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Next to transport, households are the largest energy-consuming sector. The sector accounts for 27.2%
of the total final energy consumption in the EU. Referring to the Paris agreement (United Nations, 2015)
and the new 'Green Deal' of the European Commission (becoming energy neutral by 2050), it is crucial
to lower the energy consumption of the household sector as far as possible. Buildings can be modified
and equipped with RES installations and extra insulation. However, for applying these measures,
significant investments are required and the implementation is time-consuming. Next to these
measures, human decision making and behavior are critical in lowering the energy consumption of
households. Residents need to use energy more efficiently and to enable change in behavior, they first
need to get insights into their energy consumption. Energy apps that are connected to a smart meter
can provide these insights, and by implementing game design elements in these apps, the behavior of
users can possibly be influenced.

This research is inspired by other studies that show that specially designed gamified environments are
able to motivate consumers to conserve energy. Nevertheless, these environments are not available to
the general public. This reveals a research gap and the focus of this research. It needs to be
investigated to what extent widely available energy apps include game design elements, and what effect
these elements have on the behavior of its users. Therefore, to investigate to what extent game design
is implemented in energy apps, the available energy apps in the Dutch market are evaluated based on
the framework of AlSkaif at al. (2018). This framework consists of five game design types and 18 game
design elements. In total, 30 apps with the goal of energy efficiency within households are evaluated.
These apps were found by using a similar method as a research in the U.S. in which energy apps were
evaluated (Beck, Chitalia, & Rai, 2019).

For the present evaluation, the game design types and elements were clearly defined, and the apps
were thoroughly examined. To enable a comparison of to what extent a particular energy app is
gamified, a formula has been created and has been used to grant a game design score to all apps. The
best scoring app received only 9.8 of the maximum 28.8 points. On average, the apps only received a
score of 3.8 points, indicating that the energy apps in the Dutch market are not that gameful. These are
interesting findings for the experiment to test the effect of the game design elements. Even the best-
performing apps do not make use of the most effective game design elements used in previously done
experiments. Therefore, the experiment is split into three months, all with a different focus. During the
first month (December 2019), the participants got access to one of the three selected apps, and no
further game design elements were added. During the second month (January 2020), game design
elements that trigger the intrinsic motivation were added by the researcher (tips, data-driven reports,
and a happy holiday e-card). During the third month (February 2020), elements which trigger the
extrinsic motivation were added (competition, leaderboard, and prizes).These elements can have a
different effect on each individual participant, and to make the experiment even more interesting, the
participants were sorted into three groups, all with a different social connection to each other. One group
consisted of 11 households that lived in the same apartment building, one group with nine participants
consisted of friends of the researcher, and the nine participants in the last group did not have a social
connection with each other. During the experiment, it was monitored whether these participants are
affected by others in their group. This creates an exciting experiment with a 3x3 design, three different
energy apps, three months to test different types of motivation, and three different social groups. The
experiment only focused on electricity consumption since not all of the participants use natural gas for
heating.

The electricity consumption of the participants is compared to their consumption in the same period
last year. Over the whole three-month period and all participants combined, the data shows a
decrease in consumption of 3.2%, if the most extreme participant is excluded (+74%). All three
months, the neighbors group shows the best result, with an impressive average decrease in electricity
consumption of 9.7%. The group without a connection shows a decrease of 5.7%, and the friends
group an increase of 6.8%. Of the three different apps, the participants that used the most gamified
app, Smappee (used by three participants in each social group), show an impressive average
decrease in consumption of 7.9%, compared to a decrease of 3.7% for the Smart Dodos app, and an
increase of 13% by the U-meter app users. All data obtained during the experiment was cross-
checked with a survey before and after the experiment. These surveys reveal that participants found
that the competition, leaderboard, and tips game design elements were most motivating. Also, 28 of
the 29 participants think game design elements can cause people to deal more consciously with
electricity. An interesting result that shows that energy apps and game design can help in reducing
the energy consumption of households. Hopefully, this result inspires researchers to conduct similar
larger-scale experiments, because due to the small sample size, it is impossible to draw definite
conclusions.
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Climate change has been recognized as a threat to our planet by 195 nations under the Paris agreement
of the United Nations Framework Convention on Climate Change (UNFCCC) in 2015. Nations agreed
on taking action to combat this threat and limit the rise in global temperature below 2 degrees Celsius
(United Nations, 2015). Following up on this agreement, conferences were held in Katowice and Madrid
to create implementation guidelines and to operationalize the Paris agreement. The countries that
signed the agreement are required to submit new national climate action plans by 2020, and the Madrid
conference served to build ambition ahead of 2020 (“About the UN Climate Change Conference -
December 2019,” n.d.). However, during this Madrid conference the nations failed to come to an explicit
agreement.

As a reaction to the meetings of UNFCCC, the European Commission, on its own, created multiple
directives on energy policies over the past years and the latest being the ambitious ‘Green Deal’ to
become climate natural by 2050. Next to producing energy from renewable sources, energy efficiency
is one of the key drivers to reduce CO2 emissions (European Parlament, 2012). The EU directive on
energy efficiency of 2012 sets out a target to reach 20% energy efficiency by 2020. Another target to
reach at least 32,5% energy efficiency by 2030 compared to 2007 was introduced in an amending
directive in 2018 (European Comission, 2019). The largest energy consumers in the EU are buildings;
they represent 40% of the total energy consumption and 36% of the CO2 emissions (European
Comission, 2014b). Due to this large share, the EU also created a specific directive on the energy
performance of buildings. This directive emphasizes on the residential sector (European Parlament,
2010). The reason why this particular directive was created can be explained by the high energy
consumption of households. In 2010 households were responsible for 26.7% of the total energy
consumed in the EU, making it the largest energy-consuming sector after transport with 31.7%
(European Union, 2013). This share is rising over the past decades, and in 2017 households, or the
residential sector, accounted for 27.2% of the total final energy consumption in the EU (“Energy
consumption in households,” 2019).

Taking into account the share of the residential sector in the total energy consumption in the EU,
residential energy-saving measures could potentially have a substantial effect on reaching the EU
efficiency targets. New building regulations and the retrofitting of existing buildings will cause an
improvement in energy efficiency, and appliances also become more efficient due to new regulations
and labeling systems (European Commission, 2009). However, these measures can be expensive and
without governmental support unreachable to lower-income households. The development of
technologies that reduce energy consumption is necessary but insufficient unless widely adopted by
consumers. If there are measures that do not require significant investments and are available to all
households, these could create a quick win with an enormous potential impact, even if the reduction
per household is small. Next to the characteristics of a building and the appliances, the behavior of
residents determines the amount of energy that is consumed (van Raaij & Verhallen, 1983).

To promote energy conservation this human side needs to be addressed, which means that more
attention needs to be paid to social- psychological aspects of conservation. The complexities of human
information processing and the positional characteristics of individual consumers, place energy
conservation in the field of social and behavioral sciences (Costanzo et al., 1986). This specifically
applies to the residential sector, where human decision making determines the total energy
consumption. The environmental behavior of an individual can be influenced by many personal and
social factors such as knowledge, education, values, political- and worldviews, religion, norms and
social class (Gifford & Nilsson, 2014). Due to this wide range of factors, extensive research can be
relevant to the creation of measures that conserve household energy consumption. A review of
intervention studies aimed at energy conservation within households concluded that commitment, goal
setting, information provision, feedback, and rewards are all intervention types that potentially can
change someone’s behavior. Residents can lower their energy consumption with the help of these
interventions, especially when they are repeated, monthly weekly, or daily (Abrahamse et al., 2005).

A field of research that becomes increasingly popular for interventions and behavioral change is
gamification, and a review on applied gaming interventions showed that both game interventions and
gamification can foster energy-savings behaviors (Morganti et al., 2017). One of the most often used
definitions of gamification is “the use of game design elements in non-game contexts” (Deterding &
Dixon, 2011). Another view on gamification describes it as “a process of adding game design elements
and creating gamefull experiences, relying on particular game elements or experiences, instead of the



development of a game” (Albertazzi, Ferreira, & Forcellini, 2019). A survey study among 1,500 students
on the effectiveness of game design elements in Malaysia predicted a positive effect on energy
conservation behavior. There was no field research carried out, so the researchers of this survey were
not able to properly examine the effect if these elements were implemented in an energy-saving
campaign (Wee & Choong, 2019). Nevertheless, it indicates that energy consumers are open to the
idea of using game design interventions to influence their behavior. If these types of game design
interventions can be automated and made accessible to a broad audience, it could be a relatively easy
way to accomplish the goal of lowering the energy consumption of households.

Energy applications (apps) can be a solution to make these game design elements available to
everybody, especially if these apps can be easily accessible on smartphones. In the Netherlands,
around 93% of the inhabitants have a smartphone, making it the country with the highest smartphone
penetration rate of all countries surveyed yearly by the accountancy and consultancy firm Deloitte. Next
to the Netherlands, other surveyed European countries have at least an 80% penetration rate
(“Smartphonebezit gegroeid naar 93% van Nederlanders, veelvuldig gebruik storend,” 2018). A
gamified energy app that includes real information on a households energy consumption should
communicate with a metering system that tracks this consumption. The EU requires member states to
ensure the implementation of smart metering systems in line with the Energy Efficiency Directive. For
electricity, there is a target of rolling out such systems in at least 80% of the households by the end of
2020 in all EU member states (European Comission, 2014a). The Netherlands is among the countries
that proceed with the large-scale roll-out, and all households will be equipped with such a smart meter
by the end of 2020.

Awareness of the energy that is consumed can be considered as a first step to involve the end-user of
energy actively. However, a smart meter by itself does not enable a resident to monitor its energy
consumption in a convenient way (AlSkaif et al., 2018). Therefore, Information and Communication
Technologies (ICT) take upon an essential role in the development of eco- feedback (Verkade &
Hoffken, 2017). ICT involves the development of apps that communicate with a smart meter and show
the end-user how much energy is consumed. A study that has tested a mobile-based gamified app
called Power Advisor, showed that all participants, even the seven households who had little or no
interest, had increased their awareness of energy consumption. This was accomplished with the help
of elements that provide feedback on energy use and comparing their consumption to others (Kjeldskov
etal., 2012).

Another experiment with an energy game to stimulate energy savings in households shows that setting
up a game can potentially change the habits of the participants (Geelen et al., 2012). Even though this
experiment showed a positive result, the game was only available to a select group. A research
executed in the U.S. created a gamified platform that is used by more than six million people and
managed by the company OPower. This platform aims at inducing energy conservation with the help
of "Home Energy Reports” including personalized feedback, energy conservation information and
social comparisons. A survey among 6000 users and their data on energy consumption during the
reports and two-year pre-experiment, showed an immediate overall energy conservation thanks to
these gamified interventions. This conservation decayed relatively quickly after the positive results of
the first interventions. However, sending these data-driven personal reports frequently over a more
extended period still caused a reduction in energy consumption and shows that users slowly adjust their
behavior. One of the most remarkable facts was that a randomly selected group which stopped these
reports after two years showed much more persistent energy conservation than they had in between
initial reports. They formed a new consumption behavior that was maintained and improved by their
perseverance (Allcott & Todd, 2012).

The research of Konstantakopoulos et al. (2019) with student dorms in California presented a social
game in a specially designed online environment. It measured the energy consumption of appliances
with the help of Internet of Things (I0T) sensors and a deep learning algorithm. The only incentive for
the students was a competition and a lottery with gift certificates. The users had no financial gain in the
experiment since the energy costs were included in the rent. The results were positive and it can be
concluded that this specially designed environment could save much energy when implemented in more
student housing buildings. Another study among student-households with a competition incentive in the
Netherlands called “The Energy Battle” showed a positive result with an average energy saving of 24%.
The researchers concluded that competition could be a powerful tool to motivate participants
intrinsically. The facts that nobody attended the party that was given as a price for the best performing



group, and that the reduction in energy consumption diminished after the competition, indicates that it
was purely the competition element that motivated the students (Geelen et al., 2012). Two other studies
in Sweden with pervasive games called Power Explorer and Power Agent, concluded that social
interaction in the form of peer pressure and the cooperation of family members could be very motivating.
They also suggested that casual gameplay with less extreme behavior has more effect on the long term
(Bang, Svahn, & Gustafsson, 2009; Gustafsson, Katzeff, & Bang, 2009).

A research executed by Rai & Beck (2017) on the use of a trivia-style game in breaking informational
barriers in residential solar adoption, shows that games can help in addressing information gaps and
facilitating energy-related behavioral change. Suggesting that next to monitoring, data-driven feedback,
and competition, providing general information in a gameful way can help in correcting misperceptions
around energy use and conservation. The same researchers analyzed energy apps that are available
in the United states (U.S). They concluded that energy apps underutilize game design elements, as
well as the behavioral constructs that are known to impact decision making and behavior (Beck et al.,
2019).

Although the energy apps available in the U.S have been analyzed in previous studies, there is no
research on the use of similar energy apps that are available in the EU app stores. The U.S research
provides information on the fact that game design elements are implemented, but it does not test the
applications with end-users (Beck et al., 2019). The experiments in the Netherlands, Sweden, and the
U.S all used specially designed game environments and tested specific game design elements. This
reveals a research gap that can be relevant to impact the total energy consumption of households with
the help of gamified apps. The Netherlands seems to be an ideal country to fill this gap, considering
that energy apps are widely available, the smart meter roll-out, the previously done research with
positive results, and the smartphone penetration rate.

Climate change can be seen as a collective responsibility and the most critical disaster that the world
is currently facing. Every individual living on the planet is in a smaller or larger extent an actor that
causes this threating situation (Banks, 2013). Of course, most individuals do not have the power to
change the energy strategies of industries or countries, they can only change their own behavior.
Gamification could help with such a change in behavior. It can reduce the energy demand of residents
without the need for significant investments or new policies. It has the potential to help all households
lowering their energy consumption and subsequently contribute to mitigating climate change. In this
process, there is also a financial incentive on an individual level since lowering energy consumption will
automatically lower energy costs. Especially for those who cannot afford investments for retrofitting
measures, this can be an opportunity to ease their financial situation and make them aware of the direct
connection between personal and environmental gains. Of course, one person that changes its
behavior will not have an impact on climate change. Nevertheless, the collective behavior can
undoubtedly affect lowering the energy consumption of the residential sector as a whole. This individual
awareness, relatively small costs for implementation, and the potential environmental impact, make
research into game design elements within energy apps a relevant research topic. Especially now, due
to the roll-out of smart metering systems and high smartphone penetration rate in the EU.

As mentioned in the first section, previously done research on the effect of game design elements used
specially designed environments (Bang et al., 2009; Geelen et al., 2012; Gustafsson et al., 2009;
Konstantakopoulos et al., 2019). The research of Beck, Chitalia, & Rai (2019) evaluates the available
energy apps in the U.S but does not use these apps in an experiment to measure the effect of these
elements. This study combines the methods and knowledge of this related research to point out
elements that affect a user's behavior. The framework of AlSkaif et al. (2018) can be qualified as a
guideline to determine what kind of game design elements are implemented in energy apps. With the
help of this framework, the available energy apps in the Dutch market can be evaluated. The effect of
the evaluated energy apps and the implemented game design elements can be tested with an
experiment in real households. Taking a look at the studies which form the knowledge base for this
present research; competition, data-driven feedback, social comparison, and information provision
seem to be promising elements. Therefore, these game design elements need be included in the
experiment of this study, despite whether these are implemented in the evaluated apps. The missing
elements can be designed by the researcher and sent to participants during the experiment. In
formulating the research question, we need to consider the two main goals of this study:



1. Evaluating energy apps that are available in the Dutch market and app stores on the use of game
design elements.
2. Using the apps in an experiment to determine the effect of the game design elements.

The performance of the research tasks in this study follows the order of the above mentioned research
goals. The first goal is reached by doing desk research on game design elements, selecting and
evaluating the available apps. The second goal is reached by performing field research and using the
apps in real households to determine the effect on user's behavior and energy consumption. With this
in mind, the research question reads as follows;

To what extent do energy apps in the Dutch market use game design elements, and what is the effect
of these elements on the behavior and energy consumption of its users?



To answer the research question, it is essential to consider in what way game design elements can
influence a user's behavior. Research of Sailer et al. (2013) describes gamification as an innovative
approach to foster motivation, and game design elements can address different motivational
mechanisms. Therefore, a better understanding of these motivation mechanisms can be seen as a
starting point of this research. The article written by Sailer et al. (2013) describes six different
perspectives of motivation that relate to gamification. This can be useful within the experiment to
evaluate if game design elements that trigger a certain motivation perspective have more effect than
others.

Trait perspective: Individual characteristics that are relatively stable over time and have a strong
influence on behavior. These include strong motives such as achievement, which can be triggered by
success and progress, power that is triggered by control and competition, and affiliation that is
connected to membership.

Behaviorist learning perspective: This includes motivation that grows over time and is based on
positive and negative reinforcements in the past. It is the result of previous experiences, which means
that users can be affected by rewards for good behavior and direct feedback.

Cognitive perspective: This motivation is based on means-ends analyses relating to internal
processes such as expectancies, estimations and assessments. It can be triggered by describing and
visualizing the future and setting a clear and achievable goal. It emphasizes the importance of a
person's action within a given situation.

Self-determination perspective: The focus of this motivation perspective are the social-contextual
conditions. A feeling of competence, autonomy, or social relatedness can have an effect, and can also
be addressed by extrinsic motivation.

Interest perspective: This takes individual preferences and content into account. People are motivated
when sparked by content that aligns with their interests and skills. Providing personal feedback and
adapting the difficulty to a person's skills and competences can, therefore, be motivational triggers.
Emotion perspective: This relates to the interaction of emotions within cognitive and motivational
processes. It can be influenced by instructional strategies that cause a decrease in negative emotions
like fear, envy, and anger, and increases positive feelings like sympathy and pleasure.

Game design elements can potentially influence all these perspectives and earlier done research shows
an overall positive attitude towards the use of gamification within the field of energy conservation.
However, if game design elements can trigger such a positive effect, it could possibly also trigger a
negative effect on users’ motivation. Most studies about gamification only focus on the positive effects,
however a review study of Hyrynsalmi, Smed, & Kimppa (2017) looked into the limiting and harmful
effects of game design elements. In this study it was concluded that several authors have expressed
their worries about end-results that are over-optimized. Game design elements can also be de-
motivating due to frustrating simplicity or childishness of the requested tasks. These are limiting effects,
but more interesting would be the harmful effects, yet these are only discussed by a few authors. The
respective authors mention that gamification could encourage users to perform behaviors only if
rewarded or that the game design elements can distract users from their primary purpose. For the
experiment in this research, it is important to take into consideration if certain elements that are
implemented in the apps or added during the experiment, can have such a negative impact.

In Switzerland, a study was conducted to determine the long-term effect of a mobile app game
intervention. The researchers concluded that while the positive effect was significant during the
research, it diminished a year later. This disappointing result was surprisingly not how the participants
experienced it themselves. They reported their behavior as more efficient compared to their behavior
prior to the intervention (Wemyss et al., 2019). This on itself can also be a limiting or even harmful
effect. This false sense of 'doing good' could cause users to be less motivated to take more actions to
lower their impact on the environment. Taking this into account, it is essential to see if the experience
of users in the experiment differs from the data on their consumption.

Before a positive or negative effect of game design elements within energy conservation apps can be
researched, it first needs to be clear what kind of elements are useful in the field of energy conservation.
The framework of AlSkaif et al. (2018) clearly describes the possible game design elements that can
be implemented in energy apps. In total the framework consists of five different game design types, and
a total of 18 game design elements. For this research, the elements are described in more detail than
in the framework to make sure there is no overlap between elements.



1. Information provision

Information provision elements can give residential customers an overview of their energy consumption
and behavior. It allows them to understand what the impact is on energy consumption if they take
specific actions (Geelen et al., 2012; Seaborn & Fels, 2015). For information provision there are three
game design elements;

Statistics: The app provides statistics on the energy that is consumed. These statistics can be real-
time or based on historical data (for example, from the previous day, month or year). Information should
be presented using clear and compelling visuals and graphics.

Messages: The app sends messages that provide information on energy consumption. These
messages are based on energy consumption data (data-driven reports). The messages should be
communicated at intervals that consumers accept, either using an inbox in their web or mobile apps or
through email or text messages.

Tips: The app provides tips on how to lower energy consumption. These tips are not restricted to
consumption and can also provide information related to energy produced by Renewable Energy
Resources (RESSs), or measurements that can be taken to improve the overall energy consumption of
a building, such as insulation measures. These can be both general and personal.

2. Rewarding system

A reward system could potentially motivate a user to take specific actions and to alter their consumption
behavior. This reward system can make use of credits that are proportional to the effort of a user
(Seaborn & Fels, 2015). For a rewarding system there are three game design elements;

Discount on electricity bill: The app provides information on how consumers can lower their energy
costs by changing their behavior, effort, and impact. For example, giving discounts on energy prices
during peak electricity consumption hours.

Virtual currency: The app has a virtual currency system that enables users to earn virtual currency
when they take specific actions, for example, using their self-produced energy. This currency can be
used to get discounts on products, energy, or any other type of reward.

Prizes, offers, and coupons: The app gives users the incentive to actively use the app by offering
prizes, special offers, or coupons. These rewards can also be given just for using the application without
taking any further action, for example, finding a cheaper energy supplier based on the energy
consumption of a user.

3. Social connection

To make energy apps more fun and appealing to residential consumers, elements that create a social
connection can be implemented. This social connection can be both with acquaintances of users, such
as neighbors, family, or friends, as well as with unknown users, like similar households or app users in
general. This social connection can be created with a competition, energy community or collaboration
element (Lampropoulos et al., 2019).

Competition: The app enables users to compare their energy consumption with other users; friends,
family, neighbors, or an average household. There is no need for a reward in this element since
competition itself can create a normative social influence and bring social aspects into the system.
Energy community: Users of the app can become part of an energy community within the app itself
or through social media, a web-based forum, or a private server. Within this community, users can
share their experiences and ask questions to each other and the energy community administrator. It is
not necessary to link this platform directly to the app. However, the supplier of the app needs to provide
information on how to become a member of this community.

Collaboration: Within the app or the energy community, shared goals are set or discussed to change
from solely an individual effort, score, or achievement to additional collective efforts. Collaboration can
be on a local level, for instance, to reduce the consumption of a neighborhood, or to use electricity
produced by neighbors who have RESs installations. It can also be on a national level for all application
users, for instance, shifting demand to peak RESs production hours.

4. User interface
Users can be influenced and motivated by an interactive interface of an app. Next to usefulness and
ease of use, the interface design could be made enjoyable and exciting (AlSkaif et al., 2018). These



types of elements could have an overlap with other types of elements, and therefore for this research,
a clear distinction is created.

Dashboard: Most apps will make use of a dashboard, as this term is widely used for the home screen
of an app. It is expected that a considerable number of apps will use statistics and graphs on energy
consumption within their dashboard. Due to this overlap, showing only statistics on the amount of
energy that is consumed is not a gamified dashboard. Adding elements that trigger action from a user,
such as challenges, goals, stories, or comparisons to other users, or the energy consumption of another
period is conceived a gamified dashboard.

Leaderboard: Leaderboards can be part of a competition to show how a user is doing in comparison
to other users. To distinguish the leaderboard and the competition element, a leaderboard needs to
show specific users and ranks according to their performance.

Progress bar: A progress bar can have different goals, for example, to show a user's progress in
comparison to another time interval (last month or year), or to show the progress to reach a particular
goal (e.g., saving a certain percentage of energy). A progress bar needs to be clearly visualized as an
open space that can be filled showing progress or a bar that is laid over a measuring rod.
Notifications: Notifications could overlap the messages and tips elements from the category
information provision. To ensure an overlap is prevented as much as possible, notifications within the
user interface are seen as push notifications that notify users on things that stand out in their account.
For example, a high consumption of certain appliances. These notifications aim at the user to take
immediate action or to provide a good feeling by showing positive results of particular actions.
Message box: A message box is seen as a chat or contact form to enable users to connect the app
administrator directly.

Degree of control: If an app enables users to create pre-set programs or if the user can control devices
from the app, such as the thermostat, this gives the user a degree of control.

5. Performance status

The behavior of users can be intrinsically changed if users get rewarded for completing specific
challenges or tasks. This can create a performance status and will show users that they are doing good
This can include three game design elements (AlSkaif et al., 2018).

Points: Points that can be earned by taking specific actions within the application or by completing
challenges. All actions give the user a certain amount of points.

Badges: Badges are visual icons that show achievements and can be obtained by taking specific
actions within the app.

Levels: This can refer to ranks that the user can earn by taking actions like lowering energy
consumption. Each level can be connected to a particular title that virtually describes customer
engagement in the applications.

Next to evaluating available apps in the Dutch market based on the described types and elements, this
study will focus on experimenting with end-users. As described in the introduction, the most promising
elements need to be included in the experiment. The whole experiment, including these elements,
needs to be designed. Morschheuser et al. (2017) created a framework after reviewing available studies
on how to successfully design gamification. This framework consists of 7 phases, all with actions that
need to be considered before moving to the next step.

Project preparation: All gamification experts recommend starting with the identification of problems
that should be addressed. Clear goals need to be set for the use of gamification to measure the success
of the project.

Analysis: User analysis is an essential element to define the user needs, motivations, and behavior in
the current system. This can include interviews, observations, measurements of actual user behavior,
analyzing behavior chains, surveys, and diaries.

Ideation: The phase for explorative brainstorming followed by consolidating the ideas to create a list of
ideas for the design phase.

Prototype design: To successfully develop game design elements it is recommended to implement an
integrative design process, which includes frequently testing and improving until the elements are
efficient and reach the target for that specific element.

Implementation: Many studies that are reviewed for this framework describe implementation as
continuous prototyping and recommend an iterative procedure in development cycles.
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Evaluation: This phase is crucial to investigate if the developed solution meets the defined objective.
This can include interviews, surveys, impact studies, A/B-testing, or live playtesting.

Monitoring: Most experts recommend a monitoring phase with regular intervals in which the system
usage is investigated. Gamification is an ongoing process and should not become part of the regular
work routine within an organization. Targets can be adjusted and the goal is to continuously improve
the elements with the help of launch and post-launch monitoring.

For the experiment in this study, the overall goal of the elements is clear; create game design elements
that could lower users electricity consumption, or uncover a potential negative effect of an element. The
continuous process of evaluating and improving the game design elements will not be possible due to
the temporary nature of the experiment. Nevertheless, for the creation of game design elements in this
research, the framework of Morschheuser et al. (2017) is beneficial due to the smooth and well-
described steps that can be followed to create useful extra game design elements within the
experiment.

A survey among 1.500 students in Malaysia showed that nine game design elements; personal profile,
non-fixed structure, challenge, feedback, short cycle time theme, competition, cooperation, chat-based
social network, potentially have the most effect (Wee & Choong, 2019). As mentioned before in the first
section of the introduction, many other studies also show that social connection or pressure,
competition, cooperation, and feedback are successful game design elements to lower energy
consumption (Bang et al., 2009; Geelen et al., 2012; Gustafsson et al., 2009; Kjeldskov et al., 2012).
For the experiment in this research, it is important to take into account the findings of previous done
studies, and to include these most promising game design elements and test them with the app users.
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For this research, a total of 860 hours is available spread over a period of nine months. The first ten
weeks and about 160 hours is spend on writing a research proposal, learning from other researchers
on the subject of game design elements and energy apps. The evaluation of the apps needs to be
completed in 9 weeks, with 180 hours available. This includes finding, contacting, installing, and
evaluating the apps. The evaluation needs to be completed before November 2019, since it is expected
that at least four weeks and 80 hours are needed to get all the participants ready for the experiment.
The experiment itself will cost three months starting from December 2019 with 240 hours available for
monitoring and the creation of game design elements. During the whole period and especially during
the last month, 200 hours is spent on processing the obtained data and writing this report. As an
introduction to the methodology of this research, a planning schedule is presented in figure 1.

Task June July August September N b D b J y February  March
1. Research proposal

Preliminary research

Writing research proposal

Evaluating Energy Applications
Selecting energy applications
Evaluating energy applications
Determining apps for use in experiment
Experiment Energy applications

Selecting residential housing T S|
Conducting the experiment

Collecting and processing data

Thesis

Writing thesis report

Presenting research

Figure 1. Timetable research

The evaluation off the apps is done in three simple steps: Selecting energy apps, evaluating the
available apps, and selecting apps for the experiment.

To select which apps will be evaluated, a similar method as used in the research of Beck et al. (2019)
is applied in this study but for the Dutch instead of the U.S market. In that research, the evaluation was
restricted to the U.S because they found that “identification of energy apps is challenging without
awareness of existing energy programs and difficult to analyze without fluency in the language and
socio-cultural context of the energy system”(p. 33). This research is restricted to the Dutch market,
however, it can be expected that there are English apps available in the Netherlands. These apps are
excluded because all evaluated apps need to be usable in all Dutch households, even the households
where nobody speaks English. Another criterion is that only apps that are considered suitable for the
experiment are evaluated, where the research of Beck et al. (2019) was aimed at all apps that target
direct energy use behavior. This included energy efficiency and conservation behavior, solar or
renewable energy, home energy efficiency upgrades, and efficient transportation. The selection of apps
for this study is restricted to the ones that target energy efficiency and conservation behavior within
households. This can include web apps that can be found with Google search engine, and mobile apps
that are available through the Apple app store and Google play store.

As in the research of Beck et al. (2019), the first step to identify suitable apps is a general keyword
search with Google search engine for ‘apps' plus one of the following Dutch keywords; energy, energy
efficiency, energy savings, energy monitoring, energy consumption, house monitoring system, smart
home, smart meter (energie, energie efficiéntie, energie besparen, energie verbruik, energie monitoren,
huis monitor systeem, slim huis, slimme meter). This keyword search resulted in 30 unique apps that
were found on web5|tes of suppllers blog sites about energy apps, or websites that compare apps
J anag . From these 30
apps, 13 apps are avallable in the Apple App store and Google play store. To prevent keyword bias,
the 13 app store apps were used to reverse engineer the keywords that are used by developers. A tool
in app analytics named AppAnnie (“AppAnnie Intelligence,” n.d.) shows for which keywords an app is
ranked. With the help of this tool and the previously found apps, an extended list of in total 23 keywords
is created. These keywords are used in the App stores and Google search engine to find other suitable
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apps. For all the keywords, the first 50 hits were examined on the criteria that they are applicable in
households and target energy consumption. This extended search resulted in a sample of 48 apps.

The evaluation of the apps is based on a framework developed by AlSkaif et al. (2018), this research
describes that the apps where residential customers can be engaged and play an active role can be
classified into three categories; energy efficiency, self-consumption, and demand response. Self-
consumption is mainly directed at households that implement solar Photovoltaics (PV) installations, and
these apps can help to give insights into the electricity that is locally produced and how much of this
electricity is consumed directly, stored into batteries or fed back to the grid. Apps that are developed
for this purpose cannot be used in the experiment since most of the selected households do not have
a PV-system. Demand response programs aim at altering short term electricity use patterns for market
optimization, balancing supply and demand, increased integrations of RESs, and ensuring system
security (Lampropoulos, Kling & Ribeiro, 2013). If the selected apps have the goal of altering short term
decisions of users, they need intensive monitoring. In this research, intensive monitoring is not feasible
due to the limited time to monitor each participating household. These constraints narrow the evaluation
of apps that have the primary goal of energy efficiency. From the 48 apps that were selected, seven
apps are mainly used for PV systems, tracking the electricity production and self-consumption. None of
the apps are used for demand response programs, leaving 41 apps suitable for the evaluation of the
use of game design elements.

The final sample of applications

The 41 apps that are suitable for evaluation can be divided into four categories that all require a different
approach to get access to the app. These categories and the approach used to get access are
described below;

1. Free and accessible to all: A total of nine apps are accessible to everybody that wants to make use
of these apps and can be easily installed by creating an account and connecting the app to a smart
meter. Some of the apps can also be used without a smart meter by filling in analog meter readings.
From the nine apps in this category, eight can be evaluated because one is only accessible if the
municipality where a user lives provides an access code.

2. Only accessible to customers of a particular energy supplier: In the Netherlands, there is a wide
range of energy suppliers. Part of these suppliers created an energy app that can only be used by
customers that have a contract with that particular supplier. From the 41 apps, nine apps belong to this
category. To obtain access to these apps, the network of the researcher of this study is used to find
customers of all suppliers. They were asked to provide access with the use of their credentials. Thanks
to this method, it was possible to get access to eight of the nine apps in this category.

3. Paid and accessible to everybody: Some apps have a paid subscription model. From the 41 apps,
five of them belong to this category. The suppliers of these apps were contacted and asked to take part
in the evaluation of this research by giving temporary access to the apps. All reacted positively and
indicated that they wanted to cooperate.

4. Paid extra device needed and accessible to everybody: Most apps of the initial sample belong to
this category, 18 in total. Most of these extra devices need to be connected to a smart meter and enable
real-time monitoring instead of the 24-hours delayed monitoring that is provided by the apps in the other
three categories. Six of the app providers did not react at all, even after trying to get in touch several
times by phone and email. Three of the suppliers indicated that the apps are no longer delivered to new
customers because the apps have already been stopped or will be stopped shortly. Nine of the apps
can be evaluated thanks to the suppliers who send a device or gave access to a demo account.

In total, access to 30 of the 41 apps is obtained, and these 30 make up the final sample of this research.
In the following step, it is explained how the apps are being evaluated on the use of game design
elements.

For the reasons of the clearly described goals and requirements for gamified energy apps, and well-
researched game elements and categories, the framework of Alskaif (2018) is leading in creating an
evaluation method. The aim is to draw up an easy to understand formula that evaluates the use of
different game design types and elements, and provides a score that enables a comparison between
the different apps. Within this conceptual framework, the overall goal is described as engaging
residential customers with the help of energy apps. As mentioned in section 3.1.1, there are three
distinct categories, energy efficiency, PV self-consumption, and demand response, and this research
is focused on energy efficiency within households. The framework describes the requirements;

13



awareness, knowledge, privacy, incentives (economic, environmental, and social), ease of use, self-
control and fun, to enable this engagement. The necessary components to meet these requirements
are the technical system (smart meter, energy management system, network, software and the app),
game design elements, and a value proposition. The technical component is used in all the apps of the
final sample, and the value proposition differs between the categories, for example, monthly paid
subscriptions or providing customers with an app to give insights in their consumption and invoices
(category two). For this research, it is evaluated to what extent the selected apps make use of the third
component; game design elements. For this evaluation, the game design elements described in the
theoretical framework are used.

The evaluation formula

With the elements and types to which these elements belong described, the apps of the final sample
can be evaluated. For this evaluation, the apps are thoroughly examined. An excel sheet is created with
all the apps in the most left column and the five-game design types in the following five columns. All the
elements that are implemented in a certain app are noted. This provides an overview of the number of
elements and types that are used within an app. To evaluate how gamified an app is, a formula is
created that includes the game design types and game design elements. The essential factor in this
formula is the use of the elements. Therefore, every element that is used provides a score of 1 point
(nE). This makes that the end score is mostly based on the number of elements implemented.

Next to the elements, it is assumed that using multiple types of elements creates a more gamified app.
For example, if an app uses all information provision elements but none of the other types of elements,
it still receives the full points for the elements. However, the elements used are so narrow focused, that
an app with the same number of elements but spread across different game design types is more
gamified. Therefore, the score for the elements is multiplied with 1+0.1 per type of element (T).

There are quite some differences among the same elements, like a competition with only a comparison
to an average household, or a competition with scoreboards and extensive overviews of the comparison
to particular users. Evaluating the elements on itself can be tricky because it is easily biased by the
researcher that carries out the evaluation, it can be based on an opinion. It would be possible to create
scorecards for all elements with specifics to distinguish to what extent a particular element has been
implemented. However, due to the limited amount of time available for the evaluation, such detailed
scorecards are not created for this evaluation. An app simply does or does not make use of an element,
although there is made one exception for the statistics element.

Statistics can be seen as the most crucial element in an energy app. Without statistics, a user cannot
get the necessary insights on energy consumption. However, these statistics can be very basic, only
showing numbers on energy consumption, or more enhanced by using these statistics to compare the
consumption to a previous time period, or giving insights into, for example, costs and CO2 emissions.
Showing these extra insights could positively impact users to lower their consumption. Therefore, an
extra score of 0.1 is added if the statistics show more than purely numbers and graphs on the amount
of energy that is consumed (S). If the app is evaluated the following formula is used to grant the app a
game design score;

G=nEx(1+T+S5)

Where;

G = Game design score

nE = Number of elements implemented

nT = Types of elements implemented (0.1 — 0.5)
S = Score for statistics ( 0 or 0.1)

With five types and 18 elements that the apps are evaluated on, the game design score can differ
between 0 and 28.8 points. For example, if an app makes use of basic statistics (information provision),
messages (information provision), and a competition (social connection) element, the game design
score for this app is; 3*(1+0.2+0) = 3.6.
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To select the energy apps that are used in the experiment, it is decided that the apps need to make use
of as many game design elements as possible. Therefore, the apps need to score at least five points
in the evaluation. Next to this game design score, a few other requirements are listed to ensure that the
most suitable apps are used.
- Participants can use the app, regardless of their energy supplier. This excludes the second
category of the evaluation (see section 3.1.1).
- Participants can use the app without having to pay during the research period.
- The app needs to show statistics on energy consumption without the need to enter meter
readings manually.

Considering these requirements and the results of the evaluation as showed in appendix A, six apps
are suitable for the experiment, two from the first category, one of the third category and three of the
fourth category. To enable a comparison between the categories, the final selection of apps will consist
of one app from all three remaining categories. Since the apps in the first category are free to use, the
app with the highest score is selected. For the other categories, the suppliers are contacted to ask if
they want to sponsor this research by supplying the app for free during the experiment. An app provider
from the second category responded positively and was willing to sponsor the use of the app for four
months. For the last category, the provider of one app responded positively and told the researcher that
they were looking into the possibility of adding more game design elements. Therefore, this experiment
is a perfect match. They sponsored nine devices for the experiment, and by doing so, they finalized the
selection of apps that are used in the experiment.

As for the evaluation of the apps, the experiment is executed in three steps; selecting housing,
conducting the experiment, and collecting and processing the obtained data. These steps together will
take about four months. Since not all households make use of natural gas for heating (some use district
heating), it is decided that during the experiment only the electricity consumption is monitored, and this
electricity consumption data is compared to electricity consumption data of the same period last year.

Other studies show that a social connection or pressure, competition and cooperation are successful
game design elements to lower energy consumption (Bang et al., 2009; Geelen et al., 2012). This
suggests that the social connection between participants can have an effect on the outcome of this
experiment, and that only researching one type of social connection can create biased results. To
overcome this potential bias, and to be able to compare the social aspect in lowering energy
consumption, three groups with different social connections are created; a group of neighbors, a group
of friends of the researcher, and a group of people with none or a negligible social connection. The first
group was formed with the help of a housing cooperation. They selected an apartment building from
which the residents received an email asking them to participate in this research voluntarily. To find
participants for the second group, friends of the researcher were contacted to see if they wanted to
cooperate. The third and last group was formed by asking around in the network of the researcher to
see if they could help in finding people that were willing to participate.

To be sure that the potential participants and their houses are suitable for the experiment, a few initial
requirements were created.

- Smart meter: Most apps in the evaluation need to be connected with a smart meter to track
energy consumption. Therefore, the participants must have a smart meter installed.

- Same house for a year: It is essential that the electricity consumption during the experiment is
compared to the electricity consumption of last year. Due to this comparison, the participants
need to live in the same house for at least a year.

- Historical data: For the same reason as the previous requirement, the participants need to have
access to their historical data on electricity consumption for the months December 2018,
January 2019, and February 2019. This data can be obtained through monthly reports sent by
their suppliers.

After emailing and calling potential participants, a total amount of 45 people replied positively to the
request to participate. Nineteen people from the first group, 15 from the second, and 11 from the third
group. As described in the second step of the research of Morschheuser et al. (2017) in the theoretical
background, it is crucial to analyze the participants to define the user needs, motivations, and behavior
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in the current system. Therefore, a survey is created to get more information on the socio-economic of
the participants, and to see if they have an affinity with sustainability and lowering their energy
consumption. Also, they were asked to provide their historical electricity consumption data and a picture
of their smart meter. Unfortunately, this survey resulted in a substantial drop out due to no response at
all, not obtaining the needed data, or in the end not having a smart meter. This resulted in 25 participants
in total, eleven participants in the first group, seven in the second group, and seven in the third group.

As mentioned in section 3.1.3, three apps are used in the experiment. It is desirable that at least three
participants in all groups use the same app. With this in mind, the surveys are looked over one more
time to find the most suitable candidates that did not completely fit the mentioned criteria. Two
participants of the second and one of the third group were selected that only had historical data for the
months January 2019 and February 2019. For the third group, also one participant was selected without
historical data, but who was really enthusiastic about the research. Thanks to these extra participants,
the final sample size for the experiment is 29. eleven in the first group, nine in the second group and
nine in the third group.

For the experiment, a period of three months is available starting from December 2019. Within this
timeframe, the first step is to test whether the apps on themselves can cause participants to lower their
electricity consumption, and what elements are most useful to accomplish this goal. Secondly, extra
game design elements are added to the experiment to see what effects particular elements have.

As described in section 3.2.1, before the start of the experiment, a first survey is used to collect data on
the willingness of participants to lower their electricity consumption. This information is of high
importance due to the fact that if the experiment shows significant differences between participants,
this can possibly be explained by the data provided in the first survey. For instance, they can be more
intrinsically motivated if they want to play an active role to lower their impact on the environment, or
when they can improve their living standard if they lower their energy costs.

In all groups, at least three participants are selected to use a particular app. The selection is done
randomly to make sure the selection is not biased. To start the experiment an account is created for all
participants, and a user manual is created to show them what features the three different apps have to
offer. A few days before the experiment, all participants received an email with this user manual and
their login credentials. On the first of December 2019, a kick-off email was sent to let them know the
experiment officially started, and in short, why this research is important concerning energy and
sustainability, as mentioned in the introduction of this research, to see if energy apps and game design
elements can contribute to lower the electricity consumption of households.

The first month is used to test if the app on itself affects the electricity consumption of participants. Of
course, they are free to ask any questions about the apps or electricity in general (by phone or email).
However, no active interventions are planned so a conclusion can be drawn on purely using the app.
Starting from January 2020, interventions are planned to test extra game design elements. Taking into
account the game design framework of Morschheuser, et al. (2017), the goal of the interventions is to
lower electricity consumption. With the evaluation of the apps, the project preparation phase is
completed. The first survey is used for the user analysis phase, and for the ideation phase, previously
done experiments were helpful to come up with ideas for these interventions. A difference is made
between the elements added in the second month, and the ones added in the third month. The second
month will include elements that will likely trigger intrinsic motivation, and in the third month elements
with more extrinsic motivation triggers, such as prizes that participants can win, are added to the
experiment .

Based on the literature review in the theoretical background, and taking into account the findings of

those previous experiments, a schedule of interventions with game design elements that trigger
different kinds of motivation perspectives is created. This schedule is shown in table 3.
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Date Intervention type Intervention explained Motivation persp.
01-12-2019 | Information provision Kick-off email that explains why saving energy is Emotion
important. (intrinsic)
23-12-2019 | Information provision Happy holidays e-card explaining the effect of saving Emotion + Self-
energy on the environment and motivating them to take determination
control of their energy consumption. (intrinsic)
05-01-2020 | Information provision Data driven report on their electricity consumption in Behaviorist
- Messages December; how much electricity is consumed in (intrinsic)
- Feedback comparison to last year, best day and worst day of the
month and most important insights.
06-01-2020 | Social connection + Starting a WhatsApp group for all three groups that they | Trait
information provision can use to ask question. (membership)
(Intrinsic)
06-01-2020 | Social connection An email that the goal of this research is to lower the Cognitive
- Collaboration | consumption with at least 7% per group. Mentioning that | (Collaboration)
if this goal is reached the whole group receives a city (intrinsic +
challenge app gift card (city games). extrinsic)
06-01-2020 | Information provision Send a weekly tip in the WhatsApp group on how to Trait + Behaviorist
save electricity. (intrinsic)
02-02-2020 | Information provision Data driven report on their electricity consumption in Emotion + Self-
- Messages January. Adding badges for completed challenges and a | determination
- Feedback comparison of energy consumption to other participants. | (intrinsic)
02-02-2020 | Social connection Introducing the competition for the February and Trait
- Competition announcing that the three best performing participants (extrinsic +
receive a gift card for a movie theater. intrinsic)
14-02-2020 | Social connection Sending a leaderboard that shows how participants are | Trait
- Competition doing in the competition so far (extrinsic)
26-02-2020 | Information provision Last message to motivate why lowering energy Emotion + self-
+ social connection consumption is important, and a link to the final survey determination
of the research. (intrinsic +
extrinsic)
02-03-2020 | Information provision Thank you message with the results of the competition Behaviorist
+ rewarding system and the link to the final survey. (intrinsic)

Table 1. Game design intervention planning

At the end of the experiment, a final survey is sent to all participants. They are questioned about their
experience using the app and the effect of the added game design elements. This final survey is
valuable because a lower or higher electricity consumption does not necessarily mean that the app or
the added game design elements are responsible for that particular result. The experience, perception
and the adjustments in behavior of participants are essential to draw conclusions. Also, in the first
survey the participants were asked about major changes in their household situation compared to the
same period last year, that could possibly explain an increase or decrease in electricity consumption. If
during the experiment the apps show striking consumption data (like no consumption, or extreme high
consumption), the particular participant is asked about the reason behind these extreme values. With
this data, it is more reasonable to draw conclusions on the effect of the app and added game design
elements

Because the researcher created all the app accounts for the participants, it is relatively easy to collect
the data during the experiment. This data is added to an excel file that also shows the electricity
consumption data of the previous year. This creates the opportunity to see if anything changes in their
electricity consumption per month, and over the whole three-month period. Also, the electricity
consumption per group and app can be calculated to see if there are notable differences between the
three social connection groups; neighbors, friends, and no connection, or the different apps.
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This data is cross-checked with the data provided by the participants in the first and final survey. These
surveys are created with Google forms, and all participants received links to get access. Thanks to this
easy to use system, the researcher has access to the data that is provided by every participant
individually, and a summary of all participants of a certain group. It is investigated if results that stick
out are explainable and what this explanation could be. With the combination of the surveys and data
on electricity consumption, qualitative conclusions can be drawn on the effect of the experiment, and
questions can be asked if this same effect can be expected when implemented in larger-scale
experiments.
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The results of this research consist of two parts. First, the apps evaluation shows if available energy
apps in the Netherlands make use of game design elements and to what extent. Second, the experiment
elaborates on the fact if the use of these apps and implemented game design elements have an effect
on the energy-related behavior of their users, and if adding extra game design elements changes
anything to this.

In appendix A, the full evaluation of all available energy apps is shown. As can be seen, almost all apps
implemented at least one game design element, except one, this app only shows the electricity
consumption on a particular moment in time. The results of the evaluation are presented in three parts.
First, the game design types that are used in the apps. Second, the game design elements that the
apps implemented. Third and last, the game design score of the apps.

Taking into account that presenting statistics in compelling graphs or tables is a game design element,
'information provision' is by far the most used game design type. However, statistics is the fundamental
element of an energy app, without this element, the app can be considered worthless to most people.
Only 12 of the 30 evaluated apps used another element from this game design type. After information
provision, 'user interface' and 'social connection' are the most applied game design types. They are
used in respectively 16 and 14 apps. The 'rewarding system' and 'performance status' game design
types are only utilized in four and three apps, respectively. These game design types can trigger the
extrinsic motivation of users, that is why the available apps on the Dutch market seem to aim mainly at
the intrinsic motivation of end-users. Figure 2 shows how many apps use a particular game design type
and how many game design types are used in the apps.

Game design types implemented in apps

Information Rewarding system Social connection  User interface Performance
provision status

Amount of game design types implemented in apps

1 type 2 types 3 types 4 types 5 types
Figure 2. Game design types used in evaluated apps the Dutch market
As can be seen, 67%, 20 out of the 30 apps evaluated, use two or fewer game design types. None of

the apps use more than four types, making it evident that game design is not yet fully integrated into
the energy apps available in the Dutch market.
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The amount of game design elements implemented in an app differs between zero and seven per app.
As mentioned before, the statistics element is implemented in 97% of the apps, making it the most
implemented element. The 30 apps in total implemented 88 game design elements, with an average of
2.9 elements per app. Of the 18 available elements in the framework of AlSkaif, et all. (2018), 12 are
used in at least one of the apps. After the statistics element, the competition (12 apps), tips (nine apps),
and progress bar (nine apps) are the most used elements. The elements, discount on the electricity bill,
virtual currency, collaboration, leaderboard, virtual currency, points, and levels, are not used at all. In
figure 3, the number of apps using a particular element, and the number of elements used in the apps
are shown.

Elements implemented in apps
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Amount of game design elements implemented in apps

Telement 2elements 3elements 4elements 5elements 6elements 7 elements

Figure 3. Game design elements implemented in apps

Fifteen of the 30 evaluated apps implemented two or fewer game design elements. As mentioned in
section 3.1.1. the apps can belong to four different categories; Free and accessible to all, only available
to customers of a certain supplier, paid and available to all, and only available with a paid extra device.
The average amount of elements used in an app differs among these categories with respectively; 2.6,
2.9, 3, and 3.2 elements per app. Three of the four apps that use more than five elements belong to the
category 'only available with a paid extra device'. Overall, it can be concluded that the paid apps
implemented more game design elements than free apps.

Nonetheless, the difference between the categories is minimal, and with the average of 3.2 elements
in the category 'only available with a paid extra device' , it may be concluded that implementing game
design elements has probably not been a top priority for app creators. Therefore, adding more game
design elements in an experiment could be interesting to both science and app creators.
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The highest score obtained in the evaluation is 9.8 out of 28.8 points. This score is obtained by the app
Toon, developed by the energy company Eneco (Eneco, n.d.). This app implemented seven game
design elements belonging to three different game design types. Due to the extensive statistics element,
it also earned a 0.1S score. Toon belongs to the 'only available with a paid extra device' category, and
also the second and third best scoring app, Enelogic with 9.0 points (Enelogic, n.d.), and Smappee with
8.4 points (Smappee, n.d.) belong to this category. As mentioned in section 3.1.2, the evaluation
formula does not take into account to what extent an element is used and this is especially noticeable
with the competition element. Most apps that use this element only show a simple comparison to an
average household. If the formula took into account to what extent an element was implemented, it is
expected that the apps from the 'only available with a paid extra device' category would score even
higher.

The average app uses only two out of five available game design types, and two out of 18 available
game design elements. The average score differs with respectively 4.0 points (Free and accessible to
everybody), 3.7 points (only available for customers of a certain supplier), 3.9 points (paid and available
to everybody), and 4.3 points (Only available with a paid extra device). It shows that after the apps that
are only available with a paid extra device, the free apps have the highest game design score. This is
interesting because 'free and accessible to everybody' apps on average implemented the least game
elements. The fact that they spread the elements over more game design types causes this higher
game design score. Overall, the difference is minimal and therefore it may be said that all apps score
pretty low when it comes to adding game design.

The overall average score is 3.8 points, while the highest possible score is 28.8 points. As in the
evaluation research in the U.S (Beck et al., 2019), it can be concluded that this could be considered as
a first sign of implementing game design in energy apps. However, the amount of elements used is
pretty low. Therefore, it would be interesting to see what additional elements have the most effect on
users in the experiment to conclude how game design could help to reduce the electricity consumption
of households.

All participants that were selected for the experiment finished both the survey before the experiment on
their personal characteristics, and after the experiment on their experience during the experiment.
However, one participant could not make use of an app, even after trying multiple apps (U-meter and
Smart dodos). This is probably since this participant used the option not to share data with third parties
when his smart meter was installed. Luckily, this was the only participant that could not provide historical
data. This participant did not try the Smappee because all sponsored devices were already in use by
other participants.

In the experiment results section of this report, first, a summary of the participants demographics
obtained from the first survey is presented. After these insights, the data on electricity consumption,
and the most valuable insights of the surveys are presented per month of the experiment. Lastly, the
overall results are compared to the experience of the participants (last survey) and their initial
demographics.

Before the start of the experiment, all participants received the first survey on their household
specifications, socio-economic status, and their affinity with sustainability and energy. Based on the
most noteworthy insights of each group, the following demographic summaries are created.

Neighbors

seven out of the eleven participants in this group live on their own, and the other four live with their
partners, one of these couples did not live together a year earlier. They are all well-educated, with all
having at least a bachelor's degree. All of the participants, and their partners, work at least 32 hours a
week. They spend between 20% and 50% of their household income on rent. Almost half of these
participants choose a particular energy supplier solely based on price, and nine out of eleven
participants did not make use of an energy app before this experiment, and so far, not even considered
using one. About half of them think sustainability is an important issue. Nevertheless, less than 20% is
actively working on lowering their impact on the environment or advocating this importance to others.
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Friends

Eight out of nine participants have a two-person household, and four of them have a three-person
household. In three of these households, the number of people living in the household changed during
the last year. Eight out of nine participants are well educated with at least a bachelor's degree. All
participants work a minimum of 25 hours a week, and most of their partners also work a minimum of
eight hours a week. Seven of the participants spend between 10% and 30% of their household income
on rent or mortgage and the other two between 30 and 40%. The reason to choose a particular energy
supplier differs among all of them, from the lowest price, the offer of green energy, to the gift they
received as a new customer. Already five out of nine participants used an energy app before this
experiment. Three used the free energy app from their supplier and two the app Toon. Six of them said
that they are aware of their energy consumption in comparison to an average household. Within this
group, eight people think sustainability and energy is an important topic, and seven of them consider it
an important theme during political elections. 66% of the group mentioned they are actively working on
reducing their impact, and five of them even advocates the importance of the subject to others.

No social connection

From the nine participants, seven live in a two-person household and the others live alone. All of them
are well educated with at least a bachelor's degree. Seven participants of this group have a job, and
the remaining two are retired, this is also the reason why in those households more time is spent at
home compared to last year. Another reason is illnesses of two of the participants. Four out of nine
spend less than 10% of their household income on rent or mortgage and the rest spend between 10%
and 40%. The reason for choosing a particular energy supplier differs among them. Five out of nine
participants already use an energy app and four of them use the app that was made available by their
energy supplier. None of the participants ever paid for using an energy app, however, three participants
are willing to pay a one-time amount for the right app. Five participants would lower their consumption
if they knew they use more than an average household and think energy consumption is important when
buying new appliances. All participants in this group think sustainability is an important issue and seven
of them think it is an important theme during elections. However, only five are working on reducing their
impact and only one person also advocates this to others.

During this month, only 25 participants are included in the calculations due to missing data on electricity
consumption in December 2018 of some participants. The most interesting results are the average
savings. It determines if a consumer can decrease its consumption with the help of an energy app.
These results are presented later on in this section. First, the data on the total consumption of the
participants combined is shown in table 2. An overview is presented for the different groups and app
users in this research. This table shows the number of participants that showed a decrease in electricity
consumption, the total difference in kWh compared to the period last year, the increase or decrease in
consumption per group, and the best and worst-performing participant.

Group Participants that | Total Total Difference in Best Worst
lowered consumption of | consumption of | consumption | participant participant
consumption each group Dec | each group Dec | of each group

2018 (kwh) 2019 (kwh)

Neighbors 7/10 1.076 949 -11.8% -30,9% +25%

Friends 2/8 1.637 1.877 +14.7% -12,4% +25,6%

No connection | 2/7 1.789 1.635 -8.6% -25,5% +11,4%

Total 11/25 4.502 4.461 -0.9% -30,9% +25,6%

App Participants that | Total Total Differencein Best Worst
lowered consumption of | consumption of | consumption | participant participant
consumption each group Dec | each group Dec | of each group

2018 (kwh) 2019 (kWh)

Smappee 5/9 1.331 1.236 -7.1% -20,9% +25%

Smart Dodos 4/10 1.935 1.921 -0.7% -25,5% +25,2%

U-meter 2/6 1.236 1.304 +5.5% -30,9% +25,6%

Total 11/25 4.502 4.461 -0.9% -30,9% +25,6%

Table 2. Results of total electricity consumption in the first month of the experiment per group
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In the first month, 44% of the participants experienced a decrease in their consumption, and the total
consumption of all 25 participants together was 4.461 kWh, compared to 4.502 kwWh in December 2019.
This results in a decrease in total electricity consumption of 0.9%. The neighbors group clearly showed
the most favorable results with a total decrease in consumption of 11.8%. The friends and no connection
group had a total increase of 14.7% and a decrease of 8.6% respectively. For the different app users,
the result of Smappee is most favorable with a total decrease in consumption of 7.1%. Smart dodos
users showed a decrease of 0.7% and for U-meter the result is least favorable with an increase of 5.5%.
As mentioned before in this section, the most interesting result is the average increase or decrease of
the participants, these results are presented in figure 4.

Average difference in electricity consumption of participants in%

Neighbors Friends No connection Smappee SmartDodos U-Meter Overall

Figure 4. Average increase or decrease in consumption for each group during the first month of the experiment.

The overall bar shows an average decrease in consumption of 0.9% for all 25 participants combined.
Nevertheless, as mentioned before, most participants used more electricity than they did in December
2018. Looking at the different groups and apps, the clear winner is the neighbors group, with an average
decrease of 7.1%, and Smappee users with a decrease of 1.8%. The friends group increased their
consumption with 8.7%, and U-meter users with 1.4%. The group without a social connection showed
an average decrease of 3.2%, and Smart dodos users also showed a decrease of 1.5%. Solely based
on these results of the different groups, no conclusion on the use off an energy app can be drawn.
Therefore, the survey at the end of the experiment can provide more insights.

As mentioned in sectioned 4.2.1, within the neighbors group only two participants used an energy app
before the experiment. In the final survey, six of the eleven participants in this group mentioned that
they only opened the app once at the start of the experiment. All these participants had the U-meter or
Smart Dodos app. All three Smappee users in the neighbors group opened the app every two weeks.
In the other groups, most participants used the app at least once every month. As in the neighbors
group, the Smappee users in the friends and no connection group opened the app every two weeks,
two participants even opened Smappee more than once a week. This is a clear sign that Smappee is
more appealing to the participants and this app also shows the best result.

In all groups, about 70% of the participants did not change the personal settings in the app (price for
electricity and household type). In the email that they received at the beginning of the experiment,
including a manual of the app, it was clearly explained how they could change the settings and why this
is recommended. They also received feedback that the settings were still not changed. These settings
enable the apps to compare the household with similar households (competition element), and give the
user insights into the costs for electricity use. That these participants did not change the settings could
mean that these features were not interesting to them, or that they did not want to spend too much time
in the app. Nevertheless, they were still able to see the statistics on their electricity consumption.

One of the Smart dodos users mentioned that the app was not mobile friendly and that it was difficult

to log in from a mobile phone. She said she would use the app more often if she could easily access
the app on her smartphone. A U-meter user mentioned that energy apps needs to be kept simple so
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that they are easy to use. Overall the participants evaluated Smappee with 7.9 out of 10 points, Smart
dodos with 6.6, and U-meter with 6.3 points. Most participants gave 7 and 8 points to all apps. The
lowest scores were given by two participants that already used the Toon app (app with the highest
game design score) before they started using Smart Dodos and U-meter. Both Smappee and Toon are
very easy to use and have a mobile app. Both apps provide real-time insights on electricity consumption
and these extra insights could be the reason why users look at the app more often.

Examining the game design elements implemented by the apps, as expected, the statistics element
was most interesting to users since this is the fundamental element of an energy app. Most participants
did not even make use of the other implemented elements. Almost none of the app users received
messages or naotifications because users needed to adjust the settings to receive these messages and
notifications. The participants that did receive messages or notifications thought these were not
valuable to them. The comparison to similar households was available in all three apps, a simple type
of a competition element. This competition element was only used by six participants and only one of
them thought this was a valuable feature. Finally, when asked if the participants were more aware of
their energy consumption and if they adjusted their behavior due to the app, about half of the
participants reacted positively. Quite remarkable when the other answers about the implemented game
design elements are taken into account. This result makes it even more interesting to see what the
effect of adding extra game design elements is.

During the second month of the experiment (January 2020), all the 28 participants that handed in data
on their electricity consumption are included in the calculations. In this second month, extra game
design elements were added to trigger the participants intrinsic motivation (i.e., messages, feedback,
tips, and collaboration). Just before Christmas, a holiday e-card was sent, including an explanation of
the positive impact on the environment if participants lower their electricity consumption (see Appendix
B). At the beginning of the month, participants received a first data-driven energy report and an overall
target was set to save 7% electricity in each group (i.e., a shared goal game design element). To help
the participants reach this target, a WhatsApp group was created to enable them to ask questions
related to electricity consumption. These groups were also used to send weekly tips on how to conserve
electricity. These extra intrinsic motivating elements are presented in Appendix B.

As in section 4.2.2, first, the data on the total consumption of the participants combined are shown in
table 3. The results of the average increase or decrease in consumption of the participants in the second
month are presented later on in this section.

Group Participants that | Total Total Difference in Best Worst
lowered consumption of | consumption of | consumption | participant participant
consumption each group Jan | each group Jan | of each group

2019 (kWh) 2020 (kwh)

Neighbors 9/11 1.188 971 -18.3% -51.3% +4.6%

Friends 2/9 1.979 2.168 +9.6% -35.6% +27.4%

No connection | 4/8 1.848 1.887 +2.1% -28.6% +88.9%

Total 15/28 5.015 5.026 +0.2% -51.3% +88.9%

App Participants that | Total Total Difference in Best Worst
lowered consumption of | consumption of | consumption | participant participant
consumption each group Jan | each group Jan | of each group

2019 (kwh) 2020 (kwh)

Smappee 7/9 1.349 1.176 -12.8% -35.6% +13%

Smart Dodos 6/10 2.003 2.017 +0.1% -51.3% +27.4%

U-meter 2/9 1.663 1.833 +10.4% -28.6% +88.9%

Total 15/28 5.015 5.026 +0.2% -28.6% +88.9%

Table 3. Results of total electricity consumption in the second month of the experiment per group

The results show that 54% of the participants lowered their consumption, and again the neighbors are
the best performing group. In total, they decreased their total electricity consumption with 18.3%. An
impressive result when compared to the increase of 9.6% in the friends group, or the increase of 2.1%
in the group without a connection. Another remarkable result is that the extremes of the best and worst-
performing participants increased compared to the first month of the experiment. This result is partly
explainable by looking at consumption graphs in the apps. The participant that consumed 51.5% less
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electricity was not home for two full weeks. The participant with the 88.9% increase told the researcher
that he spent more time at home due to illness, and a new housemate that works from home moved
into the household. For the different app users, Smappee again shows the most positive result with a
decrease in total consumption of 12.8%, compared to the 0.1% increase of Smart Dodos, and 10.4%
increase of U-meter users. Figure 5 presents the average increase or decrease in consumption of a
participant in the second month of the experiment.

Average difference in electricity consumption of participants in %

Neighbors Friends No connection Smappee SmartDodos U-meter Overall

Figure 5. Average increase or decrease in consumption for each group during the second month of the experiment.

As can be seen, while the total consumption increased by 0.2%, participants decreased their
consumption on average by 2.1%. Again the neighbors group shows the best result with an average
decrease of 17.2%. Even if the best performing participant is excluded, the decrease in consumption is
still 13.8%. The friends group shows an increase of 6.4%, and the no connection group an increase of
9.4%. However, if the worst performing participant is excluded from the no connection group, the
average is a 2% decrease in consumption. Smappee users decreased their consumption with 11.9%
on average, compared to a decrease of 4.8% for Smart Dodos, and an increase of 10.9% for U-meter
users (decrease of 1.1% if the same worst performing participant was excluded). If the best and worst-
performing participants are excluded from the overall result, the average decrease in consumption is
3.6%. Next to the data on the participants electricity consumption, the final survey included questions
that can give more insights about the added game design elements.

The participants in all groups thought the Christmas e-card was a nice gesture. In both the friends and
no connection group, four participants in each group said it was a trigger to think about their electricity
consumption. For the neighbors group, this was only the case for two participants. All except two
participants opened the first data-driven report, and in general, about half of them fully read the report.
In the neighbors group, six out of eleven participants thought the report gave them valuable insights on
their consumption, but only three thought the feedback was interesting for them. In the friends group,
four out of nine participants mentioned that the report gave them valuable insights, and only two told
that the feedback was valuable. In the group without a connection, this was the case for respectively
seven and four out of nine participants. More than half of the participants mentioned that the feedback
would be more interesting if it was more based on their personal situation. Due to the limited data
available in the apps, this was unfortunately not possible.

Only one person asked a question in the WhatsApp group during the whole second month. In the
neighbors group three, the friends group six, and no connection group five participants thought having
a WhatsApp group to ask questions was valuable. A few of them also mentioned that the fact that there
were more people in the group prevented them from asking a question. The results of the tips sent in
the WhatsApp group were most promising in the second month. All participants answered questions in
the final survey about which tips they found interesting and which tips they used to lower their electricity
consumption. All participants found at least one of the four tips interesting and 83% of them also used
at least one of the tips to lower their electricity consumption. Twenty of the 29 participants thought that
a weekly tip about how to save electricity was helpful, seven were neutral about the usefulness, and
only two participants thought sending tips is not useful to change their behavior. It means that 69% of
this sample group thinks that receiving tips about energy conservation could be a significant game
design element.

25



Only 31% of the participants were positively impacted by the shared goal to save 7% electricity. In
general, the final survey reveals that the neighbors group is most doubtful about this added game design
element. This is striking because this group showed the most favorable result. Another striking fact is
that the shared goal element more influenced the participants in the other groups, whose electricity
consumption increased compared to the same period last year. This could mean that they have a false
sense of 'doing good' and possibly reveals a limiting or even harmful effect (Hyrynsalmi et al., 2017).

During the third month of the experiment (February 2020), data of 27 participants was included in the
calculations. One of the participants that handed in her data had an electricity consumption of zero
during February last year. Therefore, she was excluded in the calculations of the third month. In this
third month, the extrinsic motivation was triggered with the help of a competition and prizes the
participants could win by conquering the first, second, or third place of each group in terms of lowering
electricity consumption compared to the same period last year. The competition game design element
was introduced with an email and a WhatsApp message that stated that the participants could win
movie theater vouchers if they would win the competition. Halfway the competition, the participants
received a message in the WhatsApp group with a leaderboard game design element (see Appendix
C). This leaderboard game design element is fully connected to the competition game design element
and together they form a more enhanced competition than the already implemented competition
element in the apps. As mentioned in section 4.3.2, the simple comparison with other similar
households, also considered a competition game design element in the evaluation of this research, was
not used at all by the participants.

As in the previous two sections, first, the data on the total consumption of the participants combined is
shown in table 4. The results of the average increase or decrease in consumption of the participants in
the third month are presented later on in this section.

Group Participants that | Total Total Difference in Best Worst
lowered consumption of | consumption of | consumption | participant participant
consumption each group Feb | each group Feb | of each group

2019 (kwh) 2020 (kwh)

Neighbors 7110 964 930 -3.5% -15% +14.1%

Friends 5/9 1.675 1.842 +10% -26.8% +40.5%

No connection | 4/8 1.682 1.546 -8.1% -44.7% +60.2%

Total 16/27 4.321 4.318 -0.1% -44.7% +60.2%

App Participants that | Total Total Difference in Best Worst
lowered consumption of | consumption of | consumption | participant participant
consumption each group Feb | each group Feb | of each group

2019 (kWh) 2020 (kwh)

Smappee 6/9 1.181 1.094 -7.4% -26.8% +13%

Smart Dodos 8/10 1.852 1.731 -6.5% -44.7% +37.5%

U-meter 4/8 1.288 1.493 +15.9% -15% +60.2%

Total 16/27 4.321 4.318 -0.1% -44.7% +60.2%

Table 4. Results of total electricity consumption in the third month of the experiment per group

In the third and last month of the experiment, 59% of the participants reduced their electricity
consumption, this is the highest percentage of all three months. For the first month in the experiment,
the group without a connection showed the best result with a decrease in total consumption of 8.1%.
The neighbors group showed for the third month in a row a decrease in total consumption, this time a
decrease of 3.5%. For the friends group, the total consumption increased with 10%. As in the second
month, the extremes are explainable by a holiday and the household where a new housemate moved
in. Both these participants belong to the group without a connection. For the different app users,
Smappee again shows the most positive result with a decrease in total consumption of 7.4%. The Smart
Dodos users showed a decrease of 6.5%, and the U-meter users showed an increase in total
consumption of 15.9%. Figure 6 presents the average increase or decrease in electricity consumption
of the participants in the third month of the experiment, February 2020.
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Average difference in electricity consumption of participants in %

Neighbors Friends No connection Smappee SmartDodos U-meter Overall

Figure 6. Average difference in consumption third month

As can be seen, the overall result shows an increase in consumption of 0.7% (compared to a decrease
of 0.9% in the first month, and a decrease of 2.1% in the second month). Nevertheless, the neighbors
group again shows the best result with an average decrease in consumption of 2.9%. The friends group
shows an increase of 5.3% (the best result compared to an increase of 8.7% and 6.4%), and for the
group without a connection there is no difference compared to last year. If the worst and best
participants are left out (they both belong to this group), the no connection group shows a decrease in
consumption of 2.6%. Another interesting fact is that the different app users showed a similar pattern
as in the previous two months. Again, Smappee is the best performing app with an average decrease
of 7.6%, followed by Smart dodos with a decrease of 3.1%, and in last place U-meter with an increase
of 14.8% (8.3% without the worst performing participant included). This result makes sense since
Smappee users opened the app the most off all participants, at least once every two weeks, and some
even more than once a week. The Smart Dodos, and U-meter users did not open the app more than
once a month, and as mentioned in section 4.2.2, six participants only opened the app once at the
beginning of the experiment.

One of the most promising game design elements in previously done research was the competition.
The final survey of the experiment reveals that more than half of all participants feel more motivated to
reduce their electricity consumption thanks to the competition element. For the neighbors, six out of the
eleven participants responded positively to the added competition element. Within this group, five of
the participants also experienced a positive effect when they received the leaderboard after two weeks.
Four of the participants even responded in the WhatsApp group while they never interacted in the group
before this leaderboard message. This was also the case in the friends group, after they received the
leaderboard, four participants responded in the WhatsApp group. Even more interesting is the fact that
this group has a stronger social connection, and five out of nine participants mentioned that they were
motivated to reduce their electricity consumption due to the competition element. Three of them reacted
neutral to it, and only one participant said that it did not influence him at all. Seven participants of the
friends group said that the leaderboard also had a positive effect on them. In contradiction to the
answers in the survey, three of these participants increased their consumption. However, two of these
participants welcomed a baby last year and were already using the app Toon before this experiment.
Therefore, this contradiction is explainable, and the fact that the friends group was motivated by the
competition and leaderboard elements is an exciting result. It shows that a competition can be extra
motivating to people with a strong social connection.

When we take into account the group without a connection, this signal becomes even more substantial.
Within this group, only three participants mentioned that they became more motivated to reduce their
consumption thanks to the competition element. However, five participants experienced a positive effect
thanks to the leaderboard element. It could possibly reveal that seeing the results and names of other
participants creates some sort of a social connection between participants. Nevertheless, nobody
responded to the leaderboard message in the WhatsApp group, while this was the case in the other
groups. Overall 62% of all participants reacted positively on the competition and/or the leaderboard
after two weeks. The prizes they could win were motivating to 37% of all participants, showing that
winning a prize can trigger the extrinsic motivation of a substantial share of users but not all of them.
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Part the participants were intrinsically motivated solely based on competition itself, as in the research
of Geelen et al. (2012).

In general, the data during the three months shows a recurring image of the different groups and apps.
The results in all months reveal that the neighbors group is the best performing group, and Smappee
is the best performing app. In figure 7, the average results of the participants over the whole three-
months experiment are presented. For the data of all participants, see Appendix D.

Average difference in electricity consumption participants in %

December January February [J Wole experiment

1 1 -

Neighbors Friends No connection Smappee SmartDodos U-meter Overall

Figure 7. Average difference in consumption for all months separate and combined over the whole experiment

The overall result of the whole experiment, including all participants, shows a decrease in consumption
of 0.4%. This is such a small difference that it is impossible to say if the experiment caused participants
to consume less electricity. The neighbors group shows an average decrease in consumption of 9.7%
and everybody in this group, except one person, showed a decrease in consumption over the whole
period of the experiment. It is a motivating result, especially considering that nine of the eleven
participants within the group did not use an app before the experiment. However, six participants
mentioned that they only looked at the app once at the beginning of the experiment. Therefore, it is
impossible to say if the change in consumption can be attributed to the use of an energy app.
Unfortunately, both other groups show an increase in consumption. For the friends group the average
increase in consumption is 6.8%, and for the no connection group 4.2%. A change in household
situations can partly explain this increase. In the friends group, two participants with an increase of
33.2% and 17.3% both welcomed a baby last year. The highest increase in consumption of 73.6% in
the no connection group was of a household where a new housemate that works from home moved in.
If this person in the no connection group was excluded, this group would show an average decrease in
consumption of 5.7%, and this would be a very positive result. This same household also has quite an
impact on the overall result, without this participant the overall result would show a decrease in
consumption of 3.2%.

In the final survey, 17 out of 29 participants mentioned that overall they have been more aware of their
electricity consumption during the research. A sign that energy apps and game design elements can
have a positive effect. Looking at the different apps, it is clear that the Smappee users show the most
favorable result with an average decrease of 7.9%. The Smappee users opened the app at least once
every two weeks, compared to only once at the beginning and once every month for the other two apps.
Another sign that using an app with game design elements can help with conserving energy. Only three
participants provided feedback on the use of Smappee in the final survey. Smappee has a function that
recognizes appliances and one participant mentioned that it would be nice if this feature had more
options. Another participant, that was a fan of the added competition element, said that she was missing
such a competition in Smappee. The last participant commented that the app is great. These are
positive comments and this was not the case for the U-meter app. The U-meter users gave the app the
lowest evaluation and this app shows an apparent increase in energy consumption of 10.8% (3% if the
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participant with an increase of 73.6% was excluded). Unfortunately, only three U-meter users provided
feedback in the final survey on the app. They mentioned that an app should be kept simple, that the
app did not have many features, and that a real-time monitoring feature was missing. This last comment
was made by a participant that already used the Toon app before the experiment, the app with the
highest game design score in the evaluation in this research. It is interesting when these comments are
compared to the features of the Smappee app. Smappee is really easy to access with a mobile phone
app and immediately shows the users how much electricity is consumed in real-time. The app has a
simple though attractive design and is really easy to use. This is not the case with the Smart Dodos app
that can only be accessed on a web browser. Two participants mentioned this in their feedback on the
app, they would use the app more often if it was incorporated into a mobile app. Two other commented
that the app could use a more lively and appealing design. As for U-meter and Smappee, the rest of
the Smart Dodos users did not give any feedback on the app.

Taking these comments into account, the fact that the Smappee users opened the app the most, that
they evaluated Smappee with the highest score, and that the app shows the best results in the
comments, makes it clear that Smappee is the best app used in the experiment. Another interesting
fact is seen in the friends group, all participants increased their consumption, except Smappee users.
Two of the three Smappee users in this group lowered their consumption, and the other one shows the
same consumption as last year. Nevertheless, looking at the final survey, this is only partly accountable
to the already implemented game design elements. The ease of use and real-time monitoring seem to
play an important role. This makes it more interesting to see what participants thought of the added
game design elements. When asked if game design elements could help in becoming more aware of
their energy consumption, 28 of the 29 participants reacted positively. Another clear sign that users can
appreciate game design when it is implemented in the right way.

When asked what added game design elements were most effective, there are a few elements that

score the best according to the participants. They had the option to choose a maximum of 3 elements
each, and figure 8 shows what they answered.

Motivating added game design elements

[ Neighbors
E-card Friends
Common goal No connection

Energy reports
Tips

WhatsApp group
Competition

Leaderboard

Figure 8. Participants that voted on the most effective game design elements, with a maximum of three per participant.

In general, the competition and leaderboard elements are the most effective, according to the
participants. Taking into account that they never used the competition element in the apps, it is
noticeable that a leaderboard and a real battle between users are features that make a competition
attractive. Even a competition without prizes would motivate part of the participants. However, the prizes
they could win motivated eleven of the participants, so a competition with prizes is probably more
successful. Next to the competition and leaderboard, the tips element is most useful according to the
participants. That participants were positive about this element makes sense because it helps them to
better understand their consumption behavior, and the available options to conserve electricity (AlSkaif
et al., 2018). Therefore, the ‘information provision’ elements tips, and messages (feedback), are next
to the statistics element essential for an energy app with the goal to conserve electricity. The data-
driven reports motivated ten of the participants, still a pretty high score of 35%, and these reports
included feedback. Participants mentioned that more personalized feedback would be valuable to them.
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Such a data-driven report element, without personalized feedback, is already implemented by many
energy suppliers without the use of an energy app. They send monthly energy reports to inform
customers about their energy consumption statistics. Maybe the data of these reports, and a bigger
sample group could reveal if such elements cause a reduction in electricity consumption. Lastly, the e-
card and WhatsApp group are elements that did not get many votes. The common goal was only
appreciated in the friends group, again a possible sign that a social connection matters in implementing
game design elements.
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The goal of this research is to evaluate energy apps in the Dutch market that promote energy efficiency
within households, on the use of game design, and to see what effect game design has on end-users.
The evaluation is based on the framework of AlSkaif et al. (2018), and this framework includes five
game design types and 18 game design elements. To enable a comparison of how gamified an app is,
a simple formula was created that incorporated an evaluation of these types, and elements. This formula
provides a basic overview of how many of these energy apps in the Dutch market implemented game
design. However, the granted scores are, in some cases, questionable due to the simplicity of the
formula. As declared in section 3.1.2, for some game design elements, scorecards could be created to
get a more honest comparison between apps, and to evaluate to what extent an element is
implemented. Especially the assigned score for a competition game design element is doubtful, while
it is the second most used element according to the evaluation. The definition of this element in this
research allows a simple comparison to similar households to be seen as a competition. However, end-
users probably do not experience such a comparison as a competition. The experiment in this research
shows that 18 of the 29 participants appreciated the added competition game design element. At the
same time, almost none of them made use of the comparisons to other households that were already
implemented in all three apps. This reveals a limitation of the method used to evaluate apps. For future
research, it is recommended to revise the definition of the elements, and to create a formula that takes
into account the extent to which an element is implemented. Nevertheless, for this research the
evaluation is more used to generally conclude if game design is applied in household energy apps in
the Dutch market. As concluded in a study that evaluated energy apps in the U.S. (Beck et al., 2019),
at this moment, both the energy apps in the U.S and Dutch market are not so gameful. The use of game
design in household energy apps seems to be in an early stage, and there is still much to be gained if
such elements prove to be effective. For this reason, the evaluation of household energy apps in this
research could be outdated relatively soon. It is a snapshot of the current situation, and it is advised to
do it again in the future with a revised definition of the elements, and formula to draw a more accurate
conclusion on the use of game design.

The data on electricity consumption in the experiment shows a mixed effect on using an energy app,
and adding game design elements. Overall, the total consumption decreased with 0.2%, and the
average consumption of participants decreased by 0.4% (3.2% if the participant with the highest
increase in consumption is left out of the calculations). This minimal difference makes it hard to draw
conclusions purely based on this data. Research of Anderson, et al. (2020) on the statistical significance
and statistical power in the design, implementation, and analysis of energy studies, deliberates on the
fact when a study can draw quantitative conclusions. The experiment in this study is conducted with a
sample size of 29 participants, and taking into account the method of Anderson et al. (2020), the
minimum sample size would need to be around 2200 participants to draw any conclusions. With a
sample size of 2200 participants, already a quite mild error margin is taken into account. For this
research, a sample size of 2200 participants was not feasible due to limited available time to conduct
the experiment. Finding so many participants would have been too time-consuming, and next to the
leading researcher, a team of several extra researchers would be required for monitoring all
participating households in the experiment. Despite this flaw in the experiment of this study on energy
apps, it is still interesting to look at the data to inspire larger-scale experiments.

In the experiment, three different apps were used, Smappee, Smart Dodos, and U-meter. These three
apps were selected since they had a relatively high game design score in the evaluation compared to
the other apps. The most exciting result is that the different app users show a recurring pattern over the
time of the experiment. The Smappee and Smart Dodos users show an average decrease in
consumption in all three months, while U-meter users show an increase in consumption every month.
Even when the worst performing participant (an overall increase of 73.6%) is left out of the calculations,
the U-meter users increased their consumption on average with 3%, compared to a decrease of 7.9%
for Smappee and 3.7% for Smart Dodos. The final survey provides some clarification. However, more
in-depth interviews would have been helpful to see what participants experienced with the app. Of the
nine participants that used the U-meter app, three used the app only once a month, three only twice
over the whole period of the experiment, and three participants only looked at the app once at the
beginning of the experiment. That these participants used the app so little was revealed at the end of
the experiment, thanks to the final survey. Besides, most of the respondents that used U-meter did not
reply to the question to provide feedback on the app. Therefore, in future experiments, it is advised to
ask more often how many times participants used the app to enable the possibility to ask questions on
their motivation to use, or not use, a particular app. The only U-meter users that gave feedback
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mentioned that the app needs to be kept simple, that it does not have many features, and that a feature
of real-time monitoring was missing (Toon user). The two participants that used the Toon app before
the experiment (during the experiment one used Smart Dodos, and the other used U-Meter), both gave
the lowest ratings to the apps. This is rather interesting since Toon has the highest game design score
in the evaluation of the energy apps performed in this research. With the help of in-depth interviews,
more info would be available on their opinion.

Another goal within this study was to research if a social connection had any effect on the use of game
design elements. Previously done research suggested that such a social connection could be helpful
(Geelen et al., 2012; Konstantakopoulos et al., 2019). They observed that collaboration within families
and households, or competition between students would increase the motivation of participants to
conserve energy. During the experiment in this study, a shared goal and competition element were
introduced. The responses in the survey hint that a strong social connection, as in the friends group,
has a positive effect. Nevertheless, the data shows something else. The friends group increased their
consumption the most. Consequently, these contradictory results are not reliable to draw definite
conclusions. Even the participants that show an increase in electricity consumption mentioned that the
competition and leaderboard elements motivated them. Overall, all participants in all groups, except
one, mentioned that they believe game design elements can make people more conscious about their
electricity consumption behavior. In contrast, ten of these participants increased their overall
consumption. As described in the theoretical background, this can be a limiting or even harmful effect
of game design (Hyrynsalmi et al., 2017). Due to time constraints, it was not possible for the researcher
to interview all these participants, and the general information from the survey cannot fully explain if
this indeed is a limiting or harmful effect.

The question to answer with the experiment was if participants would reduce their electricity
consumption thanks to game design elements, and due to the small sample size and results, the
answers to this question are inconclusive. Nevertheless, changing human behavior is always
dependent on the willingness of users. Therefore, it cannot be predicted how much energy could be
saved if this experiment was implemented on a larger scale. Thanks to automated smart systems, like
occupancy monitoring with motion sensors, and other technologies, the electricity that is used for
lighting could be saved without the need for changing the behavior of users. Research into these ICT
systems in office buildings shows that occupancy can be predicted, and energy consumption can be
adjusted to these predictions. Besides, real-time occupancy monitoring could help in lowering energy
consumption (Salimi & Hammad, 2019). Integrating these automated building monitoring systems could
potentially also be beneficial for the household sector. Some apps, like Toon (Eneco, n.d.), already
implemented features that enable users to operate appliances, for example the thermostat or lighting,
without the need to be home. If such features would be automated with occupancy sensors, it will
potentially result in energy conservation without the need for human decision making.

Probably these automated systems would work better at office buildings due to the more predictable
use of energy. Research with 26 interviews with different types of office employees shows that overall,
people are willing to save energy and that they are aware of energy-wasting scenarios. They also
believe that a gamified app could help if it involved actual energy consumption and tips about what they
can do to lower their consumption (Lounis et al., 2017) . This again shows that personal feedback could
be helpful by adjusting users behavior. A similar response can be seen in the survey after the
experiment in this study. Participants mentioned that more personalized feedback could help in
changing their behavior, and they were positive about the tips given in the WhatsApp group. In the data-
driven reports that were created, a simple form of personal feedback was added. However, due to the
limited features that the apps implemented, it still can be seen as general feedback that applies to all
households. The only app that shows personal feedback, based on appliances and snooze electricity
consumption, is Smappee, and this app is the clear winner of the experiment. Despite this fact, it is
impossible to conclude that feedback has a positive effect based on this research. In future research,
more attention could be paid to incorporating personalized feedback into an experiment.

Overall, this study gives some insights into the effect of using energy apps and adding game design
elements. The sample size makes it difficult to draw any quantitative conclusion. However, it can
function as an inspiration for future research. A possible future experiment should incorporate a larger
sample size, preferably at least 2200 participants, and enough researchers to enable the monitoring of
all these participants. Also, in-depth interviews with the participants could reveal more about the
experience of users and the app they are using. It is valuable information to improve the apps and
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added game design elements. The game design elements created for this study could be copied but
improved. Examples could be more personalized feedback in the data-driven reports and sending
leaderboards more often during the competition. It is interesting to see if the extra attention for these
elements translates into real reductions in electricity consumption.

For the suppliers of these energy apps, it is recommended to invest time in testing the already
implemented features and designs with customers. This research reveals that while most apps
incorporated the same elements, the experience of users differs completely. Keep an eye on research
in the field of gamification, it can potentially cause reductions in electricity consumption, and even small
reductions in consumption can have a significant impact when used by many. If such energy apps can
be made accessible to all European households, these apps can help in mitigating the effect of climate
change. At the same time these apps can provide users with a sense of control, and even save them
electricity costs. It is expected by the researcher of this study, that if users experience significant
reductions in energy costs, they would be willing to pay a small fee for an app.
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This study had two goals, evaluating the energy apps on the Dutch market on the use of game design,
and using three apps in an experiment to determine the effect of game design elements. These two
goals were combined in the research question; To what extent do energy apps in the Dutch market use
game design elements, and what is the effect of these elements on the behavior and energy
consumption of their users?

In total, 30 apps were evaluated, and 50% of the apps use two or fewer game design elements, while
18 elements are available according to the framework of AlSkaif et al. (2018). Taking into account all
30 evaluated apps, an app uses 3.2 elements on average, and all except one app used the statistics
element. To determine how gamified an app is, a formula was specially created for this research. The
average game design score of all apps is 3.8 out of 28.8 points, and the best scoring app is Toon,
created by the energy supplier Eneco, which scored 9.8 points. These scores show that apps in the
Dutch market did not incorporate game design to a high extent, a similar conclusion as the research of
Beck et al. (2019) that evaluated energy apps in the U.S.

The evaluated apps were divided into four categories: Free and accessible to all, free but only
accessible to customers of a certain supplier, paid but accessible to everybody, and paid and only
accessible with an extra device. The top three best scoring apps all belong to the category where a
paid extra device is needed. This indicates that paid apps use more game design elements to attract
customers. Nevertheless, the final survey of the experiment shows that the way the statistics element
is implemented has the most effect on users. The app with the best result in the experiment, Smappee
(scores 8.4 points in the evaluation), was easy to use, and its statistics were compelling to users.
Smappee incorporated real-time monitoring, and the participants that already used the app with the
highest game design before this experiment (Toon) mentioned that they were missing the real-time
monitoring feature in Smart-dodos (7 points in the evaluation), and U-meter (7 points in the evaluation).
These were the other two apps used in the experiment. The fact that participants with Smappee made
most use of the app, and that according to the final survey participants only used the statistics element
in the apps, concludes that while statistics is the most basic element of an app, it is also the most crucial
element. Statistics are needed to provide users with insights on their electricity consumption. This
awareness is the starting point to improve their behavior. Therefore, it is recommended for app creators
to spend special attention in developing an attractive design to show the statistics, and to test this
element with potential users. Next to the design, users need to have easy access to the app, and a
mobile app is more favorable over a web app. That the participants did not make use of the other game
design elements that were already incorporated in the apps, does not mean that adding extra elements
is not beneficial to conserve electricity. The opposite seems to be true when looking at the experiment
in this research.

Twenty nine participants, in three groups with a different social connection (neighbors, friends, and no
connection), signed up for an experiment of three months in this research. In the first month, they only
used the app without adding game design elements. In the second month, game design elements that
trigger their intrinsic motivation were added, and in the third month, elements were added that trigger
(mostly) the extrinsic motivation. The data on the electricity consumption shows that all participants
together decreased their consumption on average with 0.4%, and leaving out one extreme participant
with an increase of 73.6%, shows an average decrease in consumption of 3.2%. This is a positive result
since five participants spend more time at home (baby at home, illness, and pension), and only one
participant spend less time at home, compared to last year (all these participants belong to the friends
and no connection group). Overall, the results per month show a recurring pattern, with the neighbors
decreasing their consumption with an average of 9.7% over the whole experiment. The friends group
increasing their consumption with an average of 6.8%, and the no connection group decreasing their
consumption with an average of 5.7% (if the participant with an increase of 73.6% is excluded). In total,
16 of the 28 participants (with data on their electricity consumption of last year) experienced a decrease
in consumption. Next to the fact that for quantitative conclusions the sample size is too small, this data
is inconclusive on the effect of the different game design elements, and motivational perspectives that
are triggered by these elements. Therefore the survey at the beginning and the end of the survey were
very valuable.

According to the survey, the participants appreciated the added competition and leaderboard elements

the most of all added elements. The movie theater gift certificates they could win during the competition
motivated eleven of the participants, but not all of them. They seem to be motivated from a trait
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perspective, meaning from individual characteristics that are relatively stable over time and have a
strong influence on behavior. The participants that responded positively to the competition mentioned
that they are competitive in general. The participants also appreciated the weekly tips about using
washing machines and dryers more efficiently, snooze electricity consumption, and replacing lightbulbs
with led lights (See appendix B). These tips also trigger the trait perspective, and by using them,
participants can get control over their consumption, it can give them a sense of achievement. Within
this research, it is impossible to say if this affects the long term electricity consumption. It could help if
these people are reinforced that they are 'doing good' by other elements. The data-driven report can
potentially take care of this, and according to the participants, it is the third most compelling game
design element. A combination of tips, and reinforcements through data-driven reports could trigger the
behaviorist motivational perspective. This motivational perspective is based on good behavior in the
past and rewarding this good behavior. Looking at the results in the survey, the elements that trigger
this trait- and behaviorist motivational perspective are most effective. Elements that trigger an emotional
or cognitive perspective, like the WhatsApp group (message box), the holiday e-card, and the common
goal (collaboration), seem to be less effective. For the common goal element, there is an exception for
the friends group. Their social connection seems to trigger half of the participants in this group for a
common goal to conserve electricity.

Looking at the consumption data again, it was evidenced that the friends group did not collaborate at
all to lower their consumption. Every month they consumed more electricity than they did last year,
while most group members mentioned that they changed their behavior thanks to the added game
design elements. Eight out of nine participants said they have an affinity with energy and sustainability,
and even six of them are actively working on reducing their impact on the environment. This could be
a signal of a limiting or harmful effect of game design (Hyrynsalmi et al., 2017), but can also be caused
by external factors. The data shows an increase in consumption of 6.8%, while the participants had the
feeling they were 'doing good.' However, some of the participants that consumed more electricity
experienced a change in their household situation. Besides, the increase in consumption was the
highest in the first month and the lowest during the last month, this still shows improvement. Another
possible explanation that they did not show a decrease in consumption could be their affinity with
energy. Possibly they already tried to lower their electricity consumption before this experiment. In that
case, the experiment has less effect than with a group that partly misses this affinity with sustainability,
like the neighbors group.

The neighbors group shows the most positive consumption data, and overall they decreased their
consumption with 9.7%. Within this group, only five out of eleven group members mentioned that they
think energy and sustainability is an important topic, and only three people actively used an app during
the experiment. A possible reason why they consumed less electricity is that they have a more
economic incentive than the other groups. More than half of these participants spend between 30%-
50% of their household income on rent. This is much more than the group without a social connection,
where eight out of nine participants spent less than 30% on rent or mortgage.

The group without a social connection shows a total increase in consumption of 4.2%. However, as
mentioned before, this is most accountable to one household with an increase of 73.6%. Without this
household, the group shows a decrease in consumption of 5.7%. The fact that most participants in this
group and the neighbors group show a decrease, while most participants in the friends group show an
increase in consumption, makes it hard to conclude that a stronger social connection has a positive
effect. Nevertheless, the friends group shows the best result during the month that included the
competition element. This observation in combination with the final survey during the experiment and
previously done research (Bang et al., 2009; Gustafsson et al., 2009) suggest that a strong social
connection definitely can have a positive impact on using game design in energy apps. The most critical
recommendation of this research would be to conduct similar research with a larger sample size. Such
an experiment could draw definite conclusions on the overall and social effect of game design elements
in energy apps.

With that in mind, the last part of the research question cannot be answered with high certainty since a
larger sample group is necessary. Nevertheless, thanks to this research, it is clear that energy apps on
the Dutch market do not make use of game design elements to a great extent. This can be seen as a
missed opportunity because this, and previously done experiments, show that game design elements
could positively impact users behavior. It can contribute to the conservation of household energy
consumption, the second-largest energy-consuming sector of the EU.
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Appendix A, evaluation Apps
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For the full evaluation in excel go to https://docs.google.com/spreadsheets/d/1AvelzfESivPd6gm-

it?

38



Appendix B, added game design elements January

Happy Holidays e-card

0N

+

HAPPY HOLIDAYS!
+ * .

Beste deelnemers, met deze kaart wil ik~ 4p
e een fijne kerst en alvast een gelukkig

nieuwjaar wensen!

Dankzij jullie zal ik in het nieuwe jaar
studeren met een interessant en
waardevol onderzoek. Waarom jullie
deelname zo waardevol is leg ik uit op de
achterkant van deze kaart.

Data driven report December

Helaas je hebt deze maand meer verbruikt dan vorig jaar

Elektriciteitsverbruik

™ +2%

In vergelijking met vorig jaar december
Heb je 1,65kg CO2 meer uitgestoten dan vorig jaar
volledige compensatie moet je 10 bomen planten

Deze maand heb je ongeveer €0,96 extra ultgegeven aan
elektriciteit.

Onderzoek statestieken

Gemiddelde daling/stijging in verbruik van jouw groep: -3%
Gemiddelde daling/stijging in verbruik van dezelfde app gebruikers: -5%
G daling/stijging alle 3%

Persoonlijke feedback

1. Helaas heb je deze maand meer verbruikt dan vorig jaar, met een 2% stijging kom je

boven het gemiddelde, echter is je verbruik nagenoeg gelijk met vorig jaar

2.Als je de instellingen bij smart dodos wijzigt kun je precies zien hoeveel besparingen

je opleveren

3.Kijk 0ok eens naar wanneer je het meest verbruikt en of je hierin een patroon ziet

dat je kan doorbreken,

Maandelijks verbruik rapport
December 207

Betaal je niet onnodig blauw en
zie het licht!

Een gemiddelde gloeilamp is 60 watt en kan
vervangen worden door een 10 watt ledlamp

Een gemiddeld licht in de woonkamer brand
1.000 uur per jaar

Stel je hebt in je woonkamer nog een gloeilamp en
je vervangt deze, dan bespaar je 50 kWh per jaar

Dan bespaar je €11 en stoot je 20kg minder CO2
uit, dit staat weer gelijk aan 2 bomen

En daarnaast gaan led lampen tot wel 50x lang
mee dan gloeilampen

Deze extra uitstoot staat gelijk aan de CO2 opname van 0,2 bomen, Voor

HOE BESPAAR JE ELEKTRICTEIT MET JE APPARATEN
EEN PAAR HOEVEEL KAN OPLEVEREN

VAATWASSER
Een gemiddelde A+ vaatwasser verbrulkt 1,05 kWh per wasbeurt.
Stel dat | hem 1x per week minder aan zet, dan bespaar je al
gauw 54 KWh, €11 per jaar en daarmee 22kg CO2 uitstoat
Daarnaast zit ef op de meeste afwasmachines een lucht droog
stand, dit bespaart al een hoop elke per wasbeurt.

WASDROGER
Een gemiddelde A+ warmtepomp droger verbruikt 1kWh per
droogbeurt. Stel dat je elke maand 2 droogbeurten minder doet
dan scheelt dit je 24 kWh, €5,30 en 10kg CO2 per jaar. Ook hier
gekd dat als je de mogelijkheld hebt om de was lucht te drogen,
dan is het beter voor het milieu, jouw portemonnee en je kleren,

WASMACHINE

Een gemiddeide A+ wasmachine verbrulkt bij een wasbeurt op
30 graden 0,37 kWh en bi) 60 graden 0,9 kWh. Was zo0 laag
mogelijk en wacht nog even met wassen tot de mand vol it. Stel
dat je per maand 2 beurten op 40 graden averslaat dan geeft dit

een bespanng van ongeveer 12 kWh, €2.64 per jaar en Skg CO2.

ALLE BEETJES HELPEN

Misschien zul je bij deze voorbeelden denken dat het allemaal
niet zoveel scheelt. Maar juist dat is niet het geval, deze

zijn dat we niet Niet

alleen At ilien ook niet van

mensen verwachten dat ze meteen hun hele gedrag veranderen.
Juist deze hele Kieine gedragsveranderingen samen schelen een
hele hoop al lijkt het per verandering niet veel uit maken.

Als we deze voorbeelden bij efkaar optelien scheelt het 37kg.
€02 per huishouden. Dit staat ahveer geljjk aan de CO2 opname
van ongeveer 4 bomen, Stel je voor dat iedereen in dit
onderzoek het doet, dan zouden we al een kiein bos van 120
bomen kunnen planten,

Denk groen en bespaar!

7 tips om elke keer weer een beetje elektriciteit te
besparen

1. Zet geen warme producten in de koelkast of
vriezer, maar laat ze eerst afkoelen

2. Waar mogelijk installeer bewegingssensoren voor
het licht, hierdoor kun je het niet per ongeluk aan laten
staan

3. Laat je bevroren producten eerst ontdooien in de
koelkast, hierdoor verbruikt je koelkast minder

4.Doe altlAd een deksel op de pan als je aan het koken

bent dan houd je de aanwezige warmte vast

5. Ontdooi je vriezer regelmatig, door een laagje ijs op de
wanden verbruikt je vriezer meer elektriciteit

6. Zet de koelkast minimaal 10 cm van de muur af,
hierdoor kan die gemakkelijker de warmte kwijt.

7. Laat de koelkast zo kort mogelijk open, de koelkast
opnieuw op de juiste temperatuur krijgen kost veel
energie
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Appendix C, Added game design elements February

Tussenstand competitie Tussenstand competitie

Te winnen prijzen: bioscoopbonnen van €25, €15, €10 Te winnen prijzen: bioscoopbonnen van €25, €15, €10

1.Boy van der Laak -34,5% 1.Frank Brandsma - 40,0%
2.Michiel Ton -10,5% 2.Jasper Pot -34,3%
3.Sanne van Meeteren - 10,2% 3.Paul Koedam -14,1%
4.llse Baijens -9,9% 4.Baue Weemaens -10,0%
5.Sanne de Graaf -7.8% 5.Michel van Son +11,3%
6.Tijs Koedam. -2,8% 6.André Hofman +11,4%
7.Jessie de Booij +36,9% 7.Thomas van Eerden  +27,1%
8.Femke Verheuvel +43,6% 8.Stan Koedam +59,3%

Tussenstand competitie

Te winnen prijzen: bioscoopbonnen van €25, €15, €10

1.Daan Veenemans -15,0%
2.Tijmen Bruggeman -12,1%
3.Joelle Lufueni -9,4%
4.Thijs Kosterman - 8,9%
S.Martijn Vlasblom -8,3%
6.Femke Greefhorst -3,3%
7.Manouk Mocking +2,9%
8.Stephanie Gumbs +4,8%
9.Jeroen Buunk +6,5%

10. Carlijn Hudepohl +14,1%



86'C < UE
%0 ¥ZIEL %LL T 18 9z05 %580 Lot lejoL BEBEL LZek 5108 Z05% [eloL
%ES 01" 0E9¥ %8Pl €671 %5804 £E8L Y%LE L POEL Jsjew N 18l¥ 881 €991 9ezL ejsw n
%FLE 6995 %ZLE LELL %BLY 1102 %G L 1261 SOpap Hews 0645 2581 £002 SE6L sopop pews
%6 L 905€ %8G°L 601 %P6 LL il %8| 9£Z1 saddews 198€ 18LL BYEL LEEL saddews
WELT %608 %bLZ %198

%8 ¥ 890§ %Z0'0 9rslL %SE'6- 1881 %SHE SE9L BLES 289l 8v8l 68L1

. - - - - SOPOP UEWS/J8jaLin HEWUaoyas ¥2ia
%8G €L 89€ %8108 181 %68'88- 181 Sk 001 JaYJo + SBUY|| - f4%4 €11 66 - JBjBw-n  Wepsoy ueig
%L9°E- IS1L %65°LL- i8¢ HPEE- 0% %Gy L ;184 - 9LLL 20€ 68¢ szv J8BW N UOS UBA [BUDIN
%ZE 0T 6L %0L 61T %09 08T %ED L 0se - 0F6 96€ 862 =174 SOPOP UBWS BWSPUEIE YUBld
%l8'E 95t Y%6L 9k il %022 Ll 8 - 891 sau||| - 6EY A3 L8l ol s0pog yews 10d Jadser
%EELL aLoL %LELL 2z %616 S0F %S ST vEE usoisuad - 6ZZL [ g avy SOpOQ MBWS  WEPAO) INed
%8L9 0L %Z8 LL- fr4 %P8 Y €T %EG 0T 88T uoisuad - 473 £0Z 8¥C 108 aaddews  uewjoH aipuy
%028 £vE Y%8E 6~ S04 %lEP 543 ¥ L~ L - L€ 96 103 S0 saddelug 1183 UBA SEWOY|
%9 LL j:7k4 %00°PL a8 %0L'82 z8 Yoll'LL- [+]99 - PIE 0oL SLL 66 @addewsg suaewaapy aneg

%9 L1~ %466~ %556~ %99 ¥L-

Y%l8'9 1885 %0E'S zrsl %SE'9 8912 %99'8- 1181 1625 5191 6161 1891

% kT €E- 06 %SE 8- 6¥2 %L992- re %9562 6EE Ageg | 869 L1 0L2 ¥ET l9jeuw-n seaH uea Jaiboy
%bT L~ 167 %P0E £2T %01'5- 89T (14 - S8 0£Z 74 - JBl8W-N ) JERID 8P BUUES
%E6 02" 558 %5 0P ¥LT %ZI Pl 06Z %9ETL- L6Z - 104 Sl €52 65C Jajaw-n 9ANaYIBA Sjwad
%5962 B9EL %S LE i %y L2 L6¥ AT I5¢ - 9501 LOE 08¢ S9¢€ sopoq yews  fioog ap aissar
%6991~ 2L %2691~ [r44 %hv8 Ll 15z %LEGL- e Ageg | 419 S6l %4 602 SOpOp Wews wepaoy sfiy
%56 L~ 7IE %PTZL 98 %09°9- €Ll %8BS 01~ il - 80E 86 901 0L SOPOP HEWS 129l UBA BUUES
%000 (44 %9L°EL el %lOEL- 6EL Ykl T- 113 - ¥44 f4:13 £zl arl saddews ual |y
%L6EC 6L€ %E¥ 0T €1 %09'GE P %9001 £rl @)oo B4 | 26¥ erl 161 651 asddews sualieg esj|
%EE'61 60¥ %6.°9Z 43 %S 8L Skl %lh'Th 1343 - 108 8al 8Ll [%:13 asddews e Jap uea fog

; :I. :“: - .:: :: :
For the full evaluation in excel go to https://docs.google.com/spreadsheets/d/1AvelzfESivPd6gm-

%Ll L HESE %281 %08" L1

%59'6 0582 %8BT 0g6 %ET LL 126 %60°L V6 8zze ¥96 8814 9.0}
%ZT9 3:13 - 9L %000 28 WE¥ L €6 - £61 - 88 S0 Jejeuin Juanuily usape
%081 9l %0988 L %SG P 6 a8 - 91 6L 8 - Jejewn ueuLalsoy sfiyL
%89'5Z 9g¢ %F0'SH €ht %LG'82 ozt %06'0€ 148 - 6% =18 891 81 JRjAWI UBWAUSI UeRQq
%¥SL el %Lt 144 %86°9L r 6T i or 4oy je eqxe Aep) - (43 r4 €5 13 Jejewn qung elueydels
%EITT €52 %98°Z- 801 %8T'LS 19 %619k 88 - LZE SOk L S0b sopog pews Bupjoopy ynouepy
%E6 LI z0€ %EE'S =48 %0622 18 %LEBL ¥6 - 89¢ zEk 0Zh E[T sopoQ Pews wojgse|n uliuep
%90°'G- zee %€l ¥l S0k %8L'9 0Lk %8 0L~ Lk - 9lE 6 8L 0L sopoQ Hews jyedepny ufiyen
%291 651 %8Z'E 65 %98'5Z £ %ZLBL 5 - 061 19 89 ) S0POQ HEWS 10YaaID) ayway
%890 LLb %LOTH 1S %BZ L i %005z 59 - EA19 86 79 z5 saddews :webbnug uswil
%L004 [ %Cr'6 STk %S0°L Skl HELEL (443 - Lt 8¢t 951 €S seddews  juenyn ajjeor
%Er'8 zop %P zel %SLBL ogL %896 ovi - 6EY vzi 091 ssi saddews  yunng ueoser

uoRdwnsuoa [EjoL 0202 9o 0zZ0Z uer 6L0Z 900 owoy je swll  suosied exx3 Aioioele €0l 610 994 610Z uer 810Z 900 wewpedxe ddy sweN

Appendix D, Data on energy consumption participants
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