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Abstract
This study used mixed methods research to explore the use of an environmental gaming
app in an academic setting to determine if it could encourage users to adopt and maintain
environmentally friendly behaviours. The JouleBug gaming app was chosen because of its
popularity with young people and its ability to promote sustainable lifestyles. The primary
question guiding this study was: Can the use of a gamification app, designed for the smartphone
and with a sustainability focus, enhance student environmental awareness and promote desirable
behavioural change for the long term? The study’s positive results showed gamification can
make learning fun and engage learners. The small sample size was augmented by research in
other settings which confirmed the app could create positive change. More research is needed to
determine the role of motivation in game playing, and whether environmental apps on their own
can change behavior for the long term.
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Chapter 1: Introduction
Background
Human-induced or anthropogenic climate change is widely recognized as one of the most
serious challenges facing the planet. A total of 196 nations signed the Paris Climate Accord in
December 2015 with a commitment “to work to limit global temperature rise to well below 2
degrees Celsius, and given the grave risks, to strive for 1.5 degrees Celsius,” (United Nations,
2017, para. 5). Humans contribute to climate change by activities that increase greenhouse gas
concentration, ozone depletion and air pollution, to name just three impacts. It is our everyday
behaviors that cumulatively increase the burden on Earth’s ecosystems.
Changing these engrained behaviours is vital to the planet’s wellbeing. Environmental
change is being addressed in many ways, from municipal bylaws on recycling, intended to
promote recovery and reuse of materials and diminish waste, to provincial policy such as a tax
on carbon emissions, which aims to reduce vehicular travel in favour of more environmentallyfriendly modes of transport. Local and regional organizations in North America actively engage
citizens in educational programming, sometimes through face-to-face communication and
sometimes through public service announcements and other media: television, print media, and
video and articles on the web.
Relying on face-to-face communication for delivering environmental messages is
limiting; there are only so many people trained to deliver these types of messages. Television,
posters and some web-based resources are one-way media: they don’t necessarily engage the
learner beyond conveying information. Technology such as the smartphone, on the other hand, is
ubiquitous and has proven to be a popular medium for using game-like approaches that engage
users in play and learning. The latest data suggest that more than 60% of the North American
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population now uses a smartphone, with usage projected to jump to 66.5% by 2018 (Statista,
2017). Gaming applications or “apps” for the smartphone are among the more promising
methods for reaching people and engaging them in fun ways to adopt new environmental
behaviours. The term app is an acronym for “application software,” for use primarily on mobile
devices such as smartphones or computer tablets. Examples of environmental apps designed to
foster behavioural change include JouleBug, Eco-Dice and Green Me! (Yu-kai, 2017).
A commonly understood definition of gamification is “the use of game design elements
in non-game contexts” (Deterding et al, 2011, p. 13). Werbach (2014) suggests that gamification
be defined as a process of making activities more game-like (pp. 266-267). TeachThought
website (2017), a resource for educators, describes gamification for educational applications as
“A challenge or activity with more than one way to be solved” and “When students select their
own goals then track their own progress in a fun/visual way” (p. 1). Werbach’s emphasis on
process is the gamification definition I used for this thesis while TeachThought’s examples
amplify the definition.
Gamification, including using smartphone gaming apps to promote friendlier
environmental behaviours, is not without its downside. Kim and Werbach (2016) researched
ethical issues in gamification, noting an under-exploration of what is best in given situations.
Anshari, Almunawar, Shahrill, Wicaksono and Huda (2017) explored smartphone usage in
classrooms, where they determined it was both a learning aid and a distraction. And while there
may be many apps, including environmental gaming apps, not all successfully engage people. A
UNEP study of China’s Ant Forest app, introduced by Ant Financial Services Group to
encourage users to walk, travel by subway, pay utility fees online, or adopt other
environmentally-friendly habits, demonstrated that although 200 million people were registered
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to use the app, the cumulative environmental impact of each registrant amounted to
approximately 0.01 ton per year (Chen, Sun & Zadek, 2017, p. 9). This is the equivalent of not
driving a car for 23.3 minutes—a savings to the environment but not a huge one (YouSustain,
2017).
There are also health impacts associated with encouraging smartphone use, including the
increasing stress exhibited by adults and young people tethered to their devices. Lee, Chang, Lin
and Cheng (2013), for instance, investigated the dark side of smartphone usage such as the effect
of stress caused by compulsive behaviour. This is another path for more academic research, but
is not addressed in this thesis.
No one behavioural change approach is likely to suffice in efforts to convert more people
to sustainable behaviours, and every approach has advantages and disadvantages.
Communicating via smartphones is one of many means to an end to reach more people with
environmental messaging.
Structure of the Thesis
For this thesis, I explored if using environmental games on smartphones could be
successful in encouraging more sustainable behaviour, and if this behaviour would be sustained
over time. I investigated the ethical and health concerns with gaming apps and smartphone use.
To examine my research question (see below), I used JouleBug, a smartphone app that has gamelike elements to encourage users to improve their sustainability habits with actions such as
reducing waste, using less energy, walking, cycling and sharing results with an online social
network. I chose JouleBug over other similar apps because it was based on sound academic
research.
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Statement of Research Questions and Objectives
My research question will focus on whether the use of a gamification app, designed for
the smartphone and with a sustainability focus, can enhance student environmental awareness
and promote desirable behavioural change for the long term?
The overriding objective of the thesis is to establish if gamification has the potential to be
an ethical, effective vehicle for reaching people and educating them in sustainable behaviours.
Significance
Many techniques exist to encourage behavioural change around sustainability, including
structured and unstructured, one-on-one or group learning; media campaigns initiated by forprofit and non-profit organizations; and government policies providing incentives for preferred
conduct and disincentives for “bad behaviour.” Historically, it hasn’t been easy to track whether
people exposed to environmental messaging changed their behaviour. Community Based Social
Marketing (CBSM) for instance may be good at engaging a group of people in the park or at a
street corner on better ways to recycle, but following up with these people to find out if they put
into practice what they just learned can be almost impossible. By contrast, gaming apps using
smartphones make tracking simple and are a promising method for reaching people with
environmental communications (Community-Based Social Marketing, 2017).
Researcher Perspective
As a child, I loved television. My father thought I spent too much time watching it, that I
was “addicted.” Dad used to say, “Stop watching that boob tube and get out and play.” Some
parents today are equally concerned with their children’s attachment to smartphones and other
digital devices.
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Twenty-first century technology is different from what existed when I was growing up,
not least in the way it is embedded in everyday lives. Other significant differences include the
fact that exposure to television programming was strictly one-way communication and linear
medium: I couldn’t interact with it. I also spent several hours each day at school or other
locations where there was no television. My experience of the world occurred without the
interface of a screen and the distractions associated with the current technology that is
interactive.
Another motivator from my youth was my interest in Marshall McLuhan’s work on
technology. I don’t remember a time when I wasn’t interested in computers; using technology
has been a life-long interest from the first time I saw a calculator. McLuhan (1964) believed the
computer was an extension of our central nervous system that allows us to reach further but with
unanticipated consequences (p. 141). Writing about games, he stated “Games are dramatic
models of our psychological lives providing release of tensions and when cultures change, so do
games” (pp. 316-317). McLuhan contended that games enable us to stand aside from material
pressures of routine and convention, observing and questioning (p. 319). I believe his work is
still relevant today. This thesis allowed me to explore the benefits of digital games.
As a post-secondary instructor, I work mostly with young people. My passion is teaching
them sustainable design for a world in desperate need of a new paradigm for construction. How
we build and occupy the built environment contributes to climate change. My goal is that these
students will become advocates for sustainable design and construction, and that they’ll cultivate
eco-friendly lifestyles themselves.
In undertaking my thesis research, I wanted to explore ways to engage students in
understanding the consequences of their daily activities and impact upon the environment. In my
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generation, we learned through school, print media or the television. This generation learns
through the platform of the smartphone and the web. I have serious reservations about the
ubiquity of smartphones and the potential for their negative impact on growing minds. For
example, students in my classes seem to be distracted with every beep or vibration of their cell
phone. The art of face to face conversation seems to be replaced by texting, which removes the
nuisances of understanding facial expression that could pose debilitating limitations in their
professional careers. Turkle (2016) has similar observations and believes we are being silenced
by our technologies leading to a crisis of empathy that has diminished people at home, work and
public life (p. 9). At the same time, I know students use their smartphones for learning and play
in addition to staying in contact with their friends. If this is their medium, it makes sense, having
resolved any ethical issues, to use it to encourage sustainable behaviour.
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Chapter Two: Literature Review
This literature review begins by examining the history of digital games and the different
definitions of gamification and gaming. I explore the development of environmental
programming using games, and review three major debates surrounding gamification: whether it
really contributes to improved environmental behaviours, the benefits and drawbacks of intrinsic
versus extrinsic motivation, and the moral issues of gamification. The successes and failures of
using gamification are discussed, along with the role of smartphones in environmental education.
I conclude with a discussion of opportunities for future research and a summary.
Genesis of Gaming and Definitions of Gamification
The first true computer game, Spacewar! was designed in 1960s (Smithsonian, 2017). It
took the spread of personal computers and the advent of the Internet, however, to propel digital
gaming into the mainstream. So successful has the use of digital games become that analysts
forecast the global educational gamification market will grow at a compound annual growth rate
of 68% for 2016-2020 (Technavio, 2014). PR Newswire research projected gamification growth
for all sectors (entertainment, media, education, etc.) to reach $11 billion by 2020. (PR
Newswire, 2016). Gamification is more than a trend and is now embedded in many facets of life.
The term “gamification” was originally coined by Pelling in 2002, meaning “applying
game-like accelerated user interface design to make electronic transactions both enjoyable and
fast” (2011, para 2). In 2009, the first popular mobile app known as Foursquare helped promote
gamification with many features now standard in games: a social networking layer, badges,
points, self-tracking system and search features documenting millions of locations for restaurants
or businesses (Pachal, 2011, para. 1).
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Gamification is sometimes confused with terms like “serious games”(Johnson, Horton,
Mulcahy, Foth ,2017, p. 249), “games for learning”(Gee, 2013, p. 19 ), “game-based learning”
(Hamari, J., Shernoff, D. J., Rowe, E., Coller, B., Asbell-Clarke, J., & Edwards, T. , 2016,
(p. 177), and simply, “games”(Becker, 2016, pp. 8-10). Understanding the differences, in the
context of environmental education, is important. The following table from Becker (2015)
outlines some of the main differences between these concepts.
Table 1 Figure 1 Games vs Game-based Learning vs Gamification

Note: Reprinted with permission from The Becker Blog, retrieved from
http://minkhollow.ca/beckerblog/2015/06/21/games-vs- game-based-learning-vs-gamificationmy-version/
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Nicholson (2015) defines the concept of gamification by using scoring and incentive
systems to motivate people in the real world (p. 5). In his view, gamification provides motivation
while game-based learning allows more of an exploration of content. This distinction is
important because motivation techniques that are not harmful in game-based learning can be
harmful when used as incentives for real-world activities. Typical gamification apps focus on the
use of rewards like points and badges to change the behaviour of users and taps into their
extrinsic motivation.
Walz and Deterding (2014a) in describing gamification (or gameful design) refer to its
“ludic elements or qualities,” i.e. its playfulness and spontaneity, and state that gamification is
characterized by “non-game objects and experiences that use design elements from games and/or
are designed to afford gameful experiences” (p. 7). To put it another way, environmental
learning on digital platforms, to be considered gamification, needs to engage users in a fun way
by using attributes or design elements typically associated with games. Werbach (2014) in
contrast, focuses on the idea of process in gamification:
By defining gamification as a process, we can talk about activities being more or less
game-like, without needing to define a point where the designed system crosses overs
into gamification. This framing encourages designers to think about how to enhance and
deepen the game-like aspects of their designs, rather than thinking their job is done once
they drop in points and badges. (pp. 266-267)
Priebatsch (2011) offers a clear differentiation between gamification and games. He
maintains games tend to create an imaginary world that is separate from reality. Gamification,
on the other hand, creates a game layer on top of the real world. Kapp (2012) distinguishes
between gamification and serious games, suggesting a serious game is an experience designed
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using game mechanics and game thinking to educate individuals in a specific domain while
gamification, on the other hand, encourages users to solve problems while encouraging learning
using all the elements of games that are appropriate (p.15).
The definition of gamification continues to evolve as the gaming world develops and
branches into different streams. As noted, Werbach’s definition was the basis for my choice of an
environmental app that focuses on process.
Educational Programming for Changing Behaviours Using Gamification
Iscenco and Li (2014) undertook a gamification project that was a case study organized
by the Moldovan Environmental Governance Academy (MEGA) named project G.R.E.E.N
(Garbage Recycling and Environmental Education Network). The project focused on sustainable
development for students in support of starting green businesses. The goal of the project was to
achieve the following behaviour changes in the targeted youth 1) manage their waste streams
more efficiently, reuse and prioritizing waste 2) communicate benefits 3) organize their own
environmental initiatives. Students were designated as secret agents saving the country with
special awards for successful missions. Gamification proved to be an effective process for
attracting and engaging learners (n=104), as it related to the technological and interconnected
world in which they live. Results indicated that 67% of the participants were prepared for
environmental leadership and management, 39% accomplished bonus missions in addressing
environmental issues and 17% expressed a desire to organize the next G.R.E.E.N project to
ensure continuity (p. 9).
At Teachers College, Columbia University, the Games Research Lab created Greenify, an
online social platform incorporating game mechanics designed to foster flourishing sustainable
communities. Lee, Matamoros Kern, Marks, de Luna and Jordan-Cooley (2013) investigated
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Greenify and claimed that the system increased personal relevance of sustainability issues,
empowered users to create content and actions for others, increased and heightened awareness of
both climate change and its connection to lifestyle choices. The game elements make peer action
visible, creating a sense of “positive peer pressure” to promote desirable behaviours and values
in the group (p. 1499).
Debates about Gamification
There are several debates churning in the world of gamification research, quite aside from
how to define the term. My research on this section helped me determine what results I could
expect from using an environmental gamification app, and what motivational and moral issues to
anticipate.
Contribution to environmental education for climate change reduction.
Impressive claims are made about using gamification to “change the world.” Game
designer McGonigal promoted gaming as a way to create a better world at the Games for Change
Conference, maintaining that reality isn’t engineered to maximize our full potential but games
could empower users to change the world in meaningful ways (McGonigal, 2011). In 2010, she
promoted the power of harnessing game elements with the example of EVOKE, a social network
game she designed to help people globally to come up with creative solutions to social problems;
it was voted the social game of the year in 2011 and raised $30,000 for environmental projects
(EVOKE , 2010). Other examples of high expectations for gamification include LuczakRoesch’s (2017) suggestion that the Pokémon go phenomenon, which motivates people to do
things and go places they would not otherwise travel, could be leveraged for disaster
management planning Wellington, New Zealand (p. 1). The seamless overlap of a game on top of
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the city’s emergency plans and observing the activities of people interacting with locations in
gameplay may prepare citizens for disaster readiness such as earthquakes and hurricanes (p. 5).
Other researchers are not as enthused about gamification. For example, Bogost (2011)
believes gamification should be properly regarded as “exploitationware, and that gamification is
all about marketing and convincing customers to make purchasing decisions” (para. 16);
Zichermann and Cunningham (2011) articulate that “[u]niquely, games are able to get people to
take actions that they don’t always know they want to take, without the use of force, in a
predictable way” (p. 15).
Gamification has many virtues, but its ability to change the world is debatable. As Fogg
(2007) points out in his blog, environmental change at its best encourages baby steps in user
behaviour modification. Fogg (2009) defines baby steps as small incremental easy tasks which
can motivate an individual to ladder on to making other challenging eco-friendly choices such as
starting with changing incandescent lights to energy efficient LED lights (para. 19). He
challenges the phrase “motivate behaviour change,” preferring “facilitate behaviour change”
because it better communicates the idea of harnessing motivation; once motivation is engaged, it
is easier to adopt larger goals (Fogg, 2009, p. 40). Dismissing gamification’s potential
contributions, however, is the other extreme; as the literature review later indicates, there is
evidence to dispute this claim.
Intrinsic vs. extrinsic motivation and self determination
Deci and Ryan (2011) developed Self-Determination Theory by studying the effects of
extrinsic rewards on intrinsic motivation. Their research demonstrated that three universal
psychological needs—competence, autonomy and relatedness—are essential for optimal
development and functioning (p. 417). When all three are present in a social context, people are
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more likely to be positively motivated; if one or more of the elements are absent, this can have a
detrimental impact on wellness in that setting. Chapman & Rich (2017) note that SelfDetermination Theory includes two sub-categories that are relevant to gamification, which
addresses intrinsic motivation (Cognitive Evaluation Theory) and extrinsic motivation
(Organismic Integration Theory). They indicate that:
Freely participating in an activity because of interest or enjoyment increases competence
and autonomy when needs are fully met… adding the rewards or positive feedback can
either increase or limit the intrinsic motivation…. Organismic Integration Theory has a
spectrum of extrinsic motivation… and in the context of gamification… care should be
taken to pair external motivators with the internal interests and informational needs of the
learner, and arbitrary external rewards as a means of influence the learner should be
avoided. (p. 1320)
Deterding’s (2014) critique of Self Determination Theory asks questions about what
motivates an individual to make choices without external influence. He believes that games
satisfy psychological needs such as a person’s ability to control or affect an environment, and
that extrinsic rewards play an important part in this satisfaction. Nicholson on the other hand
(2012) claims that creating a system that allows meaningful engagement, internally motivates
and promotes long-term systemic change—without external rewards (p. 224). Nicholson (2015)
notes:
…the challenge in creating something meaningful is that the concept of what is
meaningful is defined by each individual; in order for something to be meaningful, there
has to be a connection to something or someone in the individual’s past. A designer of a
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meaningful gamification system will have to provide a variety of experiences and ways
of engaging to raise the chances that each participant can find something meaningful.
(p. 4)
Isceno and Li (2014) discovered there are some disadvantages to integrating rewards with
the learning experience as they might stimulate proper action during the gamification experience
but behavior change may not occur after without it. They contend that the game designer should
include other elements such as storyline, meaningful choices of activities, networking,
collaboration tools, challenges, progression levels and status (pp. 9-10). Deci, Ryan and Koestner
(2001) strongly believe it is an injustice to the integrity of teachers and students to advocate that
educators focus on the use of rewards to control behaviour rather than grappling with the deeper
issues behind behavior. They argue the exploration of the deeper issues of why students are not
interested in learning in our education system and how intrinsic motivation and self-regulation
can be promoted among these students is critical if meaningful progress is to occur (p. 50).
Gamification and moral values
As previously mentioned, Bogost (2011) believes gamification is “exploitationware” and
that attachment to technologies (tweets, notifications, updates, etc.) is the “cigarette of this
century” because such technologies are addictive and have potentially destructive side effects.
To prove his point, he shut down his game app called Cowclicker because it did not improve
users’ lives yet they still became obsessed with it. Technology can make the world an addictive
place Bogost would maintain, which means designers must be careful about how they set about
improving people’s lives. Scott, Valley & Simecka (2017) noted that the modern digital world
offers nonstop technology which is impossible to unplug, and information overload is linked to
psychological problems such as stress, anxiety and depression (p. 605). However, Eyal (2012)
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points out, the pendulum swings both ways because the user must also take control and question
his/her habits (para. 24).
Holler (2015) studied how games pushed or nudged people to make choices that were
good for them. He warns though that manipulative aspects in games, designed by people he calls
“paternalists,” run the risk of forcing a particular outcome to win the game, regardless whether
the result corresponds to the player’s preferences or desires (p. 280). Hamari & Koivisto (2015)
believe that gamification is a form of “soft paternalism” and relates to “choice architecture”
which tries to influence choices in a way that will make the choosers better off, as judged by
themselves (p. 420). Thaler and Sustein (2003) coined the term “libertarian paternalism “as an
approach that preserves freedom of choice but authorizes both private and public institutions to
steer people in the direction that will promote their welfare (p. 179). Thaler and Sunstein (2008)
describe a “nudging game” in urinals at the Schiphol Airport in Amsterdam. A housefly was
painted in every urinal as a form of game manipulation for men to target that detail, and it
reduced spillage by 80% which transferred to savings on janitorial costs for the company. They
suggest self-conscious efforts by institutions and government to steer people’s choices and better
the environment can be beneficial to the global population.
Reflecting on digital tracking and apps, Nakajima and Lehdonvirta (2013) argue that
“persuasive ambient lifestyle feedback systems everywhere could take control of our attitudes,
causing serious ethical problems; users should have the right to control which behaviours are
reflected in expressions that shape their behavior” (pp. 123-124). They suggest ethical standards
must be flexible to allow for correction as technology and society changes. One governing body
operating alone does not promote transparency or collective results. The environmental
conservation cannot design persuasive technology in isolation without affecting others. All
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parties involved must be included and engaged to ensure consistency and support. For example,
a water conservation app could include authorities with environmental protection, agriculture,
First Nation groups, community-based levels and any parties affected must strategically combine
efforts to ensure success.
Dragona (2014) notes that several game developers and games enthusiasts believe that if
used properly and appropriately, game elements can become an integral and positive part of life.
As part of a new trend to self-improvement in continuous self-tracking of everything, society is
becoming more dependent on emerging forms of real-time measurement. Dragona cautions that
the era of datafication has changed the urban landscape into a wealth of geo-locative data and
metadata generated within networks like Foursquare, leaving users vulnerable to exploitation
and control (p. 234). The Foursquare app guides users to various restaurants, stores, local sites
and the social networking layer allows location-based sharing with friends. When users are
constantly updating their location they may be monitored by strangers and stalked or robbed.
Dragona suggests empowering the user with counter-gamification tools by making networks
more transparent and to enable disruption of the processing and exploitation of users’ data (pp.
238-239).
Kim & Werbach (2016) state that players bear significant responsibility for their actions,
but so do those who take advantage of psychological vulnerabilities to neutralize players’
rational capabilities (p. 165). They argue that gamification may or may not be ethically or
socially acceptable in specific cases and propose the following ethical practices for gamification,
asking: does the game:
1) take unfair advantage of workers (e.g. exploitation)
2) infringe any involved workers’ or customers’ autonomy (e.g. manipulation)
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3) intentionally or unintentionally harm workers and involved parties in various ways
4) have a socially unacceptable degree of negative effect on the character of involved
parties (Kim & Werbach, 2016, p. 161).
Whitson (2013) writes:
Gamification is reliant on quantification: on monitoring users’ everyday lives to measure
and quantify activities. In this sense, it is not so different from the game we each play
when we step on a scale to track our weight. Gamification practices, operating under the
umbrella of play, foster a quantification of the self; collecting, collating and analyzing
minute data and providing feedback on how to better care for one’s self. Metering
technologies provide users with instantaneous and long-term feedback on the outcomes
of past practice, thus influencing future behavior. (p. 167)
Whitson (2013) claims this is a willing self-surveillance in which users become part of a
cybernetic feedback system of self-governance (p. 169). Users frame themselves in narratives of
success and failure which have been measured, quantified in algorithms and eventually trigger
strategies for attaining victory. Gamification fosters a quantification of the self that provides
feedback to modify behaviours under the control of the user (p. 167). Individuals are managing
their own directions but excessive self-tracking could be problematic or sharing of data may lead
to questionable surveillance.
Gary Wolf (2010), the co-founder of the Quantified Self Movement, argues that selftracking can sometimes appear narcissistic but allows people to connect with one another in new
ways. A tracking system is an extension of a basic faculty of consciousness, a reminder that
works without emotion. Automated sensors do more than give facts; they provide notice of how
ordinary behaviour contains obscure quantitative signals that people sometimes fail to notice,
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because they are motivated not to notice. When users are tracking their calories burned, heart rate
jogging or distance running with a FitBit, it is a form of surveillance with algorithms that provide
precise realtime feedback which may increase the likelihood that users achieve goals or increase
the likelihood that the reinforcement will influence a change (p. 169).
Persuasive Technology: Linking Gamification to Behaviour Change
Cugelman (2013) describes gamification as one of several “persuasive architectures.”
Attributes of persuasive architecture in gamification elicit such intrinsic behaviours as goal
setting, learning and development, and extrinsic behaviours such as gaining awards and
comparing progress against others (pp. 2-7). Playfulness is an important attribute as well. He
finds when all three factors are combined, a platform for learning skills and sustained
engagement is created.
Fogg’s earlier work (2003) described persuasive technology as an interactive product
designed to foster changes in people’s attitudes, behaviours and their interactions. Computers
played a role in persuasion as tools, media and social actors as the user interacts with the
computer touching buttons and receiving responses, somewhat like what would occur in a
conversation (p. 32). Lin (2016) expanded on Fogg’s statement, adding that tools typically
transform attitudes and guide users through actions or tracking that motivates change (p. 661).
Lin developed an online personal management system called, PECAFOMS for monitoring the
carbon footprints of high school students. The system had tailored messages asking questions to
individual users, noted largest emissions, footprint report and suggestions (pp. 664-665).
Computer technology can allow the user to explore causal relationships and rehearse an activity
which might facilitate the creation of a new behaviour; as a social actor, computer technology
can persuade people by rewarding them with positive feedback, modelling target behaviour or
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providing social support. These assessments by Fogg and Lin make environmental gamification
an attractive way to potentially modify people’s behaviours and ultimately contribute to the
wellbeing of the environment.
Fogg (2009) argues there are also three principal factors that must be present at the same
time for behaviour to occur: trigger, ability & motivation. To perform the target behaviour they
must be sufficiently motivated, have ability to perform behaviour and be triggered to perform
that behaviour (p. 1). To illustrate these factors, he provides the example of the cell phone
ringing (trigger); you may not be able to answer it (ability) and you might not like the person
calling and do not pick it up (motivation). Fogg (2007) cautions that in life we have peaks and
valleys of motivation. We are temporarily able to do difficult tasks at the peaks, but at low
natural periods we may not be able to attempt hard tasks. He suggests that to facilitate
behavioural change, sometimes it’s best to encourage baby steps at low periods; this can
contribute to long term success by accumulating a series of small achievements (para. 2). As an
example, if you decide you want to take the stairs instead of the elevator up 10 floors, begin first
by walking one or two floors and then take the elevator, working gradually towards your goal of
walking all 10 floors.
Evidence of Success and Failure Using Gamification for Environmental Change
Rose and Gravel (2012) claim that digital technologies provide better options for
customization, an important point since no two students are alike. A curriculum is not studentcentered when information is presented the same way to everyone. These technologies increase
the range of concepts for many students, by monitoring progress and adjusting the level of
challenge. The system can be customized and manipulated by the user as a means of gathering
information. The flexibility of digital media allows the user to act on information, solve a
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problem and have multiple means of engagement. New media is different from print as it can
store or present information in many modalities and formats to suit individual users. This allows
multiple gaming levels for various learning styles.
Dewick (2014) states that game-like approaches to solve problems can facilitate
transformative learning in the context of sustainability (p. 2). He argues that the cumulative
process of perspective transformation generally goes through five stages for success:
1) Recognizing the opportunity for improvement
2) Understanding the importance of change
3) Understanding why change is beneficial
4) Experiencing the benefits
5) Reinforcing new frames of reference
Dewick believes the gamified environment provides a method where participants are
open to receiving new messages which change their frame of reference and ultimately their
behaviour. Owen and Dewick’s (2015) research used a game-centric approach in Ethical Grand
Challenges to attempt to influence behaviour based on sustainability, social justice and
workplace ethics. Students participated in a speed eco-gaming event with various environmental
themes (e.g. water eco-action, office, home actions, etc.). The app contained two games with a
dashboard to calculate energy, carbon and money savings. The researchers found that 92% of the
student participants enjoyed the eco-action game learning environment and 80% believed they
could implement actions at home. The follow-up survey after two months yielded a poor
response with only 28% of participants confirming that they had taken up new environmental
actions. As Fogg states previously that there are three principal factors (ability, trigger &
motivation) for behavior change to occur and one of them was missing in this case. This could
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vary among users but “ability” to implement in the home environment might have been a
challenge if not all family members are engaged. Owen, Makin & Avison (2015) launched ecoaction games in 20 schools for water education in 2014-2015; a follow up survey three months
later determined 70% of participants had changed their habits and were sharing what they had
learned with others (p. 11). As previously mentioned, Lin (2016) developed a student-centered
PErsonal CArbon FOotprint Management System (PECAFOMS), to promote low-carbon
concepts to high school students (p. 676). His research showed that carbon reduction was
significant and student awareness was enhanced through participation in the management
system. Taken together, these examples show that even if individual apps don’t produce
momentous changes in behaviour, they still have the potential to educate and motivate learners.
The Role of Smartphones in Environmental Education
Smartphones in North America are an integral part of everyday life. They are replacing
desktops and laptops as the preferred means of accessing the internet because of their portability
and connectivity. On the environmental front, cities and organizations are using apps to engage
citizens. The City of Calgary used the environmental app, Agents of Nature, which was evaluated
by Crawford, Holder and O’Connor (2016) between September 2013 to January 2014 with 747
Calgary youth (age 9 -14 years) at three city parks: a wetland, a prairie grassland, and an indoor
tropical garden. At each park, children were randomly assigned to one of three groups. One
group toured the park using a mobile device, another group was accompanied by an
environmental educator and their chaperones, and a third group toured with a paper map and
their chaperones. Results showed the mobile application was as effective at engaging children as
more traditional ways of non-formal environmental education; the children also rated the mobile
device as more fun.
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Typhina’s (2015) research reviewed 290 eco-apps, of which 11 created a uniquely mobile
learning experience that was unlike a book, in-person presentation or website (p. 83). Typhina
distinguished between “native eco-apps” and “embedded eco-apps,” stating “Native apps are
environmentally-themed mobile apps designed specifically for environmental communication,
education and action that require download from iTunes and/or Google Play” (p. 84). Embedded
eco-apps require users to already be a member of the native app community to use the embedded
eco-app. JouleBug is a standalone native app, while the BART Public Transport Badge is an
example of an embedded eco-app because it works with Foursquare mobile app. BART (Bay
Area Rapid Transit) was the first transit agency to partner with the location-based mobile
network Foursquare, with the goal of encouraging public transit use. To win badges, public
transit riders used Foursquare to log their check-ins at BART stations (Mager, 2009). Typhina
reported that all the eco-apps in the study provided a way for users to see individual and
collective actions through statistics and visualizations (p. 83).
Opportunities for Future Research
There is an increasing interest in gamification in the academic world, judging by the
number of papers published on this topic. However, long-term research is necessary to determine
its effectiveness. Hamari, Koivisto & Sarsa (2014) examined 24 empirical studies in their
literature review, and contend gamification does yield positive results, but these results vary
depending on user profile and context. Deterding is critical of the validity of previous
gamification research and emphasizes the need for more questioning such as: “[w]hy we see
effects, what psychological processes explain how elements affect motivation and
behaviour, under what conditions they occur, what specific elements produce what effects…what
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mediates between environmental event and behaviour, so that we don’t blindly replicate known
findings (2014, para. 31, italics in original).
Summary
Environmental problems are integrated in a massive system of interconnection and
complexity that will require many strategies and simultaneous actions to produce long-lasting
positive change. Gamification could transform and change behaviours using game mechanics by
filling the gap between knowledge and action to motivate change. Features such as point scoring
and tracking actions can enhance self determination or promote collective action for a
regenerative future (Van Drumpt, 2013, p.16). The instant feedback found in gamification can
alert learners to what they know and may engage them to advance further in a strategically
designed, high level and safe virtual environment. The shift away from the desktop computer to
the smartphone is also making the convenience of real-time information and action available at
people’s fingertips. The technology of improved processing power, battery life and increased
networking speeds will accelerate future uses for the smartphone; it’s just a question of time
before holograms are regularly deployed within apps. Gamification continues to be accelerated
by the technology. Business and academia show strong evidence that this is a viable direction to
engage and motivate users to change.
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Chapter Three: Methodology
Chapter three introduces and describes the methodology selected for this research project.
I explain reasons behind my selection of research methods and data collection, and introduce the
research participants. The chapter ends with a discussion about the data analysis and reliability of
the research results.
Research Design & Rationale
This research explored if the JouleBug app would influence college students to be more
environmentally aware, and if the app would motivate them to adopt sustainable behaviours for
the long term. Quantitative surveys to set baseline information, followed with qualitative
interviews and later questionnaires to explore the opinions or beliefs of the students, provided an
understanding of participants’ motives and insight into their actions. A free downloadable app
was deemed an appropriate method for engaging students in this study given their constant use of
smartphones. A distinct advantage of an app is that it allows tracking of students’ everyday habits
while also providing instant feedback.
JouleBug Sustainability App
As previously noted, JouleBug is a sustainability app that rewards players for cutting
down on energy waste and in turn helps them save money. The software was designed based on
the work of Fogg (2009), who identified three factors that determine whether an individual
meaningfully changes his or her behavior when it comes to sustainability; motivation, ability and
trigger (please see the Literature Review section on “Persuasive Technology – JouleBug”).
The formula for JouleBug’s design was based on motivation, ability and triggers. By way
of motivation, the app offers fast facts about how much money each badge will save the user and
is tied to the player’s utility bill, becoming an easy tool for tracking energy savings and creating
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a powerful monthly reminder to keep playing. The badge is also used to mark progress and
signify achievements. The social fabric of the game creates a supportive environment for energy
savings, encouraging friendly competition and social pressure. By playing daily, the game
mechanics hopefully become habitual; the reward and status of earning the badge maybe a
powerful motivator. It is important to note that Lin (2016) indicated there is no one- size-fitsall action to reduce carbon footprint and it is best to provide knowledge but allow users to find
their own opportunities (p. 676).
Intrinsic motivation played a part in my selection of the JouleBug app. As participants
reach mastery in any activity, they may experience a sense of competence. The user can choose
to engage or observe, enhancing autonomy. Relatedness is evident in JouleBug as it creates
engagement with other people but also creates an engaging experience for the user with its
challenges. As previously mentioned in self-determination theory by Deci & Ryan (2011) the
above basic psychological needs are competence, relatedness and autonomy.
In terms of ability, JouleBug delivers easy-to-follow instructions on how to earn each
badge. JouleBug breaks down complicated actions into simple steps (called pins) to keep players
from getting overwhelmed. Through the Badge Genius and general badge order, the JouleBug
learning process allows users to learn gradually, and players plug into a strong social network of
support and advice. The trigger element of JouleBug uses recently-developed tools available on
robust mobile platforms such as the iPhone, providing reminders to players. These triggers
include Facebook posts, monthly in-app bill notification, tweets, in-app push notifications and
JouleBug community emails (Cleanbit, 2011, p. 9).
JouleBug is framed in the language and metaphors of gaming (Bunchball, 2012),
providing performance features such as real-time feedback, goal setting and transparency
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between players, which motivates them to engage in social interaction and healthy competition
(p. 5). As players progress through various levels of mastery, their activities are tracked digitally
and they earn badges and pins. Tracking allows one individual’s performance to be compared to
others. JouleBug was promoted in Digital Trends website by Hill (2013) for its ability to
motivate participants to lead a greener life (para. 6).
Cleanbit Systems, designer of JouleBug, advertises screenshots (see Figure 1) in Apple’s
iTunes store showing the user-friendly interface.
Figure 2 Cleanbit Systems, 2017: JouleBug iPhone Screenshots. Reprinted from iTunes
download. Used with permission. https://itunes.apple.com/ai/app/joulebug/id391199306?mt=8

See Appendix J for complete list of JouleBug EPA United States Pins & Equivalences
The JouleBug app tracks large quantities of data and simplifies it in a format for
participants to see on a leaderboard or scoreboard, showing the names and current scores of the
leading competitors. Not everyone is comfortable with this type of surveillance but digital
tracking is common, from web browsing to apps such as Twitter and Fitbit. Users can
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circumvent online surveillance by using pseudonyms; to protect the confidentiality of the
students in this research, they were instructed to register under a pseudonym.
Mixed Methods Approach
I adopted a mixed methods research approach, conducting both quantitative and
qualitative research to test my assumptions and validate my research findings. This research
paradigm has been defined as “the class of research where the researcher mixes or combines
quantitative and qualitative research techniques, methods, approaches, concepts or language into
a single study” (Johnson & Onwuegbuzie, 2004. p. 17). Using both research methodologies
meant I could combine (1) the rigour of quantitative surveys using Likert scales and closedended questions, yielding measurable data (to gather information on student participants and
measure their environmental concern), with (2) the insights that came from open-ended,
qualitative questions to understand shifts in their environmental behaviour resulting from their
participation in the study. As Johnson & Onwuegbuzie (2007) note, mixed research can “answer
a broader and more complete range of research questions because the researcher is not confined
to a single method or approach” and “provide stronger evidence for a conclusion through
convergence and corroboration of findings” (p. 21). These research advantages lent themselves
to my thesis study.
It became apparent early in my research that I would be working with a small sample
size, the result of the small number of students who decided to register for the JouleBug
challenge. Fewer participants strengthened my decision to use personal interviews as part of a
qualitative approach, especially when an initial invitation during phase three of the study to
participate in a focus group was ignored by those who participated in phase 1 and 2. The
interviews allowed me to obtain extensive information about the participants’ attitudes and
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behavioural shifts. Had the sample size been larger, conducting personal interviews would have
been too time-consuming to interview everyone.
Research Location
This research was done at the Southern Alberta Institute of Technology Polytechnic
College (SAIT) in Calgary, Alberta, Canada. SAIT is a member of Polytechnics Canada, a
national alliance of the leading research-intensive, publicly-funded colleges and institutes of
technology. It is distinct from universities and colleges in that it offers a skills-focused approach
to learning, offering everything from apprenticeships to baccalaureate degree credentials. The
campus population varies but typically has approximately 2,600 faculty and staff, and annually
trains 49,400 students.
The JouleBug challenge was launched as a pilot project and focused on two academic
programs rather than the entire campus, with the intention of expanding to the larger population
at some future time. Cleanbit prepared the app for a private SAIT community login, and each
student participant registered with a pseudonym name on his/her smartphone for the 10-day
challenge.
Research Participants
I designed the JouleBug challenge as a healthy competition between two academic
programs, Architectural Technologies (AT) & Engineering Design and Drafting Technology
(EDDT), involving approximately 60 students. Some students in these two programs were
previously my students in other classes. I distanced myself from all participants by having their
instructors introduce them to the app, and by ensuring all participants selected pseudonyms.
Their pseudonyms included the abbreviation of their program name, either AT or EDDT.
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Introducing the Sustainability Challenge
The initial introduction to JouleBug occurred in a face-to-face classroom environment.
The instructors teaching these two programs began by informing the students that participating in
the research was optional and if they declined, it would not affect their course grade. Students
were shown an introductory JouleBug video detailing the process through which they would reap
virtual rewards or points on the leaderboard. The research project was described as a fun, 10-day
sustainability challenge between the two programs, with the intent to encourage healthy
competition between the students. Students were told the top participants who accumulated the
most rewards or points for adopting sustainable behaviours over 10 days would be informed by
JouleBug.
There were no prizes awarded for the JouleBug challenge because I wanted to discourage
participation based on extrinsic motivation. When Texas A&M University launched the
JouleBug app, prizes were awarded to winning participants. A university sustainability officer,
Ben Kalscheur (personal communication, June 5, 2017) questioned if the incentive of prizes
interfered with the students’ intrinsic motivation to use the app. (Ben Kalscheur, Ecco Aggies
App, personal communication, June 5, 2017).
SAIT students were also informed they could request a copy of my published thesis. The
confidentiality of any information they provided through the online platform was guaranteed and
they were informed they could withdraw from participation at any time.
Data Collection
I conducted the research in four phases applying a mixed methods approach. In phases
one and two, I utilized quantitative survey methods with data collection generated through the
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app itself and two surveys I conducted. In phases three and four, I used qualitative survey
techniques; interviews and a final, email questionnaire.
In phase one, an online survey to establish a baseline of each participant’s sustainability
knowledge and actions was emailed to all 60 students prior to the use of the JouleBug app (see
Appendix B). The email included a consent form and web link to questions in a 10-minute
anonymous survey, using SurveyMonkey® software. Questions were designed based on
feedback from the SAIT marketing department and from a review of academic articles about
people’s knowledge and understanding of climate change (Leiserowitz, 2010). The survey was
designed using a five point Likert-scale ranging from 1 – strongly agree, to 5 – strongly disagree
(see Appendix C for questionnaire “before the start of JouleBug app” and Appendix E “after use
of the JouleBug app). Students are continually being surveyed every term and the selection of a
five point scale was short, less confusing and intended to reduce frustration level. Babakus &
Mangol support the five point Likert scale for this same reason (p. 771, 1992). Participation in
the study was voluntary and students were reminded that they could decline at any time.
Demographic questions were related to age, gender and nationality. Environmental
questions established the participant’s attitude to, and knowledge of, climate change and its
causes. Questions about lifestyle included whether the participant used their own mug for hot
beverages; if they recycled regularly; how they commuted to school; and how much time they
spent per week playing computer or video games. A final set of questions queried their
familiarity with JouleBug specifically and learning and game apps generally.
In phase two, two to three days after the end of the 10-day JouleBug challenge, a second
survey requiring about 10 minutes to complete, was emailed to the students who registered in
phase one. The introductory questions duplicated the previous survey’s, asking for demographic
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information, but also focused on the experiences and barriers participants underwent in using the
app which were meant to help me understand logistical problems and some participants’ failure
to follow through on the challenge. One question included an extensive list of possible barriers to
using JouleBug such as lack of time, other priorities, and problems with downloading or using
the app. The survey also collected data on what habits, if any, changed because of the challenge:
a list of new habits such as walking more often, commuting via public transit or bicycle, and
achieving water savings through cold water washing. All data was once again compiled in the
SurveyMonkey software (see Table 10).
Data from SurveyMonkey was supplemented by data generated by the JouleBug
leaderboard, which showed the number of points each participant earned for practicing
sustainable behaviours. For instance, participant one obtained points for turning off the lights and
shutting off their computer monitor on several occasions. Participant two turned off lights, saved
a toilet flush and took public transit. Participant six rarely repeated behaviours, as was evident
from points in the spreadsheet (see Appendix I). Initially, the online survey in phase one was the
first indicator of a limited sample size but phase two the numbers continued to decline.
Qualitative data was collected in phase three from a small sample of six participants.
Data was compiled by face-to-face interviews with the top winners of the JouleBug challenge or
an email questionnaire. My original intention was to hold a focus group with participants, but no
one responded to my email invitation. After conferring with the two SAIT program instructors,
they emailed all the students and requested the first, second and third-place winners to contact
me. The receipt of their emails was the first time I connected their pseudonyms to their real
names. The first and second-place winners met with me individually; the third-place winner
preferred to respond via email to my interview questions. Three other participants, who hadn’t
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placed in the top three in the challenge asked for interviews, which I conducted with them. Each
interview was approximately 10 to 15 minutes.
I had two objectives for this phase: to provide an opportunity for self-reflection by
students on their experience of the app, and to hear if they were still using what they had learned
in JouleBug e.g. were they still washing clothes in cold water? Were they recycling? Were they
continuing to track their use of energy and water? The interviews were transcribed and students
were assured their comments would be kept confidential and secured in my office.
During the interviews, I asked participants for clarification about their motivation for
participating. Was it to earn points and be first on the leaderboard? Or were they more interested
in learning about sustainability? I ended each session with a query regarding what each
participant would change about the app and emphasized the value of their feedback, explaining
that SAIT’s student association was considering launching the challenge to the main campus;
their perspective would inform a decision to implement the app.
Phase four occurred one year following the introduction to JouleBug. Questions were
emailed to students to collect qualitative data about their experience, and were designed to find
out if the students remembered the app, whether they would participate if it was launched again
at SAIT, and what changes in sustainable behaviour they had maintained since their initial
participation.
Data Analysis
JouleBug’s leaderboard provided a comprehensive view of each participant’s activity in
the challenge. I transcribed this data to a spreadsheet which closely resembled the leaderboard
(see Appendix I). There were nine registrants, including myself. The data showed who
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participated the most or repeated new habits most frequently, and who won the “mastery levels”
in the app. winning a mastery level was an indication of heightened engagement.
After each survey, I downloaded data from SurveyMonkey and reviewed responses. The
software used a table format which made it easy to analyze the quantitative data and assess the
students’ comprehension of contributions to climate change. I did not perform any statistical data
analysis because of the small sample size.
For the qualitative data acquisition process in phase three, I transcribed my handwritten
notes from interviews and reviewed email responses to my questions.
Validity and Reliability
There is a never-ending debate in the social sciences about whether the terms validity and
reliability, commonly used in quantitative research, are suitable for use in qualitative research
and analysis. Some researchers prefer terms such as credibility, transferability, dependability or
confirmability (Golafshani, 2003, p. 601). In turn, social scientists debate amongst themselves
the value and legitimacy of this alternative set of standards for judging qualitative research. I
decided to not become caught up in the debate, and to use the same terms for my quantitative and
qualitative research phases.
Survey Monkey provided a standardized measurement tool for both surveys, meeting the
criteria cited in Patton (2002) for quantitative methods: that participants' varying perspectives
and experiences “fit into a limited number of predetermined response categories to which
numbers are assigned" (p.14).
Golafshani (2003) identified three types of reliability referred to in quantitative research:
(1) the degree to which a measurement, given repeatedly, remains the same (2) the stability of a
measurement over time; and (3) the similarity of measurements within a given time period” (p.
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598). I strengthened the reliability and repeatability of the surveys by reviewing with two
sources, the marketing department at SAIT and Yale University’s “Global Warming Six
Americas” climate change program (Leiserowitz, Smith & Marlon, 2010). SAIT’s marketing
function has extensive experience with survey design and provided feedback on how to structure
my surveys. Yale’s program builds on the university’s “Climate Change in the American Mind”
project that conducts bi-annual national surveys to investigate, track and explain public
understanding of climate change and level of support for climate policies in the USA.
To further strengthen validity and reliability of my research, I used triangulation and
combined quantitative and qualitative methods. Triangulation helps to control bias and
establishes valid propositions (Golafshani, 2003, p. 603). Patton (2002) recommends
triangulation, noting “triangulation strengthens a study by combining methods. This can mean
using several kinds of methods or data, including using both quantitative and qualitative
approaches” (p. 247).
Golafshani (2003) cites Patton about the use of interviewing and focus groups in
qualitative research. Patton supported the notion of a researcher's involvement and immersion in
the research, maintaining a qualitative researcher should be present during the changes to record
an event after and before the change occurs (p. 600). By conducting face-to-face interviews with
participants, I was able to explore their experiences and responses; my questions encouraged
them to reflect and elaborate.

Limitations and Delimitations
I set boundaries, or delimitations for conducting my research. On SAIT’s advice, I
decided to distance myself from the study group at the beginning of the challenge, to avoid any

GAMIFICATION FOR ENVIRONMENTAL CHANGE?

44

conflict of interest. SAIT ethics require that research with students does not make them feel
obligated to participate. Had I launched it personally to students, I could have inadvertently
coerced or influenced them to participate.
There are tens of thousands of online games and apps. Having decided to investigate
gamification for environmental change, I explored a single app. I included a few examples of
serious games and game-based learning in my research by way of comparison.
In terms of limitations, I confined my population size to two classes, or about 60 students.
In my original assumption, I anticipated half of these would sign up for the challenge; I was
overly optimistic as it turns out. Thirty would have been a decent sample size, but not too large
to manage given the qualitative research I conducted. In fact, only eight registered for the initial
launch (not including myself) and only six students carried through to the final phase of the
project.
Another limitation in my study was related to the timing of the challenge launch. Due to
ethical reviews and timing of holidays and various delays, JouleBug was presented to the
students near the end of the school year. Students were so preoccupied with final exams and
papers that my sample size ended up being significantly smaller than I would have liked. This
conspired against a statistically valid sample size had I wanted to do any statistical analysis. I
should have launched the challenge either early or mid-way through the term.
The actual launch also did not go as planned; the two instructors launched at different
times rather than on the same day, and the first set of students ended up registering early under
their own names rather than pseudonyms. I should have sent out an email to each instructor
informing them to send a class email at a specific time, with an in-class reminder issued on the
same day to both groups. To rectify the error with registration, I asked (Cleanbit) JouleBug to
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reset the SAIT community login, ensuring students were prompted to register with pseudonyms.
The early registrants had to re-register with their pseudonyms.
To rectify this unexpectedly small sample, I supplemented my research by reviewing
research findings from other academic institutions and organizations that also introduced the
JouleBug app, including Cary, North Carolina, Texas A & M University and Colorado State
University. Extending my research in this way allowed me to confirm some of my results, and
meant my findings might be generalized to a larger population. I am confident my research
faithfully measured what it was intended to research, even though it was a small sample.
Confirmation Bias
I had a pre-existing belief that playing online games was detrimental to young people’s
wellbeing, based on my observations of adolescent family members and my students. This belief
led me to title my thesis as a question, “Gamification for Environmental Change?”. Reviewing
academic researchers’ work, I discovered the findings on negative outcomes from gamification
for educational purposes were few. Many academic papers presented more positive outcomes,
for instance in the health field; these encouraged me to shift my outlook. The success of games
such as FOLDIT designed to unlock structure of AIDS enzyme (Peckman, 2011), video game
SnowWorld for burn center patients (Hoffman, 2004) and later apps like Mango Health for
taking medication and getting financial rewards (Chou, 2017, para. 10).
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Confirmation bias has been defined as “the tendency to test one's beliefs or conjectures
by seeking evidence that might confirm or verify them and to ignore evidence that might
disconfirm or refute them” (Oxford Reference online, 2017). To ensure I didn’t maintain my
previous bias against gamification, I structured my research to avoid manipulation of data.
Questions during the qualitative phase of my research were designed to avoid favouring a
position.
Ethics
Approval to conduct the research was granted by two organizations, SAIT Polytechnic
College and Royal Roads University’s Research Ethics Board (Royal Roads University, 2015).
Prior to the survey start, I advised students in a written communication of the organizations’
ethics approval and assured them there would be no identifying information gathered if they used
the online portals for JouleBug and SurveyMonkey, the survey tool. SurveyMonkey is an
American software company subject to the provisions of the Patriot Act, which gives U.S.
authorities the right to access survey data. I gave students a choice: they could submit all survey
data using a paper format, which would preserve confidentiality of the data, but meant I would
more likely know who had submitted it; or they could use the online portal to answer questions,
preserving their anonymity. To enhance their confidentiality online, there were site passwords
for the survey instrument. The data will be permanently purged from the SurveyMonkey system
within 90 days of the study’s completion. Survey data was also stored without any personal
identifiers in a restricted area on the SAIT server. The data will be kept for two years before
being destroyed per SAIT’s standard protocol for disposal of sensitive information.
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The JouleBug app is also from the United States. All data collection was submitted under
pseudonyms, as part of a designated SAIT community within the app’s infrastructure. Student
personal information was not at risk (see p. 35 for description of the app).
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Chapter Four: Study Findings
This chapter on research findings begins with an overview of the participants’
demographics. Other findings are organized by phase to highlight the quantitative (phases one
and two) and qualitative (phases three and four) research findings.
Participants
Socio-demographics of Participants
Most of the participants in the challenge were from Canada (68%) with some
international (32%) students participating. The majority had lived in Canada more than 20 years.
As might be expected, millennials from 18 to 30 years formed the bulk of the sample.
Table 1 Participants’ Ages
Age range
18-20
21-25
26-30
31-35
Older than 36
Prefer not to say
Total

Total
3
1
1
0
2
1
8

%
37.5
12.5
12.5
0.0
25.0
12.5
100

Participation in phase one, there were five male and three female participants. By phase three
interviews, there were five males and two females and one female did not show for the interview.
In the final stage, phase four, the numbers stood at four males and two females.
Table 2 Participants’ Gender
Sex
Female
Male
Other
Prefer not to say
Total

Total
3
5
0
0
8

%
37.5
62.5
0.0
0.0
100
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Phase One Survey Results
Environmental awareness and interest.
Architectural students are trained in sustainable building construction; design thinking is
blended into the curriculum to enhance students’ understanding of environmental impacts.
Engineering Design and Drafting Technology students had addressed sustainability in one course
by the time of the challenge. Responses to the first survey revealed that most students understood
the significance of environmental issues such as global warming; however, they were less
informed about specific ways to reduce it, such as the need for public transportation, reducing
tropical rainforest cutting or planting trees to filter air.
Table 3 Choose three actions you think would reduce global warming the most
Activity choice
Switching from fossil fuels to renewable energy
Switching from fossil fuels to nuclear energy
Switching from gasoline to electric cars
Driving less
Using public transportation
Placing an extra tax on all fossil fuels
Reducing tropical rain forest clear cutting
Planting trees to filter the air
Insulating buildings to reduce costs for heating/cooling
Switching from incandescent bulbs to energy efficient ones (LED)
Fertilizing th ocean to make algae grow faster; such CO2 out of air
Use plans to scatter dust high in atmosphere, reduce sunlight to surface
Global warming is not happening

Total
5
1
1
0
3
1
3
3
3
1
0
0
0

%
71.4
14.3
14.3
0
42.9
14.3
42.9
42.9
42.9
14.3
0
0
0

When questioned about their willingness to change their lifestyle to achieve positive
environmental impacts, two of the eight indicated they were very willing and five were
moderately willing to change.
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Table 4 Willingness to change lifestyle for positive environmental impact
Willingness
Not willing
Slightly willing
Moderately willing
Quite willing
Extremely willing
Total

Total
0
1
5
2
0
8

%
0.0
12.5
62.5
25.0
0.0
100.00

Apps and Game Experience.
In phase one, most participants recorded they had little time to play computer or video
games for entertainment because their studies took precedence. Five of the eight respondents
played no games. One outlier however played more than 21 hours per week.
Table 5 Hours spent weekly playing computer or video games for entertainment
Number of hours/week

Total

%

0 hours

5

71.4

1-4 hours

0

0.0

5-10 hours

1

14.3

11-20 hours

0

0.0

More than 21 hours
Skipped
Total

1
1
8

14.3
0.0
100.0

Similar results occurred with respect to a question related to the use of other apps to
motivate and educate. Two students spent one to four hours of their time weekly in using these
apps, while most participants spent no time. There was one student who had previous exposure
to the JouleBug app, otherwise no other sustainability apps had been used by this group.
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Table 6 Time spent on apps that motivate or educate, e.g. Nike+Run, Sudoku, Greenguide
Number of hours/week
0 hours
1-4 hours
5-10 hours
11-20 hours
More than 21 hours
Total

Total
6
2
0
0
0
8

%
75.0
25.0
0.0
0.0
0.0
100.0

Despite low scores on the use of educational and environmental apps, the majority
reported they did enjoy playing games on apps, appreciating the competitive challenge and being
able to monitor levels of achievement.
Table 7 Enjoyment playing games on apps
Yes or no

Total

%

Yes

7

87.5

No
Total

1
8

12.5
100.0

Most participants favoured multi-player computer games; only three students preferred
individual games like Scrabble and Sudoku. The participants were in total agreement that
learning can take place in a game environment.
Table 8 Preference for single vs. multi player games
Type of games

Total

%

Single player game

3

37.5

multi-player game
Total

5
8

62.5
100.0

Phase Two Survey Results
Within the participant’s control and budget.
JouleBug survey data from phase two showed that participants found it easier to modify
certain behaviours. For instance, there was a high response to shutting off the computer monitor,
saving water on flushing, walking and recycling. Any behaviour requiring modification of
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equipment in participants’ homes was less likely to be selected; examples included installing
LED lights or a new showerhead. This may relate to limited student funds.
Table 9 Summary of challenge activities per participant
Activity
Number of times each participated
in activity
Turned out lights
Saved a Flush
Took Public Transit
Used a reusable water bottle
Saved water while brushing
Shut off the Monitor
Took Shorter Shower
Walked
Reusable Lunch Box
Recycled
Drove Efficiently
Used resusable silverware
Skipped the coffee sleeve
Shut down the office
Combined errands
Used Passive Solar Heating
Ate leftovers
Updated Energy Settings
Dressed for Season
Washing in Cold Water
Earned Super Cycles(clean lint trap,
smart drying)
Air Dried Laundary (lien-em-up)
Used the Shower Fan
Shared the App
Air Dried Dishes
Carpooled
Total per participant

Participants
1
2

Total /
activity
3

4

5

6

7

8

12
3
1
2
6
9
8
6
1
8
1
3
3
2
3
4
1
1
3
2

12
11
7
4
6
3
4
1
3
2
4
1
6
3
1
1
0
5
1
3

3
3
4
3
3
4
4
5
3
1
0
4
1
3
2
3
1
1
0
0

0
4
4
8
1
0
1
0
5
0
0
1
0
0
0
0
1
1
0
0

1
1
2
2
2
1
1
2
2
1
2
0
0
0
0
1
1
0
1
1

1
1
5
2
1
2
1
2
2
1
5
2
2
1
3
0
2
0
1
0

0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
0
1
0
0
0

1
2
1
1
1
1
0
2
1
1
1
1
0
0
0
0
1
0
1
1

30
25
24
22
21
20
19
18
17
14
13
13
12
9
9
9
8
8
7
7

1
3
3
6
1
4
97

2
0
2
0
0
0
82

0
0
0
0
1
2
51

0
0
0
0
0
0
26

1
2
0
0
1
0
25

1
0
1
0
1
0
37

0
0
0
0
1
0
4

1
1
0
0
1
0
19

6
6
6
6
6
6
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Student barriers to JouleBug challenge.
The common barriers students experienced in terms of their lack of engagement for the
duration of the JouleBug challenge— forgot about it, lack of time due to family or school, and
lost interest— were equally weighted.
Table 10 Barriers to using JouleBug
Not a
barrie
r%

Not a
barrie
r#

Minor
barrie
r%

Minor
barrie
r#

Major
barrie
r%

Major
barrie
r#

Total

Lost interest in playing

44.4

1

11.1

1

44.4

4

9

2.0

Forgot about it

44.4

4

11.1

1

44.4

4

9

2.0

Lack of time- school work
Lack of time - family
priorities

37.5

3

33.3

3

25.0

2

8

1.8

44.4

4

33.3

3

22.2

2

9

1.8

Personal priorities

75.0

6

25.0

2

0.0

0

8

1.3

Opposed to participating

100.0

8

0.0

0

0.0

0

8

1.0

Personal lack of knowledge

100.0

8

0.0

0

0.0

0

8

1.0

JouleBug software problems
Live in residence - could not
participate

100.0

8

0.0

0

0.0

0

8

1.0

100.0

8

0.0

0

0.0

0

8

1.0

Other - please state

100.0

6

0.0

0

0.0

0

6

1.0

Reasons for not using app

Weighte
d
Average

Changing habits.
The table below shows participant responses to the question: As a result of using
JouleBug, do you think that you changed some of your habits? Note that electronic savings refers
to electricity savings from reducing utility use. The most significant change in habits occurred
with water (shorter showers, cold water washing and watering the lawn at night).

GAMIFICATION FOR ENVIRONMENTAL CHANGE?

54

Table 11 What habits did you change?
Habits maintained
Water savings
Electronic (electricity) savings
Use more reusable cups
Walk more
Carpool more
Use public transit more
Recycle more
Use more reusable bags
Less dryer use
Changed lightbulbs - LED
Use cleaner fuel, e.g. electric
car
Cycle more
Other

Total
6
5
4
4
3
3
3
3
2
1

%
75.0
62.5
50.0
50.0
37.5
37.5
37.5
37.5
25.0
12.5

0
0
0

0.0
0.0
0.0

During the interviews in phase three, I learned that financial savings inspired one student
to keep his Tim Horton coffee cup from one coffee to the next to save $1.00 on refills. Using an
outdoor clothes line instead of running a dryer would also bring a savings, as might carpooling
instead of driving a car alone into school. Carpooling and public transit were cited as areas of
personal improvement, but cycling was not. This was a surprise to me as Calgary has 700 km of
walking and bicycle paths blanketing all four quadrants of the city (NE, NW, SE, SW) and
recently launched bicycle lanes in the urban downtown fabric. Disinterest in cycling to school
may reflect the small sample size or be due to the local municipality’s giving students a reduced
rate to promote travel on the bus and light rail transit system.
Phase Three - Interviews
I interviewed four of the participants during phase three; the rest received an email
questionnaire. Interviews were open-ended to allow the participants to describe their experiences
using the JouleBug app. I took notes as students shared their observations. Their reflections
highlighted their motivation for participating. I asked the following questions:
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1) It has been a few months since you did JouleBug. Did you change any habits that you may
have learned from JouleBug? Did your transportation habits change?
2) When you were using the JouleBug app, were you interested in the leaderboard and scores or
just wanted to participate from a sustainability aspect?
3) Did you already have sustainability understanding and just wanted to participate and see if
you could learn more things?
4) Any final comments about the JouleBug app or experience? This would benefit the student
association which plans to launch the app to the main campus…I would pass on your
feedback.
Intrinsic versus extrinsic motivation.
During these interviews, I learned that some participants were intrinsically motivated to
participate in the challenge while others were extrinsically motivated. The first-place winner
expressed real enjoyment in the competitive aspect of monitoring his fellow classmate and
second-place winner. He seemed extrinsically motivated to achieve the first prize position;
without the extrinsic motivation of participating in the challenge, once it was over he reverted to
most of his old habits and retained very little from the JouleBug experience, acknowledging in
the phase four questionnaire of one small change in his habits: turning the water off while
brushing his teeth.
The second-place winner possessed environmental awareness prior to the challenge, and
attributed not performing environmental activities on some days of the challenge to
forgetfulness. He stated “Too often myself and my peers would remember at the end of the day,
and have to figure out a whole day of worth of what we did.” He felt that the experience overall
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was a beneficial one, although he thought the challenge would have benefitted from prizes,
which he thought would have promoted more student engagement.
In contrast to the younger students, one mature SAIT participant (36 years) did not have
an interest in the leaderboards, and in fact thought the number of entries by others was
suspicious: “I had the feeling that some of the participants were exaggerating their activities, so it
would be good if this could be eliminated somehow.” Intrinsically motivated by his interest in
the tracking features of JouleBug, he appreciated being able to see real-time feedback on his
sustainability patterns, which in turn motivated him to do more.
Another mature student was a mother with young children who was already practicing
sustainable habits. Intrinsically motivated, she participated to gain more knowledge. Her only
handicap was the technology: she reported that navigating to her own JouleBug page was
challenging. As she said, “I would make it easier to navigate on the smart phones. I found that I
didn’t have an easy time getting to or know where my own page/area was”.
Quotes from the remaining participants indicated they appeared to come from an
intrinsically motivated position, and wanted to learn more about environmentally-responsible
behaviours. For example, “I already had common knowledge in the environment but I did learn
more in depth about certain aspects”; “Most of the things JouleBug encouraged me to do were
things I already knew I should be doing but just didn’t practice on a daily basis. It’s been about
six months since I’ve used the app, but using JouleBug on a regular basis even for just a couple
of weeks did enable me to develop better habits in terms of being more environmentally
sustainable.”
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Phase Four - Questionnaire
To complete the qualitative phases, and establish to what extent participants had retained
their learning, approximately one year after the JouleBug challenge I emailed them the following
questions:
1) What do you remember about the JouleBug challenge?
2) What would you change about the JouleBug app if it were launched at SAIT again?
3) You already had sustainability habits prior to JouleBug and you learned a few more tips from
the game app. Are you still maintaining these changes in habit (e.g. cold water washing, no
sleeve on Tim Hortons cup, recycling batteries, etc.)?
4) Any final remarks or comments?
Students responded with the following comments:
Student one: “I still maintain the sustainability habits that I picked up from using JouleBug, and
in some cases, I’ve developed even better habits. Here is a couple of further changes I have
made in recent months. When doing laundry, I now hang-dry ALL clothing as opposed to only
jeans and sweaters. I now bring a reusable coffee thermos for coffee in the morning.
Student two: “Yes, I would say I am still doing many of the things JouleBug got me going on.
No sleeves anymore for my coffee, slowly accelerating my car to save gas, shorter showers,
turning off lights, the list goes on!”
Student three: “Some things like the sleeve and other minor things have stayed but with me
moving away from work, I need to be driving more often…so no more public transit.”
Student four: “I don’t know if I gained any new habits because I was already fairly active in
being environmentally conscious. It certainly helped me to be more mindful and that is always a
good thing.”
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Student five: “I started shutting the water off for the duration of brushing my teeth, instead of
leaving it running.”
Student six: “For sure I am. I always bring my own mug wherever I go. Whenever I dine out, I
try not to have leftovers since they would require a disposable container.”
In response to question two about what they would change about the JouleBug app, the
participants shared:
Student one: “I don’t know that there is anything about the JouleBug challenge that I would
want to change. I’m sure some students were claiming to have done more than they actually did,
but I don’t see how that could be avoided. This type of things works best on the honor system in
my opinion.”
Student two: “It was easy and intuitive to use. The one major change I would suggest would be
the ability to set a reminder at certain intervals to input your information.”
Student three: “I would not change anything with the app except maybe add more content and
achievement points or something along those lines. Also, could add an incentive to log in on
consecutive days.”
Student four: “I had the feeling that some of the participants were exaggerating their activities,
so it would be good if this could be eliminated somehow”.
Student five: “I would not change anything.”
Student six: “Perhaps have prizes for competitions. I think that this would make students more
interested in keeping up with the app”.
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Changes in student understanding of sustainable behaviours.
Most participants in the JouleBug challenge were genuinely engaged, and a year later
reported practising some, if not all behaviours. The question of bias on the part of the student is a
consideration as there was no monitoring during that period to confirm their habits. It is worth
noting that these students graduated and sincerely responded without being influenced in the
possibility they might be in my future class. Tracking data in JouleBug indicated students were
reaching mastery levels of recycling or transportation. After the final qualitative questionnaire, I
triangulated back to previous data and confirmed that most of the students who had gained
sustainability experience a year prior had retained their knowledge.
I noted a common theme: these students were more mindful of their habits, more aware
of their environmental impacts and in fact found new ways of being more sustainable, as their
responses indicate. Ironically, the first-place winner was the participant least willing to maintain
behavioural change. What motivated him to participate was playing the game with his peers and
winning the challenge. Having won the challenge, he dropped most of what he had learned.
Qualitative data gathered in phases three and four indicates that a game-like app might
foster a positive interest in sustainability among participants. The app was successful as a
learning tool for educating those participating students about environmental behaviours they
could easily integrate into their daily routines.
My Experience of Participating in the Challenge
As this was my first experience of the JouleBug app, I was very interested in how
students were engaged with it. My sustainability knowledge was already strong, but I still
gained tips on additional ways that I can do better. I stopped idling my car at the Costco gas
lineup and shut the vehicle off; I also became mindful about accelerating more slowly. My
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overall experience was somewhat clouded by the small number of students who participated in
the challenge. I’d hope more would participate and give momentum to my thesis work.

Chapter Five: Discussion and Conclusion
This final chapter presents a discussion of the thesis findings, my personal observations
about the significance of the findings, and suggestions for future research. While gamification of
all types may be popular, with gaming apps to foster environmental change gaining traction,
rigorous studies of gamification in the environmental area are still needed. This thesis contributes
to the debate on gamification’s efficacy and highlights avenues for moving forward.
App Appeal
Data clearly shows that gaming apps are trendy and numerous, yet my experience with
finding participants suggests an interest in playing games does not necessarily translate to a
willingness to use an environmental app. One of the disappointments during my thesis research
was the small sample size. Of sixty potential registrants at SAIT, only eight registered. My
timing with the challenge—releasing it toward the end of term when students were swamped
with studying and assignments—may have undermined achieving a larger sample, but
subsequent correspondence with a sustainability officer at Texas A&M University revealed a
similar phenomenon. When the university released the JouleBug app under the moniker “Ecco
Aggies,” there were about 150 registrants from a campus of 60,000 students; of these only 50
participants were really engaged (Ben Kalshcheur, personal communication, June 5, 2017).
Without knowing exactly how Texas A&M promoted and launched the app, one conclusion to be
drawn is that it seems the use of an app to track and improve environmental behaviours appeals
to very few students. I know from my own research that students have other priorities.
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Other academic institutions have reported success with JouleBug challenges on their
campuses. Wesleyan University ran the JouleBug challenge twice and described improved class
coherence, team building and a productive learning experience for campus-wide sustainability
(JouleBug Communities, 2015). Colorado State University was pleased with their launch,
reporting their 10-day challenge “conserved 9,800 gallons of water (equivalent to 6,095 toilet
flushes), diverted 409 pounds of waste (28 bags of garbage) and saved 5,918 pounds of carbon
dioxide (equivalent to the emissions from powering four homes for a month” (Colorado State
University Source, 2015, para. 8).
As explained earlier, an environmental app similar to JouleBug released in August 2016
by UNEP member Ant Financial in China, one of the world’s largest digital finance companies,
enjoyed immediate appeal in the Chinese market; of 450 million customers contacted, 200
million registered for the app (Chen, Sun & Zadek, 2017). Actual behavioural change from the
Ant Forest app has been small, although some change is undoubtedly better than no change.
Future research could examine the logistics of how educational gaming apps are promoted and
why some are better subscribed to and engaged with than others. It would also be beneficial to
investigate what magnitude of personal change is significant. The 200 million users of the Ant
Forest app does not necessarily translate to positive environmental improvements if there are
only small changes as it requires measurable and significant changes on many levels, not just
energy.
Regardless of the low engagement experienced during my research, portions of this thesis
were presented to SAIT faculty as a viable area for future curriculum applications. The SAIT
student association is seriously reviewing launching JouleBug to students in 2018 as a new
sustainability awareness campaign. Whether undersubscribed or oversubscribed, the use of
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environmental educational apps is still in its infancy, with more research required to understand
what motivates people to register and stick through a challenge.
Participant Motivation
My study was too small in scope to determine to what extent a gaming app such as
JouleBug promotes intrinsic versus needing extrinsic motivation to engage participation. At least
one participant was motivated by the competitive aspect of the challenge as an extrinsic reward
and admitted after the challenge he went back to old habits. Given my small sample size and
study parameters, I hesitate to weigh in on whether the method JouleBug rewards participants, is
“good” or “bad”. The students were first engaged to use the app for competition amongst their
peers but it was later discovered many had intrinsic motivation or curious about monitoring their
own personal data. As one student mentioned, he appreciated being able to see real-time
feedback on his sustainability patterns, which in turn motivated him to do more. Another student
commented that he already was practicing sustainable habits and wanted to learn more.
The competitive aspect, with awarding of badges or points which encourages external
motivation to engage, is worthy of future research.
Incremental Change
Fogg (n.d.) maintained that small achievements in shifting behaviour can bring
satisfaction and in turn have the potential to promote long-term behavioural change (para. 1).
Having a ten-day challenge had the advantage of being short enough to persuade participants to
stick with it, but the potential disadvantage of being too short a timeframe for instilling new
behaviours. Behavioural change doesn’t happen overnight. It’s clear from the survey and
interview data that participants in my study were engaged and modified some of their
behaviours. One ten-day challenge is unlikely however to produce a wholesale change in daily
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habits; even the most motivated participants only adopted a selection of behaviours during the
ten days. As a result of my study, I believe the ten-day JouleBug challenge was an effective way
to introduce “baby steps” and shift participant behaviour. I think additional education is going to
be required before participants further modify their habits. Introducing small steps was not
intimidating and indicates tangible progress. Students that have now experienced some success
could pursue a higher goal of sustainability in more areas of their lives. Fogg’s (2009) earlier
work indicated that computers were now being designed for persuasion and referred to it as
“capatology”, a noncoercive approach to change user’s attitudes and behaviours (p. 134). Recent
work of Orji, et al., (2016) noted that personalizing persuasive technology has potential as it may
increase efficacy and motivate desired behaviour for one group but demotivate another (p. 2).
As an instructor, I have observed that I must repeat content several times in different
ways before some learners fully comprehend the material. Content delivered in one class may be
sufficient, but in another student group may require a second review due to the variety of
learners. Perhaps the same can be said for approaches to improve people’s environmental
behaviour. This is an aspect worthy of further research.
Gamification’s Future
Gamification is constantly evolving. While the definition of gamification will continue to
be debated, exploration of how to use game elements and competition for learning and
engagement continues. I started researching gamification in 2014 and there were a few academic
journals on the subject. Three years later in searching Google Scholar there are new categories
of gamification in education, learning, motivation, design, health, business had emerged. In the
past two years, I have been monitoring the online Gamesnetwork (2017) and serious academic
research has been discussed in many other areas such as religion, racism, architecture,

GAMIFICATION FOR ENVIRONMENTAL CHANGE?

64

discrimination, human rights, job interviews and games for library reference, indicating a
growing momentum on game applications. Certainly, the advancement of computers and
technology has supported the growth and ease of delivery and tracking. There is global access to
information and the game platform allows for higher engagement for learners at their individual
levels.
There is a vital need for studies into how to use games to improve environmental
sustainability. The use of games for the environment is still an emerging field and a minority of
journals have researched for long term results. The work of Morganti et al (2017) concluded that
the studies conducted to date have used few and heterogeneous measures to assess the
effectiveness of applied gaming interventions but concluded gaming still has potential (p. 101).
I would agree that although environmental games are in their infancy other sectors are having
documented success especially the healthcare.
Conclusion
I began this research with the question: can the use of a gamification app, designed for
the smartphone and with a sustainability focus, enhance student environmental awareness and
promote behavioural change for the long term? One year after launching the JouleBug challenge
at SAIT, most of the participants reported they were still practicing sustainability behaviours
they had learned during the challenge, and were more mindful of how they created
environmental impacts. The exposure to the challenge resulted in modifications to daily habits.
These students also noted that they had previous sustainability habits and therefore further
research would be necessary to include students that may have minimal sustainable knowledge to
make a firm conclusion.
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My research into the use of the JouleBug app and other researchers’ efforts in the
environmental education field demonstrate that using a gaming approach can make learning fun
and engage learners by introducing healthy competition in a digital format. JouleBug and other
apps like it utilize technology that is widely available and makes it possible to potentially reach a
lot of people. Games like this also facilitates tracking of participant behaviour, so that the
effectiveness of the gamification approach can be analyzed. This study adds in a small way to an
understanding of ways in which gamification can support efforts towards mass-mobilization for
environmental sustainability. Further, the approach to learning about gamification in this study
may also be applicable to other fields such as health and safety.
This thesis also demonstrates that more research is required to establish the advantages
and disadvantages of this type of digital application, by conducting research with larger sample
sizes and by carefully tracking short and long-term behaviour change. Understanding what
makes an environmental gaming app effective or ineffective could inform future app design.
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Appendix A: Invitation Email to Students

INVITATION to Participate in Research Study Phase 1
Title of Project: Gamification for Environmental Change
You are invited to participate in a research study conducted by architectural instructor, Cheryl
Fryers. The thesis study is the final requirement for a Master of Arts in Environmental Education
and Communication, Royal Roads University, Victoria, B.C. This study has been reviewed and
received an ethics clearance from SAIT Polytechnic and Royal Roads University ethics
committees. If you have any comments or concerns about the study, you may contact the SAIT
office of Research Ethics at 403-774-5067 or you may contact Dr. Rick Kool with Royal Roads
University, School of Environment and Sustainability (Rick.Kool@RoyalRoads.ca)
If you decide to volunteer, you will be asked to complete a 10-minute online survey that is
completed anonymously. Survey questions focus on sustainability awareness and specific
performance of the JouleBug app software in the second phase of questioning. Participation in
the study is voluntary and you may decline to proceed at any time. There are no known or
anticipated risks from participating in this study.
This survey uses SurveyMonkey® which is a United States of America company. As a result,
the data is under the provisions of the Patriot Act and U.S.A. authorities could access the survey
data. If you prefer to submit data in a paper format it may be arranged, but the alternate method
will decrease anonymity while confidentiality is preserved. The data will have no personal
identifiers and will be maintained in a restricted area on the SAIT server. The information that
you provide will be kept confidential. All data will be summarized and no individual will be
able to be identified.
The thesis report or any publication will not identify you. The data collection for this survey will
be kept for two years in a secure location on the SAIT Polytechnic server and will be destroyed
as per SAIT’s standard disposal of sensitive documentation. Students may wish to withdraw at
any time by emailing (Cheryl.fryers@sait.ca). A formal report will also be available to you upon
an email request.
Thank you in advance for taking the time to assist in this valuable environmental research.
In proceeding to this website for the survey, you are consenting to participate:
http://_____________________________.
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Appendix B: Phase 1 SurveyMonkey® Consent Form:

Title of Project: Gamification for Environmental Change
Purpose of the study
The purpose of the research is to investigate environmental awareness using the JouleBug
sustainability game app. With respect to the world leaders collectively embarking on a global
course of climate change action to protect the environment, this is a historic period in history to
achieve sustainable development for the planet and the next generation. Exploring how this will
be accomplished is through a collaborative process. Will digital media be just one path that
supports the direction of a sustainable future? This research is a step forward to determine if a
sustainability game app will make a difference.
Procedures:
1. This initial survey is to set a baseline of your environmental knowledge prior to using the
Joulebug app.
2. After 10 days, I will request a second survey.
3. Two months after the second survey, I will invite volunteers to a focus group for
feedback and a short follow-up survey that is estimated to take 30 minutes. Please note
that at any point during the process you may decline to participate.
Benefits Based on the findings, there is potential to expand the JouleBug app to the entire SAIT
campus and encourage further environmental awareness amongst students and staff.
Right to Withdraw Participation in the study is voluntary and you may decline to proceed at
any time. Students may wish to withdraw at any time by emailing (Cheryl.fryers@sait.ca).
Payment for Participation There will be no monetary payment for participating in this study.
Consent
Completing this survey is your consent to be part of this study but you have the right to withdraw
at any time during the process. This survey uses SurveyMonkey® which is a United States of
America company. As a result, the data is under the provisions of the Patriot Act and U.S.A.
authorities could access the survey data. Upon conclusion of this research, all data will be
purged from the SurveyMonkey® system after 90 days.
Thank you for your time. Please proceed to questionnaire by clicking icon.
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Phase 1 SurveyMonkey® Questionnaire
Background Information
1. Please indicate if you are:


Female



Male



Other



Prefer not to say

2. What is your age group?


18 -20



21-25



26-30



31-35



Older than 36



Prefer not to say

3. What is your country of origin?


Canada



International

4. Question: How long have you lived in Canada?


0-1 year



2 – 5 years



6 – 10 years
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11 – 20 years



21 – 30 years



more than 31 years



Prefer not to say
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Environmental questions
5. Global warming is defined as an increase of the earth’s average surface temperature due
to greenhouse gases that collect in the atmosphere. Do you think global warming is
happening?


Yes



No



Do not know

5a. If you answered yes… check the ONE item below that you think is the MAJOR cause of
the global warming.


Human activities (burning fossil fuels for heat/electricity, pollution, forest removal)



Natural changes in the earth



Rise in the sun’s activity



Hole in the ozone layer



Permafrost leaking carbon into the Earth’s atmosphere



Do not know



Other_______________________________________

5b. If you answered “No”, proceed to question number 6.
6. How much do you agree or disagree with the following statement? “I could easily change
my mind about global warming”.
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2

Strongly
agree

Somewhat
agree

3
Neutral

81
4
Somewhat
disagree

5
Strongly
disagree

7. How confident are you in your understanding of environmental issues around global
warming?
1
2
3
4
5
Not very
confident

Somewhat
confident

Fairly
confident

Quite
confident

Extremely
confident

8. Of the following actions, which THREE do you think would reduce global warming the
most?


Switching from fossil fuels to renewable energy (wind, solar, geothermal)



Switching from fossil fuels to nuclear power



Switching from gasoline to electric cars



Driving less



Using public transportation



Placing an extra tax on all fossil fuels



Reducing tropical rain forest clear cutting



Planting trees to filter the air (Trees absorb carbon dioxide and release oxygen)



Insulating buildings to reduce costs for heating and cooling



Switching from regular (incandescent bulbs) to energy efficient lights (LED lights)



Fertilizing the ocean to make Algae grow faster and suck carbon dioxide out of the
air



Use airplanes to scatter dust high in the atmosphere and reduce sunlight to the
surface



Global warming is not happening
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9. How willing are you to change your lifestyle for positive environmental impact?
1
2
3
4
5

Not willing

Slightly willing

Moderately willing Quite willing

Extremely willing

10. How often do you recycle (bottles, electronics, batteries, paper/plastic, etc.)?
1
2
3
4
5
Do not recycle 25% of time

50% of the time

75% of the time

Always

11. How often do you use your own metal, or re-usable cup for a coffee or a drink?
1
2
3
4
5
Use cup by vendor

25% of time

50% of the time

75% of the time

Always

12. Typically students travel to SAIT one or two ways. On the chart below indicate
your common modes of transportation that you generally use?
Always

25%

50%

75%

Once

Never

Public Transit
Auto (not
carpool)
Bike
Carpool
Cycling
Walking
Other

Game Experience Questions:

13. On average, how many hours per week do you spend playing computer or video
games for entertainment?
1

0 hours

2

1-4 hours

3

5-10 hours

4

11-20 hours More than 21 hours

5
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14. On average, how many hours per week do you use an app that will motivate or
educate you? (E.g. Nike + Run, Sudoku, Greenguide, etc.)
1
2
3
4
5

0 hours

1-4 hours

5-10 hours

11-20 hours

More than 21 hours

JouleBug App Questions:
15. Have you ever used the JouleBug app before?


Yes



No

16. Have you ever used other sustainability apps before?


Yes (if yes, please name the app________________________)



No

17. Do you enjoy playing games on apps?


Yes



No

18. Do you enjoy playing games that have a competitive challenge which monitors the
levels of others? (e.g. Leaderboard)


Yes



No

19. Do you prefer to play a computer game (like chess, Scrabble, Sudoku) by yourself
than a multi-player computer game?


Yes



No

20. Do you believe that learning can take place in a game environment?


Yes



No
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Appendix D: Invitation to Participate in Research Study Phase 2

This is phase two of the JouleBug app study and will require approximately 10 minutes of your
time to complete. This survey will follow with final phase approximately two months from
today’s date with a focus group meeting. Note that you are not obligated to participate in the
final survey.
As previously mentioned, your participation is voluntary and you may decline to answer any
questions. All information that you provide will be kept confidential. All data will be
summarized and no individual will be able to be identified.
Thank you in advance, for taking the time to complete this short survey. Your feedback is
greatly appreciated. The research collected from students engaging in this app will hope to
provide new insights on how to bring a higher level of sustainability awareness through social
media. The end goal is to make change in our society for the benefit of the planet.
In proceeding to this website for the 2nd survey, you are consenting to participate:
http://_____________________________.

GAMIFICATION FOR ENVIRONMENTAL CHANGE?

85

Appendix E: Phase 2 Questionnaire (10 days later)

Title of Project: Gamification for Environmental Change
Purpose of the study
The purpose of the research is to investigate environmental awareness using the JouleBug
sustainability game app. As previously mentioned in Phase 1, globally we are at a historic point
in history that our world leaders collectively have agreed on a global course of climate change
action to protect the environment and preserve for the next generation. Exploring how this will
be accomplished is through a collaborative process. Will digital media be just one path that
supports the direction of a sustainable future? This research is a step forward to determine if a
sustainability game app will make a difference.
Benefits
Based on the findings, there is potential to expand the JouleBug app to the entire SAIT campus
and encourage further environmental awareness amongst students and staff.
Right to Withdraw Participation in the study is voluntary and you may decline to proceed at
any time. Students may wish to withdraw at any time by emailing (Cheryl.fryers@sait.ca).
Consent
Completing this phase 2 survey is your consent to be part of this study but you have the right to
withdraw at any time during the process. This survey uses SurveyMonkey® which is a United
States of America company. As a result, the data is under the provisions of the Patriot Act and
U.S.A. authorities could access the survey data. Upon conclusion of this research, all data will
be purged from the Survey Monkey system after 90 days. Thank you for your time in completing
the survey. Please proceed to questionnaire by clicking icon.
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Appendix F: Phase 2 Questionnaire (10 days later)

 Questionnaire 2 – 10 days later
Background Information
1. Please indicate if you are:


Female



Male



Other



Prefer not to say

2. What is your age group?


18 -20



21-25



26-30



31-35



Older than 36



Prefer not to say

3. What is your country of origin?


Canada



International

4. Question: How long have you lived in Canada?


0-1 year



2 – 5 years



6 – 10 years



11 – 20 years
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21 – 30 years



more than 31 years



Prefer not to say
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5. How easy was it to use the JouleBug app?
1

2

Not easy

Slightly easy

3

4

Moderately easy

Very easy

5
Extremely easy

6. Barriers to using the JouleBug app:
Indicate whether any of the following were
barriers to using the JouleBug for 10 days.

Not a
Barrier

Minor
Barrier

Major
Barrier

□
□
□

□
□
□

□
□
□

Personal lack of knowledge.

□
□
□
□
□
□
□

□
□
□
□
□
□
□

□
□
□
□
□
□
□

Personal priorities.

□

□

□

Could not participate as much because
I live in residence.

□

□

□

Other (please state reason)
______________________________

□

□

□

I lost interest in playing.
I was opposed to participating.
Not enough time to participate.
I forgot about it.
JouleBug software operating problems.
Downloading problems with my I-phone.
Lack of time due to family priorities.
Lack of time due to school work.
Lack of time due to job after school.
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7. Was the JouleBug app informative?
1

2

No

Slightly
informative

3
Moderately
informative

4
Quite
informative

5
Extremely
informative

8. How likely are you to recommend the JouleBug app to others?
1
2
3
4
Not likely

Slightly likely Moderately likely

Very likely

5
Extremely likely

9. As a result of using JouleBug , do you think that you changed some of your habits?
If yes, please check all that apply:


walk more



cycle more



carpool more



use public transportation more



water savings (shorter showers, cold water washing, water lawn at night)



electronic savings



recycling more (note items: _______________)



use reusable cups more



use reusable bags more



use cleaner fuel (electric car)



use outside clothesline more instead of dryer



change incandescent light bulbs to energy-efficient bulbs



other_____________________________________

10. What are two positive things about your experience using the JouleBug app.
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
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11. Final comments.
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

The survey results will be used as a baseline for future comparisons regarding incorporating
gaming elements with respect to learning about sustainable environmental awareness and
behaviour.
Thank you for your participation in this research study.

Appendix G: Face to Face Interview & Email to some students Phase 3- October 2016
1)

What do you remember about the Joulebug challenge?

2)

What would you change about the Joulebug app if it were launched at SAIT again?

3)

You already had sustainability habits prior to Joulebug and you learned a few more tips
from the game app…are you still maintaining that change in habit?

4)

Any final remarks or comments?

Appendix H: Email only questionnaire Phase 4 - May 2017
1) What do you remember about the Joulebug challenge?
2) What would you change about the Joulebug app if it were launched at SAIT again?

3) You already had sustainability habits prior to Joulebug and you learned a few more tips
from the game app…are you still maintaining that change in habit (ie: cold water
washing, no sleeve on Tim Hortons cup, recycling batteries, etc.)
4) Any final remarks or comments?
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Appendix I: Data of Joulebug Activities during 10 day Challenge

7

Green_AT

6

Lololo-EDDT

5

Sob_r_ish-AT

4

Sombra-AT

3

Prez-ET

Cyndaquil-ET

2

8

12.0

12

3.0

1

1

1.0

Saved a Flush

3.0

11

3

4

1

1

2.0

2

Took public Transit

1.0

7.0

4.0

4.0

2.0

5.0

4

3

8

2

2

1

6

3

1

2

1

1

3

Used a reusable Water
Bottle
Save water while
brushing
Shut off the Monitor
(Earned sleeping beauty)

3

4

1

2

4

1

1

2.0

2.0

2.0

2

2

1

1

1

1

2

5

1.0

1

4

6

7

Turned off lights

1

FieldofAwesome

SAIT Joulebug
Sustainability Challenge
2016

Archginger-AT

Joulebug Participants

2.0
6.0
9.0

Took Shorter shower

8.0

4

Walked

6.0

1

5

Reusable Lunch Box

1.0

3

3

Recycled

8.0

2

1

Drove Efficiently

1.0

4

Used reusable silverware

3.0

1.0

4.0

Skipped the coffee
sleeve

3.0

6

1

2

3

1.0

Shut down the office

2.0

3

Combined errands

3.0

1

2

1

3

Used Passive Solar
Heating

4.0

8

Ate leftovers

1.0

9
1
0

Updated Energy Settings

1
1
1
2
1
3

5

1.0

2.0

1.0

1.0

1

1

1.0

3.0

1.0

Washing in Cold water

2.0

3

1

Earned Super Cycles
(clean lint trap, smart
drying)
Air Dried Laundry (Lineem-up)

2

1

1.0

Used the Shower Fan

Air Dried Dishes
Carpooled
Washed full load
Dishwasher load

1

1

2.0

1

1

1.0

1.0
1.0

1
1.0

2

3.0
3.0

1

3

1.0

Dressed for the Season

1.0

1

5

Shared the App

1
4
1
5

1

1.0
1

2.0

6.0
1

1.0

1

1

1

1

1

1

1

2

4.0
1

2
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6
1
8
1
9
2
0
2
1
2
2

Used a Reusable Mug
Washed full load of
laundry
Open the Windows at
Night
Clean up after pet

2.0
2.0
3.0

Ate local produce (Fresh
Food)

1

1

1

1

1
1

1

2.0

Used paperless billing

2.0

Mastered Washing Cold
Mastered Errand Buster
Skipped the coffee
sleeve (buzzed
mastered)

2
4
2
5
2
6
2
7
2
8
2
9
3
0
3
1
3
2

2.0

1.0

1

3

1

2

1

1
1
1.0
1

1.0
1

Installed a low-flow
shower head

1
1

1.0

2.0
1

1
1.0

1.0

Installed LED Bulb

1.0

Printed Double sided

1

Mastered Super Soaker
(7 points

1

1
1.0

Earned average joe

1.0

Mastered Hug a Mug
(skip straw, lid & use
own cup)

1.0
1.0

Telecommuted instead of
driving 18 km

1.0

Visited a Park

1.0

Bought Recycled Printer
Paper
Properly disposed of
Hazardous Materials
Mastered Tech Whiz
(computer shut down)
Mastered Pack-A-Sack
(lunch box many times)

1
1
1.0
1

Mastered Grab Bag
Mastered Silver Spoon
Mastered Bottle Rocket
Mastered Haz Mat
Handover

1.0

1

Composted

Mastered Catch some
Rays

1

1.0

1.0

Earned Shower Power

Bought Recycled Paper
Towels
Mastered Shut eye
(monitor)
Mastered Easy Rider
(Transit)

1

3.0

Bought a Reusable bag

2
3

1

1.0

Used a Reusable
Shopping Bag
Bought Recycled Toilet
Paper

1.0

2.0

1.0

Mastered Brush with
Greatness
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1
1.0
1
1
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Mastered Shower
Sprinter (less than 5
minutes)
Mastered Dry Naturally
(open door air dry)
Mastered Recycled
Paper Towels
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1
1
1.0

Walked 10 minutes
Mastered Feather foot
(drove efficiently many
times)
Mastered Word of Mouth
(shared app)

1
1.0

Installed an outlet Timer

1.0

Mastered Grease Monkey

1.0

Earned a Grease Monkey
(proper motor oil for car)

1.0

Changed the Oil

1.0

Mastered Smog Log (car
emissions checked)
Inflated tires for better
gas mileage

1.0
1.0

Skipped Car Wash
Earned A to B (Gym
Membership)
Mastered where Credit is
Due
Opted out of Credit Card
offers 46% discarded)
Reused Warmup water
(greywater)
Mastered Theater
Smartstip
Mastered Save on Flush
(6 liters per flush
savngs)
Thrift Shop (Craigs list,
recycled items)
Installed Rain Barrels
(Barrel of Monkeys)
Mastered Barrel of
Monkeys)

1.0
1.0
1.0
1.0
1.0

1.0

1.0
1
1.0
1.0
1.0

Skipped Watering

1.0

Skipped Meat (one day
eat vegetarian)
Installed Solar Powered
Lights

1.0
1.0

Mastered Sunny Nights

1.0

Reduced Water Heater

1.0

Mastered Drop it Like its
Hot
Updated the Thermostat
(winter regulator)
Closed Curtains to trap
heat
Mastered Bin to Win
(Recycler)

1.0
1.0
1.0
1

GAMIFICATION FOR ENVIRONMENTAL CHANGE?

93

Appendix J: Joulebug- United States EPA Data Equivalencies
https://s3.amazonaws.com/challengepost/zip_files/production/1562/zip_files/Joulebug%20Submi
ssion%20and%20EPA%20Data.pdf
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