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ABSTRACT  

As the world is getting more crowded, at the same time as people increase their consumption, there is a need for us 
taking control of our resource consumption and changing our behaviors into more sustainable ones. First of all, our 
consumption needs to decrease in order to prevent use of resources and prevent the production of waste. Secondly, 
there is a need for reusing and recycling materials already in the system, where the latter is a subject this study is going 
to focus on. In order to increase knowledge of recycling, exploration of new methods of spreading information and 
awareness is of interest. This study explores the spreading of information with a game-based learning approach, 
targeting young adults. A quantitative pre-study was conducted to investigate their recycling behavior, to get an 
understanding of what prevents and promotes recycling. Based on the findings from the pre-study, along with findings 
from previous research, a game was developed with the aim of meeting these preventing and promoting factors. The 
game explores how a digital game can be used to spread information of recycling along with a motivation to recycle. 
It was followed by a qualitative user study, to evaluate the game and explore users’ experience of learning through a 
game. According to the results, a game-based learning approach showed to be appreciated amongst the participants in 
general. They showed appreciation towards this type of learning and thought it was an entertaining alternative of 
learning. Crucial game elements for learning were detected along with further improvements. The game-play 
contributed to a knowledge increase, and after playing the game, participants saw potential in it being a motivational 
tool, but mostly, they saw it as a tool for motivating learning.  

 

SAMMANFATTNING  

I takt med att vi blir fler människor på jorden, samtidigt som vår konsumtion ökar, är det nödvändigt att vi tar kontroll 
över vår förbrukning av resurser och förändrar våra beteenden till mer hållbara. För det första måste vår konsumtion 
minska, för att minska användningen av resurser och minska det avfall som uppstår. Det finns också ett behov av att 
återanvända och återvinna resurser och material som redan finns i systemet. Det senast nämnda, återvinning, är det 
ämne som denna studie fokuserar på. För att öka kunskap om återvinning är det intressant att utforska olika metoder 
att sprida information och medvetenhet på. Denna studie undersöker spridningen av information genom ”game-based 
learning”, en spelbaserad inlärningsmetod, och fokuserar på unga vuxna. En kvantitativ förundersökning har utförts 
för att undersöka målgruppens återvinningsbeteende, för att få en förståelse för dem faktorer som förhindrar och 
främjar deras återvinning. Baserat på resultaten från förundersökningen, tillsammans med resultat från tidigare 
forskning, utvecklades ett spel för att möta dessa förebyggande och främjande faktorer. Spelet skulle undersöka hur 
ett digitalt spel kan användas för att sprida information om återvinning och motivera användare till att återvinna. En 
kvalitativ användarstudie utfördes för att utvärdera spelet och användarnas erfarenhet av att lära genom spel. Resultaten 
visade att ett spelbaserat inlärningssätt i allmänhet var uppskattat bland deltagarna, då de uppskattade denna typ av 
lärande och tyckte att det var ett roligt alternativ av lärande. Avgörande spelelement för lärande upptäcktes, 
tillsammans med ytterligare förbättringar. Spelandet bidrog till en kunskapsökning och efter spelets gång såg 
deltagarna potential i spelet som motivationsverktyg, men framförallt som ett verktyg för att motivera lärande. 
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ABSTRACT 
As the world is getting more crowded, at the same time as people 
increase their consumption, there is a need for us taking control of 
our resource consumption and changing our behaviors into more 
sustainable ones. First of all, our consumption needs to decrease in 
order to prevent use of resources and prevent the production of 
waste. Secondly, there is a need for reusing and recycling materials 
already in the system, where the latter is a subject this study is going 
to focus on. In order to increase knowledge of the subject, 
exploration of new methods of spreading information and 
awareness is of interest. This study explores the spreading of 
information with a game-based learning approach, targeting young 
adults. A quantitative pre-study was conducted to investigate their 
recycling behavior, to get an understanding of what prevents and 
promotes recycling. Based on the findings from the pre-study, 
along with findings from previous research, a game was developed 
with the aim of meeting these preventing and promoting factors. 
The game explores how a digital game can be used to spread 
information of recycling along with a motivation to recycle. It was 
followed by a qualitative user study, to evaluate the game and 
explore users’ experience of learning through a game. According to 
the results, a game-based learning approach showed to be 
appreciated amongst the participants in general. They showed 
appreciation towards this type of learning and thought it was an 
entertaining alternative of learning. Crucial game elements for 
learning were detected along with further improvements. The 
game-play contributed to a knowledge increase, and after playing 
the game, participants saw potential in it being a motivational tool, 
but mostly, they saw it as a tool for motivating learning.  

Keywords 
Game-based learning, sustainability, recycling. 

1. INTRODUCTION 
As the population on earth grows while our consumption increases, 
work has been done to deal with our consumption and use of 
resources. Our use of resources needs to decrease along with our 
consumption, and to do this as effective as possible, individuals 
need to be aware of the consequences of their actions and take 
responsibility to work against the environmental threat. 
Meanwhile, as our consumption is increasing, work is needed to 
deal with the reuse and recycling of materials already in the system. 
Some of this work has already been done in Sweden, a country that 
is good at recycling materials and has established national recycling 
management routines [2]. All Swedes are responsible for the 
recycling management - municipalities, producers, households and 
businesses, and by 2015, all except one of the national recycling 
goals of packaging and newspapers were accomplished [ibid.]. 
Since 1994, Sweden legislated ‘responsibility of the producers’, 

meaning that responsibility of disposing and taking care of ‘end-of-
life’ products is lying at the producers’ care [ibid.]. These products 
include waste paper, packages, electrical and electronical waste, 
tires, cars, batteries and medicines. Households are obligated to sort 
these types of waste and bring it to the systems of the producers. 
Systems of such collections relies on the sorting of the consumers, 
and this sorting is the main tool to collect and recycle materials. 
Until year 2020, there are new national recycling goals meaning 
that an increase of recycling will be needed [ibid.]. 

Unfortunately, a lot of recyclable materials end up in the trash and 
the percentage of recyclable materials in Swedish households’ trash 
bags is high. At households sorting their food waste 60 percent of 
the trash bag content is recyclable (80 percent at households who 
do not sort their food waste) [2]. Previous studies have found that a 
lot of recyclable materials are being put in the trash because of lack 
of information of how to recycle them, along with lack of storing 
and personal effort [11][16][27]. 

The possibility of spreading information with technology has been 
used for decades, where the use of digital games is an approach that 
has been shown to give advantageous learning effects [21] [7][20]. 
In order to continue educating individuals about recycling practices 
and the effects of it, this work explores individuals’ relation to 
recycling and investigates how to encourage a pro-recycling 
behavior with the use of a digital game. Since time is insufficient, 
a change of behavior will not able to be measured which is why this 
thesis only focuses on the increase of knowledge and motivation. A 
prototype of a digital game is designed and evaluated to examine 
how information of recycling, and a motivation to recycle, can be 
spread. 

The work targets young adults and focuses mainly on recyclable 
materials in households, including packages and newspapers. A 
discussion about the result is held and further, recommendations for 
future work are defined. By conducting a pre-study, followed by 
user tests and interviews, this study answers the following research 
question: In what way can game elements affect young adults’ 
knowledge of recycling, and motivation to recycle? 

To be able to answer this question, following sub-questions will 
be answered: 

• What factors prevent and promote a recycling behavior 
among the target group?  

• How can game elements meet these factors in order to 
affect users’ knowledge of recycling, and motivation to 
recycle?  

• How can recommendations for further work look like, 
based on learnings from this research? 



2. BACKGROUND 
To be able to deal with increasing population on earth along with a 
high consumption, different guidelines have been created to guide 
us how we should prioritize when dealing with consumption of 
resources and energy. According to the European Waste Hierarchy 
[2], (EWH), a ranking of different material waste handling 
strategies, the best option would be to prevent waste from being 
made at all, Figure 1. If a decrease of waste is not enough, the 
second option is the reuse of materials, followed by recycling of 
materials as the third best option [ibid.]. Along with our high 
consumption a lot of materials are in use and in the system. To 
recycle them would save a lot of energy and resources as e.g. 
aluminum and glass can be recycled endless of times without losing 
quality. Also, a lot of energy is saved when recycling in comparison 
to producing new [14]. Recycling to a higher degree would prevent 
waste ending up in the last two and least preferred steps of the 
hierarchy. In the bottom lies the option of incineration of material 
with energy recovery, followed by the disposal of material, 
meaning waste ending up on landfills [2]. 
 

 
Figure 1. European Waste Hierarchy 

 

2.1 Recycling management in Sweden 
Sweden has established a recycling management that enables 
Swedes to act in pro-recycling ways. As the municipalities continue 
their work with the expansion and development of curbside 
collection systems, bigger recycling possibilities are being given 
[1]. Until 2020, recyclability rates will be raised to reach new goals 
of material recovery, and more work will be needed to reach them 
[11]. In Stockholm, one of the five fastest growing regions in 
Europe, a long-term plan waste management is needed. [24] At the 
same time as the population grows, the amount of waste is expected 
to increase [ibid.]. In the beginning of the 20th century, the average 
Swede produced 25-30 kg of waste per year - today it has increased 
to 500 kg [ibid.]. An increase of waste leads to problems of e.g. 
ecological concerns and puts municipalities under pressure to find 
solutions and strategies to decrease the amount of waste [18]. 
Reducing waste and providing an accessible, environmentally 
friendly and cost-effective waste management is a major challenge, 
where comprehensive information and feedback will be important 
for residents [24].  

Although the amount of waste has increased, the percentage of 
correct sorting is pretty much the same as five years ago [1]. 
Previous research has found that recyclable materials are being put 
                                                                    
1 Sortera matresten, available at: http://sorteramatresten.se/, [2017-

05-26] 

in the trash because of lack of information of how to recycle them 
[11]. Other factors affecting this behavior are the lack of skills, 
personal effort and lack of storing space [16][27]. Different 
information campaigns have been carried out with the aim of 
spreading such information and to promote a sorting and recycling 
behavior1,2, but investigating other ways of educating and 
spreading information about the subject would be of interest. 

2.2 The potential of computer games 
Computer games have been used for learning for decades and have 
become increasingly popular. The phenomenon of learning by 
playing games is called game-based learning and it can play an 
important role when learning material that is not intrinsically 
motivating [21]. As games have developed from simplistic to more 
complex, at the same time as new ways of learning methods are 
being adopted, room for game-based learning development has 
been given [6]. Though many sees its potential, it has been 
criticized and questioned by others [ibid.]. Making little or no 
attempt to teach its users how to apply their knowledge gained from 
the game is characteristic for educational games [ibid.]. This has 
led to it being questioned whether the players can absorb the 
information from the game and apply it to the real world. Further, 
it has been claimed for being an ineffective type of education in the 
shape of a not entertaining game [9]. Still, studies have shown that 
the most common outcome from educational games are improved 
informational processing, increased understanding of content and 
knowledge acquisition, along with affective and motivational 
outcomes [7][20], which has lead up to its popularity. Further, 
Prensky [21] contributes to the discussion that there should not be 
a discussion of how people learn, rather a discussion of how 
younger people learn, as the new generation has developed its own 
way of learning.  

2.3 Games for learning and motivation 
Games are designed to focus on the player’s motivation and 
engagement. Common attitudes when playing games are e.g. 
interested, result-oriented and actively seeking information [21] - 
skills that are perfect when it comes to learning, which is why the 
combination of learning and playing becomes such a good match 
when it comes to game-based learning. Digital game-based 
learning is all about fun and engagement, and aims for motivating 
the user to learn otherwise boring, hard-to-learn material [ibid.]. 
This way of learning is valuable to work with when the new 
generation arises, and the new learners finds the old way of learning 
boring. The new generation, who supports new ways of learning, 
does not accept learning that is boring [21] and enjoys a game based 
learning approach [7], which makes further research within the 
subject valuable. That is where serious games comes in handy. 
Serious games are games that are created to entertain, but has yet 
other purposes. These purposes or goals of the game are called 
characterizing goals, and can implicate learning, but also 
motivation for training, medical treatment or even be used as a 
marketing tool [8]. Further categorization of serious games can be 
done, depending on their characterizing goals. Games developed 
with marketing purposes are called advergames, and can contribute 
to an awareness among its users of a certain topic, e.g. recycling 
[ibid.], which is in line to what this thesis wants to explore.   

Games and technology can further be used with the aim of 
motivating the users and persuade them to change attitude and 
behavior. These approaches are called persuasive technologies and 

2 Pantamera, available at http://pantamera.nu/, [2017-05-26] 



persuasive games, developed to persuade its users to change 
attitude or take action [3].  

2.4 Sustainable behavior change intervention 
within technology and design 
Within the sustainability sector, it is interesting to explore the 
possibilities of games and technology, to investigate if technology 
can be used in different ways to change people’s behaviors into 
more sustainable ones. The use of persuasive technology promoting 
environmental friendly behaviors  has been presented in various 
shapes: to promote people to take the stairs instead of escalators 
[19], to promote teenagers towards energy conservation [13][12] 
and green transportation habits [10] are just a few examples. The 
persuasive technology has overall been accepted by the users in 
these studies, and has affected them environmentally positive in the 
form of motivation and attitudes.  

In [13], a persuasive game is used with the aim of affecting the 
user’s energy consumption. The goal is to take care of an avatar 
living in the virtual world, by keeping it healthy. The game is 
connected to the user’s electricity meter and presents live feedback 
based on that data. Due to the scale of the user’s electrical 
consumption, the virtual world within the game is affected with 
different climate effects. The less electricity consumption, the 
better climate. The user test took place for 7 days and the test group 
consisted of 15 players. A positive attitude towards the game was 
found, and a tentative indication of post-game behavior effect was 
achieved. Direct feedback of the user’s electricity consumption was 
shown to contribute to better learning effects.  

In [12], another persuasive game is used to decrease energy 
consumption. The game works with feedback by collecting 
information about the energy consumption of the user and 
providing information regarding their energy consumption 
behavior. The more energy saved, the higher level and scores. The 
energy consumption is shown to the users in kWh and saving 
percentage, but due to lack of knowledge about energy 
conservation among the users, the game also uses other ways (e.g. 
quiz and tips) of showing  consumption information in a playful 
way. The user test took place for 3 months and the test group 
consisted of 24 users (8 households). After testing the game, it 
turned out to be appreciated by the users. They were generally 
satisfied with the game, and it turned out the users had started to 
visit the game in order to find information about their energy 
consumption. Their game visits were specific, and were done to 
maintain their new habits. This provided, according to the 
researchers, a basis for a long-term engagement. Lastly, the authors 
recommend competition, chance and simulation for further game 
design and they highlight the importance of keeping a serious game 
simple. 

When it comes to waste management, a common example of how 
persuasive technology has been used in research is in the form of 
gamified trash bins, [15][22][4][26]. Some bins give the users 
feedback of whether they have done a good job when throwing their 
garbage, i.e. feedback of whether the sorting was done correct 
[15][22], while others make it playful to throw garbage by turning 
the action into a game [4] or interacting with sound effects [26]. 
These examples show the possibilities and potentials of persuasion 
with gaming in a recycling context. Further, these are examples of 
physical gamification, and even if there exists a lot of digital 
recycling games, there is room for further research of how digital 
recycling games can affect knowledge and motivation of their users 
by contributing to self-reflection. 

2.5 Critic of persuasive sustainability 
When it comes to persuasive sustainability research, it has been 
criticized for basing the solution on “a narrowed vision” of 
sustainability [5], meaning that the focus lies on certain limited 
aspects of an otherwise complex reality. When tackling a 
sustainability problem it is common to narrow the problem down 
to make it more manageable, but the authors explain that it can 
result in a focus on a limited area, when e.g. the causes of certain 
behaviors lies in a bigger, complex reality outside of the area in 
focus. Neither can individuals and their behaviors be seen, and 
managed, as if they were isolated, when they are actually a part of, 
and live in, a complex context of social and cultural limits. For 
further research, the authors suggest to develop persuasive 
technologies such as games, as rhetorical tools rather than tools to 
force its users to sustainable actions. In other words, persuasive 
technologies should be used as a possibility to explore a problem 
rather than to seek a specific solution. It is advantageous to include 
the users in the design process, to enable a definition of 
sustainability to be defined by the users. By doing this, users are 
not limited to take actions only within a predefined area. Also, one 
should remember to not focus on a narrowed vision when looking 
at individuals and their actions, as if they were isolated and 
independent [5]. 

2.6 The COM-B Model 
There are different theories of how to change people’s behavior 
when using technology and design. In “The Behavior Change 
Wheel” [17] the authors present a step-by-step guide of how to 
design behavior change interventions, named the COM-B model. 
The behavior model considers a behavior as part of an interactive 
system between three components: ‘capability’, ‘opportunity’ and 
‘motivation’. The principle of the model is that a behavior occurs 
as a result of interactions between these components. For a behavior 
to occur there must be an adequate combination of: 

Capability - in the form of psychological capability, such as 
knowledge, or physical capability, such as physical strength and 
skills  
Opportunity – in the form of physical opportunity, such as 
physical access, or social opportunity, such as social acceptance 
Motivation – in the form of automatic or reflective motivation 
strong enough for the person to act on the behavior. 

A behavior can be changed when one or several components are 
affected [17]. The components are linked to each other in a way that 
an increase of either capability or opportunity, increases 
motivation, which in turn can lead to a behavior change. Since this 
report examines an educational recycling game with the aim of 
motivating recycling, focus lies on psychological capability and 
reflective motivation. In [17], psychological capability is defined as 
“Knowledge or psychological skills, strength or stamina to engage 
in the necessary mental processes”, e.g. understanding the impact 
of CO2 on the environment. A reflective motivation is further 
defined as “reflective processes involving plans (self-conscious 
intentions) and evaluations (beliefs about what is good or bad)” 
[17], e.g. intending to stop smoking.  

When designing an intervention, the authors try to guide the reader 
to understand the behavior. Michie et al. want to demonstrate the 
importance of seeing a behavior as part of a system, and not 
isolated. To take relevant behaviors that may affect the targeted one 
into account is important, and faces the earlier mentioned criticism 
and the suggestion in [5]. 



2.7 Game design  
When designing games, there are different approaches to reach 
different goals. With the use of different game characteristics, 
educational games are designed with the aim of motivating the 
player to accomplish different tasks [6]. 

2.7.1 Goals and challenges 
When applying goals in educational games, it is done to make the 
game pleasurable. A goal is not necessarily equal to be the end of 
the game, but something that is constantly updated and developed, 
e.g. evolving a virtual character or constructing a society [6]. When 
reaching these sub goals, players are often rewarded, which 
motivates them to continue their advancement. Challenges within 
educational games often come in the shape of tasks, where the 
players simultaneously practice their learning when overcoming 
them [ibid.].  

2.7.2 Virtual character 
Having a game evoking challenge, excitement, thrill or empathy 
with virtual characters can encourage engagement which in turn can 
lead to the intended goals of the game [8]. 

2.7.3 Feedback 
Feedback may be given in different shapes and situations within 
games. Giving the player feedback and showing e.g. difficulty 
level, lets the players estimate their progress and provides the users 
with emotional challenges [8]. At the same time, factors like 
achievement and control contribute to the users motivation. 
Feedback can also come in the shape of different rewards, as the 
player achieves sub goals and succeeds to solve puzzles [ibid]. 

2.7.4 Fantasy 
What brings the feeling of excitement and motivation to a game are 
often elements of fantasy, e.g. graphics or simulations. In 
educational games they can appear as rewards after the player has 
succeeded a task [6]. 

2.7.5 Competition 
Typical competition elements for game based learning and serious 
games are to include other people or to compete against the 
computer or time. However, it was shown in a study mentioned in 
[7] that using a competitive approach within game based learning, 
did not automatically bring improved performance. 

3. METHOD 
A variety of both quantitative and qualitative methods were used to 
examine the potentials of the recycling game. A quantitative pre-
study investigating what capabilities, opportunities and/or 
motivations needed for a recycling behavior was made in the form 
of a questionnaire. The game design was based on these findings, 
and was followed by a user test where the game, along with the 
users’ knowledge and motivation, were evaluated. At the end, a 
questionnaire was handed out to gather information of the 
knowledge maintenance and final reflections. All steps were 
performed in Swedish and subsequent citations have therefore been 
translated. 

3.1 Target group 
The thesis targets young adults under the age of 30 years. Most 
people in their 20’s are still establishing their everyday routines, as 
it is a period when many move out from their parents and/or move 
in with new roommates. To affect their recycling behavior from the 
beginning, possibly by providing information and motivation, is 
therefore advantageous. As seen in previous research, younger 
people tend to enjoy learning through games and seems to 
appreciate a game-based learning approach [7]. Additionally, when 

it comes to recycling habits, it is shown that younger people in 
Stockholm tend to recycle to a lesser extent in comparison to older 
people [25]. 

3.2 Pre-study 
The research process began with a survey to gather quantitative 
data of young adults’ relation to recycling. In the Behavior Change 
Wheel [17] questionnaires are mentioned as useful tools to gather 
self-evaluation information from the target group. Based on the 
theory from the COM-B model, a self-evaluation questionnaire was 
sent out to 35 people in the age between 18-30 years. They were all 
studying at a university in Stockholm and the participation was part 
of a course to gain extra credits.  

The questionnaire was designed according to a questionnaire model 
in [17], where the aim of the questionnaire was to get an 
understanding of the young adults’ recycling behavior in terms of 
capability, opportunity and motivation, to find what prevents or 
promotes their recycling.  

3.3 Design of the game prototype 
Based on the findings from the pre-study, together with previous 
research [6][8][13][12], a game was designed, see Figure 2. The 
game was developed as a desktop application using HTML, CSS 
and JavaScript along with Adobe Illustrator for the graphics and 
illustrations. With the aim of creating an informational and 
motivational game, inspiration for the design was found in 
successful designs created in previous research.  Further, suitable 
game characteristics where used. Based on theory from the COM-
B model [17], recycling information was going to be spread to 
increase users’ psychological capability, and their motivation to 
recycle would increase by providing them with information of the 
consequences of their actions.  

The game was inspired by the idea of a quiz game and the principal 
purposes of the game were to: 

• present relevant information about recycling to the user 
• present the information in a fun way to keep the users 

engaged, at the same time as it motivates them to a 
recycling behavior 

3.4 User testing 
In order to evaluate the game, a study was performed in two steps. 
There were 12 participants in the age between 22 and 29 years 
recruited through social contacts and random people at a university 
library. There were a mix between students and working people as 
well as different university backgrounds. The answers were treated 
anonymously. To be able to compare the pre and post answers at a 
later stage, the participants were handed a code to use instead of 
their names. 

The study began with a questionnaire where the participants were 
asked to give information about their current recycling habits and 
their attitudes towards it. They were then presented to the game and 
were asked to play the quiz, which consisted of 20 recycling 
questions. At the end, the users were given a chance to collect more 
points and redo the failed questions a second time. In order to be 
able to compare the number of correct answers at a later stage, their 
points from the first try were saved. Right after the game-play, the 
participants were handed a second survey about their attitudes 
towards how well the game raised awareness of recycling. The 
questions, in the form of Likert-scale, let the participants rate 
whether the game brought them new information about recycling, 
and whether they got inspired to recycling by it. Lastly, a short 
semi-structured interview was performed, to gather their final 
insights, experiences and reflections of the game. 



One week later, a final questionnaire was sent out to the participants 
to gather information about their final reflections and to let them 
answer the quiz questions one more time. By letting them answer 
the same quiz-questions again, one could see how much of the 
knowledge they had maintained and calculate the learning-effect. 

The data from the user tests was later analyzed in order to calculate 
the learning effect, where both p-value and effect size were 
calculated. Since every participant sample contributed two 
variables, a pre-test variable and a post-test variable, a paired t-test 
could be performed in order to calculate the learning effect of the 
game. The two variables were knowledge measurements, in the 
form of the amount of right answers from the quiz questions. The 
test, performed using an online tool3, investigated if there was a 
statistically significant difference between the knowledge level 
before playing the game versus one week after playing the game. 
When calculating a paired t-test a normally distributed data is a 
requirement. This was verified using Shapiro-Wilk normality test4. 
Further, using Cohen’s d, the size of the learning effect i.e. the 
magnitude of the difference between the two variables, could be 
calculated. The qualitative questions were analyzed using a content 
analysis based on theory from [23], where a mix of emergent 
coding and a-priori coding were used to analyze the interview 
questions and free-text answers. 

3.5 Pilot tests 
Pilot studies were conducted to make sure the pre-study and the 
user test was understandable to the participants. The pilot study 
confirmed that the questionnaire was clear and understandable, as 
well as the instructions of the user test and interview questions. 

4. RESULT 
In this section the most interesting and valuable findings from the 
pre-study and user test are presented. Additionally, a description of 
the design decisions is presented.  

4.1 Pre-study - what prevents and promotes a 
recycling behavior amongst the target group 
The pre-study questionnaire was sent out to 35 participants and 
generated 33 answers. The participants were all students, in the age 
between 18-30 years and it was an even distribution between people 
who had moved out from their parents (18)  and people who had 
                                                                    
3 Graphpad, available at: 
 https://www.graphpad.com/quickcalcs/ttest1.cfm, [2017-05-12] 

not (15). According to their estimations, the level of waste sorting 
did not differ between people living by their own or with their 
parents and there was an even distribution between people who 
sorted all kinds of materials and those who did not sort at all. 
However, two sorts of materials stood out in particular as the 
majority of the participants handled them equally; everyone sorted 
hazardous waste and not many sorted their food waste. Below, 
information about factors promoting and preventing waste sorting 
will be presented. 

4.1.1 Making a habit out of it 
What the participants considered to be most important in order to 
increase their recycling was to make a habit out of it. 26 of 33 
agreed that this was important. People already recycling were 
convinced that having it as a habit played a major role to their 
behavior, and the participants not doing it said it was important to 
develop a habit to make the action of recycling easier. They agreed 
that creating such habit takes time. 

4.1.2 Information of how and why to recycle 
Regarding the spreading of information, the participants did not 
feel they needed more information of why they should recycle, 
since they felt they already knew these facts. Instead, more 
information of how to recycle would gladly be received as it, 
according to the participants, would ease the action of recycling as 
they would not have to search for information themselves. A better 
understanding of how to recycle would lower the threshold to a 
recycling behavior. However, when analyzing the qualitative data, 
it showed that the participants had their doubts of whether their 
individual recycling had an impact or was wasted time and energy. 
They described a feeling of uncertainty of whether recycled 
materials all end up in the same place, which would make the 
sorting unnecessary. Therefore, in order to reduce their doubts and 
convince them that individual recycling matters, information of 
why the participants should recycle was considered important to be 
included into the design. 

4.1.3 Mental strength 
When it came to mental strength, in the questionnaire exemplified 
as a capability of overcoming laziness, the participants agreed that 
laziness do play a role to the behavior. Both regarding the action 
itself, that a walk to the recycling station is discarded and replaced 

4  Shapiro-Wilk Normality Test, available at: 
http://sdittami.altervista.org/shapirotest/ShapiroTest.html, 
[2017-05-12] 

Figure 2. Game environment 



with the action of putting the packages in the trash bin at home. 
They also considered themselves lazy when it comes to materials 
and packages they don’t know how to recycle, as they instead of 
looking up the answer, would put the package in the trash bin. 

4.1.4 Lack of space 
Among the participants, living small and lack of space for keeping 
sorting bins were predominant factors and of matter when it came 
to their recycling. Participants living with their parents seemed to 
have more space but stated that lack of it was going to be a problem 
when they later moved out. Better sorting and storing opportunities 
would, according to the participants, promote a recycling behavior 
and ease the action as the sorting also would save them time. 

4.1.5 People in the surroundings 
Having people in their surroundings who sorted their waste affected 
the participants’ own sorting. Whilst some of them saw recycling 
as an individual act that was not affected by others, most of them 
felt motivation to recycle and pressure from others if they did not 
recycle. The most influencing people were the ones living with the 
participants, as their habits could both motivate but also inhibit the 
participants’ recycling habits. 

4.1.6 Feeling of importance and necessity 
To recycle was not something the participants considered as fun, 
and they were having a hard time imagining ways of making it fun 
and pleasurable. If succeeded, it would be appreciated and would 
motivate them to recycle, but it was not asked for. What they did 
believe to be important on the other hand, was the feeling of 
recycling being important and to feel a need to do it. Knowing the 
consequences of not recycling was a motivation and a reminder of 
why they need to do it. 

4.1.7 Other 
Lastly, lack of time, distance to the sorting station, triggers or 
planning did not seem to be of matter for the participants and their 
recycling habits. 

4.2 The game 
The game was developed with the aim of facing the needs 
discovered in the pre-study. The game was designed as a quiz game, 
providing the users with information about recycling. When 
accessing the game, the user was presented to a view of a forest and 
underneath a tree you see a fox cub covered by a pile of garbage, 
see Figure 3. It was the user’s role to answer quiz-questions and 
every time their answer was correct, garbage disappeared from the 
cub. Each question was followed by feedback of whether the 
answer was correct or not, and the game further provided the user 
with supplemental facts regarding the question’s theme. 

 

 
Figure 3. Game session 

 

The questions presented to the user were grouped into five 
categories: general questions, cardboard, metal, plastic and mixed 
material questions. Each category represented one level, which was 
shown on top of the screen and let the user know her current level 
as well as distance from reaching the final goal. Likewise, points 
were shown by a point-meter on the side of the screen. The game 
ended when the user had answered all the questions. After 
answering the last question, the user was given a choice to either 
end the game or to collect more points by answering the failed 
questions once again. 

The quiz provides questions regarding how one should recycle, e.g. 
questions of how to handle certain materials, what materials can be 
recycled, how to handle materials that cannot be recycled, 
introduction of recycling obligations and information of the 
cleansing of packages. Even though the participants claimed that 
they were aware of why one should recycle, the analysis of the pre-
study showed that information regarding this question still was 
needed (see section 4.1.2). Therefore, the quiz also contains 
questions with information of why the users should recycle, in the 
form of concrete numbers and references from their everyday life, 
e.g. for how many hours a TV can run on the certain amount of 
energy saved from recycling a can. 

Other questions implemented to the game handled subjects as what 
happens if trash ends up in the nature, e.g. that plastic materials 
never disappears or is decomposed, and information about the 
recycling habits and amount of recycled materials among all 
Swedes. One question informed the user of how much steel could 
be saved if all Swedes recycled their crown caps and how much that 
material could be used for. 

4.3 User study 
Out of the 12 participants recruited for the user study, 10 
participants participated fully and completed the entire study. With 
knowledge levels from before and after playing the game, a t-test 
could be performed to calculate the learning effect from playing the 
game. In order to also investigate what the participants thought of 
the game,  a mix of emergent coding and a-priori coding was used. 
The participants were in the age between 22 and 29 years old. 9 out 
of 10 had moved out from their parents and 3 of them lived with a 
new roommate, resulting in 6 participants living by themselves. 
Whilst there was a difference between their levels of recycling, as 
some of them sorted almost everything and one of them did not sort 
at all, all the participants agreed on recycling being important. On 
a scale from 1-5, where 1 was not important at all and 5 was very 
important, all of them answered a 4 or 5, making the average 4.5. 

4.3.1 Calculating the learning effect 
In order to calculate the learning effect of the game, a paired t-test 
was performed comparing the amount of right answers the first and 
second time answering the quiz questions, see Figure 4. A 
hypothesis was defined and tested with a paired t-test. For a p-value 
equal to or lower than the level of significance, 0.05, the null 
hypothesis can be rejected. As the students’ knowledge levels were 
expected to increase, Hypothesis 1 (H1) was a one tailed hypothesis 
tested by the null hypothesis: H0 = The knowledge level one week 
after playing the quiz is the same or not significantly higher than 
the knowledge level before playing (i.e. number of points at the first 
time playing). 



 
Figure 4. Number of correct answers for each participant 

 
The test indicated that the scores were significantly higher after 
playing the game. With a p-value < 0.0001, and using a level of 
significance of 0.05, this is a statistically significant result. There is 
a statistically significant difference between the scores after playing 
the game (M=17.60) than the ones before (M=8.60).  

When calculating the size of the learning effect, Cohen’s d had a 
value of 5.56. The meaning of effect size varies by context, but the 
standard interpretation is that values greater than 0.8 means a large 
difference. An effect size of 5.56 should therefore be considered 
very large. 

4.3.2 The potentials of this kind of game for teaching 
purposes 
The answers to the question “Do you believe this kind of game is a 
good way to teach information?” were analyzed in two steps. First, 
all the interjections describing the game was collected and encoded 
with a basic coding: Absolutely (4) Definitely (4) Good (2) 
Probably (1) Don’t know (1). Secondly, an analysis using a mix of 
emergent and a-priori coding followed where two categories were 
used.   
Category 1: What they thought of the game and the effect of it 

The participants’ experiences of the game were overall positive, 
and all of them thought they had learned from it. 7 out of 10 
participants were positive towards learning by playing this game, 
and four participants expressed they had learned a lot. One 
participant described the game as a better alternative for learning as 
“it is better than getting a brochure, which you just throw away”, 
another participant stated that the game had potential. Sample 
answers: “Yes, definitely, I learned a lot” and “Yes, I really think 
so, I learned a lot”. The remaining three participants expressed a 
mixed feeling towards the game. They agreed that they had learned 
information from the game but expressed a doubtfulness of whether 
they would install this kind of game to play it for an entertaining 
purpose. One participant stated “It depends on for who. It’s not 
something you would install. But once you play, it works.”. 
Category 2: Discussion of target group 

When answering the question of whether this game is good for 
learning purposes, 5 participants mentioned the importance of 
finding the right target group for it, and that it would be a good tool 
for learning in school. Two participants stated that the game would 
fit children in primary school, and another participant suggested 
high schools.  

Participants stated: “It is good, but it depends on who is playing, 
their age and receptivity” and “[…] you should have done this 
already in primary school”. 

 

4.3.3 The potentials of this kind of game for 
motivational purposes 
Regarding the motivational purposes of the game, 8 of the 10 
participants did see potential. The fact that you interact with the 
game was an important factor, since it resulted in further reflection 
on the information. Five of the participants mentioned different 
factors and elements within the game that worked out motivational, 
and four either suggested improvements of the game or mentioned 
other factors that influenced their recycling.  

Participants answered: “I believe it [motivation] is an indirect 
consequence when learning information about it [recycling]” and 
“the more you know, the more interested you get”. One of the 
participant mentioning other factors stated: “I think more is needed. 
Now [after moving out] that I have less space home, my motivation 
has been affected [...]”. Lastly, one participant stated:  “I start 
thinking about the cans I have at home. And to just throw them 
away next time would remind me that I’d lose energy enough for 7 
hours of watching TV”. 
When asking the participants one week after playing the game, 
whether the game-play had increased their willingness to recycle, 
on a Likert-scale of five degrees, where 1 meaning not at all, and 5 
meaning a lot, the participants responded with a mean value of 3.3. 

4.3.4 The participants’ experience from playing the 
quiz, and what they got out from it 
The answers to the question “How was your experience from 
playing the game to learn more about recycling?” were analyzed in 
two steps. First. all the descriptive words describing the game were 
collected and encoded with a basic coding. Secondly, an analysis 
of the comments of what the participants got out from the game 
were performed using a mix of emergent and a-priori coding 
followed. 

The most common word describing the experience was that the 
game gave the participants insight in the recycling topic (7). 
Participants stated: “Recycling doesn’t has to be as difficult as you 
think”, “It gave me insight in what to recycle and how to recycle it” 
and “It got me thinking, I learned facts and realized I was worse 
than I thought”. Further, almost half of the participants described 
the experience as clear (4). Other words describing the experience 
were interesting (2), different (1), good (1) and difficult to relate to 
(1). 

4.3.5 Crucial elements within the game 
When analyzing what game elements that had a positive impact on 
the users, comments regarding the subject were collected from the 
three different questions. The analysis showed that the participants 
thought the game showed their mistakes clearly and, further, they 
thought it was easy to learn from their mistakes by having the 
possibility to answer the questions again. Three participants 
mentioned competition as an important element. Both as the feeling 
of competition against themselves, but also, as another participant 
mentioned, competition as something missing in the game. One 
participant missing competition against others stated: “You don’t 
get addicted to it [the game], you want to compete against others”. 

Sample answers: “It was fun to find out that what you thought you 
knew, was wrong”, “you could see your faults clearly”, “you won’t 
play it on your phone and get addicted to it”, “It became a 
competition against myself [...]”.  
A list of the participants’ descriptions is presented below: 
 



• Seeing your faults clearly (4) 
• Repetitive (3) 
• Competitive (3) 
• Not addictive (2) 
• Presenting information in an understandable way (2) 
• Ability to read further information (1) 
• Fun to save an avatar (1) 

 

5. DISCUSSION 
5.1 Knowledge increase 
When calculating the learning effect it showed clearly that an 
increase in knowledge level had occurred. The t-test result showed 
that the scores were significantly higher after playing the game, 
which implies that the higher amount of correct answers were not 
achieved by chance, but that the participants had learned and 
increased their level of knowledge. 

A game element that many of the participants mentioned 
contributed to their learning was the repetitive game play, where 
they got to answer the failed questions one more time. After 
answering a question the participant received feedback regarding 
the right answer and some additionally facts. To provide the user 
with immediate feedback was suggested by [7], since it had been 
shown to bring effective learning effects.   Furthermore, to interact 
with information through a game, instead of just reading about it, 
was appreciated amongst the participants and made them feel 
engaged. Different types of visual feedback, e.g. showing current 
level and current points was going to provide the users with 
emotional challenges, as stated in [8]. One of the participants stated 
“it became a competition against myself, and therefore I wanted to 
answer correct”. Another participant explained that “to play games 
is a better way of learning than just reading by yourself. I also think 
they are good at putting you in the spot. It kind of hurts to answer 
incorrect”. Hence, it seems like the game got the users motivated 
to learn. Increased knowledge and motivational outcomes are 
common outcomes from serious games and computer games, as 
seen in [7]. 

5.2 The importance of looking beyond what 
the participants say 
According to the mindset of [17], it is important to remember to 
look at a behavior as part of a system and not as something isolated. 
Therefore, when the participants mentioned they put recyclable 
materials in the trash because of laziness, one could take a step back 
and try to define what affected this laziness. According to [11] a lot 
of recyclable materials are being put in the trash because of lack of 
knowledge of how to recycle them. This proved to be the 
underlying factor also in this case. The participants’ feeling of 
laziness turned out to occur when they put recyclable materials in 
the trash instead of bothering to look for information of how to 
recycle them. This was interpreted as their laziness being a 
consequence of lack of knowledge.  

Another interesting finding was discovered when analyzing the 
participants’ statement of not needing more information of why to 
recycle. The participants thought they already knew that recycling 
is important and why you should do it. Nevertheless, the same 
participants’ qualitative answers indicated that this information still 
was needed. This was due to information showing that the target 
group had their doubts regarding some important information and 
facts, and for that reason, questions giving this type of information 
were implemented. The interpretation of this was that there existed 
a lack of information of how every individual’s recycling makes a 

difference. Within the game, this was presented in the form of 
questions showing the user how much energy a single package 
could save, and how much that energy could be used for. This was 
aiming for motivating the users to recycle and to give the users a 
concrete example of how their own contribution mattered. The 
game explains why one should recycle in terms the users 
understand and can relate to, instead of forcing them to recycle by 
telling them it is good for the environment. This is in line to what 
[5] states, that it is important to use games as rhetorical tools. 

These examples show the importance of analyzing what the 
participants need and what their behaviors, habits and thoughts are. 
To only analyze what they tell you they need is not sufficient, as 
they may not know this themselves. 

5.3 Creating a reflective motivation 
In order to motivate the users to recycle, questions were 
implemented to create a reflection among the users, which [17] 
defined as a reflective motivation. This reflection was going to 
occur by providing the user with knowledge of why recycling is 
good and why non-recycling is bad. Seen from the pre-study, the 
participants wanted to feel a need for recycling for the action to be 
performed. Giving information of negative consequences of a non-
recycling behavior, was implemented to initiate such a feeling. The 
quiz presented the users to the consequences of not recycling by 
comparing the amount of energy saved from recycling a package, 
with an action from their everyday life needing the same amount of 
energy. Giving the users a concrete comparison to an action they 
understand very well, would ease their understanding. One 
participant stated: “I start thinking about the cans I have at home. 
And to just throw them away next time would remind me that I’d 
lose energy enough for 7 hours of watching TV”, which shows that 
a reflective motivation seems to have started. 

Even though the t-test showed that there was a clear difference in 
knowledge level after playing the game, a higher level of 
knowledge did not automatically bring a feeling of self-confidence 
among the participants. When asking the participants of their 
perception of the game, a common word for describing the 
experience was insight. Insights into their knowledge level as well 
as insight into their recycling. Some participants stated that the 
more they learned, the more they realized what they were doing 
wrong and what they could improve. Therefore, a positive learning 
impact on the participants could still result in a lower self-
estimation after playing the game. A question this study will not be 
able to answer is whether this self-estimation would change if the 
participants were given more time. Then they would have time to 
process the information and do anything about it. It would be 
interesting to see if they would estimate their own knowledge of 
recycling higher and if a behavior change had occurred. 

5.4 Social aspects 
According to the findings from the pre-study, recycling behaviors 
of people in the surroundings affected the target group. The 
qualitative answers confirmed this information by showing that 
recycling habits of parents and people living with the participants 
played a major role to their recycling habits. As social aspects 
proved to be important for the target group, implementations of 
social components were made. The implementation were in the 
form of questions presenting information of peoples general 
recycling habits, with the aim of making the user feel some kind of 
belonging to a bigger group and a feeling of cooperation.  

A social element which is common within serious games is the 
ability to compete against others. This was not implemented to the 
game, due to limited time of the project. Nevertheless, it was 



mentioned by some participants that they felt social aspects were 
missing, in the form of the ability to play together and to compete 
against others. Even if a competitive approach did not seem to 
improve performance [7], it turned out to be important to some 
participants and to their motivation to play the game. According to 
one participant, this was a factor that prevented him from feeling 
that the game was something he would play for an entertainment 
purpose. By adding a competitive aspect to the game, he felt that 
addiction to the game would come simultaneously.  

For further work it would therefore be recommended to add 
competitive elements to the game. It seems to motivate the users, 
and according to themselves, competition and group pressure 
would affect the recycling in a positive manner. 

5.5 Other design implementations 
5.5.1 Virtual character 
Being accompanied by a virtual character and having the user care 
for it would bring fantasy to the game and further enrich the user’s 
motivation, excitement and engagement [6][8]. However, to save 
an avatar did not seem to affect users much since it was not 
something that was discussed or mentioned. One participant 
mentioned that it was fun to save the fox, but otherwise, it seemed 
like just a nice surprise to see the illustrations and to see the garbage 
disappear. There is not enough evidence to say it had an impact on 
their playing or their motivation. Having an avatar and illustrations 
may, on the other hand, have contributed to many seeing the game 
suitable for a younger audience as it was perceived as a cute game 
that would be appreciated by younger. 

5.6 Limitations and future work 
There are a number of findings that are of worth to be highlighted 
in this study. First, a limitation when targeting younger people is 
that they cannot be expected to be representative for people in the 
society in general. As a majority of the participants in the pre-study 
and user study were students, it was reasonable to assume that it 
was common within the target group to have a limited economy and 
live small. The results from the pre-study confirmed this 
assumption, showing that lack of space prevented participants’ 
recycling. Based on the theory in [17], lack of space would be 
defined as an opportunity, and appeared to be of great importance 
for some in the target group. Little space implied a need to go to the 
recycling station more frequently, and this seemed to higher the 
threshold for a motivation to recycle. When participants in the user 
study got to answer a question of the game’s potential of motivating 
recycling, a participant stated “I think more is needed. Now that I 
have less space at home [after moving out], my motivation has been 
affected. Now I have to make space for it. I think you need to have 
a lot of space, because, where would you put all the packages. They 
can’t just lie there.” What affects users’ behavior may vary 
depending on the target group. When it comes to young adults, lack 
of space appeared to affect their motivation to recycling negatively. 

 Secondly, the factors affecting the target group’s recycling were 
compared to findings from previous studies. The participants in this 
study expressed a need for more information about how materials 
should be sorted, their cleanliness and information of what happens 
with the packages. This is similar to the findings in [11] where the 
consumers expressed a desire for information about how materials 
should be recycled, information about their cleansing and 
information about what happens to the recycled materials. 
Increased knowledge about this type of information would, 
according to the consumers in [11], motivate them to recycle to a 
higher extent. Hence, it seems that similar factors affects the users 
of this study as well. Further, factors like lack of knowledge, lack 

of personal effort and lack of space were obstacles preventing 
recycling found in the aforementioned [16][27], which is similar to 
the results in this study, increasing the trustworthiness from the pre-
study results. Even if the target group cannot represent the society 
in general, this approach can still function as inspiration for other 
projects dealing with a different target group.   
Third, the response was in general positive towards learning 
through games and the target group was receptive towards a game 
for learning. As seen in previous research, younger people tend to 
enjoy a game based learning approach and find it motivating [7]. 
Further, it could be seen in the user study that all ten participants 
thought recycling was important, where in a scale of 1 (not 
important) to 5 (very important) all of them answered a 4 or 5 
(average = 4.5). Dealing with a subject the users think is important 
may have facilitated the work as it may have resulted in a more 
engaged and receptive target group. This may be taken into account 
in future work, when dealing with another subject or another target 
group. 

Lastly, it would be interesting for future work to continue the 
investigation of the effects of the game during a longer period of 
time. As stated before, a change in behavior could not be registered 
during this study due to lack of time, and with a longer time period, 
the participants would have time to process the information and do 
something with their new knowledge. Additionally, it would be 
interesting to take a closer look to the game interaction, and further 
investigate what sort of questions and what type of information that 
is easier to learn. This could then be connected to the target group’s 
habits and conditions.   

6. CONCLUSION 
What young adults consider important for a recycling behavior is 
to make a habit out of it. Laziness plays a big role, but also lack of 
space at home which make storing and sorting more difficult. 
Further, they would appreciate more information of how to recycle. 
Decisions in the design process were based on the finding from the 
pre-study. Information of how and why to recycle was implemented 
in the game and considered important for the target group to learn, 
along with information that contribute to a feeling of recycling 
being important and needed.  

The game-based learning approach showed to be appreciated 
amongst the participants in general. They showed appreciation 
towards this type of learning and thought it was a more entertaining 
alternative than regular reading of information. When calculating 
the learning effect of the game, it showed that the game-play 
contributed to a knowledge increase amongst all participants in the 
user study. According to the participants, the ability of both 
detecting mistakes and correcting them contributed to an ease of 
learning. Participants showed to appreciate the game as a learning 
tool, but some had their doubts of whether it is a game they would 
play for entertainment purposes. A reason for the doubts was 
mentioned to be a lack of a social aspects, such as an ability to 
compete against others, which some participants stated would make 
the game more entertaining.  

The fact that participants interact with the game contributes to a 
motivation amongst its users. The interaction results in users 
wanting to answer correct and in that way, they learn. The 
participants saw potential in the game as a tool to motivate 
recycling. They estimated an increase in willingness to recycle after 
playing the game, although, it was the motivation to learn that was 
mentioned most frequent in the qualitative responses. 



7. ACKNOWLEDGMENTS 
First of all, I would like to thank my supervisor Hanna Hasselqvist 
for all valuable feedback along with her time and support during 
these months. Also, thanks to Björn Hedin for giving me the 
opportunity to write my thesis for the MID4S team and for all ideas, 
recommendations and support. Lastly, thanks to my supervision 
group for all feedback and fika during our meetings.  

8. REFERENCES 
 

[1] Avfall Sverige 2016. Vad slänger hushållen i soppåsen? 
Nationell sammanställning av plockanalyser av hushållens 
mat- och restavfall. (2016), 31. 

[2] Avfallshantering, S. 2014. Svensk Avfallshantering ” 
2014. (2014). 

[3] Bogost, I. 2007. Persuasive Games, The expressive power 
of video games. Mit Press. 

[4] Bottle Bank Arcade: http://www.thefuntheory.com/bottle-
bank-arcade-machine. Accessed: 2017-05-26. 

[5] Brynjarsdottir, H. et al. 2012. Sustainably Unpersuaded: 
How Persuasion Narrows Our Vision of Sustainability. 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (New York, NY, USA, 
2012), 947–956. 

[6] Charsky, D. 2010. From Edutainment to Serious Games: 
A Change in the Use of Game Characteristics. Games and 
Culture. 5, 2 (2010), 177–198. 

[7] Connolly, T.M. et al. 2012. A systematic literature review 
of empirical evidence on computer games and serious 
games. Computers & Education. 59, 2 (Sep. 2012), 661–
686. 

[8] Dörner, Ralf, Göbel, Stefan, Effelsberg, Wolfgang, 
Wiemeyer, J. 2016. Serious Games. Springer International 
Publishing. 

[9] Eck, R. Van 2006. Digital Game-Based Learning : It ’ s 
Not Just the Digital Natives Who Are Restless …. 
Educause Review. 41, 2 (2006), 1–16. 

[10] Froehlich, J. et al. 2009. UbiGreen. Proceedings of the 
27th international conference on Human factors in 
computing systems - CHI 09. (2009), 1043. 

[11] Fråne, A. et al. 2015. Kunskapsunderlag för ökad 
källsortering av plastförpackningar. December (2015). 

[12] Gamberini, L. et al. 2016. A Gamified Solution to Brief 
Interventions for Nightlife Well-Being. Lecture Notes in 
Computer Science (including subseries Lecture Notes in 
Artificial Intelligence and Lecture Notes in 
Bioinformatics). 9638, (2016), 230–241. 

[13] Gustafsson, A. and Svahn, M. 2004. Power Explorer – a 
casual game style for encouraging long term behavior 
change among teenagers. Power. (2004). 

[14] Hillman, K. et al. 2015. Climate Benefits of Material 
Recycling. 

[15] Lessel, P. et al. 2015. Analysis of Recycling Capabilities 
of Individuals and Crowds to Encourage and Educate 
People to Separate Their Garbage Playfully. Proceedings 
of the 33rd Annual ACM Conference on Human Factors 
in Computing Systems - CHI ’15. (2015), 1095–1104. 

[16] Lipsey, Marc, W. 1977. Personal antecedents and 
consequences of ecologically responsible behavior : a 
review. Washington, D.C. : American Psycholog. Ass., 
Journal Suppl. Abstract Service. 

[17] Michie, S. et al. 2014. The Behaviour Change Wheel. 
Silverback Publishing. 

[18] Oskamp, S. et al. 1991. Factors influencing household 
recycling behavior. 

[19] Peeters, M. et al. 2013. Social Stairs : Taking the Piano 
Staircase towards Long-Term Behavioral Change. (2013), 
174–179. 

[20] Powers, K.L. et al. 2013. Effects of video-game play on 
information processing: A meta-analytic investigation. 
Psychonomic Bulletin & Review. 20, 6 (2013), 1055–
1079. 

[21] Prensky, M. 2007. Digital Game-Based Learning. 
Paragon House,. 

[22] Reif, I. et al. 2010. Cleanly: trashducation urban system. 
Proceedings of the 28th of the international conference 
extended abstracts on Human factors in computing 
systems. (2010), 3511–3516. 

[23] Stemler, S. and Colors, P. 2001. An Overview of Content 
Analysis. - Practical Assessment, Research & Evaluation. 
7, 17 (2001), 1–6. 

[24] Stockholm Vatten 2017. Avfallsplan för Stockholm 2017-
2020. (2017), 32. 

[25] Stockholms Stad 2014. Miljö och miljövanor i Stockholm 
2013. (2014), 140. 

[26] The World’s Deepest Bin: 
http://www.thefuntheory.com/worlds-deepest-bin. 
Accessed: 2017-05-26. 

[27] De Young, R. 1988. Exploring the Difference Between 
Recyclers and Non-Recyclers: The Role of Information. 
Journal of Environmental Systems. 

 

 



www.kth.se


