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Abstract

Context: In this work a system, the eco service, is developed that incorporates elements from
gamification to help drivers adapt to a more energy-efficient driving style. An energy-efficient
driving style can help reduce fuel consumption, increase traffic safety and help reduce the
emissions made from vehicles.

Objectives: The main goal of this work is to explore ways of how gamification can be
used in the context of eco-driving. Evaluating different elements and how they work in this
context is important to help drivers to continue improving their driving style.

Method: The eco service was tested on 16 participants where each participants was asked
to drive a predetermined route. During the experiment the participants were given access to
the eco service in order to gain feedback on their driving. Lastly interviews were held with
each participant on questions regarding the use of gamification and how it can be improved in
the context of eco-driving. The research was done in collaboration with a swedish company,
Swedspot AB, that works with software solutions for connected vehicles.

Results & Conclusions: Positive results were found on the use of gamification. Partici-
pants reported that the eco service made them more aware of their driving situation and how to
improve. Game elements with positive influence were reward and competitive based and helped
motivate the driver to improve.

Keywords: Gamification, eco-driving
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Sammanfattning

Bakgrund: I detta arbete har ett system, eco-tjänsten, utvecklas som använder sig av gamification
för att hjälpa förare att köra mer miljövänligt. En mer miljövänlig körstil reducerar bränsleför-
brukningen, ökar säkerheten och hjälper till att reducera mängden utsläpp från bilar.

Syfte: Det huvudsakliga syftet med detta arbete är att utforska hur gamification kan användas
inom området för eco-driving. Genom att utvärdera olika element från gamification och utvärdera
hur man kan använda dessa för att hjälpa förare att förbättra sin körstil.

Metod: Eco-tjänsten testades i ett experiment med 16 deltagare. Varje deltagare fick köra
en förutbestämd rutt och under experimentets gång använda eco-tjänsten för att få feedback på
deras körning. Experimentet avslutades med en intervju med varje deltagare där frågor kring hur
tjänsten påverkat de ställdes och förslag på förbättringar för framtida system. Arbetet har utförst
i sammarbete med ett svenskt företag, Swedspot AB, som arbetar med mjukvarulösningar för
uppkopplade fordon.

Resultat & Slutsats: Resultat kring användandet av gamification var positivt. Deltagarna
rapporterade att eco-tjänsten fick de att tänka mer kring deras körande och sätt att förbättra sig på.
Positiva spelelement inkluderade belöning- och tävlingsaspekten och hjälpte med motivationen
för deltagarna.

Nyckelord: Gamification, eco-driving
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1 INTRODUCTION

This chapter will explain the background and thesis questions for this work. Furthermore the
objectives and delimitations will be described.

1.1 Introduction
Eco-driving, or energy-efficient driving, is a set of guidelines and techniques to make driving
more efficient and safe [1]. This includes anticipating traffic and signals to help reduce sudden
starts and stops, reducing excessive idling time where the vehicle is standing still and driving at
or safely below the speed limit. For the driver the use of eco-driving could result in a lower fuel
consumption, with an average of 10% reduction [1, 2, 3]. Climate change is a topic where the
area of eco-driving can be a step in the right direction [1]. Making people more aware of the
benefits of eco-driving can help reduce the negative impact and bring more insight on how to
improve.

Though even with the benefits of eco-driving reports have shown that drivers are still hesitant
to change their driving style [1, 4]. Reasons mentioned includes lack of interest, the eco-driving
style includes too many rules and that their current driving style is very different from the
eco-driving style. Motivation have been shown to be a deciding factor when it comes to changing
driver behaviour [1, 4]. Furthermore the use of gamification have shown positive results in this
context [4].

Keeping the driver motivated and encouraged can help make the transition easier and this
is where gamification can be applied. Gamification is a concept which have gained a lot of
traction in the software community in recent years [5]. The initial use of gamification have
shown positive results in a number of different scenarios. This includes school and education [6],
healthcare [7] and marketing [8]. The definition for gamification varies between researchers and
the one used in this work is a composition of Deterding et al. [9] and Dominguez et al. [10]
definitions.

”The use of game design elements in non-game contexts” [9]

”Incorporating game elements into non-gaming software applications to increase user
experience and engagement” [10]

A system to help drivers adapt a more energy-efficient driving style can help improve road
safety, reduce overall emissions and make people more aware of how their driving impacts the
environment. Adapting gamification can be a useful tool to help motivate and keep the driver
encouraged to continue using the system. Such a system was developed and tested in a previous
work [4]. Their system communicated the feedback live and results showed improvements on
the driving. Motivation was pointed out to be a deciding factor and helped design the system.
Score, rewards and competition elements were all trying to motivate the driver to change to a
more energy-efficient driving style. Results showed positive progress but it was also reported
that the live feedback could be disruptive towards the drivers [4].

The purpose of this work is to test another approach to the live system. The mechanics
of the live system will be modified to work in similar ways but without the live feedback. The
reasoning behind this is to test if this could help the drivers to focus more on the driving and
reduce the influences from a live communicating system. Evaluating different concepts and
elements from gamification and how they can be used is important in order to make the driver

1



2 CHAPTER 1. INTRODUCTION

more motivated to continue improving. Examples of these elements are score, rewards and
competitiveness to help motivate the driver to improve.

To test an alternative to the live feedback, the developed system in this work communicated the
feedback to the driver after the driving was completed. This meant that no live feedback was
given and the system was only monitoring the driving live. The system developed would evaluate
a driven route and help give the driver feedback on how to improve in the future. The driver
could also look at how their driving compares to others and see how their own driving style
evolves over time. The goal of this work was to test and evaluate the use of gamification as a tool
to encourage eco-driving. By analysing how gamification can be used in this context and what
elements from gamification that worked or did not work is important in order to help find ways
of keeping the driver motivated.

To test the system an experiment was conducted with 16 participants and results were gathered
on the use of gamification. Each participant was asked to drive a predetermined route and was
given access to the system, the eco service, via a smartphone device during the experiment.
Interviews were held with the participants and qualitative data was gathered on the use of
gamification.

1.2 Background
The environment is an active topic in today’s society and how we affect it with our lifestyles.
Driving is part of our everyday life but is also a major part of certain emissions into our environ-
ment [11]. The eco service is trying to communicate how driving is affecting the environment
and ways of reducing the negative impact from driving. This is where eco-driving tries to come
up with solutions on how to reduce these negative impacts. Finding a way of making people
more aware of the impact done from driving is a step in the right direction [1].

Previous research on gamification has shown positive results [4, 10, 12, 13]. Different contexts
requires different adaptions of the elements and in this work the focus is on making the driver
more motivated to drive according to the eco-driving guidelines. This means that the system will
judge and evaluate the driving and this is important to communicate in a good way in order to
keep the driver motivated to continue using the system.

Swedspot AB was the industry partner for this work. The company focuses on infotain-
ment and software solutions targeted towards the vehicle industry. The company was founded in
the beginning of 2012 in Trollhättan, Sweden as spin-off from the Swedish car-manufacturer
Saab Automobile. They are working with connected vehicles and how software solutions can
help improve the quality of traveling by car.
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1.3 Objectives
The main objective with this work is to gain more knowledge on how gamification can be used in
the context of eco-driving. Comparing different game elements and how they affect the driver is
important in order to evaluating how gamification can be used. Furthermore by analysing and
evaluating the game elements more knowledge is gained on how these concepts and elements can
be implemented and what their impact is.

• Evaluating the usefulness of gamification as a tool to encourage eco-driving
• Analyse and evaluate individual game elements
• Suggest improvements for game elements in order to make these more effective

1.4 Delimitations
Gamification contains a wide variety of concepts which can be adapted. With the scale of this
work, both time and resources, only a few of the concepts have been adapted. The motivation
behind this is discussed and motivated in Chapter 3 and 5.

Not all aspects of eco-driving was incorporated into the eco service. Because of hardware
limitations the system only focused on fuel consumption, distance driven, driving times, speeds
and aggressiveness. Data such as engine temperatures, gear and RPM was not available so
instead the system would use the available data in more ways. This will be discussed in more
detail in Chapter 6.

1.5 Thesis questions
To investigate, evaluate and provide conclusions on how gamification can be used to encourage
eco-driving four thesis questions have been constructed.

TQ1: How can gamification be used to encourage eco-driving?
TQ2: What element(s) from gamification was the most useful to the driver?
TQ3: What element(s) from gamification helped motivate the driver the most?
TQ4: Was there any element(s) from gamification which had an negative effect on the driver?





2 THEORETICAL FRAMEWORK

This chapter will describe gamification in more detail together with previous research made
in this area. It will describe the difference between gamification in general and gamification
targeted towards software engineering. Furthermore it will present information and previous
research made on the subject of eco-driving.

2.1 Gamification
The term gamification was coined back in 2002 by Nick Pelling [14]. The concept of gamification
have been around for longer than that but with the term being coined recently the amount of
research done is limited. The definitions for gamification varies depending on researcher but the
common idea is to try and adapt concepts and elements from games into a different context in
order to increase motivation. The focus of the definitions used in this work are on the use of
game elements, rather than complete games, in contexts not directly associated to games [9].

”The use of game design elements in non-game contexts” [9]

These game elements are stated by the authors to be seen as elements which has a key role in games.
Either elements found in or associated with games. Examples of frequently used elements are
immediate feedback(response to user input/actions), leaderboards, reward systems(achievements
or points) and a competition factor(between the user and the game itself and/or between multiple
users). So by definition gamification is introduced into a selected context when a set of game
elements are incorporated into said context.

As the previous definition of gamification is very broad the second one used in this work
helps narrow down the spectrum of how gamification is applied. The definition by Dominguez et
al. puts the emphasize on the context; within software applications [10].

”Incorporating game elements into non-gaming software applications to increase user
experience and engagement” [10]

This definition includes both the context of application as well as the goal for introducing
gamification.

Gamification have also been defined in the context of service marketing [5]. The aim of their
definition is to highlight the goal of gamification.

”.. a process of enhancing a service with affordances for gameful experiences in order to
support user’s overall value creation” [5]

Furthermore their definition also sets the context for the application of gamification, marketing,
which according to the authors is the main area of gamification. As this definition already sets
the context for the use it allows for games themselves to be further gamified. Something which
the authors are referring to as "meta games" [5].

Another important aspect of gamification is to look at what elements that have a good
influence on the users. These elements can be used to help guide and steer user behavior in a
desired direction [15]. Depending what the goal is this can help motivate and encourage user
interaction and engagement. In their work they studied how rewards are used on Stack Overflow 1

where the user is rewarded with badges when helping another user. Their results showed that
rewards had an positive increase in users’ activity. Facebook 2 has a similar system implemented

1http://StackOverflow.com
2http://Facebook.com
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6 CHAPTER 2. THEORETICAL FRAMEWORK

to encourage user interaction. People can reward each other with ”likes” which acts as a sort of
score when they share information with each other.

Social comparisonwas suggested to be one of themajormotivational factors when contributing
to open source projects [16]. Their results showed that a competitive factor was taking place
among the developers and it helped increase their motivation to contribute to the project.

In an initiative by Volkswagen called Fun Theory a number of scenarios adapted gamification
in order to motivate the user [12]. The winner of the Fun Theory award was given to a recycling
project which used a scoring system to motivate people to recycle their glass bottles. People
would be rewarded with points for every bottle they recycled into the correct bin. Another entry
in the Fun Theory was a speed camera lottery where speed cameras were installed on a busy
street in a city [12]. People who drove at or below the speed limit would be entered into the
lottery. The cash reward was funded by the people who broke the speed limit and was caught.
Their results showed that the average speed was lowered to below the speed limit with a total
reduction of 22%.

2.1.1 Gamification in software engineering
Dubois and Tamburelli did a research on gamification in the context of software development [17].
Their research was focused on studying the competitive aspects of gamification and how it could be
used to increase the quality of produced code among undergraduate students. Their system would
evaluate the produced code based on the number of lines of code, the use of good programming
practices, testing coverage, code duplication, documentation and the final mark on the assignment.
In their work the students were divided into two groups, A and B. The students were given quality
reports on their produced code by an quality tool, Sonar3. The difference between the two groups
was that group A only could see their own reports while group B also were given the reports of
their classmates. Their research showed positive results on the quality of produced code. Group
B reduced their lines of code by 11.7%, testing coverage was 18.1% higher and the number
of documented code increased by 9.4%. As mentioned previously their research was focused
on the competitive aspects and it showed positive results on the use of competition among the users.

Adapting gamification to the context of eco-driving has also shown positive results [4]. Developed
systems would help the driver adapt to a more energy-efficient driving style by incorporating
different elements from gamification in order to motivate the driver.

Magana and Munoz-Organero developed a system that would analyse and evaluate the driver
in real-time and communicate the feedback live to the driver [4]. The feedback could be either
visual or aural and was communicated to the driver via a smartphone device. In their research the
vehicles were connected to the internet via a telemetry device which monitored the driving. Their
system would then analyse the data and send information to the smartphone device which would
then communicate appropriate feedback to the driver. Scoring was one of the key mechanics used
by their system and it allowed the system to rate a driven route. Drivers would be ranked against
other drivers of similar driving situations and driving conditions which allowed the system to
tailor specific leaderboards. Achievements or badges were also implemented as a mechanic to
help drivers set up goals to complete. These achievements were targeted on specific parts of
the driving and in order to unlock them the driver had to drive according to the eco-driving
instructions. Their experiment was conducted in a real-life scenario with 36 drivers and 3
different routes. Results showed that the use of such a system helped drivers maintain interest in
fuel savings and continue to drive according to the eco-driving guidelines given by the system.
Some reports on the live feedback was said to have been disruptive for some drivers [4, 18].

3http://www.sonarqube.org/
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Rodríguez et al. [19] proposed a similar system but with the goal of increasing road safety.
Their proposed system would enable missions for the driver to complete which would require the
driver to follow safety regulations. It would also help reduce overall traffic on busy roads by
challenge the driver to take another route to the destination. Competition among drivers on who
had the most safe driving style were suggested to help motivate the driver to continue driving
safe.

2.1.2 Gamification and ethics
Much of the research done on gamification is targeted towards the positive aspects. However
not much research have been done on the ethical issues that might arise from the use of
gamification [20, 21, 22].

Gamification adapted into enterprises and similar contexts can bring negative influences [20].
In their work they list the possibilities of certain game elements that could create unnecessary
stress and conflicts between colleagues. One of these elements is the leaderboard and issues
regarding privacy. They list threats such as how much information that is stored and visible for
the participants, how the positions of the leaderboard are established and if this information can
be misused. Using the leaderboard information as basis for salaries, working hours and similar
things is one example of how it could be misused.

Exploitation of workers was another issue that was reported [20]. Using the playfulness from
gamification as a tool to force workers to do more work than they are required to. Examples of this
was to make the completion of some task into a game and the more tasks that are completed the
more points the worker would get. If these points have no meaning the game itself is meaningless
and the hidden agenda of the game was for the company to get more work done.

Adapting gamification as a motivational tool to help people live a better life can also bring
ethical issues [21]. As stated by the author ”The activities that lead to a good life also need to be
qualified” they emphasise that the activities should be guided toward a development of character
and wisdom.

Privacy is a big factor for people which often is used by gamification [20]. Transparency
is key to keep the user feel safe about how the data is stored, used and presented. One aspect
of privacy is the anonymity. An improvement suggested by the researchers to the leaderboard
previously described is to create a version which has no personal data visible [20, 22]. By
not revealing any identity in the leaderboard each user can still see how they relate to the top
positions. This can help reduce the negative influences which otherwise can be present with a
public leaderboard.

2.1.3 Gamification framework
When incorporating gamification to an activity there are different suggestions for the methodology
of applying it. Aparicio et al. [23] has constructed a framework which follows:

1. Identify the task(s) to be gamified.
2. Identify the objectives that are of interest to the user. These will later on be used to develop

the game mechanics.
3. Select and develop the game mechanics. A criteria is that the game mechanic should

support the needs of human motivation [24, 25]:
• Autonomy
• Competence
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• Relatedness
4. Analysis of the implementation.

The three areas of motivation — autonomy, competence and relatedness — are important when
selecting suitable game mechanics for the task. The three areas comes from a theory about the
motivation of people and how the motivation is influenced by peoples’ drive to succeed and
grow [25].

Autonomy describes the willingness when doing a task. If tasks are done for interest or
personal value the perceived autonomy is high [24]. As described by the authors when external
rewards are used it is important to keep these as informational feedback for the user. The opposite
would be to use external rewards as a way to steer user behavior which can have negative results
in the end if the rewards lose their meaning [24].

Competence is about satisfying the user’s need to feel efficient and competent [23]. Feedback
given to the user as a result of overcoming a challenge is an example that increase the level of
competence for the user. This feedback can be the result of user-action, learning a new skill or
obtaining new knowledge [23]. Keeping the user motivated is of great importance when the goal
is to make the user overcome challenges.

Relatedness describes the feeling of connection and need to interact with other people [23]. In
the context of games this relates to being able to interact with other players and share information
with each other. Mechanics can be used to help motivate interaction between users, such as
reward systems mentioned previously in this chapter for Stack Overflow4 and Facebook5. It is
important the reward system or similar feature to have meaning and importance more than simply
existing. One argument to why it is important for such features to have meaning is that if you
have no one to show your achievements or points to they will no longer fulfill their purpose and
end up meaningless [26]. On the other hand, if you as the user is in an environment with other
users that share a common interest then a badge, achievement or score might be considered of
high value. With this argument it should be able to remove the reward system and the content
should still have meaning. This is true in the example of Stack Overflow and Facebook, their
reward system is simply a way for users to show interest in certain content and maintain useful
information. Without the reward system these services would still have the meaningful content
available.

2.1.4 Game elements
This section will introduce the game elements that have been tested in this work. These game
elements have been incorporated into the smartphone application used in the experiment. Moti-
vation for each element have been derived from the areas described in Section 2.1.3. How each
element was incorporated into the system is described in Section 3.2.

Rewards
The reward system is the most commonly used element in gamification. The idea is to use
positive feedback as a way to motivate the user to complete a task. Example of these rewards are
points, achievements, badges and other types of positive influences for the user [27].

An important aspect to the reward system is to keep it meaningful for the user [26]. One
way to achieve this is to create what the author is referring to as meaningful community. This
is achieved when the users share common interest and can use this to share information and

4http://StackOverflow.com
5http://Facebook.com
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interact with each other. An example of this is the Stack Overflow mentioned previously [15].
The community is based around programming which achieves relatedness among the users. This
further validates the use of points, badges and achievements within such an environment as the
reward system becomes meaningful for the users. Results showed that the badge system was a
great motivational attribute for the users and increased their activity [15].

Another way to allow users to explore different solutions for a task is to introduce secret
rewards [17]. This was tested in the software development research discussed in Section 2.1.1.
They allowed some rewards to be known to the user but left certain achievements unknown in
order to allow for more creative and innovative exploration for the users. Examples of achieving
these rewards could be to reach a specific value or gain a specific score. The researchers mentions
that the idea behind the use of secret achievements was to try and motivate the users beyond
simply completing the designated task. They did however not discuss the outcome of the use of
this feature. The context of the research was in an educational environment where the objective
was to motivate students to learn. This environment can take advantage of the mechanic of
hidden rewards as this could be used to make the student more curious to try different approaches
and by doing so gain more knowledge. It could however be hard for students to first find out that
hidden rewards exists if no notification or knowledge about them is given. This could be solved
by having some representation of the achievement available so the students understand that such
a reward exists but not the goal to unlock it.

Competition
The aspect of competition have had both negative and positive results [10, 20]. Positive aspects
includes making the user feel more motivated to continue improving in order to achieve a goal or
get a specific position on a leaderboard. Competition have been shown to be a deciding factor
in the positive results from previous research [10]. Their system allowed the users to compete
against themselves and others as a tool to help keep them motivated to improve.

It is important to keep the competition fair and understandable as it could otherwise create
stress and influence the users negatively [20]. When allowing users to compete against one
another the privacy is a concern. When information is presented it is important to keep the
privacy and anonymity intact in order to not create unnecessary stress among the users. This
can turn the positive aspects of the competition element into something negative and cause the
opposite effect.

The competition element reflects the area of competence described in Section 2.1.3 where the
focus is satisfy the user’s need to feel efficient and competent [23]. It is important to implement
this element in such a way that the user can relate to what the competition is about. Otherwise
the element can become meaningless and become an annoyance for the user [21, 20].

Feedback
The use of feedback to communicate information to the user is one of the most important
regarding how the user interacts with the system [4, 12]. Feedback is in the area of competence
described in Section 2.1.3. Feedback as a result of user-actions is a great way to communicate
information to the user. Furthermore keeping the user motivated is important to make the user
stay on the right path and continue improving.

Another important concept about feedback is the use of informational feedback [24]. The use
of information feedback helps enhance the aspect of autonomy. The author argues that the reason
for feedback should be about creating motivation from the user and not solely about steering the
user in a desired direction. If this type of feedback is given correctly the desired direction should
be chosen by the user instinctively and not because of forced feedback [24].

In order to help enhance the area of competence progress made by the user should be presented
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to the user. This can help the user gain more knowledge about how their progression have evolved
over time and increase motivation.

2.2 Eco-driving
The concept of eco-driving is different from definition to definition but the common goal is to
reduce the negative impact from driving [1, 3, 28]. The driving should be done smoothly and
without stress to help reduce sudden changes in velocity which often means that energy was
wasted in order to get the vehicle moving in a short burst [4]. Changing gear at the correct RPM
and trying to anticipate traffic in order to adapt to changes more easily are also often guidelines
for the driver to follow. For the driver this often comes down to a reduction in fuel consumption
which is one of the key selling points when presenting the eco-driving guidelines. Helping the
driver understand how to improve their driving and using the fuel consumption as motivation
have been done with positive results [4, 29].

Zhao et al. [2] developed a eco-driving simulator which would act as a guide for drivers.
Their system would give feedback both live and after the driving was done. This research
did not adapt gamification but instead was looking more into what data that was interesting to
present in order to motivate drivers to change their driving behaviour. Their live feedback was
targeted towards informing the driver of their current driving situation. It was communicated
both graphical and aural and would inform the driver of emission rates and if the driver stopped
following eco-driving guidelines. The feedback given after the driving was done was targeted
more towards informing the driver on what to think of next time. This type of information included
potential oil saving, fuel consumption rating and driving advice. In their experiment with 22
participants results showed reductions in CO2 emission by 5.37% and fuel consumption by 5.45%.

Beusen et al. [30] looked closer into the long term effect of an on-board eco-driving sys-
tem. Their system would help gather data over a large period on time and during this time the
participants would be taught the concepts behind eco-driving. The participants would learn how
to shift gear at the optimal RPM, how to position themselves behind other vehicles to help reduce
heavy braking and accelerations. Their experiment had 10 participants and the result showed a
5.8% reduction in fuel consumption, which also follows previously presented research.

2.3 This research
This chapter have presented how gamification have been adapted to a number of different
contexts [4, 15, 16, 12, 17]. The work done by Magana and Munoz-Organero is closest to the
research done in this work [4]. In their research the focus was on adapting gamification to
motivate drivers to change to a more energy-efficient driving style. Feedback was given live to
the drivers and this information would help the drivers adapt in real-time if the system found that
they were not following the eco-driving guidelines. Their research showed positive results on
improving the driving style of the participants. It was reported that the live feedback could be
disruptive towards the driver.

In this work a similar system was developed with the main difference of how the feedback
was given to the driver. In this work the system would communicate the feedback to the driver
after the driving was done. This was done to test alternatives to the live feedback used by Magana
and Munoz-Organero [4]. Having the feedback given after the driving is done can allow the
system to have more detailed information presented to the driver. Furthermore this means that
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the driver can select when the information should be examined. How this was implemented can
be found in Section 3.2.





3 METHOD

This section will describe the methodology used in this work. Motivation to why this was used
compared to other methodologies will also be described. Furthermore the developed system is
described.

3.1 Design research methodology
The design research methodology was chosen for this research. This methodology is appropriate
to use when when the goal of the research is to develop and evaluate an artifact that has specific
business needs to fulfill [31]. Examples of methodologies that were not chosen for this work are
action research and case study methodology. The action research methodology originates from
social studies with the focus on having the researchers as an active participant in solving the
practical problem [32]. Furthermore the core concept for the action research is ”... the focus of
interest is the organizational context and the active search for problem solutions therein” where
as the design research lies in the design and usefulness of the created artifact [32]. The use of case
study was also not appropriate for this work as the focus of this methodology is observation [33].

Figure 3.1: Design research methodology as visualised by Hevner et al. [31]

As visualised in Figure 3.1 the general idea behind the design research methodology is
to make use of existing knowledge to further develop or build theories or artifacts [31]. The
theories or artifacts needs to be evaluated or justified to solve perceived business needs in a given
environment. In the end the existing knowledge is further increased by adding the results from
the research findings.

13
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3.1.1 Knowledge base
Different sources have been used to gather knowledge useful for this research, mainly previous
and related work described in Chapter 2. Previous work is reviewed in order to gather more
knowledge about the subject. It is also done to help find gaps in the current research and see if
these gaps are of interest for this work. The methodologies used is of interest as they help to both
validate the results and further motivate the appropriate methodology for this research. In the
end the goal is to further expand the current knowledge base by presenting the results from this
research.

3.1.2 Environment
The environment for this research is taking place at the company Swedspot AB. This provides the
research with real business needs as well as an appropriate environment. Swedspot, the company,
is looking for new and interesting ways of using their connected vehicles and thereby have the
appropriate technology and hardware needed to conduct this research. Further more the company
is interested in using their technology together with gamification as a way of motivate drivers to
adapt a more eco-friendly driving style.

3.1.3 Artifact development
The initial system, the artifact, design was based around an existing system [4]. The general
overview works in a similar way where the system can help evaluate a driven route and generate
feedback for the driver. As described in Section 2.1.1 their system worked around the idea of live
feedback and informing the driver in real-time about possible improvements to their driving style.
This could be disruptive towards the driver and create more influences for the driver to take in
while driving.

In this work the system is instead based around the concept of communicating the feedback
after the driving is done. The motivation for this is to test alternatives to live feedback as this
could be disruptive towards the driver. Furthermore this allows the system to communicate more
detailed information which would be hard to take in if it was given live while driving [4, 18].

The development of the system was done with collaboration with people present at the company
at which the research was done. This allowed external feedback to be present throughout the
development. This feedback helped guide certain areas in the correct direction and would also
help bring more insight in how different information could be displayed and communicated to the
user. As mentioned previously general overview of the system is similar to a previous work [4].
This also helped shape and influence the development of this system as the presented positive
aspects could be assessed and incorporated into the eco service. An example of this would be the
use of the scoring scale which goes from 0(Bad) to 10(Good) in both systems. Visuals from the
eco service will be presented in Section 3.2.

3.1.3.1 Artifact evaluation
Planning: The conducted experiments were designed to take between 45 minutes to 1 hour for
each participant. This included driving a designated route three times, accessing and using the
gamified system via a smartphone device and at the end answering questions in the form of a
semi-structured interview.

The routes driven were selected to contain different traffic attributes. This included traffic
lights, stop signs, roundabouts and pedestrian crossings. All of these attributes are common
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occurrences in city driving and can influence the flow of the traffic. It is in environments like these
where driving situation can change suddenly and require the driver to adapt to new influences.

With the thesis questions defined in Section 1.5, a structure for the semi-structured interviews
were developed. The interviews were designed to take approximately 30 minutes and the interview
guide can be found in Appendix A. It covers the driving experience, questions related to the eco
service and thoughts about the approach in general. Participants were selected semi-randomly,
at the end of each interview the participants could suggest new people for the experiment. All
participants received an invitation which explained the experiment and this can be found in
Appendix B. In order to make sure the information noted from the interviews were correct
participants could go through the noted answers and modify answers that they thought were
misinterpreted or otherwise noted wrongly.

Data collection: Data was collected in two ways during the experiment. Data from the
vehicle used was gathered by external hardware that monitored the driving and collected quanti-
tative data. This data included fuel consumption, speeds, idling time, accelerations and braking
and was sent to a server. Other data such as engine temperature, gear and RPM was not available
because of hardware limitations. This would have been useful to have more data for the system
to analyse to further help the driver understand their current driving behaviour. Because of the
missing data the eco service would use the available data in many different ways. This includes
comparing different values against each other and further motivate certain changes in driving
behaviour and will be further explained in Section 3.2.

The semi-structured interviews were the other way of collecting data. The concept of
semi-structured interviews allows for more improvisation and creativity [33]. As each partici-
pant had been given access to the eco service these interviews could gather both quantitative
and qualitative data based on the participants’ experience [33]. The order of questions could
vary from participant to participant, however each category was done in the order found in
Appendix A. Furthermore the focus of these interviews were on the qualitative data from partici-
pants on how they experienced the eco service and their thoughts of the approach of such a system.

Data analysis: The qualitative data from the semi-structured interviews were analysed by
transcribing the noted answers. These answers were then divided into categories where each
category represented one game element. In scenarios where multiple game elements were
touched in the same answer it was divided into both categories. This allows for multiple game
elements to be the subject of evaluation by the same question and allows for the participants to
have more freedom as to what their experience and thoughts about the subject. An example of
this procedure is visualised in Figure 3.2.
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Figure 3.2: Example of how answers were transcribed into game elements.

The quantitative data gathered from the vehicle during each test is divided into two groups.
These groups describes when during the testing that the participant were accessing the system.
As will be explained in Section 3.2 all participants were divided into to two groups where the
group determined if the system would be accessed after the first or the second lap. Analysing
this data can help validate if the eco service had any impact on the actual driving for each of the
participants.

Results from the analysis on both the quantitative and qualitative data is presented in Chapter
4 and discussed in Chapter 5.

3.1.3.2 Experiment
To test the developed artifact, the eco service, an experiment was conducted. The experiment
included 16 participants of varying age and driving experience. Ages ranged from 21 years to 65
years and years of driving licence ranged from 2 years to 46 years.

Each participant was assigned into one of two groups. The group would determine when the
participant would be given access to the eco service and would allow the comparison between
these two data groups. This would allow for a more compact experiment where each participant
acted as part of both the control group and the experimental group.

Access to the eco service would be given once during the driving and allow the participant to
tinker with the system. No previous instructions were given other than explaining that the system
was access via a smartphone device. Furthermore no time frame was set so each participant were
allowed to navigate the system and determine when they were done. This kept the use case of the
system closer to a real scenario and would not cause unnecessary stress for the one using it.

Each participant would drive a predetermined route three times and depending on which
group the participant was assigned access to the eco service would be given at different time.
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The first group would be given access to the eco service after the first lap and then drive the next
two laps without any further feedback. Vice versa the second group would driver their first two
laps without any feedback and then use the eco service before their last. With this approach it
would be easier to determine if changes in the driving were because of the eco service or because
of other factors, i.e. the participant getting more familiar with the route and similar influences.

An example of the experiment procedure is visualised in Figure 3.3.

Figure 3.3: Visualisation of the driving part of the experiment.

After all three laps were completed the experiment would end with a semi-structured interview
which can be found in Appendix A. Participants were given access to the eco service during the
interviews to help them communicate different aspects of the system. Furthermore it allowed
them to navigate the system and explain their thoughts and feedback of each area.

3.1.3.3 Vehicle and Routes
During this experiment the same vehicle was used throughout all driven routes. The vehicle used
was a 2007 Volkswagen Touareg V6 TDI which is a SUV with off-road body. It has an automatic
gearbox and the fuel consumption according to the manufacturer is 1.41 l/10km on urban roads.

The routes used were selected to have a mix of different road conditions present. This al-
lows for different traffic influences to be present and will challenge the driver to be able to adapt to
different settings. Further motivation for this was the scale of the experiment. Previous research
have followed many drivers, in different vehicles over a much longer period of time. In this
research this was not possible due to time and resources so by making the routes contain more
influences for the driver to adapt to could help the experiment.

Distance Traffic lights Stop signs Roundabouts Road category
A 3.3km 2 1 2 City and Urban
B 3.6km 0 0 5 Only Urban

Table 3.1: Information about each route used.
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In Table 3.1 the different characteristics of each route is described. Each participant was
asked to drive one of the routes. The route closest to the participant was the one selected. Only
two tests were done on Route B and these were conducted to include one entry in each group.

To test certain mechanics, like the competition between different drivers, multiple other
vehicles were connected to the service but not part of the experiment. Only their data was
available to allow the participants to test the parts of the eco service that requires external drivers.

3.1.3.4 Evaluation
The evaluation part helps with the answering of the thesis questions. The thesis questions
described in Section 1.5 will be evaluated in different ways.

TQ 1 will be evaluated with relation to both the quantitative data and the qualitative data.
Data from the interviews will help motivate the how and why gamification can be used. Data
from the system will help show results on if it actually had an impact on their driving.

TQ 2-4 will mainly be answered through interviews as these questions covers what con-
cepts or elements from gamification that affected the driver. This is hard to gather from the
quantitative data from the vehicles.

3.2 Eco service
This section will go into details on how gamification was implemented. Common elements will
be explained and motivation behind adapting them into this work will also be presented. How
the driver interacts with the system and how the approach taken in this work is different from
related research will also be discussed.

3.2.1 System overview
Three key components are needed for this experiment to work, not including the vehicle itself.
They include the monitoring hardware in the vehicle, a server to store data and a smartphone to
access the system.
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Figure 3.4: Simple overview of the system’s different components

As visualised in Figure 3.4 the server is the center point for the system. The vehicle will
populate the server with data gathered during the car trip. When the driving is done the server
will analyse and evaluate the car trip and prepare the information for the smartphone. The
smartphone allows the driver to access the different parts of the system. Depending on what the
driver wants to access the smartphone will request the correct information from the server and
display it.

The data from the vehicle available in this research is a bit different from previous research [4].
Their system had access to additional data such as RPM and gear, but because of hardware
limitations the eco service did not have access to this. The data available for the eco service
includes fuel consumption, idle time, velocities and a aggressiveness factor. These values were
analysed and used to calculate a score which indicated how energy-efficient the driving was.

3.2.2 Categorising a car trip
For the system to give a more fair response to a given car trip each trip is put into a category.
These categories are based on the distance of the trip and will help the system to find which data
to use for comparison and rating. These categories, or intervals, were determined by looking at
20 415 previous car trips and the distribution of distances for these trips.
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Figure 3.5: Distribution of driven distances.

As visualised in Figure 3.5 the distribution of distances shows that the majority of driven
trips are in the lower spectrum of the distance interval. By looking at this data three different
categories have been derived. These are found in Table 3.2.

Distance Alias Average fuel consumption Frequency
(meters) (l/10km)
-4 000 Short 2.46 l/10km 49%
4 000 to 24 000 Medium 1.66 l/10km 45%
+24 000 Long 1.36 l/10km 6%

Table 3.2: Distance intervals used by the system.

Figure 3.6: Average fuel consumption for these three intervals.
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The fuel consumption used in Table 3.2 can be found in Figure 3.6. The Short distance
intervals indicates the bad influence short trips have on the fuel consumption. The overall
distance for the shorter car trips are of course much shorter than the other but it still shows that
improvements can be made.

3.2.3 Gamification elements
As this research was heavily influenced by a previous work the gamification elements implemented
into the eco service are motivated by mentioned work [4]. Their system focused on competitive
aspects, rewards and continuous feedback and would incorporate these into the software. The eco
service works in similar ways where these gamification concepts are incorporated into different
parts of the eco service. This is done to help increase user experience and engagement which is
part of the definition for gamification in software engineering [10].

Gamification element Part of application
Feedback Score

Trip feedback
Statistics

Rewards Trip feedback
Compare driving

Competitive aspects Score
Compare driving
Leaderboard

Table 3.3: Gamification elements used in the eco service.

Table 3.3 briefly explains the relation between gamification elements and how these are
incorporated into the eco service. Each part of the application will be explained in more
detail in the following sections together with visualisations. There are other elements from
gamification which have not been included into the eco service, such as the social aspect,
objectives/missions/quests and levels. Motivation for not incorporating these can be found in
Section 3.2.7.

3.2.4 Score
To give drivers a common reference on how their driving evolves, a score systemwas implemented.
This scoring system will take a given trip and analyse it from a eco-driving perspective. It will
together with previous trips of the same characteristics, from the same vehicle, help evaluate how
well a given car trip was driven.

In order to assess a given car trip the system will break down the data into different
components. The components will be analysed both separately and together in order to find
improvements for the driver. These components includes fuel consumption, idle time, velocities
and a aggressiveness factor. Additional types of data would have helped influence this score and
make it more thorough but because of hardware limitations this was not possible.

3.2.4.1 Average data
Each vehicle in the system gets a unique average data entry which keeps track of how the vehicle
is driven over time. Each completed car trip influences the average data and helps build up useful
statistics for the driver. This data is also used in some of the components when calculating score
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in order to help push the driver to keep performing good. The system will keep track of multiple
instances of average data for each vehicle. These instances correlate to distance intervals and
helps the system categories a given car trip in means of distance.

To allow drivers to follow how their driving behaviour changes over time, the system will take
snapshots of each average data. This data is later visualised for the driver to show how different
areas of their driving have changed over a period of time. The system can then use this to elevate
positive changes and help flag negative trends and how to improve these.

3.2.4.2 Fuel consumption
The fuel consumption is highly dependent on what type of vehicle is driven, the flow of the traffic
and what type of driving style is used. One of these attributes can be influenced by the system;
the driving style. To further push the driver to perform better this component will compare the
current fuel consumption with the average data for the vehicle. This means that over time a more
calibrated fuel consumption will emerge that is unique for each vehicle and driver.

Fuel consumption Score influence Feedback
Reduction Positive Shows how much fuel is being saved com-

pared to the average fuel consumption.
Increase Minor(2.5%) Neutral/Positive Within bounds of average fuel consump-

tion.
Increase Medium(5%) Neutral/Positive Small warning about an increase in fuel

consumption compared to average.
Increase Major(10%) Negative Warning shows how much more fuel is

being used compared to average.
Increase Major(+10%) Negative Multiple warnings about high and in-

creased fuel consumption.

Table 3.4: Fuel consumption influence

3.2.4.3 Idle time
Idle time is accumulated whenever the vehicle is standing still with its engine on. This is a bad
influence on the final score and also on the fuel consumption. Whenever the system finds an
increase in idle time it will look at the significance of the increase. If the increase is severe the
system will raise warnings and reduce the final score heavily. A small increase will result in a
minor reduction in score together with a raised flag of increased idle time.

This component will also weigh in other components whenever an increase is made. This is
because whenever the vehicle comes to a stop it has wasted energy and needs a lot more energy
to get the vehicle moving again [1]. By looking at the velocities of the vehicle together with how
the fuel consumption have changed the system can tailor its feedback to further inform the driver.
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Idle time Score influence Feedback
Reduction Positive Shows how much time that was saved com-

pared to average data
Increase Minor(5%) Neutral/Positive None.
Increase Medium(15%) Negative Small warning related to increase in idle

time
Increase Major(+15%) Negative Shows compared to average how much the

increase is

Table 3.5: Idle time influence

3.2.4.4 Velocities
How fast the vehicle was traveling during one trip is heavily impacted of what type of road and
traffic that was present. This component therefor tries to look at the difference in average and
max velocity. It can by looking at these values raise awareness to the driver to try and even out
their traveling velocity. This component also weighs in the fuel consumption in order to further
push the driver to not drive aggressively, i.e. unnecessary accelerations and braking.

It also takes into consideration the actual velocities measured from a aerodynamic point
of view. Vehicles traveling at high speeds are using more and more fuel just to overcome the
aerodynamic resistance [34, 35]. Based on this information the system will raise warnings for
the driver if the vehicle is traveling at high speeds. It will also result in a reduction of score to
further show the negative effects of driving at high speeds.

3.2.4.5 Aggressiveness
This attribute refers to how smooth the driver advances between changes in velocities and flow of
traffic. The system can detect sharp acceleration and braking which both are bad on the scoring.
Both accelerating and braking sharply or harsh means that the vehicle is wasting energy which
often could have been avoided by instead trying to stay in the flow of the traffic.

Aggressiveness Score influence Feedback
Reduction Positive Encourages to keep driving this way
Neutral Neutral None
Increase Negative(Major) Displays information about how much the

increase is and to try and improve it during
the next trip.

Table 3.6: Aggressiveness influence

As shown in Table 3.6 this attribute have an major impact on the final score if an increase in
found. This is to further communicate the impact on energy-efficiency if the driver often is doing
sharp changes in velocity.

3.2.4.6 The final score
The system will calculate the final score by gathering reports from each component. In addition
to only providing a score, each component will also provide a significance factor. This factor is
used to determine how much the score reported from the component should influence the final
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score. This will allow components to look at very specific areas of the driving and define how
big of a role this value will play towards the final score.

This way of allowing components to influence the final score differently will also allow for a
more fair scoring. Each component can be tuned to reflect the actual impact on the eco-driving.
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3.2.5 Competition
One common element in games is being able to compete with other players. This is also a very
encouraging element adopted into gamification [4, 12, 17]. As long as the user can relate to
the goal of the competition it can be useful in order to keep the user motivated and focused to
complete the task. In this work the competition element is implemented in two ways, competing
against yourself and against others.

3.2.5.1 Against oneself
As a result of using the average data when in some of the score components a constant competition
is ongoing. Each driver is always competing against themselves whenever they are driving. Since
the average data is always changing the difficulty of achieving a high score increases as well.
However over time a more or less final average data is presented. The system will not punish
behaviour that is very similar to the average data which still keeps the competition alive for the
driver.

Each driver is always competing against themselves with the average data which the system
uses to calculate their score for a given car trip. The difficulty of this challenge is always changing
but will even out when more and more data is gathered. In the end the data used by each driver
will be unique to their specific vehicle and driving style.

3.2.5.2 Against other drivers
Drivers have the ability to compare trips with each other. This allows them to compare scores
and other data related to the scoring. But since each vehicle has its own unique average data
it can be unfair to compare different types of vehicles. Comparing car trips made with very
different vehicle types will however not be a very fair comparison. The system instead tries to
enhance other attributes about each trip to try and make a more fair judgement. An example of
the comparison between two trips is visualised in Figure 3.7.

Figure 3.7: Example of a comparison between two car trips
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3.2.6 Leaderboard
In gamification the leaderboard is often used as a method of implementing competition into the
system [22]. It helps the user to see how their performance is compared to others. However
it is important to decide how much information that is displayed on the leaderboard as it can
have bad influence [17]. Leaderboards containing too much information about each user can
create unnecessary stress and tension between users [20, 22]. It can therefor be beneficial to keep
only the crucial information on the leaderboard related to the scoring and position and skip the rest.

The leaderboard in the eco service is used to allow drivers to compare their driving with
others. The information displayed for the user only contains the scoring, position and what type
of vehicle that has the rating. This gives the driver more than just a score to go on and can be
relevant when comparing two positions on the leaderboard. The system builds up a leaderboard
for each car trip distance interval that is available. Positions on the leaderboard is derived from
the average score where a high score means a better position on the leaderboard. With multiple
leaderboards the system can create a more fair comparison over different car trips. This means
that drivers can focus on the leaderboard dedicated for their type of driving behaviour and know
that the other entries have the same driving situation.

Figure 3.8: Example of the leaderboard and what information it displays.
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3.2.7 Excluded elements
Some of the otherwise commonly used gamification elements have been excluded from this
work. The following section will describe these elements and why they were excluded from the
implementation.

3.2.7.1 Socialise
The idea of integrating the social aspect into the system would allow drivers to interact and share
information with each other. It could also allow drivers to have their own personal page with
information of their driving which others could see.

This was excluded because of time and resources available for this work. The concept have
had positive results in previous work [4]. In their work they integrated social network support
which would allow their users to share information on social medias as another way of motivating
their users.

3.2.7.2 Objectives/Missions/Quests
This concept involves having dedicated tasks for the user to complete. It can be something trivial
or something complex and the completion often contains some reward for the user.

In this work this was excluded based on the concept of forcing the user to do something.
With the work being based on driving vehicles it can be a bad thing to force the driver to go out
and drive just to complete some arbitrary task. Even if the objective would be something like
reducing the fuel consumption it can still create the habit of being forced to do the task. Which
would result in the opposite effect of what the system is trying to achieve.

3.2.7.3 Levels
The concept of levels often refers to unlocking new content. When the user advances in levels,
new areas of the system is available which can help encourage the user to continue collecting
levels.

This was excluded based on the time frame of this work. It could have been an interesting
area to explore as a way of allowing drivers another way of showing how energy-efficient their
driving is. However, it could have the same negative result as mentioned in the previous concept.
Depending on the way the driver would advance in levels it could have the effect of making the
driver feel forced to go out and drive in order to gain levels.
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3.3 Feedback
Results from previous works shows that the feedback is an important factor when the goal is
to motivate continuous use from the user [4, 10, 36]. Without good feedback for the user the
interaction with the system can become stale and unsatisfying which is what gamification is
trying to avoid. However it is important to have the feedback done in a efficient way or otherwise
it can become a disruptive part for the user [4].

Another important aspect of feedback is how the information is presented and visualised.
Data can be complex, too broad and in other ways hard to grasp. This is where visualisation is a
useful concept to adapt to help simplify data and present it in a more readable way [37].

Compared to the experiment done by Magana and Munoz-Organero [4] which was focused
around live feedback this work will instead be using delayed feedback. Instead of displaying the
feedback in real time when the driver is focused on driving this system will instead provide the
feedback once the driving is done. This is done both from technical limitations but also as a
result from drivers reporting that the live feedback could be disruptive. Focusing on the delayed
feedback has the advantage of being able to in great detail display information about the driving
behaviour. The system can provide help on giving the driver understanding on the result of their
driving. By having the user being able to use the application while not driving also means that
the system can tailor its feedback to target very specific areas of the driving. This will be further
explained in the follow subsections together with figures from the implementation.

3.3.1 Score
The score is the first piece of information that is displayed for the driver that indicates the
efficiency of the driving. The score is a value between 0(Bad) and 10(Good) and is a way to help
inform the driver at glance. To further increase the significance of the value a background with
appropriate color is displayed.

(a) Rating information at glance (b) Expanded view from (a)

Figure 3.9: Different views of a car trip.

As visualised in Figure 3.9(a) the information available when overviewing multiple trips is
the rating together with date, distance and fuel consumption. This is done to help the driver more
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easily distinguish one trip from another. The date is to specify the when, distance the where and
fuel consumption the how. When the driver wants more specified information regarding a trip
the details are visualised as in Figure 3.9(b).

3.3.2 Warnings
When the system is analysing a given car trip for the driver it will look for signs of declining
driver behaviour compared to average. If it finds significant declines it will display warnings for
the driver. These warnings contains more detailed information on how they are affecting the
driving together with tips on how to improve each specific task in the future.

(a) List of warnings (b) Expanded warning from (a)

Figure 3.10: Different levels of feedback warnings

In the example visualised in Figure 3.10(a) the driver had an significant increase in idle time
which is a bad attribute. The system displays this warning as part of the overall feedback provided
for the trip. The driver can then decide if more information is needed for the specific warning.
This is visualised in Figure 3.10(b) where the system displays more information regarding the
high idle time warning.

3.3.3 Improvements
In similar ways that the system indicates warnings of negative changes in driving behaviour it
can also indicate positive changes. If the system finds a positive change it will boost the score
together with a notification for the driver. This notification will contain information on the effect
of the improvement. It is important that this information is visualised in a easy to grasp manner.
If not it can be hard for the driver to understand what the system is trying to communicate [37].
Since this part of the system is responsible for providing information on how to improve it is of
great importance to make the information easy to understand.
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3.3.4 Statistics
One important way for the system to display changes in driving behaviour is the statistics. This
data is always changing but should, if the driver follows the system feedback, go towards a final
state unique for each driver and vehicle. To make it easier for the driver to tell if the value
described is a positive or negative influence on the driving a color coding is applied. It uses
green colors to indicate positive influences and red colors to indicate negative influences.

Figure 3.11: Example of color coding in statistics data.

As visualised in Figure 3.11 the color of each bar is tinted in depending on how their influence
on the driving behaviour. Red tint indicates a bad influence on the driving and green indicates a
positive influence. This can help the driver to understand what the data is trying to communicate
and can help present the data in a meaningful way [37].

3.3.5 Comparing car trips
Allowing the driver to compare their driving against others incorporates more competition into
the application. The concept of allowing competition have been shown to have positive results in
previous work as a motivational booster [12]. It is however of importance to not make the driver
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feel forced to go out and drive in order to beat their opponent as this would have the opposite
effect on the eco-driving.

(a) Selecting a trip from each driver (b) Example of the systems comparison

Figure 3.12: Comparing two trips

The driver can select their opponent and then as shown in Figure 3.12(a) select two car trips
to compare. The system will compare the two selected car trips and try and find improvements
that the driver can make in order to beat the opponent in the future as visualised in Figure 3.12(b).
The system will highlight positive and negative differences with green and red to further show
which driver had the better result on each different are.





4 RESULTS

This chapter will present the results for this work. First information about the participants is
presented, this information describes the background experience for each participant. Data from
the vehicle will be presented in two groups where the group corresponds to when the participant
was given access to the eco service. At the end the results will be put in relation to the thesis
questions described in Section 1.5.

4.1 Participants
This section will present information about the participants. The information is gathered from
the semi-structured interviews explained in Chapter 3 and the questions and interview guidelines
can be found in Appendix A. The questions covered in this section is about the driving situation
and gaming experience for each participant.

4.1.1 Driving situation
Each participant answered questions regarding their current driving situation together with a
followup question on their knowledge about eco-driving. The following data was gathered from
this part.

33
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ID Gender Age License Driving Eco-driving Driving style
(years) (years) (frequency) knowledge

1 Male 54 35 Every day None Sporty
2 Male 22 3 Almost every

day
A lot, drive at high
gears, use engine
brake etc.

Fast

3 Female 51 33 Every day Minimal Follow the speed
limit

4 Male 33 15 Every day Minimal Good
5 Female 54 35 Every day "Drive cheap" Calm and thought-

ful
6 Female 29 9 Every day Minimal Speedy
7 Female 42 19 Every day Nothing Calm, kids in the

car
8 Male 65 46 Every day Drive at high gear

and with caution
Calm

9 Female 47 29 Every day I’ve heard about it Jumpy and fast
10 Male 59 41 Three times a

week
Nothing Careful

11 Female 57 29 Every day None Calm
12 Female 58 40 Every day Nothing Safe
13 Female 21 3 Every day A lot, anticipate

traffic, drive at
high gears etc.

Safe

14 Male 24 4 A few times a
week

A lot, it was part
of my driving li-
cense

Adapting

15 Male 28 9 Every day Basic, anticipate
traffic flow

Fast

16 Female 23 2 Every day A lot Calm and safe

Table 4.1: The participants driving situation.

In recent years Sweden among other nations have adapted the subject of eco-driving as part
of their driving license test. Each student is taught the idea behind energy-efficient driving and
will be tested both when driving but also on the theoretical tests needed to pass.

This is also shown in the participants knowledge on eco-driving. The participants that
recently acquired their driving license had a much better knowledge about the subject than the
participants that have had their driving license for much longer period.

Even though the participants with a recently acquired driving license have a better under-
standing of eco-driving the majority of them still categories their own driving as anything but
energy-efficient. The common answer to why they chose to not follow the eco-driving style was
because there were too many rules and guidelines which made it feel more constrained than their
own driving style. This is a good indication that improvements can be made to this area. The
idea of having eco-driving as part of the driving license test is a good start but having something
to take its place once the driver has the license can be the next step.
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4.1.2 Gaming experience
Questions on how often each person played games together with a question on their knowledge
about gamification can help further validate results from previous research on gamification.
These previous results have shown that people who play games have an easier transition period
when adapting to gamification [38]. They have an easier understanding of the concepts used and
the general idea behind the methodology of gamification.

ID Playing games Type of games Gamification knowledge
1 30 minutes per day Card games on the tablet None
2 4 hours per day Video games Making non-game things into

games
3 A few hours per week Board games and smartphone

games
None

4 A few hours per week Playstation 4 & Smartphone
games

None

5 20-30 minutes per day Smartphone games None
6 1 hour per day Smartphone games None
7 No None
8 Rarely Card games None
9 Every day Smartphone games None
10 A few hours per week Smartphone games and card

games
None

11 Every day Smartphone games None
12 No None
13 No None
14 3 hours per day Video games To "gamify" something
15 2 hours per day PC and Console None
16 30 minutes per day Smartphone games None

Table 4.2: The participants experience with games and gamification.

As shown in Table 4.2 the overall knowledge about gamification was very low. Only a few
participants had any prior knowledge about gamification.

After the participant had answered about their knowledge regarding gamification the definition
used in this work were presented to them. This meant that all participants regardless of their
previous knowledge was presented with a common definition for the gamification used in this
work.

Gamification tool Area Participants
Runkeeper Exercise 8
Connect
S Health
Viktklubb Weight Management 3
Lifesum
Volvo Trucks Fuel Advice Driving 1
Sleep as Android Sleeping 1

Table 4.3: Gamification tools used by the participants



36 CHAPTER 4. RESULTS

An interesting observation about the participants gamification knowledge was that even
though many said they had no knowledge of gamification they had been using other applications
which were using gamification as a method of encouraging the user to continue using the service.
The results in Table 4.3 shows that the most common used application among the participants
was targeted towards exercise and training.

When asked what made them continue using the service or application the common answer
was that it helped them stay on track. Having a specific tool for a specific task meant it could
keep track of all related data for that task. Furthermore it was often a motivational factor as well,
some of the applications tried to push the user to continue doing good.

4.2 Driving
This section will show data gathered from the vehicles on each lap of the route. All data will
be presented in two groups where the group describes when the participant was given access
to the eco service. Standard deviation, SD, is calculated and presented in each table. It is also
visualised as error-bars in the graphs. The green color represents after which lap each group was
given access to the eco service.

4.2.1 Fuel consumption
The fuel consumption is a useful measurement to use when determining how efficient the energy
was used to complete each lap. As shown in Figure 3.6 the fuel consumption on short distances,
like the ones used in this experiment, will be higher on average compared to longer distances.

ID Lap 1 Lap 2 Lap 3
2 3.4 3.6 3.5
4 3.5 3.3 3.1
6 3.4 3.4 3.5
8 3.3 3.0 3.1
10 3.9 3.8 3.5
12 4.0 4.1 4.0
14 3.8 3.6 3.6
16 3.7 3.7 3.6
Avg 3.625 3.563 3.488
SD 0.260 0.334 0.290
(a) Used application after first lap.

ID Lap 1 Lap 2 Lap 3
1 3.9 3.8 3.4
3 4.2 3.9 3.4
5 3.8 3.8 3.6
7 4.3 4.0 3.8
9 4.2 3.6 3.7
11 3.4 3.1 3.1
13 3.7 3.4 3.5
15 4.0 4.1 3.7
Avg 3.938 3.713 3.525
SD 0.302 0.331 0.225
(b) Used application after second lap.

Table 4.4: Fuel consumption for each lap and driver. (l/10km)

The fuel consumption shown in Table 4.4 shows a very different fuel consumption than the
one presented by the manufacturer of the vehicle. As described in Section 3.1.3.3 the average
fuel consumption set by the manufacturer is 1.41 l/10km. This further shows the impact short
distances have on the fuel consumption.
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(a) Eco service after first lap (b) Eco service after second lap

Figure 4.1: Visualisation of Table 4.4 with SD as error-bars.

A two-tailed T-test with the significance value α = 0.05 shows no significant difference
between the use of the eco service. The P-value for this test shows that for Group A the value is
P = 0.682 and for Group B the value is P = 0.207. This is not enough to show any statistical
significance between the two data sets.

4.2.2 Idle time
The idle time, when the vehicle is at halt but with the engine running, accumulated during each
lap can help show if the driver tried to adapt and follow the change of traffic flow. Idle time in
general is a bad influence on the eco-driving but in city driving there are lots of different road
conditions that can increase the idle time. Some conditions like stop signs requires the vehicle
to a complete stop which is unavoidable. Then there are other conditions such as traffic lights
and roundabouts where the driver can adapt by slowing down and slowly approaching to avoid a
complete stop. These types of conditions are present at the selected routes.

ID Lap 1 Lap 2 Lap 3
2 12 11 3
4 2 2 4
6 18 15 15
8 10 7 5
10 11 10 7
12 8 12 4
14 12 8 9
16 10 9 7
Avg 10.375 9.250 6.750
SD 4.470 3.845 3.882
(a) Used application after first lap.

ID Lap 1 Lap 2 Lap 3
1 20 6 3
3 25 20 10
5 12 10 8
7 10 5 4
9 25 20 22
11 20 12 17
13 10 5 10
15 22 20 15
Avg 18.000 12.250 11.125
SD 6.392 6.861 6.512
(b) Used application after second lap.

Table 4.5: Idle time in seconds for each lap and driver.
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(a) Eco service after first lap (b) Eco service after second lap

Figure 4.2: Visualisation of Table 4.5 with SD as error-bars.

4.2.3 Aggressiveness
This data can show how smooth the driving was on each lap. The aggressiveness shows the
sum of hard accelerations and decelerations done during the driving. Having to adapt to sudden
changes in traffic such as pedestrians crossing the road or other cars doing sudden changes was
the most common things that affected the drivers during the experiment.

ID Lap 1 Lap 2 Lap 3
2 4 3 3
4 5 3 5
6 3 3 2
8 6 6 7
10 2 2 0
12 6 1 3
14 4 2 1
16 5 3 4
Avg 4.375 2.875 3.125
SD 1.408 1.458 2.232
(a) Used application after first lap.

ID Lap 1 Lap 2 Lap 3
1 3 5 6
3 5 5 4
5 4 0 1
7 7 7 6
9 6 5 6
11 6 5 5
13 4 4 2
15 6 6 5
Avg 5.125 4.625 4.375
SD 1.356 2.066 1.923
(b) Used application after second lap.

Table 4.6: Number of sharp changes in speed for each driver.
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(a) Eco service after first lap (b) Eco service after second lap

Figure 4.3: Visualisation of Table 4.6 with SD as error-bars.

4.2.4 Positive influences
Each participant was given questions regarding what part of the application that was the most
useful or most motivational. The summary of these answers can be found in Table 4.7 and will
be used to help evaluate the eco service.

Description Element in application Participants
Quick indicator on my driving Score 12
Did I do good?
Made me think of my driving
Helps me improve Trip Feedback & Warnings 10
Puts the data in perspective
Did I beat any other driver? Leaderboard 4
Ranking
Keeps track of my driving Statistics 3
Helps me follow my progress

Table 4.7: Summary of positive influences.

4.2.4.1 Score
Right away most drivers said that the scoring was a nice way of quickly assessing how the driving
went. Furthermore it allowed each entry in the list of trips to stay simple and if more information
was wanted on a specific trip it could then be examined in greater detail.

The improvements mentioned for the score was very shallow. As some drivers pointed out the
score should be kept simple and trying to add more things to it might have the opposite effect.
However one minor thing that was stated was to have a better color coding for the rating. The
color red was used to refer to lower scores and green higher scores but values in the middle
became hard to understand color wise. The color yellow was suggested as a color for scores in
the middle of the scale. It was also pointed out that it would resemble the colors of a traffic light
which would make it fit the idea of the application more.
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A few participants wanted to incorporate economy into the scoring. Being able to enter
the fuel prices and have the system alert the driver if car trips are getting more expensive. Vice
versa the system can encourage the driver if the overall cost for each trip is getting less expensive.
This is an interesting idea and having a value which the driver can relate to very easily is a great
way of communicating the impact of the driving.

4.2.4.2 Trip feedback & warnings
When the participant was shown their score the most common question was why they got the
score they did. Being able analyse in more detail a given trip was a positive way of allowing the
driver to see why a specific score was given. Furthermore the participants who mentioned this
part of the application as positive also said that having the system provide you with warnings was
a great eyeopener.

Improvements mentioned for this area was to have even more information available and making
it more motivating to analyse. Having graphs and other figures available to present to the driver
would be a nice extension to each piece of information that is currently being presented.

Also mentioned was to have this type of feedback and warnings available on a larger scale,
not only on trip basis. The system should be able to detect patterns over time and help the driver
adapt to these. This could also allow the system to have a continuous feedback going, presenting
summaries and other information that have been gathered over time.

4.2.4.3 Leaderboard
Having the leaderboard to enable a competitive part for the application was a positive feature for
some participants. Achieving the first position on the leaderboard could act as a great motivational
booster and also acted as a milestone. It was however pointed out that the leaderboard could be
unfair, this will be discussed in Section 4.2.5.3.

Positive attributes for the leaderboard was that it was simple, easy to understand and had
all the necessary information present.
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Figure 4.4: The information shown in the leaderboard.

As shown in Figure 4.6 each entry contains the scoring needed to be at this position, the
vehicle that was used and which position it has. Furthermore the driver can quickly find which
position they are on even if multiple vehicles of the same type are present in the list.

4.2.4.4 Statistics
An observation gained during the questions regarding the participants previous use of gamification
applications and their answers to why they kept using them was that keeping track of progress
was a great motivator to continue using the service or application. The application would keep
track of the progress over time and have it presented to the user and show improvements or declines.

In this work the statistics is a similar approach to try and help the driver examine progress over
time. The system will keep track of progress made over time and help the driver to find areas in
their driving that can be improved.
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Figure 4.5: Progress on different driving aspects over time.

In its current state the statistics simply keep track of progress made and allows the driver to
look at changes made over time. Suggested improvements for this area were to have the system
try and communicate changes made in driving over a larger period of time. In a previous work
the idea of continuous feedback was of great importance to help and motivate the user to continue
using the service and continue to improve [4].

4.2.4.5 Score
Right away most drivers said that the scoring was a nice way of quickly assessing how the driving
went. Furthermore it allowed each entry in the list of trips to stay simple and if more information
was wanted on a specific trip it could then be examined in greater detail.

The improvements mentioned for the score was very shallow. As some drivers pointed out the
score should be kept simple and trying to add more things to it might have the opposite effect.
However one minor thing that was stated was to have a better color coding for the rating. The
color red was used to refer to lower scores and green higher scores but values in the middle
became hard to understand color wise. The color yellow was suggested as a color for scores in
the middle of the scale. It was also pointed out that it would resemble the colors of a traffic light
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which would make it fit the idea of the application more.

A few participants wanted to incorporate economy into the scoring. Being able to enter
the fuel prices and have the system alert the driver if car trips are getting more expensive. Vice
versa the system can encourage the driver if the overall cost for each trip is getting less expensive.
This is an interesting idea and having a value which the driver can relate to very easily is a great
way of communicating the impact of the driving.

4.2.4.6 Trip feedback & warnings
When the participant was shown their score the most common question was why they got the
score they did. Being able analyse in more detail a given trip was a positive way of allowing the
driver to see why a specific score was given. Furthermore the participants who mentioned this
part of the application as positive also said that having the system provide you with warnings was
a great eyeopener.

Improvements mentioned for this area was to have even more information available and making
it more motivating to analyse. Having graphs and other figures available to present to the driver
would be a nice extension to each piece of information that is currently being presented.

Also mentioned was to have this type of feedback and warnings available on a larger scale,
not only on trip basis. The system should be able to detect patterns over time and help the driver
adapt to these. This could also allow the system to have a continuous feedback going, presenting
summaries and other information that have been gathered over time.

4.2.4.7 Leaderboard
Having the leaderboard to enable a competitive part for the application was a positive feature for
some participants. Achieving the first position on the leaderboard could act as a great motivational
booster and also acted as a milestone. It was however pointed out that the leaderboard could be
unfair, this will be discussed in Section 4.2.5.3.

Positive attributes for the leaderboard was that it was simple, easy to understand and had
all the necessary information present.



44 CHAPTER 4. RESULTS

Figure 4.6: The information shown in the leaderboard.

As shown in Figure 4.6 each entry contains the scoring needed to be at this position, the
vehicle that was used and which position it has. Furthermore the driver can quickly find which
position they are on even if multiple vehicles of the same type are present in the list.

4.2.4.8 Statistics
An observation gained during the questions regarding the participants previous use of gamification
applications and their answers to why they kept using them was that keeping track of progress
was a great motivator to continue using the service or application. The application would keep
track of the progress over time and have it presented to the user and show improvements or declines.

In this work the statistics is a similar approach to try and help the driver examine progress over
time. The system will keep track of progress made over time and help the driver to find areas in
their driving that can be improved.
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Figure 4.7: Progress on different driving aspects over time.

In its current state the statistics simply keep track of progress made and allows the driver to
look at changes made over time. Suggested improvements for this area were to have the system
try and communicate changes made in driving over a larger period of time. In a previous work
the idea of continuous feedback was of great importance to help and motivate the user to continue
using the service and continue to improve [4].

4.2.5 Negative influences
Another important part of evaluating the system is to find negative influences that the participants
might have had. This information can be of great importance for the future and help show areas
where more work is needed. The summary of these ansswers can be found in Table 4.8 and will
be used to help evaluate the eco service.
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Description Element in application Participants
There was a menu? Overall usability 2
How do I go back
Where did I do that? Trip Feedback 2
I did not drive like that
That car is much smaller Compare trips & Leaderboard 3
I want similar cars
How did that result in a higher score?
It monitors my every action Overall system 5
Being monitored is a bit scary
Can it hear me as well?

Table 4.8: Summary of negative influences.

To help answer the thesis questions on negative influences from gamification each participant
was asked to try and point at a specific element of the application that caused the issue.
This summary can be found in Table 4.8. Participants were allowed to describe any part of
the application, not necessarily tied to a specific gamification element. This was done to
allow participants to have more room to describe what they thought were negative about the
application.In the following subsections these issues will be described in more details together
with improvements suggested by the participants.

4.2.5.1 Usability
One of the first barriers for each user was what to do next when they had opened the application.
When they were given a short explanation on the basics of the menu and how to interact with the
system the usability started to become easier. Some participants was upset that they needed a
explanation for something so basic as navigating past the initial screen.

Figure 4.8: The main menu for the application.
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The menu visualised in Figure 4.8 is accessed by using a swiping motion from the left of the
screen. When the menu is closed nothing is telling the user that there is an menu there. Drivers
requested that some kind of visualisation to show that there is a menu on the side would have
helped them find it.

This is a severe problem for the overall usability of the application. If the user is hav-
ing problem navigating the system chances are the motivation to continue using the service
is lost. When asked on what types of improvements that could be made to help ease the
usage of the application participants often referred to other applications or services. These
were not necessarily utilising gamification but had a good and intuitive user interface which
made it easy to use. Facebook1, Instagram2 and Youtube3 was the most common suggestions
on applications or services that had a very helpful user interaction. Even when much infor-
mation is displayed at once it was easy to navigate and find the thing you as the user was looking for.

This is important feedback as the usability is the foundation of the application in terms of
how the user is interacting and navigating the menus.

4.2.5.2 Trip feedback
This element have had both positive and negative influences on participants which suggests
parts of it are useful while some are intrusive on the driver. Participants said that it was hard to
understand where something went wrong or where something influenced the score. This in turn
made it hard to understand and evaluate the given feedback. The result of this made some drivers
feel forced to drive in a specific manner which was out of their comfort zone.

If the driver is having trouble understanding the feedback given to them it can be hard to
grasp what the system is trying to communicate.

Improvements for this area was to make the information more easy to follow and being
able to find out where certain events occurred. The system could show a map with the driven
route and plot useful information onto this map which would allow the driver to analyse and
pinpoint certain driving events. An example on this type of feedback is visualised in Figure 4.9
where the route is highlighted together with a marked event.

1Facebook.com
2Instagram.com
3Youtube.com
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Figure 4.9: Feedback plotted onto a map.

Another suggestion was to have parts of the system live and allowing the system to alert the
driver. A hybrid solution where the system can detect negative influences on the driving live and
inform the driver this in a simple way would allow the driver to adapt to this during the driving.
The system should however keep a low profile to prevent the driver from getting disrupted by the
feedback.

4.2.5.3 Comparing trips & leaderboards
When the drivers started to compare trips with other drivers and cars a quick realisation among
the majority of them was that the comparison felt unfair. Some drivers pointed out that all the top
positions on the leaderboard was on vehicles with small engines. The vehicle they were driving
would not come close to competing on certain areas of the driving, mainly the fuel consumption.
This actually made some of the participants angry about the whole competing with other vehicles
mechanic. The concepts of competition is often a major motivational helper in gamification
applications [12].

Suggested improvements for these areas were to have the system find other vehicles of similar
category and put these into the same leaderboard. There could still be an overall leaderboard
available but being able to have specific ones tailored for different types of vehicles would allow
a more fair and competitive ranking to be made. A similar approach was made in a previous
work where the system would create leaderboards based on driving conditions [4].

Furthermore being able to create custom leaderboards would allow each driver to define
their own group of vehicles to compete with. This would allow friends and family, colleagues
and more to set up very specific competitions among themselves. As some participants pointed
out, they have no idea who is driving the other car or what their driving situation looks like. So
being able to have more options available for this part of the system would allow for a much more
enriched experience.
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4.2.5.4 Overall system
For the system to work it has to gather information from the vehicle. This had an negative affect on
some of the participants. They did not like the idea of being monitored and having the system store
information on them. This result were also presented in a previous work onmonitoring driving [4].

It is hard to improve this area without reducing the overall quality of the system. It is
however an important topic and will be discussed in Chapter 5.

4.2.6 TQ1: How can gamification be used to encourage eco-driving?
This question looks at the use of gamification in the context of eco-driving. The initial results
shown in Figures 4.1, 4.2 and 4.3 shows that on average improvements were made in both groups.
It is however not enough to draw any final conclusion of the impact of the eco service. This will
be further discussed in Chapter 5.

4.2.7 TQ2: What element(s) from gamification was the most useful to the
driver?

When asked about which element that was the most useful the trip feedback was mentioned the
most. The score was a nice way of quickly assessing how the driving went. As a followup the
trip feedback was there to help show why a specific score was given and how different parts of
the driving went. As described in Chapter 2 the feedback given to the user should be of value
and importance to help the user understand the information. Otherwise the feedback will lose its
meaning and the user might stop caring about what the system is trying to communicate. The trip
feedback tried to create useful meaning for the driver by using the different vehicle data available
and show the impact this had on the driving.

4.2.8 TQ3: What element(s) from gamification helpedmotivate the driver the
most?

When asked what part that helped motivate the driver the most the score element was the main
focus. This part of the application helped the driver quickly understand how their driving was
graded. The information was presented in a useful manner with a number together with a color
coded background to help enhance the meaning.

The results for these two questions will be presented together under results and discussed
individually in more detail in Chapter 5. The data presented in Table 4.7 shows what the
participants experienced as positive influences. As explained in Section 3.1.2 answers from the
participants were transcribed to specific game elements.

In the following subsections each element will be presented together with the feedback given
by the participants. Suggested improvements made by the participants is also presented for each
of the game elements.

4.2.9 TQ4: Was there any element(s) from gamification which had an nega-
tive effect on the driver?

When asked about negative influences some of the answers pointed towards parts not related
to gamification. These are however still presented in Table 4.8 as they can be of interest for
future work. The two elements that were related to gamification was the trip feedback and the
competition parts of the system.
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The trip feedback was also presented to the most useful for many of the drivers. The negative
aspects regarding this part of the system was that more information would have helped to make
the feedback more clear. Some participants could not understand where they had done certain
actions. A map or similar visualisation would have made this part more useful and easier to
understand.

Competition was the other element that had negative influences on some of the participants.
This was due to the way the competition was implemented and not that competition were available.
In the experiment the participants drove a big vehicle but when given access to the system they
were ranked against very different types of vehicles which many pointed out would be unfair and
not a fun way to compete. Improvements for these elements were to make the competition more
fair by only ranking vehicles of similar characteristics against each other.

4.2.10 Missing features
This section will contain information gathered from the interviews on missing features. Presenting
this information can help future research to find new elements to try in order to further test the
use of gamification.

4.2.10.1 Social aspects
An interesting concept that was not integrated in this work but was reported as missing was the
aspect of social integration. Social networks for this type of system would allow drivers to add
each other and share useful information with each other. A meaningful community is important in
order to create motivation among the users [26]. Keeping the information and rewards valuable
among the users can help push the motivation. The idea of having the friend system would make
it easier to implement certain elements mentioned earlier like the custom leaderboards.

4.2.10.2 Achievements
This concept have been briefly discussed in Section 3.2.7. The main reason for it being excluded
in this work was that it could have the negative effect of making the driver feel forced to go out
and drive in order to unlock some achievement. In a previous research the achievement concept
was integrated [4]. Some typical achievements included getting a specific score on the driving or
completing a car trip without doing any sharp changes in velocity. In their results they used the
achievements as a way of validating if improvements were made. It was however not presented if
drivers that unlocked multiple achievements had done more driving compared to others.

4.2.10.3 Live feedback
The approach in this work was to test having the feedback given to the driver after the driving was
done. During the interviews participant reported that having a hybrid solution would have been
beneficial. If the system could help point out negative influences on the driving while driving it
would allow the driver to improve right away. The system should be kept low-profile and use
audio or other ways of notifying the driver without drawing much attention from the road. In a
previous work the system would use both graphical and audio as means of communicating but it
was reported as being disruptive and take focus of the driving [4]. By looking at other ways of
alerting the driver the live feedback approach could be the subject of future research.
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4.3 Validity threats
This chapter will cover the threats to validity that should be considered when using the results of
this work.

4.3.1 Experiment & Interviews
The sample size in the experiment done on this work was much smaller compared to previous
work. This was due to time and resources available where previous research have been able to
follow more drivers, over a longer period of time and on multiple routes [4]. This was pointed
out by some participants in this experiment as they felt the whole procedure felt rushed and it
was hard to adjust to any changes the eco service would provide. Following the participants over
a longer period of time and in their own vehicles would have helped create a more realistic result
but this was not possible due to time and resources but should be considered in future work.

The experiment design could also be a bad influence on the results as each participant drove the
same route three times. This could skew the results as the participant got more used to the route
and any changes in driving could be hard to determine if it was because of the route or because
of the eco service.

Previous knowledge among the participants, both in regards of driving and on the subject
of eco-driving. An observation during the interviews was that the drivers that recently had
acquired their driving license had a better understanding of what eco-driving was while the more
experienced drivers had zero to no knowledge about it. If the eco service could not relay the
information in a meaningful way to the driver it could be even harder to understand what the
feedback meant if the knowledge on eco-driving was low.

The interviews were designed to gain qualitative data from the participants on their expe-
rience regarding the use of the eco service. As the previous point described, if the participant
had minor or no knowledge about gamification the questions could be hard to grasp and answers
could therefor lose validity. Another approach for the interviews could be to instead ask each
participant to rate different parts of the application and then have some qualitative parts to help
elaborate certain answers.

4.3.2 Eco service design
The design of the eco service is a major factor in the usage of the whole system. If the user
interaction is flawed participants might have to spend time trying to figure out how simply
navigate the system instead of actually using it. This was reported by some participants which
further validates that a user friendly interface is important for the user. During development
of the eco service the only testing with user interaction was done at the company among other
software developers. By not testing the user interaction with actual users meant no validation of
the usability was made and this affected the outcome.

4.3.3 Data gathering from the vehicle
The data that can be used to determine how energy-efficient the driving is contains many different
parameters. In this work the hardware used to monitor data from the vehicle only had a limited
amount of the parameters available. Two of these parameters were engine RPM and engine
temperature which would have been further validation on how eco the driving was [4].





5 DISCUSSION

This chapter will discuss the results presented in Chapter 4. Each thesis question presented in
Section 1.5 will be discussed in the section with the same name.

5.1 TQ1: How can gamification be used to encourage eco-driving?
The results from the vehicle found in Tables 4.4, 4.5 and 4.6 and Figures 4.1, 4.2 and 4.3 shows
that on average improvements were made on each lap for both groups. It is however hard to
prove that the improvements are because of the use of the eco service. Other factors such as
getting more familiar with the road and vehicle could have influenced these values. This is also
reported from the participants who described the experiment as rushed and too compact. Driving
an unfamiliar vehicle on a new route with a system that judges the driving are all factors that
can affect the driving experience. Being able to do the experiment over a longer period of time
would have allowed the driver to adjust in their own pace and on their own terms [4].

Comparing the changes in fuel consumption the first group reduced their fuel consumption
with 3% on their first lap after accessing the eco service. The second group had a 5% reduction.
Previous research have reported about twice the improvement on average [1, 2, 4]. It is important
to state that the experiment in this research was on a much smaller scale due to time and resources.
As mentioned earlier participants also reported being unfamiliar with the vehicle and not having
time to adjust due to the time frame available for the experiment. The T-test presented in Section
4.2.1 shows that no significant difference is present between the fuel consumption data sets. It is
important to note that eco-driving is much more than reducing fuel consumption but this value is
a good way to show if improvements were made. This also shows that this needs to be tested at a
larger scale in order to further validate or invalidate the use of systems like the eco service.

The other results were not presented in previous research but are all values that influence
the fuel consumption. Increased idle time means that the vehicle was standing still for longer
period of times which means the engine was consuming unnecessary fuel. Aggressiveness also
influences the fuel consumption as an increase in this value means that the vehicle were changing
velocities more aggressively [1, 3].

As shown in Chapter 2 the use of gamification have been applied to a wide variety of contexts
with positive results [7, 12, 16, 17]. The game elements used varies from focus on competitive
aspects to the focus on social aspects [15, 16]. In this work the focus have been on the competitive
aspect where the score acts as a goal where by improving it the driver also improves their
eco-driving style. As an extension to the individual competitive aspect each driver could also
chose to compete against other drivers and compare their driving differences. The mechanic was
described as being great in theory but would need improvements to keep it more fair. Keeping
the competitive aspect fair is important in order to motivate the user, otherwise it could have the
opposite effect [20, 22].

The use of feedback is important when the system is communicating information to the
user [4, 20, 21]. As described in Section 2.1.3 the use of informational feedback is important
when the users feeling of autonomy is the goal [24]. If the systems goal is to steer the users in a
desired direction it should be caused by feedback which makes the user wanting to go in that
direction. Not because it was forced [24]. In the eco service this is incorporated into the scoring
mechanic. The eco service wants the driver to improve their eco-driving and by basing the score
off how good the driving is the user can improve the score by driving more energy-efficient.
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5.2 TQ2: What element(s) from gamification was the most useful to the
driver?

Finding game elements that works in the context of eco-driving is important in order to bring the
use of gamification further in this area. With the definition for gamification found in Chapter 1 the
concept of gamification in software engineering is to increase user experience and engagement
into the application [10].

In the eco service the elements reported to being the most useful for the driver was the
trip feedback. The trip feedback is the extension on the score and informs the driver on why
a given trip was given a specific score. The feedback included warnings, improvements and
other information related to a specific trip. How the information was communicated and what
type of information that should be available was based on previous work on eco-driving [2, 4].
Allowing the driver to follow their driving in more details was reported to be a useful way of
understanding how to do better. But as seen in Section 4.2.9 this element is also reported to have
caused problems for some participants. This was due to the lack of visual feedback on where the
incident happened. Suggested improvements were based on the idea of having a map, visualised
in Figure 4.9, which would plot events that affected the score which would make it easier for
the driver to understand where and why something influenced the score. This would be less
of a problem in a system where live feedback was given, as long as the feedback is given in a
non-intrusive way [4].

5.3 TQ3: What element(s) from gamification helped motivate the driver the
most?

Keeping the user motivated have been shown to be a deciding factor in order to encourage
behaviour change [4, 16, 17]. It is important to keep the cause of the motivation meaningful for
the user as it could otherwise cause the opposite effect [20].

For the eco service the most motivating elements were the score and competitive aspects.
Participants described that the score is a great way to keep a competition going with yourself
and it felt like a motivating challenge to try and improve the score. When the driving was done
the driver could quickly use their smartphone to look at their last trip. If they wanted more
information regarding the trip they could examine it in more detail and gain more insight in how
to improve their driving, and by doing so improve the score for the next trip. Similar results were
also discussed in previous research [4].

Being able to compete against other drivers was also seen as a great motivational boost for
some participants. Being able to compete against friends and family was seen as positive and
could be a great way of encouraging each other to reduce fuel consumption. Reducing fuel
consumption was seen as the primary goal which seems to be the most common attribute when
referring to eco-driving [4, 2, 1]. There were however suggested improvements for this element
in order to make it more useful and customisable for the drivers. Incorporating social networks
was one of the improvements most commonly mentioned. This was implemented in a previous
research with positive results [4]. Allowing users more ways of interacting with each other was
a great way to make the users encourage each other. As described in Section 2.1.3 achieving
the meaningful community is important to keep the feedback meaningful [26]. Keeping the
meaningful community aspect going information can become more valuable among the users,
such as rewards and other feedback. This could also help motivate certain actions among the
users, in the case of this system achieving high trip scores.
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5.4 TQ4: Was there any element(s) from gamification which had an negative
effect on the driver?

Looking at the results regarding the negative effects of elements from the application shows that
some elements that were positive and useful for some participants had the opposite effect for
others.

The trip feedback made some participants angry as they were having problem understanding
where the events occurred. The eco service were not able to communicate this type of feedback
in a meaningful way for all participants [23, 24]. When participants were asked to explain how
they would have liked the feedback to be presented the answers were all in the form of making it
more clear where and why something influenced the score. The map suggestion described in
Section 4.2.5.2 and visualised in Figure 4.9 would help make information about the trip more
detailed. It would also allow the driver to see specific details on specific parts of the trip and
make it easier to relate to events that occurred on these locations during the driving [1, 29].

A hybrid solution for the eco service was also suggested where the system could communicate
some information live [2, 4, 19]. This should be kept low-profile to not be disruptive towards the
driver [4]. Previous research have suggested the use of both augmented projections and tactile
feedback [19]. These have not been tested by the authors as they were just suggestions for such
a system. As for the eco service making it able to communicate some feedback live if desired
could be useful for drivers who want continuous feedback while driving as part of the adaption
for eco-driving. It is important to make the feedback given live be meaningful for the driver as it
could otherwise become a distraction when driving and become a safety issue.

Some issues that affected some participants were on the subject of ethics. The eco service
and similar systems that monitors the driving could become a negative influenced if incorporated
in the wrong way. An example of this was if the system would be used to monitor employees
more than necessary, i.e. keeping track of exactly where they are and if this location is related to
the business. This could create unnecessary stress for the drivers as they would know that their
driving is being monitored and tracked wherever they go. Depending on from which perspective
this problem is viewed it can be either negative or positive [20, 21]. The owner of the vehicles
would like to know where all vehicles are in order to make sure they are being used correctly.
Meanwhile the drivers could feel at unease knowing their privacy is being jeopardised.

5.5 Sustainable development & ethical aspects
The goal of the eco service is to make people more aware of their driving. The fuel consumption
is often the attribute that the driver can relate to and is seen as positive if it is reduced. This also
helps reducing emissions and similar negative influences that is present when driving. Systems
like the eco service are already being incorporated into trucks and bigger fleet vehicles as a way
to help reduce fuel consumption [39].

On the ethical aspects some issues was raised during the experiment. Participants had in-
put on the privacy aspect and the feeling of being monitored, see Section 5.4. The system
could track where the vehicle were going and where the vehicle was at any given moment. This
could become a problem if the vehicle was used in work and the people at the office could track
and question any route the driver would take. Aspects like these are important to take into
consideration when developing systems like the eco service.





6 CONCLUSIONS

The objective of this work is to explore different ways of adapting gamification as a motivational
tool to encourage drivers to adapt a more energy-efficient driving style. Experiments and
semi-structured interviews were conducted with sixteen participants to test and evaluate the use
of gamification to encourage eco-driving. The information gathered from the experiment and
interviews will help bring more knowledge about the use of gamification in this context. In this
work the gamification system was accessed after the driving which was done as a result from a
previous work where information was presented live [4].

6.1 Thesis questions
TQ1: How can gamification be used to encourage eco-driving?
Comparing the results from this research with results from previous research helps validate
the use of gamification in the context of eco-driving [4, 29]. Feedback gathered from the
participants were positive on the concept of such a system and making it more enjoyable to drive
energy-efficient is important to help reduce emissions from driving. It is important to have the
gamified system communicate the feedback in a meaningful way to the driver. Finding ways
of keeping the driver motivated is important in order to create the will of wanting to improve.
The eco service focused on giving the feedback after the driving was done, compared to a live
version [4]. Having a hybrid solution might be an alternative if the live part is kept neutral and
not disruptive towards the driver. The live addition would allow drivers to get instant feedback if
something is wrong.

TQ2: What element(s) from gamification was the most useful to the driver?
How useful different game elements were changed depending on participants but the overall
result on this question was that the detailed feedback helped the most. Being able to examine
individual details for a given trip was useful to allow the driver to get a deeper understanding
of what part of the driving that needs to be improved. Furthermore the positive feedback when
improvements were made confirmed for the driver that their driving behaviour had improved.

This element was also mentioned in negative influenced, TQ4, but not because of the
information itself but because the system could not communicate it in a meaningful way. This
shows the importance of presenting information in a useful way so the user can understand what
the system is trying to say [24, 26].

TQ3: What element(s) from gamification helped motivate the driver the most?
The motivation of the driver is important [4]. In this work the score was reported to have been a
great motivational factor. The score was a quick and easy way to assess a driven trip and wanting
to improve this score acted as a motivational boost. Being able to compete on different levels
were seen as positive as it would allow the driver to decide if they wanted to be tested against
other drivers or keep it personal. The competitive aspect have been previously shown to help
increase motivation and user experience [10, 22].

TQ4: Was there any element(s) from gamification which had an negative effect on the
driver?
Looking at the feedback gathered on what was affecting the participants negatively some were
related to how certain game elements were implemented. The leaderboard was reported as being
unfair since it compared vehicles with very different attributes.
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Certain ethical aspects were also part of the negative influences reported by the participants.
This is a critical area that needs to be evaluated further to help bring more knowledge on how
to improve. In this work the problem that participants experienced was that the system was
monitoring them too much. They felt stressed knowing that the system were judging their every
action while driving and furthermore that it kept track of where they drove. Transparency might
be a possible step in the right direction for this area, allowing the user to know exactly what is
being monitored.

6.2 Summary of the gamification
This section will cover a summary on the use of gamification in the eco service.

Element Conclusion
Score Quick and useful. Helpful for the driver to assess their

driving. Should not be made more complicated.
Trip feedback Extension to the score. Important to make it easy for the

driver to understand what the system is communicating. Im-
provements included map and better visualisation of events.

Compare trips Competitive aspects can help create a motivation for the
driver.

Leaderboard A simple competitive element where drivers can see how
they compare with multiple other drivers. Important to keep
the leaderboard meaningful, i.e. only necessary information
should be displayed.

Statistics The least used element in the experiment. This could be
because of the scale of the experiment since this element
shows progression over time.

Table 6.1: Summary of the eco service.

6.3 Experiment
The experiment was not similar to the ones done in previous work. Because of time and resources
the experiment had to be on a smaller scale. As mentioned previously the T-test applied showed
no significant difference between the data sets which could have been easier to validate with a
bigger data set. But as mentioned this was not possible to do in this work. This is why the focus
have been on the use of gamification and how the drivers experienced it. Assessing different
game elements and how they work in this context is important to gain more knowledge on how
gamification can be used.

6.4 Design science research
Evaluating the use of the methodology used in this work can help validate the choice of
methodologies for future research. The design research methodology was used in this work
because of how it is structured. The idea behind it is to build or further develop theories and
artifacts by looking at previous knowledge. These artifacts and theories needs to be placed in a
environment and evaluated. All this fits the background for this work and when compared with
other methodologies this covered all aspects.
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When looking at previous research it is also important to look at the methodologies used
and see which one that suits the needs for the work. Similar methodology was used in the
previous research that was the basis for this work [4]. In their work they developed an artifact
and evaluated it in the form of an experiment and gathered feedback from the participants.

The use of design research methodology is encouraged to use in future research of similar
character as this one. There are different ways of evaluating the theory or artifact and in this work
a mix of case study and experiment was used to help validate and gather data. The interviews was
used to gather qualitative data from the participants on their thoughts of the system and how it
influenced them. This data was then put into context with the data gathered from the experiments.





7 RECOMMENDATIONS AND FUTURE WORK

This chapter will propose recommendations and gaps for future research. This is important to
keep this area of research up to date. More research is needed to help evaluate the efficiency and
usefulness of gamification in the context of eco-driving.

7.1 Concepts to test
During the interviews information was gathered on elements that were missing from the applica-
tion that could be of value for future research.

Social network: Integrating the aspect of social network into the system can help drivers
interact with each other and share information. The use of this can also help personalise other
areas of the system more and allow for more interaction between drivers.

Mission/Quests: Trying to adapt the idea of having tasks for the user to complete can be
something to look further into. In this work it was not implemented because of time and
resources but also because of the idea that it could make the drivers feel forced to go out and
drive in order to complete a task. This could however be an interesting element to test but
should be donewithmuch thought behind it to notmake the driver feel forced to completemissions.

Economy aspect: Showing the economic impact of the driving was suggested multiple times
during the interviews. Incorporating the economical aspect into the system could be another way
of showing the impact of improving the driving style.

7.2 Data to include
Because of hardware limitation the eco service only had a limited amount of data available.
Adding support for more data would be useful in future research to help broaden the area of
which a similar system could analyse.

Engine temperature: Adding support for finding if the engine is cold at start and warn
the driver about this. A hot start means that the engine is already warm when the driver starts
driving which is better from an eco-driving perspective.

RPM: Looking at the RPM during the driving can be used to help show the driver if optical RPM
is used or if this can be improved. It can also help inform the driver about gear change. This is also
important in order to find if the driver is wasting unnecessary energy by driving at the wrong RPM.

Gear: Having the active gear available to signal can be useful to help the driver understand at
what point the correct gear is used.

7.3 Experiment
During the experiment done in this work it was observed that people were at unease by the fact
that they had to driver another persons vehicle. This was also mentioned during the interviews.

The general improvement for future experiments of the same category would be to try and
have the system installed and available for each driver in their own vehicle. Furthermore being
able to follow each driver for a longer period of time would also help validate the results from the
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experiment. This approach would also come closer to the real scenario of such a system where
each driver uses their own vehicle.
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A INTERVIEW QUESTIONS

Step 1
Consent information is explained for the interviewee.

• The interview will be on driving behaviour, gamification and relation between the two.
• The answers will be treated confidentially.
• Your participation in the study is optional.
• You have the right to whenever you wish, cancel your participation.
• The answers will be used in a paper but the information will be anonymous.

Step 2
Questions about the participants driving experience.

1. How old are you and how many years have you had your driving license?
2. How frequently do you drive?
3. What do you know about Eco-driving?
4. How would you categorize your driving style?

Step 3
Introduction to gaming and gamification.

5. Do you play games, how often?
6. Do you know what gamification is?

Gamification in this work
In this work the term gamification is defined as “Incorporating game elements into non-gaming
software applications to increase user experience and engagement”. The goal have been to try
and find concepts from gamification which can be adapted into the subject of eco-driving and
encouraging drivers to change their driving behaviour.

Step 4
Questions regarding the user application and gamification.

General questions
7. What was your first impression of the application?
8. Was it easy to use and understand? [~TQ1]
9. Did it feel like the application helped you in any way? What, how, why?
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Questions regarding the usage of gamification
10. What are your thoughts on: [TQ1]

• The car trip information and score, why/why not?
• The feedback and Warnings on the driving, why/why not?
• The competition against other drivers, why/why not?
• The overall experience, why/why not?

11. Was there any negative influences from the use of the application? [TQ4]
• How could this be improved? [TQ1]

12. Was there any positive influences from the use of the application? [TQ3]
• Could this be improved further?

13. Did the application help you improve in any way? [TQ2]
• What part of the application?
• Can it be improved?

Ending questions
14. The feedback from the application was accessible after the driving was done. Was this a

good thing or would you rather have had it presented to you live?
15. Was there something missing from the application that you think would have helped you?

[TQ1]
16. Have you used other gamification applications before? [TQ1]

• Yes: Which one, how was it helping you?
• No: Gamification tool in any way?

• Yes: Which one, how was it helping you?
• No: Gamification tool in any way?

– Yes: Which one, how was it helping you?
– No: Ok

17. Would you continue to use this application?
18. Do you feel like any questions are missing from this interview?



B EXPERIMENT INVITATION

This appendix contains the invitation that participants received prior to the experiment.

Time: 45-60 minutes which will cover three driving sessions and questions afterwards.
Who I am
My name is Carl Rapp and I am currently doing a master thesis. As part of my theses I need to
gather information to help me with my research. This work is done in collaboration with Blekinge
Institute of Technology and a swedish company called Swedspot who currently is looking for
new and interesting software solutions for their connected vehicles.
Driving and Feedback
You will be asked to drive a designated route three times. I will be in the vehicle to assist you if
anything is unclear. Additional information may be presented to you after one of the driving
sessions. After the three driving sessions are done I will ask some questions to gather feedback
from you.
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