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Abstract
The sustainability challenge presents a considerable threat to human and ecological
wellbeing in the 21st century. There are numerous efforts underway that address
sustainability, such as Biomimicry, Cradle to Cradle, and The Natural Step. Many of these
approaches could benefit from different processes to motivate individuals and organizations
to better understand and creatively apply sustainability principles. Gaming has proven to be
one such methodology.
The goals of this thesis project are to develop a board game using The Natural Step’s
Framework for Strategic Sustainable Development, and to assess the effectiveness of the
game by its ability to engage people in generating sustainable solutions.
The result of this project was the development of a prototype board game that was
tested with three different groups. Each group played the game and provided feedback on
their experience. The prototype provided insights on the benefits of games as learning tools,
as well as the need to modify the design to better fulfill its goal of encouraging creative and
strategic ideation processes.
As an outcome of my experience developing this thesis project, I learned the
importance of developing new ways to engage people to achieve sustainable goals. More
research and experimentation is still needed to document the adequate use of games as a tool
for sustainable development.
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INTRODUCTION
As the global population grows each year, the demand for natural resources and
energy increases as well. Today, countries like India and China, with rapidly growing middle
classes, are consuming more food, products, water, natural resources, and energy than ever
before. This trend is placing a tremendous amount of pressure on the global environment.
This increasing demand for ecosystem services, such as oil, has encouraged the development
of technologies that often have far more degrading impacts on ecosystems than when
resources were more easily accessible (Moyer and Storrs). On numerous occasions, terrible
disasters have occurred, such as massive oil spills, which have contaminated oceans and
affected not only marine life, but also human activities such as fishing (Centers for Coastal
Ocean Science).
According to the United Nations, the world’s population is expected to rise from 7
billion people to 9.6 billion by the year 2050. The challenges to protect the welfare of the
environment have never proven to be more pressing (UN News Centre). Although there has
been measurable progress achieving a number of sustainability goals throughout the past 40
years in the form of environmental certifications, standards, and regulations, human activity
is still degrading natural services faster than they are being replenished.
To address this sustainability challenge, countless frameworks, guidelines, and
tools have been developed to encourage the sustainable design of products, services, and
systems. Some of the leading approaches are Natural Capitalism, Cradle to Cradle,
Biomimicry, Life Cycle Analysis, and The Natural Step. These paths provide accessible
ways for individuals, corporations, and governments to approach development in a more
sustainable manner.
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Despite the fact that many of these frameworks have garnered widespread support,
there is plenty of room left for improvement. For example, in terms of engaging individuals
and developing new ideas, games are an element from which these approaches could benefit.
Gaming has proven to be an activity in which adults, not just children, participate
extensively. Research has identified that games can serve as a learning tool (Lee-Hotz), and
cooperative or collaborative games, where solving a problem is the goal, could be particularly
effective in creatively engaging people to address various sustainability challenges.

Thesis Statement
As the challenges of the 21st century become more pressing, utilizing sustainability
principles to generate ideas is of utmost importance. Games could help us achieve this goal
by providing a more effective tool to creatively solve problems. If designed correctly, games
can have the advantage and engaging individuals to achieve a specific goal through
collaboration. The intention of this thesis is to develop a board game that can be used to help
groups to better understand sustainability and to be able to generate creative sustainable
solutions to specific challenges using The Natural Step's Four Sustainability Principles.

Project Objectives
Scope
The scope of this project is to research games and their ability to address the
sustainability challenge; to understand the structural elements of a board game, develop, test,
and rapid prototype a game with focus groups; and to identify the opportunities and iterations
of the design idea to improve it for future use.
This paper presents the opportunity to explore a board game as a tool to help generate
innovative sustainable ideas and educate the players on environmental issues. This game
focuses on building awareness of numerous environmental issues, particularly global
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warming. This game will not only share important facts on how our habits affect the
environment, but also give players the opportunity to solve a challenge.

Summary
This thesis paper describes the sustainability and design challenges, the leading
sustainability approaches being used to solve those challenges, the role games can play in
strengthening these approaches, how a prototype of the game was developed during the
project, and the lessons learned as the project evolved through a number of prototypes and
tests. The thesis paper is divided in six sections that discuss different aspect of the project.

Chapter 1: The Sustainability Challenge describes how our unsustainable decisions
of today represent a risk for future generations’ survival. Through the description of a
pressing dilemma some regions of the world face -- economic development against
sustainable resource management -- it becomes clear that significant work needs to be done
to overcome the sustainability challenge. A narration of the history of the sustainability
movement leads us to the achievements and the challenges sustainability has to deal with in
the present.

Chapter 2: Approaches To Sustainable Development narrates how sustainable
innovation has been explored in the business and government sectors. A brief description is
presented of some of the paths developed as an approach to achieve sustainability. Cradle to
Cradle, Biomimicry, Natural Capitalism, Life Cycle Analysis, and LEED are pathways
towards a sustainable future. The Natural Step’s Framework for Strategic Sustainable
Development is explored as the most viable option for this project due to its holistic
consideration of both environmental and social sustainability.
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Chapter 3: Gamification and Sustainability describes the importance of exploring
different learning techniques to effectively teach sustainability principles. Gaming success in
our society suggests it can be a viable option to engage, teach, and motivate individuals to
better understand and apply complex and real world challenges like sustainable development.

Chapter 4: Developing a Game explores the development process of a board game
that uses The Natural Step’s Four Sustainability Principles as the guiding rules of the game.
The chapter describes the elements that compose the structure of games as well as how these
elements were selected and what models serve as inspiration. The second section explores the
procedures and rules of the game as these were converted into a prototype to be tested.

Chapter 5: Results describes the results observed from testing a prototype of the
game with three different groups as well as responses of players to some questions after
playing. It also offers observations made of the groups while playing as well as individual
interactions with the games. The chapter discusses whether the game met the expectations
established during its development phase and if it achieved its initial goals.

Chapter 6: Discussion explores lessons learned and future applications of the
outcomes observed from the prototype game. This section also serves as an opportunity to
reflect on the project and how the experience of the MCAD SDO program complemented this
thesis project.
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CHAPTER 1. THE SUSTAINABILITY CHALLENGE
As the global demand for cheaper products increases, the massive consumption of
natural resources becomes a compelling issue as it degrades the environment and prevents
social wellbeing in many regions in the world. Products such as furniture can spark a series of
environmental, social, and economic issues in developing countries. Such challenges are
evident in countries like Indonesia, where dwindling ecosystems meet their worst enemy:
poverty. Due to the dependency of families on illegal logging and palm oil plantations to
make ends meet, it is difficult to redirect the locals’ undeniable determination for a better
future, through sustainable development, from immediate unsustainable results. This shortterm thinking is costing the forest and its inhabitant’s immeasurable cost while,
unfortunately, the future effects of this destruction are not being considered. Additionally, the
Indonesian government gives unsustainable economic development more support than longterm solutions, with actions that profoundly impact the welfare of endangered species.
Setbacks such as dissolving the group that ensured the conservation of the Leuser Ecosystem
in 2012, “one of the last places where the Sumatran elephant, rhinoceros, tiger and orangutan
live together” (Schonhardt), poses an enormous risk to one of the richest ecosystems in the
world. Considering that 70% of Indonesia’s timber exports are illegal and that 30% of
hardwood lumber and plywood trade globally comes from suspected illegal sources, the
demand for cheap and unregulated furniture results in the destruction of biodiversity and
public health (The Nature Conservancy).
The consequences for failing to preserve such ecosystems can lead to an increase in
flooding as well as the acceleration of climate change.

These issues directly affect

agricultural production and can leave thousands without food (Vidal). In the words of Mike
Griffith, a former oil company executive turned conservationist:

	
  

P a g e 	
  |	
  10	
  
	
  
If you lose the Leuser ecosystem, you don't only lose the last real chance for the tiger,
for the orangutan, for the elephant and for the rhino you lose the basic foundations for
the welfare for four million people — that is how many rely on this place for water,
flood protection and erosion protection. (Sullivan)
According to a peer-reviewed scientific body, our unsustainable lifestyles are the
primary driver for climate change -- a warming effect the earth is currently experiencing as
the atmosphere retains heat. It is believed that the increase in this positive climate forcing is
due to human activities that generate greenhouse gases, such as burning fuels and
deforestation, which accelerates the warming effect (Environmental Protection Agency).
Predictions for the future indicate that this accelerated change will have profound
consequences in food production due to expected severe droughts and floods (Vidal). To
better depict this sustainability challenge, The Natural Step, a non-profit organization that has
worked with international institutions to meet sustainable goals, has developed a visual called
the Resource Funnel. Figure 1 shows how a gradual deterioration of natural resources and an
increasing demand for them gives us less room to operate and meet our needs into the future.

Figure 1 The Natural Step Resource Funnel
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Even though significant advances have been made in the past forty years, sustainable
development still faces substantial challenges. As noted in the example of the rainforests in
Indonesia, poverty and social inequality often leads to the poor care and management of the
environment. This lack of long-term planning persists throughout the world, ensuring that
sustainable development is as urgent today as it has ever been before. Humanity cannot
preserve its environment if we do not procure basic human needs. If basic needs are
neglected, what will motivate us to care for what surrounds us and to understand its
importance in our present and future?
Early warnings made by environmentalists like Aldo Leopold and John Muir in the
beginning of the twentieth century indicated the importance of environmental conservation
and the dependence humanity has on nature.

Later in the century, contributions from

activists like Rachel Carson, who helped bring awareness to the harmful effects of DDT
(dichlorodiphenyltrichloroethane) in her book Silent Spring, as well as events like the first
Earth Day in 1970 brought awareness of unsustainable activities to the mainstream. Despite
these efforts, the message of greater ecological consideration has struggled to become widely
accepted. Today, almost 40 years after the first Earth Day, the sustainability challenge is
more pressing than ever. The need to engage individuals and groups to generate sustainability
solutions has opened the door to numerous approaches and frameworks.
The importance of having sustainability become a mainstream concept through
education was recognized over 20 years ago in the “Agenda 21”. This action plan product of
the United Nations Conference on Environment and Development states that: “Education is
critical for promoting sustainable development and improving the capacity of the people to
address environment and development issues” (United Nations). Five years later, when Rio +
5 was close to being celebrated, little had been done towards education and sustainability
around the world, and future plans on the subject seemed blurred (Tilbury and Wortman).
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Nonetheless, the efforts of educating the public on sustainable development are
ongoing. The UN Decade of Education for Sustainable Development (2005-2014), lead by
UNESCO, serves as a network of professionals in education who share tools and strategies
that motivate communities in sustainability. Other elements that are of importance are sharing
these reflections and ideas on sustainability and learning other’s ideas on the subject (Tilbury
and Wortman).
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CHAPTER 2. APPROACHES TO SUSTAINABILITY
The sustainability challenge has been addressed by a diverse number of organizations
and governing bodies. In the business sector, the ISO 14000 is a leading program that
provides organizations with a structure for procedures to meet adequate environmental
objectives. The advantages of using this method are the international consent in their
development and implementation, the model continually is improved, and companies could
certify their obedience to such standards by diverse private bodies (ISO does not offer
certification). Companies that comply with the ISO 14000 family are benefited with a
reduction in waste management costs, reduction in the materials and energy consumed,
reduction in distribution costs, and an improved corporate image on its environmental
challenges (International Organization for Standardization).
Another way that environmental impacts have been addressed, albeit at a broader
level, is the Kyoto Protocol. This international agreement commits 37 industrialized countries
and the European countries to reduce their emissions of greenhouse gases, establishing
reduction targets. On December 2012 these countries committed to reduce GHG emissions to
an average of 5% against the 1990 level for the first commitment period. For the second
commitment period, these countries will commit to reduce GHG emissions at least 18%
below 1990 levels. Unfortunately, not all 37 countries pledge to the second period (United
Nations).
Other efforts created to help organizations and communities achieve sustainable goals
come from consulting firms and NGOs who have developed their own frameworks. These
unique approaches towards sustainability differ in industry focuses, processes, products and
metrics used, but in essence all seek to address at least one of the three pillars of sustainable
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development: economic, environmental, and social wellbeing. Some of the best-known
approaches or frameworks are described below.

Natural Capitalism
As its name indicates, this framework reevaluates natural resources and social value
in a business setting. It stresses the fact that current processes to produce goods are not
efficient or effective, thus leading to waste. It proposes that in order to make changes to our
present standards, it is not necessary to use new technology, but rather available technology
in a practical way (Shedroff 45).

Cradle to Cradle
This framework requires a compelling change for an organization as it proposes to
restructure materials used according to their origin, either synthetic or biodegradable. It
integrates a cyclic flow of the manufacturing system as it processes these materials with the
possibility to perform extensive recycling, up-cycling, or the natural degradation of materials
(Shedroff 51).

Biomimicry
Inspired by the efficiency and effectiveness of nature in its designs, materials, and
processes, Biomimicry aims to reproduce nature’s strategies by re-thinking how we approach
design solutions. With the assistance of the design spiral, which serves as a process guide,
designers can evaluate their designs against “Life’s Principles” and consider different
inspirations from nature to achieve a particular function in their work (Shedroff 59).

Life Cycle Assessment
As a quantitative measure, this approach allows designers to compare and evaluate the
materials and energy used by a product currently produced and/ or the concept of a new
product. This evaluation takes into consideration the life cycle phases of the product, from

	
  

P a g e 	
  |	
  15	
  
	
  
raw material extraction, manufacturing process, transportation, use of the product and
disposal or end-of-life (Shedroff 66).

LEED
With the creation of green building standards, the Leadership in Energy and
Environmental Design (LEED) assesses how sustainable a building is within five key
performance categories. The program can be used to help increase the sustainability of
buildings by encouraging designs that reduce the repercussion on ecosystems and resources;
reduce the consumption of water; encourage the use of energy efficiency measures; endorse
the responsible use of materials and disposal of such; and create areas that take advantage of
its surroundings and daylight it is estimated how sustainable the buildings are (US Green
Building Council).

The Natural Step
One particularly effective sustainability program is The Natural Step (TNS), an
international NGO that administers the Framework for Strategic Sustainable Development
(FSSD) (previously known as Natural Step Framework). The FSSD has been an effective
guiding structure for companies such as Nike, Panasonic, and IKEA, where they use it as the
basic structure for implementing an environmental policy and plan (The Natural Step, “Case
Studies on Strategic Sustainability Principles and Processes”). TNS has also collaborated
with communities and government bodies, including the City of Madison, Wisconsin, where
it is used to train employees on sustainability and develop projects using the FSSD (The
Natural Step, “City of Madison”).
TNS was developed in 1989 by Swedish doctor Karl-Henrik Robèrt, as an effort to
develop a scientific definition for sustainability that could be universally understood. This
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definition became the Four System Conditions of a sustainable society, which are noted in
Figure 2 below.

Figure 2 The Four System Conditions of a Sustainable Society (The Natural Step, “The Four System
Conditions of a Sustainable Society”)

	
  

In order to include a broader audience, these systems conditions have been
paraphrased into sustainability principles. The reworded conditions state that:
“To become a sustainable society we must eliminate our contribution to:
1.

the systematic increase of concentrations of substances extracted from the

Earth’s crust (heavy metals and fossil fuels)
2.

the systematic increase of concentrations of substances produced by society

(dioxins, PCBs, and DDT)
3.

the	
  systematic	
  physical	
  degradation	
  of	
  nature	
  and	
  natural	
  processes	
  (over	
  

harvesting forests and paving over critical wildlife habitat)
4.

conditions that systematically undermine people’s capacity to meet their basic

human needs (unsafe working conditions and not enough pay to live on)” (The Natural Step,
“The Four System Conditions of a Sustainable Society”).
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The Framework for Strategic Sustainable Development helps organizations and
communities understand what success in a sustainable society could look like. It is also very
actionable, as specific recommendations are suggested for each project to reach its unique
goals. The FSSD is not without its limitations however. The process is primarily driven by
consultants, making it uncertain how much of the culture is retained within the institution for
future projects. Nevertheless, the FSSD provides a clear path towards a more sustainable
future.
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CHAPTER 3: GAMIFICATION AND
SUSTAINABILITY
In an effort to make the various sustainable frameworks more alluring to a wider
audience, new paths must be explored and prototyped. In recent years, there has been a lot of
work being done to make ideation processes more captivating and fun. Movements like
Design Thinking have transformed business, science, education, and other disciplines to
innovate more quickly, creatively, and playfully. Another intriguing way ideation processes
are becoming more engaging is gamification. Games are engaging and entertaining and can
be used very effectively to teach various lessons and encourage collaboration and reflection.
According to the Institute of Play, a corporation that promotes games as a learning tool:
Much of the activity of play consists in failing to reach the goal established by
a game’s rules. And yet players rarely experience this failure as an obstacle to trying
again and again, as they work toward mastery. There is something in play that gives
players permission to take risks considered outlandish or impossible in ‘real life’.
There is something in play that activates the tenacity and persistence required for
effective learning. (Institute of Play)
Game designer and academic Jane McGonigal has determined that people throughout
the world spend 3 billion hours a week playing video games. During her TED talk, she
describes how in video games such as World of Warcraft, players are engaged in the game
trying to achieve a goal and collaborate with others to complete a mission (Jane McGonigal).
Another game expert, Gabe Zichermann, author of Gamification by Design, suggests that to
gain proficiency on any subject, there first has to be a desire to obtain that ability before it
can become a mastery. According to the author, in the middle of that process there has to be
an incentive, a challenge, an achievement, a reward, and feedback. This structure is very
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similar to what is known to be the structure of games and other systems that facilitate
engagement (Gamification and Sustainability).
Additional evidence that games are a particularly interesting tool to be used in the
learning process is that during the game players release dopamine. Dopamine is a
neurotransmitter that produces a pleasure response. Studies indicate that after struggling to
obtain a correct outcome when playing video games, when the feedback indicates that the
result is correct, the brain releases dopamine. This release of dopamine makes the brain look
for other opportunities to reproduce the rewarding outcome (Willis).
Games, as well as being excellent at immersing players into an activity, can also help
change behavior. For example, gaming has been used to change the electricity usage habits in
the United States. A number of utilities detailed their users’ consumption of electricity, as
well as the rest of the street’s houses energy consumption, with different emoticons. The user
with the lowest average on the street received a “smiley emoticon on the front of the bill”,
setting the rule of the game: the one that uses less energy wins (Champniss).
There are numerous examples of games online that intend to teach the player
sustainable principles. Facebook’s game Half the Sky is a popular and successful example of
social gaming. Coming from the Half the Sky Movement, the game gives players the option
“to invest in micro-loans and create women’s empowerment groups”. So far the game has
generated $160,000 in donations for groups that work for issues explained in the game
(Holpuch). Most of the games that can be found online regarding sustainability issues usually
only address one of the three pillars, those being social, economic or environmental issues
(Yeomans).
Gamification represents a great opportunity to spread core sustainability principles
and empower people to think broadly about sustainable solutions. As identified earlier, the
sustainability challenge requires new ideas to solve the challenges observed. Gamification
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could serve as a strategic tool to develop interest in how to apply its principles to new and
broader audiences. Similar strategies where there is a relationship between games and the
creative process have been developed by companies based upon observations that when
individuals play, they are usually relaxed and predisposed to enjoy the game (Owen).
Especially with collaborative games, which are usually scarce amongst adults, the game
allows the players to share ideas and help each other to win. Collaborative games permit
players to enjoy themselves not by competing against each other, but by overcoming
challenges that the game has presented as a unified team.
Another benefit of games is that they can serve as great educational tools, especially
in subjects in which collaboration, negotiation, and reflection play major roles in learning.
These elements are all essential in meeting the demands of an increasingly turbulent 21st
century. Any number of sustainability programs could integrate gamification into their core
development, outreach, and educational efforts.
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CHAPTER 4: DEVELOPING A GAME
Considering the sizable impact games have on our society and the critical need for
greater engagement and learning within our sustainability efforts, the development of games
that integrate real world challenges with sustainability principles would be a great asset to the
broader sustainability movement. As a core component of this research project, I developed
a board game using The Natural Step’s Four Sustainability Principles, as they are a holistic
definition that considers both the social and environmental aspects of sustainable
development. The Natural Step also permits us to detect an important element in the structure
of games. In their words, the analogy of the game is described in the following paragraph:
You can think of the Four Sustainability Principles as guidelines, or the rules
of the game - like the rules in chess or football/soccer. Learning the rules is the easy
part, but if everyone doesn't understand them, no one's going to get very far playing
the game. And this is very often the step that is skipped when we set out to create
strategies to reach sustainability. (The Natural Step, “Getting onto the Same Page”)

All games, no matter on what platform they are presented on, share elements that
shape their structure. It is recommended that before designing a new game, a number of
specific elements of the structure should be clearly defined. Tracy Fullerton, in her book
Game Design Workshop: A Playcentric Approach to Creating Innovative Games, describes
different components that integrate a game and some which are specific to certain platforms
such as video games. The elements listed below are part of the game structure, regardless of
the platform or type of game.
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•

Procedures and Rules

•

Conflict

•

Outcome

•

Resources

•

Boundaries

•

Challenge

PLAYERS
It is important that all players accept the rules and constraints of a game before
engaging in it, therefore the participation of all players must be voluntary. This condition is
what author Bernard Suits has called the lusory attitude. “The lusory attitude of the player is
the “curious state of affairs wherein one adopts rules which require on to employ worst rather
than better means for reaching an end” (Fullerton 28).
For the game I developed, 3 to 5 participants play at a time, as this number allows
good interaction. This number also encourages collaboration, which is particularly rare in
games, especially for adults. Since ideas thrive through diversity and collaboration and are a
core element of sustainable development, the board game players play against the game, as
opposed to each other, as shown in Figure 3.

Figure 3 Players in a Collaborative Game
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OBJECTIVE
The objective of a game is an essential component, and if there is the lack of one, the
players often lose interest and a visible lack of engagement results. According to Tracy
Fullerton:
In life we set our own objectives and work as hard as we feel necessary to
achieve them. We do not need to accomplish all of our objectives to have a successful
life. In games, however, the objective is a key element without which the experience
loses much of its structure, and our need to work toward the objective is a measure of
our involvement in the game. (Fullerton 29)
Due to the importance of empowering people to understand sustainability issues, the
objective of my game is to support the users to offer solutions to real world challenges. It is
particularly effective to focus on sustainability issues that are within a community or
organization, as this encourages players to have familiarity or a vested interest in its
successful development. Figure 4 represent the cards where players can write down ideas to
solve

the

sustainability

challenge

Figure 4 Space or place to write ideas
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PROCEDURES AND RULES
The procedures of a game can be defined as, “the actions or methods of play allowed
by the rules” (Fullerton 29). The procedures are an important element of games because they
conduct the players’ behavior, allowing interactions and actions that comply with the
experiences expected from the game. An interesting effect of games is that, even though the
player could in fact take other actions, the “nature” of the game is that the players will follow
the established procedures. If the players decide not to follow these procedures, then the
experience is transformed and often compromised (Fullerton 29).
Rules are considered a “structural element” of any game; without rules a game would
simply not work. The function of rules in a game is to define principles and limit behavior
within the game. These limitations are necessary for the players to fully embrace the
experiences that will be developed by the game. In words of Tracy Fullerton:
The concepts of both rule and procedures imply authority, and yet there is no
person or body name in either description with whom to associate that authority. The
authority of the rules stems from the implicit agreement by the players to submit to
the experience. If you do not follow the rules, in a very real way, you are no longer
playing the game. (Fullerton 30)

The rules of the developed game are governed by the Four Sustainability Principles.
These principles encourage the players to generate solutions to their challenges in response to
the clear and scientific definition of sustainability. In this game, the procedures will allow
the players to move forward when they have succeeded to generate an idea and overcome the
conflict the game will pose.
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CONFLICT
The important factor of conflict in games is that it makes the players strive to
overcome and resolve challenges in their favor. The rules and procedures limit the players’
behavior, which results in preventing them from accomplishing their goals in a more
straightforward manner, thus creating experiences that retain the players’ attention within the
game. In some games, these experiences might make players work contrary to the other
players; this will have to be determined by the designer and the goals of the game (Fullerton
31).
The integration of trivia questions is due to the fact that trivia games are a good way
to test our knowledge on a subject and to learn along the way. Trivia games are also engaging
if the right amount of complexity and challenge is added to the questions, as questions that
are very challenging could be discouraging for some players.

Answering trivia questions

right could allow the players to move forward, moving them closer to solving the challenge
and adding a gratification element for contributing ideas to solve the challenge. Trivia
questions also pose a factor of uncertainty, where the outcome of the answer might be
unknown to the player and the unknown question coming keeps them from actively
participating in the game. Some of the trivia questions selected came as a selection of
questioners found on Internet sites such as Earth Day Canada, a charity organization whose
objective is to educate Canadians on environmental solutions (Earth Day Canada). Figure 5
represents three examples of the types of sustainability trivia questions used in the game. The
remaining questions used can be found in Appendix D.
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  1)

Which
household
appliance uses the most
energy?
A)
Refrigerator
B)
Toaster
C)
Dishwasher
D)
Washing machine

2) What country has the

3)“Phantom carriers” is a

greatest

term

number

of

coal

used

for

electronic

powered generators?

devices that:

A)

Canada

A) Move from room to room

B)

Russia

B) Continue

C)

U.S.A.

electricity

D)

China

switched off

to

consume

even

when

C) Are really expensive
D) Are energy efficient
Figure 5 Example of trivia question for the game

OUTCOME
An important aspect of a “playcentric process” is uncertainty. The unpredictability
factor of a game permits the players to become emotionally engaged in the game, capturing
their attention by adding a dramatic tension (Fullerton 32).
As the players work to provide solutions to specific challenges, the trivia questions
either prevent or enable the adversary to move forward. Due to the fact that most of the
questions included in the game are related to environmental issues, it was determined that the
enemy in the game that the players had to defeat was Global Warming. To serve that purpose,
another board, called the fate bar, was developed to reflect the player’s progress against
Global Warming. Figure 6 is the token that represent Global Warming in the game.

Figure 6 Global Warming Token
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RESOURCES
The resources in games are the various objects that strategically support the
procedures and rules of the game to deliver the intended outcome. These can be used for
diverse necessities and can be obtained by luck and/or achievement. The resources generally
have a very important role in games, especially how they are obtained and administered to
help the players accomplish specific goals. A characteristic of resources in games is that the
designer should make these scarce so that they have a special value in the game (Fullerton
30).
In my game, players interact with two separate boards. Tokens represent their position
on the board and therefore their status in the game. One of the boards’ functions is to
challenge the players regarding the answers to the trivia questions. This means that if the
players answer the trivia question incorrectly, then ‘Global Warming’ will move towards the
players’, represented by tokens.
Other resources that have value in the game are tokens with “recycling boxes” that
can be turned in order to achieve collaboration in the game. In Figure 7 the rough concepts of
the resources such as the Fate Bar, the Spiral Board and the tokens can be visualized.

Figure 7 Boards and tokens
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BOUNDARIES
Games require a physical or conceptual location where the activity occurs. This place
can be either the room where the board game takes place (physical) or an imaginary world or
location (conceptual).
In his foundation book Homo Ludens, theorist Johan Huizinga describes the
physical and/or conceptual space in which a game takes places the “magic circle”, a
temporary world where the rules of the game apply, rather than the rules of the
ordinary world. He writes: ”All play moves and has its beginning within a playground
marked off beforehand either materially or ideally…the arena, the card table, the
magic circle, the temple, the stage, the screen, the court of justice, etc. are all in form
and function playgrounds, i.e. forbidden spots, isolated hedge round, within which
special rules obtain. All are temporary worlds within the ordinary world, dedicated to
the performance of an act apart. (Fullerton 32)
For this game, the physical space can be any room or where a table and chairs are
available. It is necessary to have a flat surface to place the resources such as the boards and
dice.

CHALLENGE
The conflict created by the procedures and the rules represent a problem that the
players must overcome in the game. These challenges create a strain on players as they
struggle to resolve the dilemma that is presented in the game (Fullerton 34).
In the game I developed, the players will have to conquer Global Warming by
keeping it as far away on the fate bar as possible by answering the trivia questions correctly.
The probability of achieving that is determined by the knowledge they have of environmental
issues and solutions.
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RAPID PROTOTYPING THE GAME
In order to test how effective a game could be in educating adults in The Natural
Step's Four Sustainability Principles and help to generate new sustainable ideas to a specific
challenge, a number of prototypes of the game were tested. The initial prototype was
composed of the following components listed below and illustrated in Figure 8:

	
  

•

The Fate Bar board

•

The Spiral board

•

A stock of cards with trivia questions

•

A dice

•

A stock of cards with an image of a recycling cardboard box

•

Sticky notes for the players

•

Tokens for players

•

World token for the principles
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Figure 8 Elements of the prototype game
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The procedures that all the players had to follow to play the game were the following:
THE FATE BAR BOARD

Figure 9 Fate Bar

Figure 9 illustrates the Fate Bar board where players measure their progress against:
Global Warming. Global Warming should be positioned on the dark side of the bar at number
3. All the players should position their tokens on the green side of the Fate Bar at number 11.
Every time a player answers a trivia question right, the player moves one position to the
green side of the bar (increased number). If the player answers the question wrong, Global
Warming will move one step forward to the green side (towards the players). Also, every
time a player answers a question correctly she/he gets a “Recycling Box” card. If a player is
already on the green side at position number 14 of the Fate Bar, every time she/he answers
correctly a trivia question, Global Warming will step back one position to the dark side.
The Recycling Box card can be use in two different situations: If all players surrender
one Recycling Box card each, Global Warming will jump one position back to the dark side
(opposite side from the position of the players). If a player is struggling to get a question of
the trivia right, she/he can ask the other players if they would like to help. The player that
agrees to help will have to surrender one Recycling Box card. Or if a player would like to
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help another player and the player agrees the player that will give the aid will surrender the
Recycling Box card.
THE SPIRAL BOARD

Figure 10 Spiral Board

Figure 10 illustrates the Spiral Board. This board uses a copy of the tokens the
players have selected. These tokens are slightly bigger in size than the ones used in the Fate
Bar but the icons must be the same per player. Along with the Fate Bar, in the Spiral Board
each time the player answers the trivia question correctly, the token can move, but differently
from the Fate Bar. In the Spiral Bar, the player can move forward by luck when they throw
the dice.
The first step of the game is to establish the specific challenge that will be addressed.
The challenge can be something that all players want to bring to the table and give ideas to
solve. For example, deforestation and plastic bags, amongst others, could be written into the
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game as a challenge to solve. Writing the challenge and posting it on the square is the first
step.
Each player will roll the dice and if it falls on a number from 1 to 4, the player moves
forward one position on the Spiral Board. If the player answers the trivia question correctly
then he or she moves forward two positions in the spiral. If they answer the question wrong,
the participant does not move. This also must be represented on the Fate Bar, position
yourself towards the green side in the Fate Bar if the answer is right, and Global Warming
will move towards the green side one position if answer is wrong. Every time a player arrives
at the idea grid he or she has to share an idea related to the challenge. Every time a player
gives an idea he or she must place a “planet token” on top of the principle and the idea must
be related to that specific Sustainability Principle.
The players continue the game until the Idea Grid is completely full of proposed
solutions to solve The Challenge and the Global Warming token in the Fate Bar has not
passed any of the players in the Fate Bar. If the Global Warming token passes one of the
players in the Fate Bar all the players have to start all over again. In the game there are no
winners or losers but the thrill to overcome all the elements in the game in a collaborative
way.
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CHAPTER 5. RESULTS
The prototype game was tested on three separate groups for about 45 minutes each.
Each of the groups had the same challenge: “Electric car batteries”. The challenge for this
test was established and selected from a topic that is relevant in today’s environmental
concerns and that has had some coverage in the media. The individuals invited to test the
game came from different backgrounds but share some characteristics. Groups 1 and 2 were
working professionals and Group 3 was composed only of students. The majority of the
players had an engineering background. At the beginning of each session, the procedures and
rules of the game were first provided to the players. After some questions were answered to
address any doubts about the procedures, the game began.
It was important for this project to test the concept of the game in order to understand
if the procedures and rules were clear for the game. Therefore I invited three groups to play
the game and observe their experience. After the allotted time was up and the players were
asked to finish, three questions were asked regarding their experience with the game:
•

What did you enjoy?

•

Where did you get stuck or confused?

•

How could the rules be changed to make the game better?

Below are their summarized responses to these questions:
Summarized answers of Group 1
The players thought that as a positive characteristic the game is
Question 1. What did you interactive. The game is a good learning tool for adults; it can also
enjoy?

be used for teenagers or at another level with elementary school
children.

Question 2. Where did The players thought that it is necessary to play a first round to
you

get

confused?
	
  

stuck

or understand fully the rules and procedures of the game. And that
the principles could be stated in fewer words.
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The players thought that it would be good that instead of playing
with a die, a coin would give the players a 50/50 chance to
Question 3. How could advance by luck on the spiral or answer a trivia question. The
the rules be changed to players thought that it would be useful to provide a stack of
make the game better?

established challenges, e.g. Recycling, for players and that it
would be desirable to make the route more visible on the spiral
board.

Summarized answers Group 2
The players thought that the game was engaging; the principles
Question 1. What did you
enjoy?

are clear and important. They thought that the game allows the
discussion of environmental issues, and they enjoyed the trivia
questions, although there was some controversy over some
answers.
The players perceived that some answers to the trivia questions

Question 2. Where did
you

get

stuck

or

confused?

were not right. The player indicated that there are different levels
of knowledge on the subject of environmental issues, some
participants expressed that they did not felt confident when giving
ideas or answering the trivia questions. The players expressed that
there was confusion over the goal, what is meant to be achieved?

Question 3. How could
the rules be changed to
make the game better?

The players thought that it would be good to provide different
levels of the game, allowing the Global Warming token to be
closer to the green side depending on the players’ confidence on
the subject.

Summarized answers Group 3
The players thought that the game is educational but competitive.
Question 1. What did you The players liked that the principles keep coming into the game
enjoy?

on the idea grid. Players liked the variety of the questions on the
trivia.
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Question 2. Where did The players had to play the first round to understand the
you

get

stuck

confused?

or procedures and rules. Perceived lack of knowledge on
environmental issues and options.
Players want to answer more questions. The players would like

Question 3. How could the game to help them ideate. The players suggested that perhaps
the rules be changed to adding a time constrains when thinking of ideas for the Idea Grid.
make the game better?

Icon of people walking to know where the players should move
their tokens.

More information about players in the groups, including gender, age, and occupation,
as well as images of the three sessions can be found in the appendix section.

Observations from Group 1
When the first group of players started playing the game, the reaction of one of the
players when reading and answering the trivia question was to look for the answer on the
back of the card. Contrary to this, I had a separate sheet of paper with the answers to the
trivia questions. A neglected aspect of the game was that players at the beginning forgot to
move their tokens on the Fate Bar, as they moved their token on the spiral first. Players
wanted to answer more questions, and also suggested the option of making the die a 50/50
chance.
The ideas being proposed to solve the challenge were very general and, often lacked
boldness such as: stop mining to eliminate the systematic increase of concentrations of
substances extracted from the Earth’s crust.

Observations from Group 2
Unfortunately the group easily got distracted over the veracity of the trivia questions.
The players were also hesitant when their tokens arrived at the Idea Grid and felt uneasy
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about what to write as an idea to solve their challenge. This group also neglected their tokens
at the Fate Bar and often forgot to move them as they were more focused on the Spiral Board.
Again for this group, the ideas generated to solve the challenge were very general.
Players either avoided taking a risk or the game did not assist them in generating new ideas.

Observations from Group 3
The players in this group had the perception that the principles were “pillars of
sustainability”, which is important, as they understood their emphasis. Players from this
group also wanted to answer more trivia questions, and just as Group 1, they suggested the
option of making the dice a 50/50 chance. The players played with both boards and did not
forget to move their token on the Fate Bar and on the Spiral Board.
Over all, the younger audience was more dynamic and engaged in the game. They
seemed more focused and less distracted over other elements. The younger audience also
seemed to be better at keeping both their tokens in both boards in their current positions. The
ideas these players generated were more bold and innovative. There was hesitation and little
understanding of how to apply the social principles to the challenge, but that was an issue
observed in all three groups.
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CHAPTER 6. DISCUSSION
It is important to stress that education and engagement are focal points in the success
of sustainable development. Setting aside the challenges that conventional education has in
reaching all corners of the world, it is important to remain open and to explore new
techniques of how to communicate and engage people around important subjects. This is
especially critical when such subjects rely on the empowerment of individuals and groups, as
is the case of sustainable development.
The successful teaching method for sustainable development has to include open
discussion, exploration and creation of ideas to solve specific problems. Not all sustainable
issues can be worked out with the same set of pre-established ideas, as the local
circumstances can vary significantly from region to region. Regularly participating in
activities that stimulate critical thinking can help the sustainability movement be embraced
by more people.
There are diverse ideas on how to make this participation happen, and there are
several frameworks, certifications, and government bodies that are helping communities,
organizations, and individuals achieve sustainable goals of their projects. But it is not clear
how much the individuals in these organizations are actually learning about these
frameworks. In my two years undertaking the Master of Arts degree in sustainable design,
students like me have learned about these frameworks and worked on projects in which their
principles were applied. These exercises helped us to understand how these approaches work,
and how to apply them; however, not everyone has the time or even the interest to go that
deep into sustainability studies. With this in mind, it is time for the sustainability movement
to explore new alternatives to teach its principles and change the paradigms of a broader
audience. Games, as we have read in previous chapters, offer the possibility of engaging
individuals, fostering cooperation and teaching new skills.
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The Natural Step’s Sustainability Principles were used as rules for the game because
it includes both the social and environmental aspects of sustainability. These principles have
proven to be a path that corporations and institutions use with favorable outcomes to achieve
sustainable goals. These elements were of special interest as the primary objective of this
project was to develop a game that can be used in a business context to learn and develop
sustainable solutions.
In the process of discovering the challenges the game uncovered, it is critical to
highlight how important it is to give participants tools to drive their process of ideation. The
challenge of idea generation was evident in how difficult it was for the prototyped
game’s participants to develop ideas in certain areas. Overall, most of the ideas presented
to solve the Challenge were conventional and the players struggled to come up with social
ideas related to Sustainability Principle 4 that states: eliminate conditions that systematically
undermine people’s capacity to meet their basic human needs.
One response that the three groups shared regarding the game is that they found it
to be a good learning tool. There was an educational value that the participants found in
the trivia questions, and they appreciated that the game always brought them back to the
sustainability principles. This suggests that the game could be used for business purposes as
an alternate option for training in sustainability approaches and idea generation sessions.
The results of the development and testing of the board game and its possibilities
t o b e u s e d as a tool to engage groups and individuals into sustainability can be
summarized as follows:
•

Games incite the release of dopamine, allowing games to be a strategy to
engage people.
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•

Sustainability development and its frameworks could use games as an
alternative strategy to permit bigger audiences to understand and apply
sustainable design principles.

•

Players that tested the prototype board game expressed that the game could be
used as an educational tool.

Unfortunately, this thesis project did not explore some of the recommendations
proposed by the players and other improvements ideas to the prototype, as this was
beyond the time frame available. Some valuable considerations that could not be put to the
test are important contributions to the project nonetheless. One example is the integration of
“puzzle pieces” that the players could put together to come up with new ideas. This concept
could place blocks with certain words that are related to sustainability (biodegradable,
reusable, recyclable, equity, fair trade, educational, empower, enhance, diversity, nourish,
etc.) into the game. These resources would serve as an inspiration for players to mix and
match during the Idea Grid phase of the game. Other considerations were that it is important
to have different levels of expertise, at least on the trivia questions. This would allow
some players to feel more confident in their answers and other players receive a greater
challenge, if desired. Also, it was determined that the answers to the trivia questions should
be located on the back of the cards for easy and accessible reading.
In future iterations of the game, it would be important to consider the redesign of the
layout. Due to time constrains this was not possible. As some players suggested in their
answers, other layout designs would allow a more intuitive flow of the tokens and the
procedures of the game. The layout could be modified to mimic a familiar game such a
Monopoly, where the tokens move around the edge of the board. This would allow the Idea
Grid, The Principles, and the Challenge to be in the center of the board closer together.
Another idea proposed was to eliminate the second board. This could lead to the inclusion
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of the Fate Bar in the same board as the Idea Grid and the other elements of the game.
Perhaps exploring these and other design alternatives would result in a more user friendly and
intuitive playing experience.
Another important modification to the rules and procedures of the game would be to
include a preparation round where examples of each principle being applied to a
predetermined challenge could be presented.. This element would allow the players to
identify what is expected of their solutions when playing. It is important to note that these
would best be solutions to a generic challenge, so that the players do not generate biased
solutions to their specific challenges.
It would also be valuable to see the development of projects in academic programs
where games, or the structure of games, are applied to solve sustainability challenges.
Younger audiences could represent a great opportunity for sustainability to engage broader
audiences. It is more common to find educational games not just in the classroom but also in
homes where the interest to develop the children curiosity is encouraged. The players that
tested the game also suggested the use of this type of games for younger audiences. It
would be interesting how this approach would compare to current educational programs that
promote sustainability development awareness.
Furthermore, it’s important to record how this new approach to motivation is
deployed by a larger group of professionals, students, and academia in sustainability projects.
More lessons could be learned about the application of games to sustainability if more
experimentation is done and successful case studies are documented for future
applications.
Other elements that this project could not explore further but are nonetheless
important are the materials and processes these board games will use in their production. The
game itself could be made out of renewable or recyclable materials and powered by
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renewable energy, thus acting as a functioning example of the Sustainability Principles it
promotes. Further exploration of the ideas presented in this paper could be the exploration of
diverse design layouts for the board game, the exploration of different platforms of the game
such as video games, and developing games for younger audiences, amongst others. This
thesis project had limitations and served primarily to understand how games can contribute to
sustainable development, to prototype a game, and to record the experience the players had
with the game.
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Appendices
Appendix A – Group 1 results
Group 1
Gender

Age

Occupation

Female

37

Government employee

Male

28

Engineer

Male

39

PhD. Physics

Question 1. What did you
enjoy?
Question 2. Where did you
get stuck or confused?

The players thought that as a positive characteristic the game is
interactive. The game is a good learning tool for adults; it can also be
used for teenagers or at another level with elementary school children.
The players thought that it is necessary to play a first round to
understand fully the rules and procedures of the game. And that the
principles could be stated in fewer words.
The players thought that it would be good that instead of playing with a

Question 3. How could the
rules be changed to make
the game better?

die, a coin would give the players a 50/50 chance to advance by luck on
the spiral or answer a trivia question. The players thought that it would
be useful to provide a stack of established challenges, e.g. Recycling,
for players and that it would be desirable to make the route more visible
on the spiral board.

Grid Idea. Group one
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Participant reading trivia question. Group one

Appendix B – Group 2 results
Group 2
Gender

Age

Occupation

Female

27

Local government management

Female

27

Quality assurance coordinator

Male

23

Engineer

Male

26

Marketing

The players thought that the game was engaging; the principles are clear
Question 1. What did you

and important. They thought that the game allows the discussion of

enjoy?

environmental issues, and they enjoyed the trivia questions, although
there was some controversy over some answers.
The players perceived that some answers to the trivia questions were not

Question 2. Where did you

right. The player indicated that there are different levels of knowledge

get stuck or confused?

on the subject of environmental issues, some participants expressed that
they did not felt confident when giving ideas or answering the trivia
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questions. The players expressed that there was confusion over the goal,
what is meant to be achieved?
Question 3. How could the

The players thought that it would be good to provide different levels of

rules be changed to make

the game, allowing the Global Warming token to be closer to the green

the game better?

side depending on the players’ confidence on the subject.

Participants from Group two

Appendix C – Group 3 results
Group 3

	
  

Gender

Age

Occupation

Female

21

Engineering Student

Female

21

Engineering Student

Male

21

Engineering Student

Male

22

Engineering Student
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Question 1. What did you
enjoy?
Question 2. Where did you
get stuck or confused?
Question 3. How could the
rules be changed to make
the game better?

The players thought that the game is educational but competitive. The
players liked that the principles keep coming into the game on the idea
grid. Players liked the variety of the questions on the trivia.
The players had to play the first round to understand the procedures and
rules. Perceived lack of knowledge on environmental issues and
options.
Players want to answer more questions. The players would like the
game to help them ideate. The players suggested that perhaps adding a
time constrains when thinking of ideas for the Idea Grid. Icon of people
walking to know where the players should move their tokens.

Participants from Group three
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Appendix D – Trivia questions
2) Earth Day was first
celebrated in:
1960
1965
1970
1975

3) Which household
appliance uses the most
energy?
Refrigerator
Toaster
Dishwasher
Washing machine

4) What country has the
greatest number of coalpowered generators?
Canada
Russia
U.S.A.
China

5) “Phantom carriers” is a
term used for electronic
devices that:
a) Move from room to room
b) Continue to consume
electricity even when
switched off
c) Are really expensive
d) Are energy efficient

6) What percentage do
heating costs rise by for
every degree above 20°C that
you set your household
thermostat in the winter?
2%
4%
5%
7%

7) What percentage do
heating costs rise by for
every degree above 20°C that
you set your household
thermostat in the winter?
2%
4%
5%
7%

8) Recycling 1,000 kg of
aluminum saves enough
energy to heat a/an ________
for 10 years.
Typical home
Elementary school
Corner store
Restaurant

9) What household appliance
uses the second most amount
of energy (the first is the
refrigerator)?
Hair dryer
Clothes dryer
Microwave
Computer

12) What is the most energy
efficient cycle to wash and
rinse your clothes on?
Cold-cold
Warm-cold
Hot-cold
Warm-cold
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10) The average Canadian
home is illuminated by
________ light bulbs:
31
41
51
61

11) Which energy source
produces the greatest amount
of atmospheric carbon
dioxide?
Natural gas
Nuclear
Oil
Coal
15) Over a period of one day,
a slow dripping drop could
fill a:
Swimming pool
Bathtub
Drinking glass
Sink

13) What type of sector uses
the greatest amount of
electricity?
Commercial and industrial
Restaurant and fast food
Residential
Institutional

17) How much water is used
to produce 1kg of paper?
100 litres
200 litres
300 litres
400 litres

18) What country has the
greatest supply of fresh
water?
Canada
Brazil
Russia
China

21) The average automatic
dishwasher _______ uses
litres of water for each cycle
10
20
30
40
23) On average, households
waste _______ of their food
purchases.
5%
10%
14%
19%

19) Composting can reduce
your household waste by:
10%
25%
50%
75%

20) How many litres of water
can be saved on average if
you turn off the tap when you
brush your teeth or wash
your face?
5 litres
7 litres
9 litres
11 litres
22) What plant has been
used to monitor air pollution?
Lichen
Juniper
Clover
Strawberry

24) One tree can remove
_______ pounds of carbon
dioxide from the atmosphere
annually.
13
20
26
32

25) The existence of many
plant flowers depends on
Birds
Bugs
Worms
Bees

26) As much as _______ of
the chemicals that are
administered on our lawns,
gardens, and crops to ward
off insects and pests end up

27) Which of the following
should not go into your
personal back yard
composter?
Egg shells

28) What type of food
production is the most
wasteful in terms of
resources used?
Raising livestock for meat

14) A typical 5-minute
shower uses _______ litres
of water:
50
100
150
200

	
  

16) The average Canadian
uses 36,000 L of water each
year for:
Showers
Dish washing
Laundry
Toilet flushing
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in our drinking water supply!
70%
60%
50%
80%

Meat trimmings
Apple cores
Banana peals

production
Growing grain
Growing fruit
Growing vegetables

29) A plant or animal that is
native to an area is called:
Nocturnal
Exotic
Indigenous
Perennial

30) One busload of
passengers takes the
equivalent of _______ cars
off the road during a typical
rush hour.
15
40
72
88

31) Canadian drivers
_______ their cars for an
average of 5 to 10 minutes a
day.
Wash
Idle
Drive
Park

32) One poorly maintained
vehicle can emit pollutants
equivalent to those from
_______ properly tuned cars.
20
30
40
50
35) The major cause of urban
air pollution is:
Vehicle exhaust
Smoke stacks
Home chimneys
Cigarette smoke

33) “Fuel cell” powered
vehicles run on oxygen and:
Helium
Ethanol
Hydrogen
Methanol

34) You can improve your
gas mileage by about 3.3%
by:
Having your windows open
Keeping your tires inflated to
the proper pressure
Driving with the music on
Keeping your car clean

	
  

36) Automobile exhaust
contributes to:
Ozone depletion
Acid rain
Global warming
Smog
All of the above

