employed to establish participants demographic, 
investigate players’ game experiences and knowledge gains. Follow-up questions 
were used where necessary in order to gain additional information from players. Tran-
scripts were analyzed using thematic analysis. Thematic analysis was selected for its 
flexibility, opportunity to gain insights from the information, and relatively quick in 
term of execution [23]. All preliminary sessions were conducted in the Thai language 
(participants’ native language). 

Each session started with the researcher welcoming a participant to the study, fol-
lowed by approximately five minutes of informal discussion in order to establish an 
acquaintance with the participant. The researcher then opened with a formal introduc-
tion of the project. Participants were told that they were recruited to help evaluate a 
game project and that their opinions would contribute to future development. In all 
sessions, participants were encouraged by the researcher to produce comments and 
criticize the project freely.  
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4.1 Results and Discussion 

The majority of participants did not experience difficulties with the learning game 
mechanism. However, several participants reported a degree of distraction because 
multiple pieces of physical equipment were utilized during preliminary sessions, due 
to the mock-up stage of development. A majority of participants also commented on 
the graphics and visual aesthetics of the game positively. Also, degree of freedom and 
neutral representation in THE GROWTH were appreciated by participants. One par-
ticipant noted that: “I like the way there are many things you can do to help the pla-
net”. In another account, a participant noted that “The content is rich .. I also like the 
way [the game is] more about science, saving money and quality of life .. less about 
just save cute animals”.  

In term of motivation, 16/17 participants have reported that their main motivation 
was to learn about new technologies and actions that can be taken to reduce personal 
energy consumption. 10/17 participants have shown their strong interests in social 
issues highlighted in THE GROWTH. Many participants have expressed their inter-
ests to review all the cards even after game sessions in order to learn more about con-
tents that they might have missed during the sessions. In one account, a participant 
noted that “I know about solar panels, but I’ve never imagined using the sun [solar 
energy] for cooking! In another account, a participant noted about solar tower tech-
nology as followings: “That’s nice, so even the desert can be used to produce energy”  

Cutting personal spending seems to be the top priority for almost all participants 
while co-benefits on the environment seem to be acknowledged to a lesser degree. 
This holds true for both UK and Thailand-based participants. Energy (gas and elec-
tricity) seems to be a popular topic amongst participants, possibly due to much higher 
electrical consumption (and cost) when compared to water. The transportation topic 
received good attention from participants as well. Already, public transportation is the 
primary choice of travel for 12 participants. 15/17 participants admitted that they are 
unlikely to pay premium price for environmental-friendly products such as food, but 
are more likely to invest on energy and water efficient products in order to save ener-
gy bills in the long run. Interestingly, 8 participants reported that they would welcome 
tax imposed on unsustainable products (e.g. carbon tax), but only in the form of poli-
cy (i.e. applied to all consumers). According to several participants, real-world factors 
also play an important role in participants’ commitments to environmental causes. 
One participant noted that “I’ve been separating recyclable from [municipal] waste 
for many years, but garbage collectors seem to mix and crush everything altogether in 
the truck so I’m not sure if the government is still working on this [recycling] or not”. 
Another participant cited the lack of recycle bins in his area as the reason to stop re-
cycling. On another account, a participant noted that “I separate my wastes so I can 
give them [recyclable waste] to [a] waste buyer1 for free as a good gesture”. 

In term of learning outcomes, Knowledge gains were measured by participants’ abili-
ty to recall and describe articles from the game. All participants were able to recall and 
discuss articles from the cards (highest = 8/10, mean = 5.7/10, lowest =2/10). Energy 
saving and emerging technologies were most recalled topics. Deforestation and illegal 

                                                           
1  Waste buyers are common sight in many areas of Bangkok. These merchants visit houses in 

a hope to buy any recyclable wastes. 
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encroachment were also topics of interest to them (possibly due to recent reports of 
government’s mass prosecution of illegal loggers and encroachment on natural habitats 
earlier this year). Unplanned pregnancies and crimes were topics most recalled by par-
ticipants in social category. 

There was no noticeable difference in knowledge gains between avid-gaming and 
casual-gaming participants. However, office workers and UK-based students have 
demonstrated greater ability to recall articles from the game. This is possibly due to 
an increased awareness through their responsibility over utility bills. 

4.2 Limitations and Conclusion 

THE GROWTH is an environmental game with a special focus on rapid population 
growth. Unlike many environmental games, THE GROWTH highlights interrelation-
ship between natural environment, economy and society. THE GROWTH offers over 
60 methods that players can take in order to tackle environmental and social prob-
lems. Similar to the real world, each solution has its own advantages and limitations. 
Some of these solutions are burrowed from experimental practices and can be consi-
dered as ‘unconventional’ by the standard of many environmental games. This  
provides players with a degree of freedom (and sometime exposes them to negative 
consequences should players fail to consider them carefully). Unlike many environ-
mental games, some factors in THE GROWTH can be adapted to players’ progresses 
(dynamic game world). The game’s theme emphasizes that environmental conserva-
tion efforts are highly dependent on public support (both physical contribution and 
funding). 

This project is still in development stage and contains many limitations. Results 
from preliminary sessions were obtained by post-test only method. This means the 
researcher is unable to establish whether the positive learning outcomes were resulted 
from participants’ previous exposure to other environmental information or the game 
itself. According to participants, the game was described as simple to understand, 
engaging and educating. Future development aims to expand game contents based on 
players and experts’ comments, develop a systematic evaluation framework to explore 
users-game interactions such as usability, level of engagement, knowledge gain,  
retention, and knowledge transfer.     
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