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Preface 
An inspiring example of motivating people to break through unsustainable consumption patterns is the 
climate change documentary ‘Before the Flood’ made by National Geographic and Leonardo DiCaprio. 
The film stresses the importance of protecting the planet for future generations. One of the main 
messages of the film underlined what can be done to prevent environmental harm causing climate 
change. In the film not only suggestions for organizations with strong influences on the society were 
addressed, such as companies and governments, but also for the average Joe in western countries and 
his activities in daily life, representing ‘regular people’ responsible for household energy consumption. 
On the 30th of October 2016, the film aired globally on the National Geographic channel in 171 
countries and 45 languages. In addition, it was made available freely on the internet and reached a 
record of 60 million views, making it one of the most watched documentaries in history. The success 
of the film shows the popularity of climate change, which gives hope that a large part of the world’s 
population is considering how to solve the climate change problem, what their role could be in this 
solution and how they can act to foster the energy transition.    
 
Before you lies the dissertation for the graduation research I conducted with the purpose to contribute 
to solving the climate change problem by addressing regular peoples’ role in the energy transition. 
Specifically, I examined the potential of gamified digital media interventions to stimulate solar energy 
adoption by households in the form of photovoltaic (PV) systems for their dwellings. It has been written 
to fulfill the graduation requirements of the Innovation Management master program at Eindhoven 
University of Technology. I was engaged in researching and writing this dissertation from March 2017 
to September 2017. I selected the topic of this research based on two different yet intertwining interests. 
My interest in the energy sector and specifically in the energy transition was sparked during my 
internship at the strategy team of the Dutch energy company Essent. As a result, I selected multiple 
energy related classes at the TU/e as part of my free electives. At the same time, I learned about the 
potential of gamification in motivating consumers to engage in specific behaviors. I had some earlier 
experience with influencing behavior from my bachelor in Psychology at the Radboud University in 
Nijmegen, however gamification was a method that I had never come across. The interest in 
gamification was sparked after I learned about the research field of my first supervisor Pieter Van Gorp. 
In selecting the topic of my dissertation, I wanted to address a challenge related to the energy transition 
that could be tackled with the use of gamification.  
 
Along these lines, I arranged a graduation project at Essent in the field of PV system adoption. PV 
system adoption is only one of the many energy practices consumers can adopt. I selected this topic 
because I believe that it represents a behavioral change consumers are able to make on their own, 
without being dependent on organization or companies that deliver clean energy. In addition, by 
adopting PV systems consumers become prosumers, which means that they generate and use their own 
energy. I believe that this increases the awareness of consumers in that energy should not be taken for 
granted. Yet I am aware of all the other opportunities consumers have to contribute to the energy 
transition. If the adoption of PV systems can be influenced by the gamified digital media interventions, 
it gives hope that the adoption of other energy behaviors could also be influenced by these type of 
interventions. Therefore, I see this research as a starting point of using gamification to motivate 
consumers to adopt sustainable energy practices.  
 
I would like to thank my three supervisors for their guidance during this process. I would also like to 
thank my colleagues at Essent that made it possible for me to conduct this graduation project at the 
company.  
 
Marjam Bahari 
 
Eindhoven, September 20, 2017 
 
Management summary  
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This study responds to one of the main challenges in enabling the energy transition: activating 
households to adapt their energy behavior to more sustainable energy practices. Specifically, it is 
examined how gamified digital media can be leveraged to positively influence consumers’ intention to 
adopt photovoltaic (PV) systems technology. Previous research in the field of gamification and digital 
media found that gamified digital media hold great potential in influencing consumers’ behavior. 
Gamified digital media present digitized information as gamified experiences that allow consumers to 
interact with each other, to share information, or to compete in performing certain tasks through online 
platforms. The gamified digital media leverage gamification by making use of motivational affordances 
that constitute game design elements such as points, badges, leaderboards and challenges. It is argued 
that these motivational affordances are able to change behavior through motivating consumers by 
providing (social) incentives, creating commitment to and engagement with the application. The 
research question addressed in this study examines how gamified digital media interventions can 
positively influence consumers’ intention to adopt a PV system. The research procedure applied to 
examine this question includes several consecutive parts. These include a literature study on the usage 
of gamification to stimulate sustainable household energy practices, a design study to design the 
gamified digital media interventions and a survey study to test the effectiveness of the designed 
interventions.  
 
A literature study on the usage of gamification to stimulate sustainable household energy practices was 
performed first to obtain an understanding of gamification and how it is used to activate households to 
adapt their energy behavior to more sustainable energy practices. Multiple perspectives on gamification 
are elaborated and a structural overview was created that represents the performed empirical research 
on gamification to stimulate sustainable household energy practices. Based on the perspectives of 
Hamari, Koivisto and Sarsa (2014) gamification is identified to contain three components: motivational 
affordances, psychological outcomes and behavioral outcomes. This breakdown is used to identify 
applications of gamification in the literature study. The perspective of Chou (2016) was also taken into 
account by considering the eight core drives that are stimulated by game design elements. It was ensured 
that at least one core drive is activated through an intervention, in line with Chou (2016). In addition, 
Bartle’s (1996) four player types are included to identify the type of consumers that are motivated by 
the designed interventions. The results of the literature study were used in the design study to design 
gamified digital media interventions.  
 
The design of the interventions was performed based on a rational problem solving approach to enable 
science based design. In line with this approach, the problems associated with PV system adoption are 
identified prior to designing the interventions. Cause and effect diagrams from the literature perspective 
and the consumers’ perspective were constructed to obtain two views that are used to identify the 
problem. Three main barriers to adoption were selected to be tackled by the gamified digital media 
interventions based on the cause and effect diagrams. These include a lack of trust in obtaining the 
promised benefits from PV systems, a lack of knowledge about PV systems and not enough 
encouragement from the social environment to stimulate the customer to adopt a PV system. 
Accordingly, the design approach to design the interventions was formulated by considering design 
principles, design parameters, design requirements and the design procedure. The design principles 
were formulated based on CIMO-logic to provide prescriptive knowledge for the design procedure 
(Denyer, Tranfield, & Van Aken, 2008). Design parameters entailed that game design elements (i.e. 
motivational affordances) found in the literature and the technological means through which the game 
design elements could be delivered. The design requirements provided the design space for designing 
the interventions. Based on the described design procedure, three gamified digital media interventions 
were designed constituting of an e-mail intervention, a maps interventions and a challenge app 
functionality intervention. The clarity and comprehensibility of the interventions were accordingly 
tested in 7 semi-structure interviews. The feedback obtained during these interviews was used to 
redesign the interventions as the final concepts that are tested in the survey study.  
 
The survey study examined how the gamified digital media interventions influenced customers’ 
intention to adopt a PV system. Therefore, the effectiveness of the redesigned interventions in 
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stimulating customers’ intention to adopt a PV system was tested and the variables through which the 
interventions influence customers’ intention to adopt a PV system were examined. The survey included 
general questions to measure control variables and Likert items to measure the selected psychological 
outcomes, behavioral outcomes and usability variables based on a Likert scale. The Likert scales were 
first constructed and tested by conducting a confirmatory factor analysis. Accordingly, multiple 
regression analysis was used to examine the relationships between the variables. The results showed 
that the interventions positively influenced consumers’ intention to adopt a PV system through 
educating the respondent about the benefits of PV systems, increasing respondents’ trust in obtaining 
benefits from purchasing a PV system, evoking strong intentions of using the intervention and 
increasing respondents’ intention to communicate with their friends, family or colleagues about PV 
systems. In addition, respondents with a high education (i.e. scientific education or WO) were more 
likely to be positively influenced by the interventions compared to the other educational level 
categories, and respondents in the pre-awareness stage of the customer journey were also more likely 
to be positively influenced compared to the other customer journey categories. The variables that 
negatively influenced the intention to adopt a PV system were perceived ease-of-use, the category 
“None of these statements describe my situation” from the customer journey location control variable 
and age. It was found that increasing community interaction is critical for the success of the e-mail 
intervention in increasing the intention to adopt a PV system. Furthermore, the data collected with the 
online survey was also used to identify potential target group characteristics for the interventions. This 
information provides insight into the effectiveness of the interventions among the various customer 
segments and helps Essent to further structure the development and implementation of the interventions. 
It was found that the e-mail intervention seems to activate customers most to obtain a price for a PV 
system and that the app activates customers least. However, for several categories, the maps and the 
app interventions seem to be more effective compared to the maps intervention. It is therefore important 
to consider the target group that is desired to be reached in deciding upon the further developed and 
implemented intervention.  
 
The study contributes to design science literature by illustrating a design science based method for 
designing gamified digital media interventions that tackle the root causes of a particular problem. The 
approach applied in this study showed that usage of design science methodology enables researchers to 
identify the root causes and design gamified digital media interventions that address the causes. The 
value of this study for academic literature includes three contributions. First, due to organizing the 
information found in the literature study in the structural overview, the information can be easily 
accessed in future research to examine the potential of gamification in facilitating households to adopt 
sustainable energy practices. Secondly, the usage of the design approach is successfully utilized in the 
specific context of PV system adoption by testing the effectiveness of the designed interventions in 
facilitating the desired psychological and behavioral outcomes as identified through CIMO logic. 
Thirdly, new insights in factors that influence customers’ intention to adopt PV systems are obtained 
that can be taken into account in future research on the stimulation of PV system adoption. However, 
the study also includes multiple limitations. One limitation considers the performed literature study on 
gamification. As researchers only recently have begun to examine gamification applications to 
influence behavior, the amount of research is yet limited. Therefore, the literature study captures 
examined gamification applications, however many unexamined applications are not captured. A 
second important limitation considers the testing of the interventions. It is not clear which motivational 
affordances caused a specific effect because the interventions represented a combination of motivational 
affordances. Both limitations provide opportunities for further research to examine how gamified digital 
media interventions can stimulate households to adopt sustainable energy practices.  
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1. Introduction  

1.1 Research scope 
Climate change has been one of the main global challenges of the previous decades. In particular human 
activities strongly contributed to climate change by causing changes in the Earth’s atmosphere in the 
amount of greenhouse gases. This is especially due to the release of carbon dioxide gas into the 
atmosphere as a result of the burning of fossil fuels (Solomon, et al., 2007). The burning of fossil fuels 
generally serves the purpose of generating energy to meet the world’s energy demand. Of the world 
energy consumption in 2015, fossil fuels entailed 86 % of fuels used for energy generation (i.e. 32.9% 
oil, 29.2% coal and 23.9% gas) (BP, 2016). If the current usage amounts and combustion technology 
of fossil fuels for energy generation continues, the increase of the average temperature of the Earth’s 
climate system will cause catastrophic environmental effects in a near future (Solomon, et al., 2007). 
Deep cuts in greenhouse gas (GHG) emissions are required to prevent the dangerous effects of climate 
change. Households remain one of the most significant contributors to greenhouse gas emissions due 
to their steady contribution of 25-27% to the final energy consumption since 1995 in Europe, including 
direct and indirect emissions such as power plants generating electricity and heat for households 
(Karakosta, 2015). The impact of household energy usage is especially evident in the Netherlands. It is 
second to last out of all European nations when it comes to the progress made with moving away from 
fossil fuels. This is for a large part caused by a relatively low amount of Dutch households using biomass 
to heat their houses compared to other European countries (CBS, 2016). The observation is a result of 
the abundance of gas in the Netherlands in the past century. Currently, nearly every house is connected 
to the natural gas grid and gas is fairly cheap, which facilitates the usage of gas in households (CBS, 
2016). To facilitate the transition from a system that is heavily reliant on natural gas to a low-carbon 
society, enabling households to become active participants in the energy system is endorsed as a key 
strategy (Naus, Van Vliet, & Hendriksen, 2015). 
 
This study responds to the challenge of activating households to adapt their energy behavior to more 
sustainable practices. A household is defined as a group of people living in one accommodation who 
provide for their own housing and daily needs or whose housing and needs are provided for by others 
(CBS, 2017). Research on households in the energy system mostly focused on their role as consumers, 
however they can also play a role as energy producers (Wittenberg & Matthies, 2016). With the 
development of renewable energy technologies, the behavioral role of household is changing from 
energy consumer to energy producer and consumer, the so-called prosumer (Wittenberg & Matthies, 
2016). Nowadays, establishing energy neutral dwellings by prosumers is advocated to stimulate the 
energy transition in the Netherlands by environmental organizations such as Milieu Centraal. Energy 
neutral dwellings are dwellings that have no or very little energy costs (Milieu Centraal, 2017). These 
dwellings in general make use of sufficient insulation, high quality windows, a ventilation system that 
helps to attain heat, heating through heat pumps or solar boilers, electricity generation through a 
photovoltaic (PV) system and a system that provides insight into generation and consumption. An 
important part of energy neutral dwellings is the generation of energy through sustainable generation 
methods. This can be achieved by utilizing widely used methods such as solar energy and wind energy, 
or more innovative methods such as fuel cells that produce electricity by using hydrogen and oxygen. 
While fuel cells show great potential in sustainable energy generation, they still often require a higher 
initial investment than other energy alternatives (Nedstack, 2017). Currently, PV systems are most often 
used by prosumers to generate energy for a dwelling in the Netherlands (Milieu Centraal, 2017). PV 
systems are defined as power systems that supply solar power by means of photovoltaics, and consist 
of several components. These include solar panels to absorb and convert sunlight into energy, a solar 
inverter to change the electric current from direct current (DC) to alternating current (AC) to make it 
usable for a household, and also mounting, cabling and other electrical accessories to set up the system 
(CBS, 2015). This technology can either convert solar radiation (i.e. sunlight) into electricity or heat 
(CBS, 2015). While the production of solar panels does require energy, it is argued that PV systems are 
a sustainable method of energy generation because they ultimately enable energy savings (Knip, 2016).  
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PV systems show great potential to stimulate the energy transition in the Netherlands, because their 
costs are decreasing and policy measures that facilitate the purchase of PV systems are improving (ECN, 
2016). The installed solar panel capacity experienced a major growth of 40% in 2015 and about 400.000 
households in the Netherlands are estimated to use PV systems (CBS, 2015; Desmet, Segaar, & Van 
der Graag, 2017). It is evident that PV system adoption is increasing in the Netherlands, yet the 
contribution of solar energy to the total energy usage in the Netherlands in 2015 is still only 0.3 % 
(CBS, 2016). This relatively low contribution raises the questions of why solar energy did not diffuse 
more and what could be done to further stimulate the adoption of PV systems. These questions are 
addressed in this study by building on previous research considering the barriers to PV system adoption 
in the Netherlands. Adoption is defined as the decision making process of an individual considering the 
acceptation or rejection of a particular innovation (Straub, 2009). According to adoption theory, it is 
relevant to examine individuals’ decision making process to answer the questions considering PV 
system adoption (Straub, 2009). Straub (2009) argues that adoption is a complex, social, developmental 
process. In addition, the adoption process depends on the unique (but malleable) perceptions of 
innovations that are constructed by individuals. Therefore, cognitive, emotional and contextual 
concerns should be addressed to successfully facilitate the adoption of an innovation (Straub, 2009). 
Vasseur and Kemp (2015) endorsed this view and studied the barriers to adoption of PV systems in the 
Netherlands from consumers’ perspective. They obtained data from a representative sample over the 
Dutch population with 817 internet questionnaires. The researchers examined the intention to adopt in 
line with its definition according to the Technology Acceptance Model (TAM). The intention to adopt 
indicates the self-reported attitudes and behavioral intentions of the consumer towards purchasing a PV 
system (Straub, 2009).  
 
Vasseur and Kemp (2015) concluded that overcoming attitudinal barriers to the adoption of PV systems 
by positively influencing consumers’ attribute perceptions of PV systems is key to enable households 
to contribute to a sustainable future. The researchers found that the costs of the PV system were 
considered affordable for adopters, whereas for non-adopters (i.e. individuals that either rejected to buy 
a PV system or did not bought it yet) the costs were viewed as too high. Vasseur and Kemp (2015) 
argue that these differences are caused by adopters valuing the benefits more than non-adopters. In 
addition, they found that knowledge about PV systems (i.e. knowledge about costs, quality aspects, 
grants, social and environmental matters) positively influences the adoption of PV systems. Along these 
lines, it is argued that increasing consumers’ knowledge about PV systems could influence customers 
to see the costs of PV systems as affordable (Vasseur & Kemp, 2015). The opportunity of increasing 
consumers’ knowledge on PV systems is further examined in this study due to its potential positive 
influence on consumers’ attribute perceptions. It is argued that today digital media, which is defined as 
digitized content such as text, graphics and video that can be transmitted over internet or computer 
networks, play a critical role in the obtainment of knowledge on PV systems (Beck, Lakkaraju, & Rai, 
2016). This is because the increasing presence of digital media increased the ability of consumers to 
easily gather an abundance of information to aid decision-making (Beck, Lakkaraju & Rai, 2016). 
Based on the importance of digital media in the information gathering process nowadays, it is decided 
to specifically examine the potential of digital media by specifying interventions that display 
information via digital media.  
 
Beck, Lakkaraju and Rai (2016) also found that how information is conveyed can be as important as 
the information itself. They examined how passive versus interactive information interventions impact 
the antecedents of behavioral change in the context of PV system adoption by delivering the same 
content in a passive and interactive manner. Passive information was defined as	 traditional, non-
interactive media, such as TV Ads, newspaper ads, newsletters, flyers, posters, etc. that emphasize the 
passive nature of information dissemination. Interactive information interventions included gamified 
experiences that allowed consumers to interact with each other, to share information, or to compete in 
performing certain tasks through for example online platforms. The interactive information 
interventions more strongly impacted the behavior of consumers compared to traditional media. The 
type of interactive experiences used in the study of Lakkaraju and Rai (2016) are referred to in the 
literature as motivational affordances. Motivational affordances represent the gamified elements that 
motivate and engage the user, such as points, leaderboards and challenges (Hamari, Koivisto, & Sarsa, 
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2014). The use of such motivational affordances is referred to as ‘gamification’. Gamification is defined 
as a process of enhancing services with motivational affordances in order to invoke gameful experiences 
and specific behavioral outcomes (Hamari, Koivisto & Sarsa, 2014). Gamification is also referred to as 
the use of game design elements (i.e. motivational affordances) in non-gaming contexts (AlMarshedi, 
Wills, Wanick, & Ranchhod, 2015). Both definitions emphasize a slightly different aspect of it, yet refer 
to the same concept. It is argued that gamification can be a powerful tool to motivate people to change 
behavior in almost any domain of daily life by giving social incentives, creating commitment, and 
building credibility. Researchers are only beginning to learn and understand how to leverage interactive 
digital media with gamification elements (i.e. motivational affordances) to effectively deliver 
information and overcome barriers related to finding reliable and clear sources of information (Beck, 
Lakkaraju & Rai, 2016). Therefore, the amount of research undertaken on gamification is limited 
(AlMarshedi et al., 2015). Few studies have examined the impact of gamification on behavioral 
intentions, especially in the field of PV system adoption (Beck, Lakkaraju & Rai, 2016). This study 
adds to the learnings in the field of gamified digital media by leveraging this concept to positively 
influence consumers’ behavioral intentions. The examination of gamification in the field of PV system 
adoption and its effectiveness in reducing the barriers to PV system adoption adds to this specific field 
of research.     
 
To obtain sufficient insight in current PV system customers in the Netherlands and to increase the 
practical relevance of this study, it is decided to conduct the study at the solar energy department at the 
company Essent in ‘s-Hertogenbosch. Essent is one of the largest energy suppliers and PV system 
suppliers for households in the Netherlands with 2.4 million residential and commercial customers in 
the Netherlands and Belgium (innogy, 2016). Essent aims to further expand their solar business in the 
Netherlands by creating a better fit between the product propositions and the customer needs, and 
therefore values research on new retail opportunities. By conducting this study at Essent, many valuable 
insight can be obtained about PV customers in general, PV systems technology and PV systems retail 
channels by building upon the expertise of the solar department of Essent. The value of this study for 
Essent is to increase the understanding of the opportunities of gamified digital media in the customer 
experience of Essent’s potential and current solar customers. It is important to take into account that the 
information obtained from Essent and its customers considers a representation of Essent’s customers. 
Therefore, this study is a case study on the PV customers and their customer decision journey at Essent.  

1.2 Research goals and research approach 
The goal of this study is to obtain insight in how gamified digital media can be leveraged to positively 
influence consumers’ intention to adopt PV systems by tackling barriers to adoption. Therefore, several 
interventions are developed and tested. To deal with the abundance of design and intervention 
opportunities to stimulate consumers’ intention to adopt a PV system, a specific scope is set for 
designing the interventions. It is decided to focus on the conveyance of information addressing PV 
systems through gamified digital media interventions. This is in line with the findings in literature that 
hold great potential for increasing consumers’ intention to adopt a PV system through gamified digital 
media and through increasing the knowledge about PV systems (Beck, Lakkaraju & Rai, 2016; Vasseur 
& Kemp, 2015).  In line with the research goal of the study, the following main research questions is 
defined: How can gamified digital media interventions positively influence consumers’ intention to 
adopt a PV system?   
 
The design process for designing the interventions that stimulate PV system adoption plays an important 
role in this study. A rational problem solving approach in line with Simon (1981) is used to approach 
the design process. This approach is considered to fit the problem that is addressed in the present study, 
which is the limited PV system adoption in the Netherlands. Considering that the problem space and 
the design space are limited due to the narrow scope of the study, and that literature plays an important 
role in identifying solutions to the problem, a rational problem solving approach is evaluated as suitable 
to address the problem (Simon, 1981). Specifically, a science-based design was applied in order to apply 
theory in practice and design science-based interventions to stimulate PV system adoption (Denyer, 
Tranfield, & Van Aken, 2008). In line with this approach, first a problem is selected and a list of 
requirements is developed based on insights obtained from previous research. Accordingly, the 
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interventions were designed conceptually and tested accordingly. Testing the concept interventions 
enables refining the designed interventions during the design process through pretesting the designed 
interventions in the design study. To not lose sight of the practical value and implications of the 
interventions, the interventions were developed specifically for the energy company Essent.  
 
It is decided to organize this report in several consecutive parts that incrementally aid in reaching the 
formulated goal. This approach is selected because the design process for designing the interventions 
is a critical part of the study. Therefore, the structure of the research is based on the selected design 
process approach. The parts that form the report are listed in table 1. To maintain a valuable contribution 
of each part to the general research goal of this study, a goal and a research question is formulated for 
each part of the study. These sub-goals and sub-research questions are also included in table 1. Each 
part is elaborated accordingly to clarify the research process and structure of this report.  
 

Table 1: Consecutive parts included in this reports, including chapter, goal, research question and contribution. 

Chapter Goal Research questions Contribution to research goal 
2. Gamification 
literature study 

Collect and organize literature on the 
usage of gamification to stimulate 
sustainable energy practices. 

How is gamification used in the 
literature to stimulate sustainable 
household energy practices? 

A theoretical foundation for 
including gamification elements 
in the design of the 
interventions. 

3. Design study Design, pretest and redesign the 
gamified interventions that have the 
potential to tackle problems relating to 
PV system adoption. 

What causes are associated with the 
barriers relating to PV adoption?  
How can these be addressed through 
gamified interventions? 
Are the designed interventions clear 
and easy to understand for 
respondents? 

Diagnosis of the problem and 
the design of the interventions. 
Redesign of the interventions 
based on pre-testing feedback. 
 

4. Survey study Test the effectiveness of the redesigned 
interventions in stimulating customers’ 
intention to adopt a PV system.  
Identify the variables through which the 
interventions influence customers’ 
intention to adopt a PV system.  
Identify potential target group 
characteristics for the interventions. 

How do the interventions influence 
consumers’ intention to adopt a PV 
system? 
What variables influence 
consumers’ intention to adopt a PV 
system?  

Testing how the redesigned 
interventions influence 
customers’ intention to adopt a 
PV system through statistical 
inference techniques.  

 
In order to clarify the research approach of designing and testing the interventions to stimulate 
consumers’ intention to adopt a PV system, the process is visualized in figure 1. This figure shows the 
research process towards answering the main research question by illustrating how the consecutive steps 
led towards the designed interventions and the formulation of the conclusions. As seen in figure 1, 
before commencing with the design study, it is decided to first conduct a literature study in the field of 
gamification applications to learn more about how gamification can be used to stimulate PV system 
adoption. The literature study conducted on the usage of gamification to stimulate sustainable household 
energy practices is included to lay a foundation for adding gamification elements in the design of the 
interventions. This literature study adds to the existing body of literature by providing a structural 
overview of a great deal of information on the usage of gamification to facilitate sustainable energy 
practices that is currently scattered among academic papers. By specifically focusing on sustainable 
household energy practices, the literature review is directly usable for further research aiming to activate 
households to contribute to the energy transition, in line with the challenge addressed by this research. 
While the adoption of PV systems relates to the field of research addressing technology adoption 
studies, it is decided to conduct the literature study in the context of sustainable household energy 
practices. The reason why it is not seen in the context of technology adoption in general, is that not all 
sustainable household energy practices require the adoption of a new technology. Some sustainable 
energy practices are more behavioral in nature, such as reducing household energy consumption or 
making use of energy when the energy generation from sustainable sources is high. The 
conceptualization of gamification defined by Hamari, Koivisto & Sarsa (2014) is used to define the 
building blocks of the structural overview. Hamari, Koivisto & Sarsa (2014) identified that gamification 
consists of three main parts: motivational affordances, psychological outcomes and behavioral 
outcomes. These are placed in the context of CIMO logic as proposed by Denyer, Tranfield and Van 
Aken (2008) to structure the overview, which is further explained in chapter 2.  
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Figure 1: Research approach. 

Prior to commencing with the design of the interventions, the problem diagnosis is performed based on 
two opposing perspectives. The first perspective considers the literature addressing the problem of the 
limited PV system adoption in the Netherlands. The relevant insights from the research that has been 
performed on this topic, such as the study conducted by Vasseur and Kemp (2015), are captured. The 
second perspective addresses the problem by examining the perceptions on PV system adoption through 
consumers’ eyes. This perspective is investigated by considering insights and expertise obtained at 
Essent on the decision making process for PV system adoption of their customers. Both perspectives 
are integrated to complete the problem diagnosis. The following step entails the construction of the 
design principles by using the insights obtained in the problem diagnosis and the results of the 
gamification literature study. Design principles can be seen as guidelines that set a scope for designing 
solutions to solve the addressed problem. Denyer, Tranfield, and Van Aken (2008) propose a specific 
method to define design principles by using CIMO-logic. CIMO logic is constructed as follows: in the 
selected problematic context C, use intervention I to invoke the mechanism(s) M, to deliver these 
outcome(s) O. Design principles created with this method contain information on what to do, in which 
situations, to produce what effect and offer some understanding of why this happens. In the construction 
of the design principles for designing the interventions to stimulate PV system adoption, the insights 
from the problem analysis and the structural overview of gamification applications are used to formulate 
design principles that tackle the selected barriers to adoption through gamified digital media 
interventions. The motivational affordances representing the game elements are included in the design 
principles as the Intervention type. The desired psychological outcomes and behavioral outcomes are 
identified through insights from the problem analysis and formulated as the Mechanisms and Outcomes 
in the design principles.  
 
After identifying the design principles, the design requirements are formulated to set the design space 
for the interventions. The design requirements give directions considering boundary conditions, 
functional requirements, user requirements and design restrictions (Van Aken, Berends, & Van der Bij, 
2007). These are stated based on the problem diagnosis, insights obtained from literature and 
requirements stated by Essent. Accordingly, the design parameters for the interventions are defined. 
Design parameters are the attributes of a design that limit the cognitive space in which a design is 
formed. They explain a design as a solution that is broken down into smaller units that are represented 
by the values of the design parameters (Baldwin & Clark, 1999). The identified motivational 
affordances and technological means to deliver the gamified elements are formulated as the design 
parameters. By taking into account the established design principles, requirements, parameters and the 
design procedure, the concept interventions to stimulate PV system adoption are designed. After 
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completing the design of the concept interventions, the interventions are pretested to examine if the 
concepts are clear and easy to understand for consumers. This step is included in the research because 
it is important to identify ambiguities or interpretation errors of the design before the designs are 
evaluated on a larger scale in the survey study. The pretesting procedure involves semi-structured 
interviews in which the interventions are shown and discussed with 7 participants. The feedback 
obtained during the pretesting is used to redesign the interventions.  
 
The fourth chapter covers the survey study that is conducted to examine customers’ attitude and 
opinions towards the interventions. The redesigned interventions are tested with the online survey by 
measuring consumers’ self-reported attitudes towards the selected psychological outcomes, behavioral 
outcomes and usability related variables such as the perceived ease-of-use and perceived usefulness of 
the designed interventions. Additionally, several control variables were included in the survey to 
account for potential differences in attitudes that are caused by external variables. Chapter 4 describes 
the development of the survey, the validation of the survey, the data analysis and the results. The survey 
includes questions for the control variables and Likert items to measure attitudes associated with the 
selected psychological and behavioral outcomes, and the usability variables. The Likert items are 
defined to represent Likert scales that provide an indication of respondents’ scores on these variables. 
Accordingly, the selected study design and the data collection procedure are described. The collected 
data consisted of 641surveys filled in by customers of Essent. The data analysis includes the data 
preparation, the data exploration and the evaluation of assumptions that need to be met to use statistical 
inference techniques. If the data meets the assumptions, first a confirmatory factor analysis is used to 
examine the validity of the constructed Likert scales. Next, a multiple regression analysis is conducted 
to examine the relationships between the variables. With the multiple regression analysis the variables 
that play an important role in customers’ intention to adopt a PV system are identified. The data obtained 
from the survey study is used to formulate conclusions about how the interventions influenced 
customers’ intention to adopt a PV system. In addition, the target group characteristics are identified 
for the group that is effected by the interventions. Therefore, the respondent group that showed positive 
attitudes towards the intention to adopt a PV system is examined. This information provides Essent 
insight in the customer segments that potentially are impacted by the interventions, which can be used 
for the further development and implementation of the interventions. The general conclusions 
considering the research goal and research question are elaborated in chapter 5. In this chapter, 
conclusions addressing all the consecutive parts are formulated. The practical implications, limitations 
and the directions for further research are also discussed.  

2. Gamification literature study 
The goal of the literature study is to collect and organize literature on the usage of gamification to 
stimulate sustainable household energy practices. This goal is reached by examining the defined sub-
question for this chapter: How is gamification used in the literature to stimulate sustainable household 
energy practices? By answering this question, a theoretical foundation for including gamification 
elements in the design of the interventions is laid by organizing the findings in a structural overview 
that can be consulted to formulate design principles in line with CIMO logic (Denyer, Tranfield, & Van 
Aken, 2008). It is decided to set the scope of the literature study to sustainable household energy 
practices to aid future research addressing the role of households in the energy transition. Due to this 
decision, the literature review is useful for future research addressing all practices households can adopt 
to decrease their negative impact as a result of their current energy practices. The results of the literature 
review consider more opportunities to stimulate households to reduce climate change than only through 
adoption of PV system. This is necessary as only the adoption of PV systems is not enough to reach the 
full potential of households to contribute to the energy transition. This is evident in the example of an 
energy neutral dwelling. PV systems can generate the required energy, however the adoption of other 
technologies, such as heat pumps, sufficient ventilation and insulation, further optimizes energy 
practices (Milieu Centraal, 2017). In this chapter, first the theoretical background offers an introduction 
into the state of the current research in gamification. Next, the methodology to conduct the literature 
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study is described and the results of the literature review are elaborated. Lastly, conclusions considering 
the sub-question addressed in this chapter are formulated.  

2.1 Theoretical background 
In the field of environmental sustainability, the application of gamification is recognized by climate 
scientists, behavior analysts and companies (Morford, Witts, Killingsworth, & Alavosius, 2014). The 
potential dimensions of behavior changes are broad (including behavior such as driving, recycling, 
composting, and consumer behavior), however up to this point gamification for behavioral 
sustainability has focused primarily on energy conservation (Morford et al., 2014). In addition, 
companies started using gamification to change behavior related to energy conservation in recent years. 
The body of research and practical experience on gamification related to household energy practices is 
growing due to the recognition of gamification as a valuable method to redesign life activities. In 
parallel to these developments, the applications of gamification predominantly in the form of mobile 
change agents designed by companies are increasing (Morford et al., 2014). Researchers and designers 
that are searching for methods to stimulate sustainable household energy practices can utilize the body 
of promising research on gamification applications. However, it is challenging for non-experts to obtain 
an overview of all the opportunities for gamification applications that can be used. A complicating 
factor is the issue of definitions used to identify a technology as gamification (Hamari, Koivisto, & 
Sarsa, 2014). It is also debatable which motivational affordances are unique to games as well as which 
behavioral outcomes can be considered to stem from gamification.   
 
Based on the generally applied definition of gamification, there is room for a large variety of studies 
that could be framed as gamification (Hamari, Koivisto & Sarsa, 2014). Hamari, Koivisto and Sarsa 
(2014) examined the state of current research on the topic by performing a rigorous literature review on 
empirical studies addressing gamification. They identified several concepts that can be used in 
examining the effects of gamification by drawing from the definitions of gamification. The researchers 
argue that motivational affordances form the independent variables that affect the dependent variables 
consisting of psychological and behavioral outcomes. Examples of motivational affordances include 
points, leaderboards, achievements/badges, levels, story/themes, goals, feedback, rewards, progress and 
challenges. Psychological outcomes could be for example increasing engagement, satisfaction or 
motivation to perform a task, while behavioral outcomes consider a measured behavioral change, the 
completion of a task or an increased knowledge level. In addition, it was found that gamification can 
have a positive effect on a desired psychological or behavioral outcome, however the effects are greatly 
dependent on the context in which the gamification application is implemented, as well on the users 
using it. With these findings, Hamari, Koivisto and Sarsa (2014) provide insight for further studies as 
well as for the design of gamified systems, yet they do not provide recommendations on how 
gamification can be used to achieve specific outcomes. The insights Hamari, Koivisto and Sarsa (2014) 
obtained on gamification were drawn from gamification applications in different contexts: commerce, 
education, health, intra-organizational systems, sharing, sustainable consumption, work, 
innovation/ideation and data gathering. As a result, the psychological and behavioral outcomes are 
related to general outcomes of gamified applications that are more abstract in nature and not directly 
attributable to outcomes for more specific goals.  
 
Insights about gamification are also drawn from (Chou, 2016). Chou (2016) created a gamification 
design framework called Octalysis to analyze and build strategies around various systems that make 
games engaging. The most important insight from this framework is that gamification applications are 
based on one or more of the 8 core drives within the Octalysis framework. The 8 core drives are epic 
meaning & calling, development & accomplishment, empowerment of creativity & feedback, 
ownership & possession, social influence & relatedness, scarcity & impatience, unpredictability & 
curiosity and loss & avoidance. According to Chou (2016), at least one core drive must be present to 
motivate the user to perform a desired action. Chou (2016) defined concrete design elements through 
which these core drives can be realized, such as points, badges, etc. However, he does not refer to them 
as motivational affordances, the term that is generally used in the literature to describe gamification 
elements. In addition, these concrete elements are named based on terminology uniquely used by Chou 
(2016), including terms such as “Destiny Child”, “SeeSaw Bump” and “Status Qua Sloth”. Many of 
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these concrete elements are unclear as Chou (0216) only explains several of the concrete methods 
included in the Octalysis framework. One of the most important takeaways from the Octalysis 
framework is that the framework should be applied by focusing on users’ motivation by thinking 
through the 8 core drives instead of focusing on features and functionalities. Due to the unique 
terminology Chou (2016) uses and the limited explanation of the concrete design elements, these 
elements are not appropriate to use as key terms to search for relevant literature on motivational 
affordances. As the motivational affordances found by Hamari, Koivisto and Sarsa (2014) represent the 
current terminology applied in empirical research to refer to gamification, they are selected to be used 
as search terms in the literature review. Yet, the important insight from Chou (2016) that at least one of 
the 8 core drives needs to be activated should be considered in the design as this is important in realizing 
gamified interventions. Creating an understanding of how the core drives are induced aids in the design 
phase to make sure that each intervention activates at least one core drive. Therefore the activation of 
the core drives due to the motivational affordances is taken into account in the design study.  
 
Chou (2016) claims that the core drive of epic meaning & calling is activated when users of the 
application believe that they are doing something greater than themselves. This feeling can for example 
be induced through using narratives that stimulate the perception of a higher meaning associated with 
the application. This drive is also activated through “beginner’s luck”, an effect that makes users believe 
they receive a gift that others do not receive or that they are lucky getting the gift (Chou, 2016). The 
second core drive development & accomplishment represents users’ internal drive for making progress, 
developing skills, achieving mastery, and eventually overcoming challenges. Chou (2016) states that 
this core drive includes concrete design elements such as points, badges and leaderboards. Furthermore, 
the empowerment of creativity & feedback core drive is expressed when users are engaged in a creative 
process where they need to figure new things out, they need to see the results of their creativity, and 
receive feedback that makes it possible for them to adjust in turn. This includes design elements such 
as milestones and different types of feedback. The ownership & possession core drive is where users 
are motivated because they have the feeling that they own or control something. Chou (2016) claims 
that when users feel ownership over something, they innately want to increase and improve what they 
own. The feeling of ownership might be towards virtual goods such as virtual currencies, but also 
towards an avatar that can be customized or a project in an organization. The core drive of social 
influence & relatedness is addressed through all the social elements that motivate people. This includes 
mentorship, social acceptance, social feedback, companionship, and even competition and envy. The 
core drive of scarcity & impatience represents wanting something simply because it is extremely rare, 
exclusive, or immediately unattainable. Chou (2016) claims that the fact that people cannot get 
something right away, they are motivated to think about it more and return to the product every chance 
they get. Examples of design elements used to activate this core drive are appointment dynamics, which 
harness the scarcity of time by instructing users to take the desired actions in specific, recurring 
moments in time to reach the win-state. Next, the core drive unpredictability & curiosity motivates 
users to constantly be engaged because they do not know what is going to happen next, which stimulates 
their brain to pay attention to the unexpected. This core drive can be activated through for example 
providing the user random rewards. The last core drive loss & avoidance refers to users’ motivation to 
avoid something negative from happening. This is for example illustrated through progress loss, which 
entails losing previous work due to not performing specific actions.  
 
Next to the core drives, Chou (2016) included the dimension of player types into the usage of the 
Octalysis framework. The researcher argues that player types need to be taken into account in designing 
gamified interventions as different types of people are motivated differently by the core drives. 
Therefore, this dimension is also included in design of the interventions. Chou (2016) used Richard 
Bartle’s Four Player Types to discuss how the player types are influenced by the core drives. The player 
types include Achievers, Socializers, Explorers and Killers (Bartle, 1996). Achievers see point-
gathering and rising in levels as their main goal, an all other is ultimately subservient to this. Socializers 
are mainly interested in people, what they have to say and the inter-player relationships that are built. 
Explorers find pleasure in discovering how things work and therefore value exploration related features. 
Killers enjoy imposing themselves on others and causing havoc that makes others upset. These player 
types are considered in the design of the interventions by determining what kind of player types are 
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addressed by the interventions. The player types are useful to include in the description of the designed 
interventions to understand what type of target group will potentially be activated by the interventions. 
In essence, it is fruitful to activate as much as possible player types with an intervention to increase its 
effectiveness. 
 
To facilitate researchers in using the information collected in this literature study to create applications 
that stimulate sustainable household energy practices, commonly applied design methods are taken into 
account to structure the overview. A state of the art method to design applications in a conceptual early 
phase of the design process is to apply design principles that describe the general design elements of an 
application from different perspectives and guide the designer through the conceptual design phase 
(Denyer, Tranfield, & Van Aken, 2008). Denyer, Tranfield and Van Aken (2008) proposed CIMO-logic 
as a design science based method to develop design propositions (i.e. concrete design principles). 
CIMO-logic breaks down the building blocks of a design principle into four components: context, 
intervention, mechanism and outcome. In this study, energy practices represent the context component 
of the design principle. The intervention component is represented by the gamified digital media 
interventions that are designed in this study. The mechanism in the design principle is defined as the 
psychological outcomes that are triggered to achieve a specific sustainable energy practice behavior. 
This specific behavior corresponds to the outcome component in line with CIMO-logic. Using CIMO 
logic to structure the findings of this literature review provides further research a structural overview of 
the empirical research performed in this field.  

2.2 Review methodology 
Several consecutive steps are defined and followed properly to ensure the quality of the review, as seen 
in figure 2. Relevant articles are found by using specific search terms and databases. The numerous 
articles found in the search phase represent the long list and are accordingly evaluated based on selection 
criteria. The articles in the short list are used to extract relevant information that forms the foundation 
of the structural overview of gamification applications.  
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Figure 2: The search, selection and extraction procedure. 

2.2.1 Search terms 
In the search for relevant academic papers, applying the right search terms is crucial for finding a 
significant part of the articles that consider gamification applications to stimulate sustainable household 
energy practices. As discussed previously, definitions form a challenge for finding relevant articles in 
the case of gamification. Gamification is yet a relatively novel term and therefore only intermittently 
used as the term to describe the technological design elements that fit into the definition of gamification. 
To account for this challenge, the motivational affordance categories identified by Hamari, Koivisto 
and Sarsa (2014) are used to search for relevant articles in the databases. These terms are argued to 
describe a significant part of the applied elements that fit the definition of gamification (Hamari, 
Koivisto & Sarsa 2014). Furthermore, the context in which gamification is applied defines the scope of 
this literature study. Search terms reflecting the context are identified based on the definitions stated by 
Morford et al. (2014) and applied in the search procedure in combination with the motivational 
affordances defined by Hamari et al. (2014). The terms representing the gamification elements in the 
applications are reflected by terms 1 to 12 in table 1 in appendix A and these are coded using an ‘OR’ 
operator. The terminology addressing household energy practices is used inconsistently in the literature. 
Variations of energy practices are energy consumption, energy behavior and energy usage (Morford et 
al., 2014). Some articles directly refer to sustainability goals such as energy conservation, energy 
savings, energy or efficiency (Morford et al., 2014). The articles are searched in the context of 
sustainable energy practices by applying terms 13 to 15, which are also linked to each other with an 
‘OR’ operator. To account for the gamification elements and the specific context of energy practices, 
terms 1 to 12 and 13 to 15 are connected through an ‘AND’ operator. Furthermore, it is decided to not 
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use terms related to households in searching for articles. The terms household or residential are only 
occasionally used to indicate the examined sector (Morford et al., 2014; Dirienzo, Krishnan, Srija, & 
Santos, 2014). Researchers regularly refer to energy consumers in general without directly indicating 
that the article concerns households or the residential sector. Therefore, these terms are not used as 
search terms, yet they will be applied as selection criteria by inspecting the examined sample in the 
article. The articles are also filtered on language (i.e. English). The adapted search terms, possible 
synonyms of these terms and their sources are stated in table 1 in appendix A. The search queries used 
in the databases to search for articles and the results of the search are included in table 3 of Appendix 
A.   

2.2.2 Sources 
Several databases are consulted as sources to find relevant articles by using the search terms discussed 
in the previous paragraph as input. Considering that gamification is a relatively new field of study and 
only a limited amount of research is conducted on this topic, it is important to search for relevant articles 
in many databases to bring a significant part of research on gamification and household energy practices 
to the surface. Hamari, Koivisto and Sarsa (2014) identified 8 databases where relevant articles can be 
found about gamification in conducting their literature review: Scopus, Science Direct, EBSCOHost, 
Web of Science, ACM Digital library, AISel, Google Scholar, and ProQuest. These databases were 
inspected for usage in the present study. Access is not obtained for the databases of EBSCOHost and 
AISel. Accordingly, the databases to which access is obtained (i.e. through a university license) and the 
open access databases are used to carry out a thorough search for relevant articles. Only Google Scholar 
is removed from this list due to the lack of advanced target search possibilities in this database. The 
search query applied to find relevant articles requires functionalities to include multiple OR and AND 
operators for multiple terms, which is not supported in Google Scholar. The list of databases and 
additional information about the databases is provided in table 2 in appendix A. Scopus, Science Direct, 
Web of Science, ACM Digital Library and ProQuest are consulted in this literature study to search for 
relevant articles. The search method in the database holds the examination of papers found after 
providing the search query as input in the advanced search. The search does not include citation 
searching or footnote chasing due to the narrow scope of the searched papers and the currently limited 
research performed on the topic.  

2.2.3 Selection criteria and quality assessment  
The next step holds the selection of papers that are directly relevant in designing the framework for 
applying gamification applications to stimulate more sustainable household energy practices. All the 
papers found by searching in the databases constitute the long list of papers. These papers are selected 
based on context related criteria that narrow the scope of this literature study in line with the procedure 
depicted in figure 2. The selection criteria consider the sector examined in the articles (i.e. in-home 
energy practices of households or residencies) and the means that are used to apply gamification 
elements (i.e. digital technology applications). Only literature covering digital technology applications 
is included as one of the goals of the study is to examine digital media type of interventions. The 
adherence of the articles to the selection criteria of round 1 is inspected by checking if an article 
considers in-home practices of households or residencies and if the intervention is a digital technology 
application. The papers resulting after the application of the selection criteria in the first selection round 
entail the middle list of relevant academic literature. This list holds papers that are in the right context 
to further apply more detailed selection criteria in the second selection round. The selection criteria 
applied in the second selection round are inspected by checking if the articles include variables that 
related to motivational affordances, psychological outcomes or behavioral outcomes in line with the 
procedure in figure 2. For the description of the gamification elements in the paper, the papers are 
required to contain information about motivational affordances regarding the type of affordances that 
are used. In addition, the selection criteria require the papers to either mention psychological or 
behavioral outcomes of applying the gamified applications. These outcomes are not required to be 
mentioned both in one paper because many papers choose to focus on either specific types of 
psychological or behavioral outcomes. However, both are taken into account to foster understanding of 
gamification related outcomes. These items are crucial components of the structural overview and 
therefore articles are excluded if the items are not elaborated on.  



	
	

13 
	

 
The quality of the found academic literature is mainly addressed through the database standards for 
including papers of specific journals in the database, such as the minimum journal selection criteria 
applied by Scopus for assessing the eligibility of journals (Holland, Duncombe, Dyas, & Meester, 
2014). The goal of this literature review is to identify a significant part of the papers written on 
gamification in the context of sustainable household energy practices. Accordingly, it is decided to not 
assess specific quality related criteria of the papers, such as citation based metric and the acceptance 
rate of the journal, because gamification is a relatively new field of study. The academic literature 
written about this topic is limited and most of the papers are written after 2010 (Morford et al. 2014). 
The time in which the papers are written is important to consider because of the rapid technological 
developments in the previous decades. The applicability of the examined gamification applications is 
required to be high. Therefore, the publication date is taken into account by only searching for articles 
that are published after 2010. Figure 3 sums up the criteria applied to select the relevant academic 
literature from the long list to obtain the short list that is used to extract the relevant data.  
 

	
	
Figure 3: Application of selection criteria to find the relevant academic literature. 

2.2.4 Data extraction and structural overview development 
The short list that resulted from the selection procedure, is used to extract the information necessary to 
create the structural overview of gamification applications to stimulate sustainable household energy 
practices. The data extraction procedure aims to identify information relevant for this overview by 
thoroughly reading the articles and searching for specific data. Considering that research on 
gamification is still in its infancy, proven relationships between motivational affordances and 
psychological or behavioral outcomes are assumed to be rare. For this reason, also narratives elaborating 
on a practical application of the applications are valuable to identify gamification elements. The 
searched variables in the literature on gamification applied for household energy practices are energy 
practices, motivational affordances, psychological and behavioral outcomes and the used technological 
means. The data extraction procedure is performed in Mendeley, a web program for managing and 
examining research papers (Saleem & Latif, 2012). Mendeley is a recognized tool for academic 
researchers to enable data pre-processing and to extract information from papers for data mining 
purposes.  
 
The data extraction from the short list is based on the extraction method proposed by Gibbs (2007) for 
theory development through qualitative analysis. Gibbs (2007) describes a structured research process 
to deal with textual data as built of five steps: data preparation, data extension, coding, comparing and 
writing the report. In this literature study, data preparation and extension include highlighting keywords 
or sentences in papers by using Mendeley and transcribing the relevant data from the papers into the 
synthesis matrix, in which all the highlighted information from the papers is captured. Accordingly, 
data coding is performed by marking data in the synthesis matrix related to the identified pre-set codes. 
Codes in this sense are keywords and short sentences, typically assigned to statements in the data. 
Applying codes to qualitative data permits data to be segregated, grouped and linked in order to 
consolidate meaning and explanation (Saldana, 2009). The method of coding enables categorization of 
data that shares characteristics and aids the researcher in searching for patterns in data. Accordingly, 
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when the major categories are composed and patterns are identified, progress can be made towards 
theory building. Qualitative coding is performed for the following pre-set code categories: energy 
practices, technology, motivational affordances and psychological and behavioral outcomes. These are 
in line with the components of the design principles that are sought to be defined based on the 
gamification literature study. The category energy practices is included to represent the detailed context 
of the addressed situation. The categories technology and motivational affordances illustrate the 
intervention component of the application. Technology is included to clarify the technological means 
through which the motivational affordances are delivered. In addition, psychological and behavioral 
outcomes are extracted to identify the mechanisms and the outcome associated with the gamified 
applications.  
 
Stottok, Bergaus and Gorra (2011) propose the method of color coding for manually coding qualitative 
data. In line with this method, different colors are assigned to pre-set code categories, as seen in the 
synthesis matrix in table 5 in appendix A. The transcribed text parts highlighted in the synthesis matrix 
are coded by labeling key words or sentences relating to the categories with the assigned colors. After 
labeling the data in the synthesis matrix, the labeled data is collected in the key categories matrix. In 
this matrix, the extracted information considering the different categories is brought together. The last 
step entails the reframing of the extracted information in the key categories matrix and the synthesis 
matrix into the final structural overview of gamified applications. This is completed by first constructing 
overall hierarchical coding schemes for each category in line with Saldane (2009). These schemes aid 
in constructing a hierarchical overview of the included concepts and provide insight in the elements that 
comprise the categories. Based on the structures of the schemes, the high-over concepts for each 
category are selected to comprise the building blocks of the structural overview. Lastly, the usage of 
the structural overview of gamification applications is discussed in line with CIMO logic.  

2.3 Results  

2.3.1 Results search procedure and selection procedures 
The search queries applied in the five selected libraries are found in table 3 in appendix A. The queries 
differ slightly from one another based on the functionalities of the databases. In total 132 articles were 
found in all the databases. From this long list, 31 articles meet the criteria in selection round 1 to be 
considered in the middle list and go into selection round 2. These 31 papers all consider household or 
residential energy practices and deal with digital technology applications of gamification. In selection 
round 2, the papers were read carefully to identify motivational affordances and psychological or 
behavioral outcomes. These concepts were marked using the highlighting function of Mendeley. The 
papers that not considered the selection criteria for round 2 were excluded from the list. This procedure 
resulted in 22 articles in the short list. The largest number of articles was found in ProQuest (42), 
however the number of articles selected after round 2 was zero for this library. The largest number of 
articles included after round 2 are found in the Web of Science library (9). Table 4 in appendix A is 
included to show the number of remaining articles after each selection round for each database. In 
addition, the papers resulting after selection round 1 are included in table 5 in appendix A. In this table, 
the papers that are excluded during selection round 2 are marked in red.  

2.3.2 Results data extraction procedure 
The papers in the short list were read thoroughly and color coding was performed. The manually 
highlighted text parts relating to the searched information were transcribed to the synthesis matrix in 
table 5 in appendix A. Accordingly, the key categories matrix in table 6 in appendix A was constructed 
by collecting the coded words and sentences derived from the color coding procedure in line with the 
key categories energy practices, the applied technology, motivational affordances, psychological 
outcomes and behavioral outcomes. The results in the key categories matrix are used to create an overall 
hierarchical coding scheme for each category (Saldane, 2009). These schemes show the hierarchical 
relationships between concepts within one category. Such a scheme was designed by first identifying 
which concepts are more high-level, and accordingly which concepts can be categorized within a high-
level concept as low-level concepts that fall within the scope of the high-level concept. Saldane (2009) 
argues that determining such a scheme fosters pattern recognition and understanding of why the patterns 
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are there. In the following sections, the synthesis of the obtained data for the different categories is 
described and the schemes resulting from this process are explained. It is important to note that the lists 
of high-level and low-level concepts in the schemes are not exhaustive in the sense that they do not 
capture all the possible concepts for the key categories related to gamified elements and household 
energy practices. The hierarchical concept scheme only represents the concepts that are identified in the 
short list of academic papers. 

2.3.2.1 Energy practices  
An energy practice is referred to in this study as a category that entails multiple high-level and low-
level concepts. These concepts are linked to the more specific behavioral outcomes to which another 
paragraph is devoted in this chapter. Identifying energy practices aids in determining the conventional 
terminology of abstract energy behaviors households engage in that are of a higher level than the 
specific behaviors (Schwartz, Stevens, Ramirez, & Wulf, 2013). The energy practices function as 
starting points for researchers in determining what type of practices (i.e. general routines and habits) 
they intend to make more sustainable with a gamified application. In the structural overview, they serve 
as umbrella terms to make sense of the numerous type of specific behaviors related to sustainable energy 
practices. The energy practices identified in this literature review are synthesized in figure 4. Practices 
that are identified as high-level concepts are energy consumption, renewable energy use, costs of energy 
usage and socializing energy usage, whereas other practices describe activities or goals that fit into the 
high-level concepts such as reduction of energy waste and tracking of energy usage.  
 

	
Figure 4: Hierarchical coding scheme for the energy practices category. 

2.3.2.2 Technology  
The words or sentences coded for the technology category represent the applied technology that is used 
as a means through which gamified elements (i.e. motivational affordances) are delivered and operated. 
The high-level identified concepts differ from each other in the type of technological appliance that is 
used. As illustrated in figure 5, these concepts include domestic systems, web-based platforms, mobile 
applications and eco-visualizations. The concept of domestic systems includes technological appliances 
that are installed in the home and are part of the energy operating or monitoring systems. For example, 
the photovoltaic (PV) technology system is a fundamental part of PV owners’ energy system to generate 
energy. Similarly, a smart meter is installed as part of the owner’s energy system to measure the 
household energy consumption and it registers detailed information about the consumption as part of 
the in-home energy system. Web-based platforms are accessed through the internet on a personal 
computer, mobile phone, laptop or other technological means that contains an interface through which 
one is able to access webpages on the internet. The web-based platforms identified in the short list are 
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online energy games, an online market place and an online application that is connected to the social 
media platform Facebook. Mobile applications and web-based platforms are similar in that both 
technological means need an interface and an electronic device for operation. However mobile 
applications are dissociated from web-based platforms in the scheme because of differences in 
functional design elements and usability. Unlike a website, a mobile app must be downloaded and 
installed, typically from an app marketplace such as the Apple App store or Android’s Google Play 
store. Finally, the high-level concept of eco-visualizations entails the technology that visually 
communicates with the user, such as an energy orb ambient display that provides consumption feedback 
by using colors.   
 

	
Figure 5: Hierarchical coding scheme for the technology category. 

 

2.3.2.3 Motivational affordances  
The hierarchical coding scheme for this category defines a broad range of motivational affordances 
specifically in the context of sustainable household energy practices, and thereby contributes to the 
literature by identifying the used affordances for a specific behavioral area. The hierarchical coding 
scheme represents the results of the investigation of all the applied motivational affordances in the 
context of stimulating sustainable energy practices found in the literature. The identified high-level 
concepts are the abstract categories of learning, feedback, rewards, communities and dynamics. These 
entail multiple specific lower-level motivational affordances, as seen in figure 6. For learning, guidance 
can be provided in the form of tips & tricks, goal setting and determining specific actions. Asking 
questions to the user facilitates learning through testing oneself, whereas notifications directly provide 
information to the user. Feedback is a broad term holding multiple low-level concepts that again 
embody lower-level concepts. Feedback is structured in the way in which the feedback is delivered to 
the user through the application and the type of comparison the feedback enables. The literature shows 
differences in applying feedback for self-comparison and for social comparison. Self-comparison 
feedback includes feedback providing information about one’s own direct or previous consumption, 
while social-comparison feedback focuses on comparing own consumption with other’s consumption, 
such as friends. The concepts related to rewards differ in whether they are monetary, non-monetary 
(such as points or badges for achievements) and community rewards. For the high-level concept of 
communities, the lower-level concepts communities across households, communities in the game or 
communities in social media are illustrated. Furthermore, an important part of gamified elements is 
represented by the high-level concept dynamics. This concept holds the lower-level concepts that 
illustrate the non-static and interactive nature of the application’s content. Progress related elements 
such as the usage of levels and increasing difficulty over time, illustrate manners in which the 
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application fosters longer-term engagement and learning. By applying storytelling and avatars, the user 
is navigated into a story where the user plays an active role that is represented by the customized avatar. 
In addition, competition related elements are applied, such as (real-life) missions or challenges, to 
challenge the user to perform specific actions and accordingly be rewarded.  
 
To deepen the understanding of using the identified motivational affordances for gamification 
applications, the correspondence of the motivational affordances with the core drivers discussed by 
Chou (2016) is considered. The found motivational affordances that are able to activate the core drive 
of epic meaning & calling are those of storytelling or narratives that are included in the dynamics part 
of the hierarchical coding scheme. The development & accomplishment core drive is addressed with 
dynamics related affordances, such as progress in the form of levels or increased difficulty over time 
and competition in the form of challenges. However in line with Chou (2016), the rewards related 
affordances of points and badges and the feedback related affordance of leaderboards also activate this 
core drive. The empowerment of creativity & feedback core drive corresponds to the feedback related 
motivational affordances as they provide users insight into the results of their creativity. Chou (2016) 
argues that rewards in the form of milestones also contribute to this core drive because rewards can be 
seen as part of the feedback on the performance. The ownership & possession core drive can be 
activated through the found motivational affordance of participating with a customized avatar. Rewards 
can also be seen as a possession of users, however this only activates the core drive when receiving 
rewards can improve or increase their possessions. The motivational affordances activating the social 
influence & relatedness core drive are scattered over the hierarchical coding scheme as social elements 
are evident in most of the categories. These include social comparison feedback, community rewards, 
the several types of communities that can be built and competition related elements. Scarcity & 
impatience can be leveraged by combining elements from the categories of rewards and dynamics. For 
example, users can feel motivated when more valuable rewards are given in a more advanced level and 
as a result they return to the application to continue using it. The core drive unpredictability & curiosity 
can be activated by for example providing rewards to users when they did not expect this. In addition, 
an increasing difficulty of missions over time stimulates users to be engaged and to pay attention to 
unexpected changes in the application. Lastly, the loss & avoidance core drive can be leveraged through 
making use of aversive feedback as a manner to demonstrate a potential worse performance of the user. 
 



	
	

18 
	

	
Figure 6: Hierarchical coding scheme for the motivational affordances category. 

2.3.2.4 Psychological outcomes  
The psychological outcomes identified in the key category matrix are organized according to the 
hierarchical coding scheme in figure 7. Five overarching high-level concepts are identified that reflect 
many low-level concepts. The high-level concept technology represents psychological outcomes that 
are in favor of the usage of the applied technology. They either show increased loyalty, engagement or 
positive attitudes towards the technology that enhance acceptance and trust in the technology. Another 
important psychological outcome is the concept of education, which is illustrated in the found literature 
by learning about the in-home energy system, increasing knowledge about energy efficient behavior or 
facilitating preparation for new technology. Many psychological outcome concepts relate to social 
concepts, such as increasing community spirit, connecting with others, improving relationships with 
friend, comparing behavior with others, increasing social sensibility to energy savings, social 
encouragement and social validation. It is evident that the social concepts are multifold in the found 
literature and are in many papers the driving force to enable behavioral change in energy practices. 
Furthermore, psychological outcomes that enable user activation are pursued through raising 
awareness, stimulating curiosity and creativity. These concepts show psychological outcomes desired 
to activate users to perform the desired actions to realize more sustainable household energy practices. 
Personal psychological outcomes are also identified to function as outcomes that enable the desired 
behavior. Outcomes such as feeling in control, enjoyment, sense of satisfaction from personal 
improvement, feeling part of a bigger cause and recognition are applied to drive behavior. Personal 
concepts are separated from social concept because the desired psychological outcomes are a result of 
individual processes in the former case and of social processes in the latter case. 
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Figure 7: Hierarchical coding scheme for the psychological outcomes category. 

2.3.2.5 Behavioral outcomes  
The found behavioral outcomes in the short list are structured based on five high-level concepts, as 
illustrated in figure 8. The concept of user information includes low-level concepts that indicate the 
type of user information that was aimed to be obtained as a result of specific information sharing 
behavior. For instance, facilitating behavioral outcomes that are linked to users sharing information 
about their needs is used for co-creation of product offerings. In several papers obtaining information 
about users’ energy habits was seen as the desired outcome, whereas in one paper information about 
energy practices was obtained to foster a closer to reality simulation of user energy practices. Also, 
behavioral outcomes were facilitated to find out about the way users apply information about 
sustainable energy usage in their daily practices. Several papers required user information for scientific 
purposes in the context of behavior analysis. The concept of renewables represents behavioral outcome 
concepts related to switching towards renewable energy sources, enhancing voluntary technology 
adoption and a more specific case of solar adoption (i.e. generation of energy through photovoltaic 
cells). For solar adoption, two behavioral outcome concepts are embedding solar energy generation into 
daily practices and calling a solar installer to receive a quote.  
 
Furthermore, the high-level concept of consumption branches out in facilitating a change in energy 
habits and knowledge acquisition. Change in energy habits includes the behaviors related to the 
reduction of consumption, such as changing the power management system of a personal computer and 
validation of behaviors through the measurement of achieved savings. The concept also includes load 
shifting, which is the shifting of energy usage from peak hours to off-peak hours. Knowledge acquisition 
as a behavioral outcome relates to consumption because the user needs information about the way in 
which energy consumption can be made more sustainable. In the literature in the short list, two more 
specific behavioral outcomes related to knowledge acquisition are distinguished: exploration of 
appliances and awareness scores based on the number of tips read, answering quizzes correctly and 
exchanging messages in the community. Several behavioral outcomes found in the short list are directly 
related to the usage of the gamified application. The technology usage was measured in real-life game 

Psychological	
outcomes

Technology

Activation

Education

Personal

Energy	efficient	
behavior

Engagement	
with	system

Loyalty	
enforcement

Raising	
awareness

Sense	of	satisfaction	
from	personal	
improvement

Stimulate	
curiosity

In-home	energy	
system

Attitudes	
towards	system

Feeling	part	of	a	
bigger	cause

Preparing	for	
new	technology

Emotional	
connection

Technology	
acceptance

Trust	in	system

Maintaining	
involvement

Stimulate	
creativity

Social

Increase	social	
sensibility	to	
energy	savings

Increase	
community	

spirit

Connecting	with	
others

Improving	
relationship	
with	friends

Compare	
behavior	with	

others

Social	
encouragement

Social	validation

Recognition	/		
appraisal

Feeling	of	
control

Enjoyment	/	fun



	
	

20 
	

integration, the long-term usage of the game and the regularity of interaction with the game. Finally, 
social related behavioral outcomes are also multifold in the literature. The outcomes are split into 
behaviors relating to community interaction and behaviors relating to online social network interaction. 
Community interaction is identified through the measurement of collaboration between households and 
the communication with relevant stakeholders. The paper that mentioned communication with 
stakeholders, examined the effects of an energy platform in helping users to negotiate energy use issues 
with stakeholders such as land lords, housemates and community members. Where community 
interaction includes real-life behaviors, online social network interaction holds online communication 
within the community. The online communication behaviors are examined by measuring the exchange 
of best practices and suggestions, the frequency of a user’s contribution and the number of actions 
performed to submit information. 
 

	
Figure 8: Hierarchical coding scheme for the behavioral outcomes category. 

2.3.3 Structural overview of gamification applications 
The final step in the analysis entails the construction of the structural overview of gamification 
applications that stimulate sustainable household energy practices. The overview is formulated based 
on CIMO-logic, as described by Denyer, Tranfield and Van Aken (2008). This methodology enables to 
structure the overview using separate building blocks that aid in defining design principles. As seen in 
figure 9, only the high-level concepts of the hierarchical coding schemes are included in the overview 
to make the overview as comprehensible as possible. When the area of focus of the building blocks is 
defined, the researcher can consult the detailed hierarchical coding schemes to identify low-level 
concepts applied in previous research that can be included in the design principle. It is not claimed that 
the structural overview shows an exhaustive overview of all the gamification applications that can 
possibly be used to stimulate sustainable energy practices. It only provides insight into the gamification 
applications that are examined in previous research including the associated energy practice context, 
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gamification related intervention characteristics, psychological outcomes that represent the mechanisms 
and the behavioral outcomes. All of these categories should be complemented with new concepts 
examined in future research. In this way, the structural overview is iteratively broadened based on new 
research in this field.  
 

	
	
Figure 9: Structural overview of the gamification applications that are used to stimulate sustainable household energy practices. 

2.4 Summary and Conclusion 
This chapter aims to answer the sub-question addressing how gamification is used in the literature to 
stimulate sustainable household energy practices. As gamification is a relatively new field of studies, it 
is found that different approaches to explain gamification are evident. In the theoretical background, 
the different approaches towards using gamification of Hamari, Koivisto and Sarsa (2014), Chou (2016) 
and Bartle (1996) are discussed. While Hamari, Koivisto and Sarsa (2014) provide insight into the 
commonly used terminology for gamification applications, Chou (2016) increases the understanding of 
how gamification motivates users to perform specific actions. In addition, Bartle (1996) provides insight 
into the player types that are motivated by specific type of interventions. All three approaches are taken 
into account in this study. The terminology identified by Hamari, Koivisto and Sarsa (2014) is used to 
search for empirical studies on the usage of gamification to stimulate sustainable household energy 
practices. The insight obtained into gamification through Chou’s (2016) explanation of the core drives 
is taken into account in the design of the gamified digital media interventions by making sure that at 
least one core drive is evident in the interventions. Finally, the player types defined by Bartle (1996) 
are considered in the design of the intervention by estimating which player types are potentially 
motivated by the interventions. The literature review performed in this chapter contributed to this study 
by examining gamification applications in the field of sustainable household energy practices. The 
research in this field is reviewed by identifying the energy practices, the technology, the motivational 
affordances, the psychological outcomes and the behavioral outcomes that are associated with the 
gamification applications. This chapter lays a theoretical foundation for the design of the gamified 
digital media interventions by offering a structural overview that can be consulted to formulate design 
principles in line with CIMO logic. While the structural overview is not exhaustive, it does provide a 
basis for the usage of gamification to stimulate PV system adoption. As the research on gamification is 
yet limited, the structural overview is recommended to be complemented with new concepts examined 
in future research. The next chapter further examines the usage of the structural overview to define 
design principles that aid in developing gamified digital media interventions. 
 
 

3. Design study 
In general, the goal of the design study is to design gamified digital media interventions that are 
effective in stimulating customers to adopt PV systems. This goal is reached by designing, pretesting 
and redesigning the gamified interventions that have the potential to tackle the problems relating to PV 
system adoption. The sub-questions defined for this chapter include: “What causes are associated with 
the barriers relating to PV adoption?”, “How can the barriers to adoption be addressed through gamified 
interventions?” and “Are the designed interventions clear and easy to understand for respondents?”. By 
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answering these questions, the design study contributes to the main research question in several ways. 
First by establishing a comprehensible diagnosis of the problem, the root causes of the problems relating 
to PV system adoption (e.g. the barriers to PV system adoption) are identified. Accordingly, the 
gamified digital media interventions are designed in such manner that they tackle these barriers to 
adoption. In addition, the comprehensibility of the interventions is maximized by pretesting the 
designed interventions with customers. This is important for reliably testing the interventions in the 
survey study. Therefore, the feedback obtained during the interviews is used to redesign the 
interventions. In the following section, the applied methodology for the problem diagnosis, the design 
and the pretesting is described. Afterwards, the results of the design study are reported.  	

3.1 Methodology 

3.1.1 Problem diagnosis 
The problem diagnosis is performed based on two opposing perspectives. The first perspective includes 
the literature addressing the barriers to PV system adoption in the Netherlands. The second perspective 
addresses barriers to PV system adoption through consumers’ eyes. Both are discussed accordingly.  

3.1.1.1 Theoretical perspective 
The aim of including a theoretical perspective in the problem diagnosis is to create an understanding of 
the problem considering the lack of PV system adoption in the Netherlands based on previous research 
in this field. Therefore, the findings from literature considering PV system adoption in the Netherlands 
that are relevant for diagnosing the problem and pinpointing (potential) causes of the problem are 
discussed. Relevant findings include current diffusion of the technology and factors influencing the 
acceptation or rejection of the technology, such as barriers to adoption. Diffusion represents the spread 
in the adoption process in which an innovation is adopted over time among the members of a social 
system (Karakaya, Nuur, & Hidalgo, 2016). Karakaya, Nuur and Hidalgo (2016) argue that this process 
is not only affected by the characteristics of the adopters and the innovation itself, but also by the 
environmental context that depends on the social and political settings. By examining the diffusion of 
PV systems in the Netherlands, an understanding can be created about the adoption process and the 
factors that influence this process.  
 
While addressing the diffusion of PV systems in the Netherlands and the associated barriers to adoption, 
it is useful to break the total household PV system market down into multiple product segments because 
the diffusion and barriers to adoption differs per segment (Huijben & Verbong, 2013). If households 
decide to gather information about their options to purchase a PV system, they will encounter multiple 
options of how they can buy, install and operate a PV system. These options are distinct from each other 
in the type of solar panels, inverters, additional services delivered and the method of payment for the 
customer. It is decided to address the different segments from the perspective of business models 
because this perspective is commonly used in PV systems literature to point out the different product 
offerings (Huijben, Verbong, & Podoynitsyna, 2016). Richter (2013) argues that the business model is 
a valuable tool for the analysis of and comparison of products, companies and markets in a structured 
way. A business model describes the design of value creation, delivery and capture mechanisms 
(Richter, 2013). Huijben, Verbong and Podoynitsyna (2016) concluded that entrepreneurial activities 
creating new business models for adoption of PV systems have positively influenced the market growth 
of PV systems in the Netherlands. They categorized the business model of adopters as customer-owned, 
community shares and third-party business models. This categorization is used to describe the main 
barriers to PV adoption in line with the available PV system products for customers in the Netherlands. 
 
Multiple sources were consulted to include a broad amount of insights obtained through previous 
research. These sources include research conducted by the	Energy research Centre of the Netherlands 
(ECN), the largest energy institute in the Netherlands, and Milieu Centraal, an independent information 
provision and awareness raising organization addressing topics in the environmental and energy sectors. 
In addition, academic literature that addresses PV system adoption in the Netherlands is found by using 
the search engines Scopus, Science Direct, Web of Science, ACM Digital library, Google Scholar, and 
ProQuest. The search queries included terms such as “solar technology in the Netherlands”, “solar 
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energy adoption in the Netherlands”, “barriers to solar energy adoption” and “photovoltaic systems in 
the Netherlands”. Different combinations of these type of search queries were used to find all the 
research that is performed about PV system adoption in the Netherlands after the year 2000. Articles 
published before 2000 were not included because it was aimed to identify recent barriers to PV adoption 
as research conducted some time ago might provide insights that do not reflect the current reality. Based 
on the findings, a cause and effect diagram is established to clearly scope the causes identified in 
literature and the effects that are caused.  

3.1.1.2 Customer perspective 
This second part of the problem diagnosis aims to enhance the understanding of the problem considering 
the lack of PV system adoption in the Netherlands by looking at the problem through consumers’ eyes. 
As a result, the insights obtained from the theoretical perspective are complemented with the insights 
obtained through the examination of the problem from user’s perspective. The user perspective is 
addressed through building on principles from customer experience design as defined by Stein and 
Ramaseshan (2016). According to customer experience design methodologies, creating an 
understanding of the user-centric context (i.e. the customer experience) in which PV system adoption 
can be stimulated is critical in identifying interventions for stimulating PV system adoption. This 
understanding offers insight into how, where and when in the adoption process the interventions can be 
applied to stimulate adoption. In today’s marketplace, customer experience is acknowledged as an 
important component in obtaining a competitive advantage (Stein & Ramaseshan, 2016). The upsurge 
of social networks, mobile web access and online review websites enabled customers to obtain much 
information about products, services, pricing and competitors. As a result, competition is increasing 
and customers seek unique experiences that accompany the delivery of products and services.  
 
Customer experience is recognized as the internal response of customers towards any interaction with 
a company (Stein & Ramaseshan, 2016). The customer experience is contextual, subjective and 
perceptual to the individual customer. It represents a customer’s overall evaluation of an interaction 
with a product based on an accumulation of experiences. Customers obtain experiences every time they 
‘touch’ any part of the product, service, brand or organization, at various points in time and across 
multiple channels. Such moments of truth between the customer and any part of the company are called 
‘touch points’. Conceptualizing the customer experience can be achieved through ‘touch point 
mapping’: identification of key touch points and the distinct elements at each touch point related to 
various retail channels (Stein & Ramaseshan, 2016). Understanding the key moments of truth between 
the customer and the retailer provides deeper insight into the entire customer journey. The touch points 
form the basis for subjective and contextual customer evaluations at different stages of the customer 
journey (Stein & Ramaseshan, 2016). Through identification of the touch points, so called ‘pain points’ 
and ‘opportunities points’ can be recognized. Pain points experienced by customers are the moments of 
truth that are associated with negative experiences. Opportunity points are associated with neutral or 
positive associations, yet they entail possibilities in the customer journey to make the customer 
experience at specific points even better. Touch point mapping to identify the customer journey is 
evaluated as a useful tool for this study to examine the problem of PV adoption through the consumers’ 
eyes. It is decided to specifically focus on digital touch points to learn about possibilities for 
improvement through gamified digital media interventions. In this study a distinction is made between 
the customer journey and the customer decision journey. The first represents the entire customer 
experience from awareness, information gathering, decision making purchase to after-sales, whereas 
the latter only considers the first three stages of the customer journey (Stein & Ramaseshan, 2016). The 
consumers that are in the first three phases are called prospects and the customers that already performed 
the purchase are called promotors, in line with the terminology used by Essent. Both type of journeys 
and consumers are referred to in this study.  
 
The customer journey was identified through using the tool of Stakeholder Journey Mapping developed 
by Ortbal, Frazzette and Mehta (2016). The researchers constructed the stakeholder journey mapping 
template in figure 1 in appendix B which is adopted in this study to identify the relevant touch points 
in the customer journey. This technique is recognized in user-centered design because it offers insight 
regarding user’s preferences, attitudes and interests. To gain an understanding of the digital touch points 
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in the PV system customer journey, an interview was conducted with the customer journey specialist 
of Essent. The customer journey specialist is highly experienced in the PV system customer experience 
due to performing studies in the past to identify the entire multichannel customer journey of PV 
customers by interviewing customers. Therefore, the specialist was equipped in formulating a 
conceptual customer journey based on the insights obtained from previous studies. The Stakeholder 
Journey Mapping technique differs from the more general technique of Customer Journey Mapping 
because it allows to capture the customer journey based on different sources than the customers. As the 
customer journey is not mapped through interviewing customers in this study but through interviewing 
the customer journey specialist at Essent, the specialist’s view of the journey is captured. Along these 
lines, it is evaluated as an appropriate tool in this research to identify the general customer journey for 
Essent’s customers through an intervention with the customer journey specialist. 
 
In line with this template, information is gathered about customer’s goals, actions, touch points, feelings 
and key insights (Ortbal, Frazzette, & Mehta, 2016). The template included formulated standard goals 
at each stage, which were adopted in the construction of the customer journey because they were 
evaluated as suitable to describe consumers’ goals. The template enables identification of the pains, 
gains and the emotional state (i.e. feeling) of the customer, which is critical in the customers’ 
motivations and real/latent needs. The questions asked to the customer journey specialist were 
straightforward in addressing the relevant items for every stage considering customer’s actions, touch 
points, feeling, pain points and key insights or opportunities. The customer journey specialist was 
strongly familiar with the terminology related to customer journey mapping which made it possible to 
include this terminology in the questions. In the interview, the customer journey as defined by Ortbal, 
Frazzette and Mehta (2016) was presented to the specialist. The specialist was asked to describe digital 
touch point elements and related actions, feelings, pain points/opportunities and key insights, in line 
with the questions stated in table 1 in appendix B. The customer journey constructed based on this 
interview was validated with the customer journey specialist by asking to identify any missing elements. 
The researchers argue that in the design of the interventions, special attention must be paid to 
opportunity and pain points to amplify positive experiences where possible and diminish the effects of 
pain points where needed.  

3.1.2 Design approach 
The design approach considers the process towards the design of the gamified digital media 
interventions. This includes the formulation of design principles, design requirements, design 
parameters and the design procedure. The design principles are developed in line with Denyer, Tranfield 
and Van Aken (2008) for design oriented research synthesis. The design principles are used to 
synthesize the insights from the problem diagnosis and the insights from the gamification literature 
study as solution oriented, prescriptive knowledge. The relevance and the chances of success are 
increased for the developed interventions by using the design principles as prescriptive knowledge in 
the design process (Denyer, Tranfield & Van Aken, 2008). The development of the design principles 
comprises the identification of the components that constitute the principles. In the design principles, 
the context component is straightforward as it represents the type of energy practice that is addressed, 
which is PV system adoption. The intervention component comprises many design possibilities for the 
gamified digital media interventions. To make the design possibilities apprehensible, the design 
possibilities are broken down into smaller components by using design parameters that can be selected 
to form the overall intervention. Therefore, the identified design parameters with their different values 
are grouped in an overview. The mechanism part of the design principle constitute the psychological 
outcomes that trigger the behavioral outcome of PV system adoption. These psychological outcomes 
are selected based on their potential to tackle the causes relating to barriers to PV system adoption that 
are found in the problem diagnosis. Finally, for the outcome component of the design principle a 
variable that measures PV system adoption is identified.  
 
Four types of requirements are defined in line with Van Aken, Berends & Van der Bij (2007): boundary 
conditions, functional requirements, user requirements and design restrictions. Boundary conditions 
refer to the constraints on the design space that arise from the context of the approached problem. 
Functional requirements constitute the core of the requirements for the solution as the performance 
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demands of the object to be designed. User requirements address the wants and needs of the customer. 
Design restrictions consider the practical limitations associated with a realistic development and 
implementation. Based on these definitions, the design requirements were formulated for all four types 
while considering the scope of this study, the problem diagnosis, the design principles and requirements 
stated by Essent. Furthermore, the design parameters are derived from the first level concepts in the 
hierarchical coding scheme of the motivational affordances, while the parameter values are second or 
third level concepts of the scheme. The resources available from Essent are taken into account by 
considering the available digital media through which the intervention could be delivered to consumers. 
Digital media that are currently not used by Essent are left out of scope to keep the feasibility and 
implementation costs to a minimum by using the available technological means.  
 
After identification of the design principles, design requirement and design parameters, the design 
procedure for the interventions commenced. The design of the interventions was conducted in a design 
sprint of two weeks during which a team of 6 members worked full-time on the interventions. The 
design sprint was conducted in a room at the office of Essent in ‘s-Hertogenbosch in the Netherlands. 
This room was reserved two weeks and included attributes such as a white board, brown paper, post-it 
notes and a beamer. It was used in this period to hold the collective sessions and hang completed work 
on the walls. The design team members were all employees at Essent and contributed to the design 
process with different knowledge and skills, as summed in table 2. Two of the team members had 
knowledge about design methodologies and guided the team through the use of the methods.  
 
Table 2: Design team functional characteristics and contributed knowledge or skills in the design process. 

Function Knowledge or skills 
Customer journey specialist Customer journey at Essent, customer perspective, customer’s pains and gains 
Master thesis student Gamification, academic research methodology, design methodologies 
Market activation specialist Promotional text formulation, PV system adoption projects 
User experience designer Design methodology, concept design, content creation 
Front end developer System integration, content creation, process modelling 
PV system specialist PV system product offerings, PV system technology 

 
For the design procedure, it is decided to define one more requirement to further narrow the scope of 
the design space. As Stein and Ramaseshan (2016) found that seven different touch point categories 
comprise the total customer experience, a selection needs to be made in what touch point categories are 
addressed with the interventions. The seven different touch point categories are defined in table 2 in 
appendix B. It is decided to only focus on the touch point category of customer-customer interactions 
in the design of the interventions. This category is selected due to its high impact on customer 
experience according to Stein and Ramaseshan (2016). Customer-customer interactions are the direct 
and indirect interactions customers have with other customers when interacting with any part of the 
retailer (Stein & Ramaseshan, 2016). These type of interaction include customer reviews, word-of-
mouth promotion (WOM), direct customer interaction and indirect customer interactions (Stein & 
Ramaseshan, 2016). Customers are found to heavily rely on these type of interactions in making a 
purchasing decision (Yoo, Kim, & Sanders, 2015; Stein & Ramaseshan, 2016; Bickart & Shindler, 
2001). Stein and Ramaseshan (2016) found that customers often rely on word-of-mouth feedback from 
familiar sources or seek feedback from individuals who have prior experience with the product and 
retailer, especially in the pre-purchase stages in which customers are searching for and evaluating a 
particular retailer. The potential of customer-customer interactions is also evident from the findings of 
Bickart and Shindler (2001), which show that consumers pay more attention to the information provided 
by other consumers compared to information provided by a salesperson of marketer. This is because 
the information other customers provide is more appealing and meaningful to potential customers 
(Bickart & Schindler, 2001).  
 
In addition, these type of interactions are not only strongly present in daily life but also in digital retail 
channels as for instance online blogs and reviews. Stein & Ramaseshan (2016) found that online 
customer reviews played a significant role in the customer’s purchasing decisions. Yoo, Kim and 
Sanders (2015) support this claim and argue for the growing importance of electronic word-of-mouth 
(eWOM) in e-business because the advent of the Internet has revolutionized word of mouth activity. 
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The concept of eWOM is defined as ‘‘any positive or negative statement made by potential, actual, or 
former customers about a product or company, which is made available to a multitude of people and 
institutions via the Internet” (Yoo, Kim and Sanders, 2015). The basis for this new form of word-of-
mouth is the usage of blogs, search engines, Internet communities, social media, consumer review 
systems and online instant messenger services to gather and disseminate product information. Yoo, Kim 
and Sanders (2015) state that eWOM holds great potential for digital marketing activities, however the 
research on eWOM systems is limited. The present study responds to the growing need to fill this gap 
by focusing on the utilization of digital customer-customer interactions in the customer journey through 
gamified digital media related interventions that facilitate the advantages of customer-customer 
interactions in general.  In line with this focus on customer-customer interactions, a relevant key 
question was formulated to create a design space and converge the thinking of the group: How can we 
enable current PV customers (i.e. promotors) to help potential customers (i.e. prospects) in their 
decision journey to purchase PV at Essent? This question tackles the core issue of increasing PV 
adoption through the touch point category of customer-customer interactions as it considers the 
interactions between adopters and non-adopters.  
 
The design procedure commenced with all the team members presenting their ideas for inspiration. 
Based on the inspirational session, the design principles, design requirements and design parameters 
several preliminary ideas for the concept interventions were developed to functions as a starting point 
for the to-be designed interventions. After considering these aspects, the team members individually 
wrote down solution ideas and accordingly collectively categorized them in specific solution themes. 
These solutions were accordingly discussed in the group based on their potential to achieve the desired 
psychological outcomes and behavioral outcomes. Accordingly, each team member was instructed to 
select the ideas that he or she wanted to work out further. As a result, three digital media concept 
interventions were worked out by the design team. These concept interventions were designed by using 
the design programs Adobe Illustrator and Adobe Photoshop from the Adobe Creative Suite. Next, the 
design team pretested the concept interventions by conducting interviews with customers. The 
methodology adopted for pretesting is elaborately discussed in the next section. After the pretesting, 
the design team used the obtained feedback to redesign the interventions. This entailed the inclusion or 
exclusion of specific aspects to make the intervention easier to understand for customers that evaluate 
the interventions and their attitudes towards the interventions in the online survey.  

3.1.3 Pretesting 
This section describes the materials used for pretesting the interventions, the data collection and analysis 
procedure, the redesign of the intervention, and characteristics of the interviewed participants.  

3.1.3.1 Materials 
The materials for pretesting the interventions include interview questions for the interviewer and the 
designed concept interventions. The interview questions were developed to measure the 
comprehensibility of the interventions by examining content and design aspects. The content aspects 
includes testing if it is clear for customers how the intervention works and what goals can be reached 
by using the intervention. For the design aspects, the usage of colors, words and the general lay-out is 
tested. Geisen and Bergstrom (2017) argue that at an early stage of development, exploratory usability 
tests can be used to evaluate the appropriateness of the concepts. The researchers suggest that the 
primary emphasis should be on evaluating the concept design, arranging appropriate terminology, 
clarifying the working of the concepts and other major functionality features. In addition, a focus on 
the customer should also be adopted by considering the tasks they will perform with the concept and 
what they think about the concepts’ content and lay-out. The researchers stress that less emphasis should 
be put on observing user behavior during this early testing procedure because there is often no physical 
product for the person to interact with. Based on these insights, the selected metrics of evaluation and 
the associated question items are defined in table 3. These entail substantive items such as content and 
functionality aspects of the concepts, and also more superficial items such as the design and wording. 
It was ensured that the wording of the interview questions was clear, open-ended and neutral as possible 
to avoid wording that might influence answers, in line with suggestions for semi-structured interviews 
developed by Stein and Ramaseshan (2016). In this manner, the questions allowed the interviewer to 
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ask probing questions to dig deep into the customer experiences and obtain maximum data to evaluate 
the usability of the constructs. The interviewer was therefore allowed to include additional questions in 
the conversation.  
 

Table 3: Selected usability testing metrics and question items. 

Selected constructs Items  
Content & functionality Can you tell me what you see? 

Is it clear and do you have any questions? 
What do you expect that you can do with this?  
Would you use it? 
In which situation would this concept be interesting for you to use? 
How would you use this? 

Design & wording What in this concept appeals most to you? 
What do you think about the design? 
What do you think about the used colors? 
What do you think when seeing this concept? 
What do you thinks about the messages? 
Do you miss any information?  

3.1.3.2 Data collection procedure, data analysis & redesign 
Seven interviews were conducted of one-hour each. The interviews were held in a closed room by one 
main interviewer and one second assistant interviewer. A webcam was placed in this room to enable 
the design team to watch and hear the interviews. The interviewer performed the interviews in line with 
the semi-structured interview technique and therefore guided the interviews by speaking with the 
participant about the interventions and asking questions about them, while also enabling participants to 
contribute as much detailed information as they desired (Geisen & Bergstrom, 2017). The interviewer 
discussed all the designed concept interventions in each interview. There was no predefined order of 
discussing the interventions because the interviewer was instructed to first start the conversation about 
PV systems in general and accordingly bring in one of the three interventions based on how he felt the 
conversations went most naturally. For collecting data through the interviews, tasks were distributed 
among the members of the design team. One member was assigned to take the lead to conduct the 
interview and another member was instructed to assist the interviewer when necessary in helping to 
answer participants’ questions, checking whether the interviewer does not forget to ask questions and 
helping with asking follow-up questions. Furthermore, two members were instructed to focus on the 
content and functionality related answers in the conversation, and one member was instructed to focus 
on the design and wording related answers. The observers produced a large amount of qualitative data 
that was written down on post-it notes and hanged up on a brown paper in which categories were 
assigned for the participants and the concepts. A picture of the collection of post-it notes is included as 
figure 2 in appendix B. The collected data was summarized in main points for the metrics of evaluation. 
The main points were translated into specific recommendations for improving the designed concept 
interventions. For the analysis of the collected data, a coding scheme was formulated to help in 
processing the feedback. Codes were assigned to key points to indicate the nature of the feedback, which 
include positive feedback (+), negative feedback (-), neutral feedback (o), direct opportunity for 
improvement (i). Each feedback point in the coded feedback document was taken into account in the 
redesign of the interventions.   

3.1.3.3 Participants 
The characteristics for selecting the interview participants were variation in age, variation in education, 
variation in PV system ownership, decision maker position in household and activity in digital media. 
These variables were selected to obtain different perspectives on the interventions, while at the same 
time addressing the potential target group for the interventions. The participants were recruited through 
a research partner that Essent regularly makes use of to obtain participants for research. The desired 
characteristics of the participants and the number of participants required were communicated to the 
partner. Essent incurred costs for every participant that was delivered by the partner. While taking into 
account the available budget for interviews, the amount of participants was limited to 7. There is no 
intention in this study to extrapolate the results to all customers in general considering the small amount 
of interviews conducted. The answers are exclusively used to obtain suggestions to further improve the 
concept interventions in the redesign. Demographic information of the participants is found in table 4. 
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Five interviewees had a PV system installed (i.e. promotors) and two interviewees were in the 
orientation phase of buying a PV system but did not have a lot of knowledge or experience in PV 
systems (i.e. prospects). Mostly participants with a PV system were selected for the reason that these 
participants experienced the entire customer journey from search to post-purchase and could therefore 
draw from their experiences in evaluating the concepts considering every phase of the journey. 
However, it is decided to also include prospects to take into account perspectives on the concepts that 
were different compared to the perspectives of promotors. The perspective of prospects is more 
thoroughly tested in the survey. 
 

Table 4: Demographic information of the participants. 

Variables Attribute(s) Participants 
Gender Men 5 
 Women  2 
Age Under 30 1 
 30-45 4 
 Above 45 2 
Educational level Low (primary, vmbo, lbo) 0 
 Middle (havo, vwo, mbo) 2 
 High (hbo, university) 5 
PV ownership Adopter/ promotor 5 
 Non-adopter/ prospect 2 
Digital channel activity Social media (e.g. Facebook, Instagram, twitter) 6 
 Internet 7 

3.2 Results  

3.2.1 Problem diagnosis 

3.2.1.1 Theoretical perspective 
This paragraph describes the diffusion of PV system adoption and the root causes of the barriers to PV 
system adoption in the diffusion process. It is found in the literature that a strong increase of households 
that generated energy using solar panels was evident in the Netherlands in 2016 (ECN, 2016). This is 
argued to be caused by the falling prices of PV systems and an increase in government initiatives to 
stimulate PV adoption, such as subsidies. In addition, the amount of local energy generation projects 
(i.e. energy cooperatives) that were initiated to collectively purchase PV systems for a profitable price 
grew strongly. Population research showed that purchasing PV systems is on top of home owner’s list 
of measures they intend to take in contributing to the energy transition (ECN, 2016). It is evident that 
the diffusion rate of PV systems is increasing recently and that it has a high potential to increase further 
in the future. Still, barriers to adoption are found to hinder the diffusion of PV systems and need to be 
tackled to optimize the diffusion of PV systems in the Netherlands. As the barriers of adoption depend 
on the type of business model through which the PV system is adopted, the current business models, 
their advantages for customers and the associated barriers to adoption are discussed.  
 
Huijben and Verbong (2013) found that three main types of business models are sufficient for a high-
level categorization of PV business models in the Netherlands: Customer owned, Community shares 
and Third Party. Customer owned business models involve individual buying of PV systems by paying 
the investment costs upfront and installation of the PV system on the dwelling’s roof. Barriers to 
adoption of PV system through this business model are not having a suitable roof (e.g. a roof with a 
sufficiently large surface and limited shadow with a solar orientation), not having enough money 
available for an upfront investment in a PV system and not having enough knowledge about different 
aspects related to PV system (Huijben & Verbong, 2013). The cost and knowledge related barriers to 
adoption are somewhat addressed through using the customer owned business model collectively to buy 
and install multiple PV systems at once (Huijben & Verbong, 2013). Collective buying, installing, 
maintaining and insuring PV systems reduces costs for the end user. In addition, Huijben and Verbong 
(2013) argue that the technological risks and information gaps identified by end users can be decreased 
as collective initiatives take care of the selection of suppliers, price bargaining and installation, 
maintenance and insurance of the systems. Furthermore, the suitable roof and costs related barriers to 
adoption are addressed by the community shares business model. This model enables multiple 
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households that often lack the proper on-site solar resources, financial capacity or building ownership 
rights, to purchase a portion of their energy from a solar facility located off-site (Huijben & Verbong, 
2013). Due to collective participation, larger and more efficient energy purchase projects can be 
executed, resulting in cost efficiencies for households. This business model accounts for market 
segments that are excluded by the customer owned business model, like tenants, people without a 
suitable roof or people who are planning to move. The cost related barrier to adoption is more strongly 
addressed by the third party PV business model. This model is attracting new customers who are 
younger, less educated and have a lower income than customers investing in PV systems themselves 
(Huijben & Verbong, 2013). In this business model, third party PV companies own and operate 
customer-sited PV systems and either lease PV equipment or sell PV electricity to the building occupant 
(i.e. household). However, households willing to make use of this opportunity need to be creditworthy 
to be included in third party arrangements. A major advantage of the third party business model for 
households is the (partial) removal of the initial investment costs. In addition, customers do not have to 
worry about the technological aspects and risks of the PV system (Huijben & Verbong, 2013).  
 
Huijben and Verbong (2013) estimated that the largest amount of PV capacity installed is established 
through the customer owned business model. Third party business models are applied less but were 
upcoming and community shares business model are responsible for the smallest part of the installed 
capacity. Community shares business models and third party business models are both relatively new 
but the adoption of PV system via these business model is growing (Huijben, Verbong and 
Podoynitsyna, 2016). The most prominent challenge these two business models face considers 
governmental regulations regarding to net metering. Net metering entails the financial balancing of 
electricity produced and injected to the grid by a PV system and electricity taken from the grid on the 
energy bill. The balancing of the electricity bill offers households a reward for generating solar 
electricity, making it financially attractive to invest in PV systems. However, the net metering 
regulations are not optimized yet for business models that include off-site PV systems (i.e. PV systems 
that are installed at another location than the household’s dwelling). Therefore, financial barriers to 
adoption are still present for these business models. While policy makers have been supportive in 
stretching the regulatory regime for some new PV system opportunities, it is also evident that they 
hindered the development of others. The government for example installed the ‘zip code rose’ 
regulation, which enables net metering for households that invested in an off-site PV project within a 
limited distance from their dwelling (Huijben, Verbong & Podoynitsyna, 2016). This broadens 
possibilities for off-site PV system installations, however it still limits other opportunities. Huijben, 
Verbong and Podoynitsyna (2016) provide the example in which a third-party business model that 
needed adaptation in mainstream financial regulations considering virtual net metering was not 
supported. Therefore, non-optimized regulations addressing PV systems are seen as barriers to 
adoption.  
 
Vasseur and Kemp (2015) also examined the barriers to PV system adoption, however they did not 
make a distinction between the available business models. They argue that only a small part of the full 
potential of solar energy technology in the Netherlands is realized, caused by the multiplicity of human 
valuation of PV systems and the resulting adoption behaviors. The researchers aimed to understand the 
factors behind the adoption and non-adoption of PV systems in the Netherlands from the household’s 
perspective. The results show that the cost of a PV system and the PV system attribute perceptions are 
important factors behind the adoption and non-adoption in the Netherlands (Vasseur & Kemp, 2015). 
Adopters consider the costs of adoption affordable, whereas non-adopters view these costs as too high. 
Vasseur and Kemp (2015) argue that this difference is evident because adopters value the benefits of 
PV system more than non-adopters. Whether households adopt or not adopt PV systems is not just a 
matter of costs only, this shows that adoption depends on attribute perceptions. The researchers also 
found that adopters in general have a higher income compared to non-adopters. However, they did not 
state that more households with higher incomes perceived the costs as affordable, as they did not include 
this factor in their segmentation model. Therefore it remains unclear how income influences the 
perceptions of the costs of PV systems, yet it is arguable that households with a higher income perceive 
the costs of PV systems as more affordable. Vasseur and Kemp (2015) emphasize that costs are an 
important element for adoption and argue that unless electricity prices rise significantly and the costs 
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of PV systems decrease substantially, they expect the diffusion of PV systems to be slow. Furthermore, 
Vasseur and Kemp (2015) found that lack of knowledge about PV systems is one of the reasons why 
potential adopters have not adopted a system so far. The lack of knowledge was not a self-stated reason 
for non-adoption, but it was revealed through the statistical analysis where it was found to be a predictor 
for adoption. Vasseur and Kemp (2015) conclude that the provision of information about solar energy 
needs to improve to stimulate adoption, as this is also a predictor for the willingness to adopt. This 
includes information about the costs and quality aspects, but also information on social and 
environmental issues. Vasseur and Kemp (2015) therefore propose two strategies to stimulate the 
diffusion of PV systems: reduce the investment costs and increase household’s knowledge about it.  
 
The cause and effect diagram in figure 10 summarizes the discussed findings on the barriers to PV 
system adoption in the literature. In line with the findings, the investment costs for PV system are 
identified as an important cause that results in customers refusing to invest in PV systems based on the 
customer owned business model. In addition, a lack of knowledge about multiple aspects of PV system 
contribute to customers’ perception of considering PV systems as unaffordable. The regulatory regime 
also strongly influences PV system adoption by addressing financial barriers for households to PV 
system adoption. It needs to be optimized further to tackle financial barriers for households by 
stimulating PV system adoption through different business models.  
 

	
	
Figure 10: Cause and effect diagram for the literature perspective. 

3.2.1.2 Customer perspective 
The customer journey portraying customers’ experiences with digital touch point elements in the 
journey to PV system adoption and usage is visualized in figure 11. The goals at each stage included in 
the template designed by Ortbal, Frazzette and Mehta (2016) were validated by the customer journey 
specialist. The results show that the customer journey elements strongly differ among the stages of the 
journey. Therefore, the results of each stage are described individually. The awareness stage is 
characterized by customers becoming aware of PV systems and the benefits the technology can offer to 
the customer. This stage is triggered by customers encountering an online advertisement, a status update 
from someone in their network on social media or someone that directly communicates their purchase 
of PV systems to the customers via WhatsApp or e-mail. Customers feel curious and interested in this 
stage, but also confused as they find it difficult to accurately understand the usage and benefits of PV 

Cause

Upfront	investment	costs	for	PV	
systems	are	often	viewed	as	too	

high	by	non-adopters	or	by	
rejecters.

Costs

Knowledge	about	the	costs,	
quality	aspects	and	the	social	
and	environmental	issues	is	
found	to	be	a	predictor	for	PV	

system	adoption.	

Knowledge

The	policy	instrument	of	net	
metering	has	been	crucial	for	
the	increase	in	PV	adoption	
through	the	customer	owned	

business	model.	This	instrument	
is	not	yet	optimized	for	third	
party	and	community	shares	

business	models.

Policy

Effect

Consumers	are	often	not	
prepared	to	invest	in	PV	systems	
through	the	customer	owned	

business	model.

Financial	barriers

A	lack	of	knowledge	is	
associated	with	non-adoption	or	

rejection	of	PV	systems.	

Lack	of	knowledge

Consumers	are	financially	
influenced	by	governmental	
decisions	addressing	the	
subsidies	and	taxes	for	PV	

systems.	The	regulations	are	not	
yet	optimized	to	fully	stimulate	
PV	system	adoption	for	all	

business	models.

Insufficient	regulations

Situation

Financial	barriers,	a	lack	of	
knowledge	and	insufficient	

regulations	disrupt	PV	system	
adoption	in	the	Netherlands.

Barriers	to	PV	adoption



	
	

31 
	

systems. It is argued that a key opportunity in this stage is to provide customers information that is easy 
to understand and in addition motivates customers to enter the next stage of the journey. The next stage 
includes information gathering in which customers learn more about PV systems by looking for online 
information about PV systems. This includes examining customer reviews on the product and services. 
The information is often searched on review websites, online blogs and social media, but also on the 
website of Essent or the website of its PV system supplier partners. Customers become frustrated, 
overwhelmed and indecisive as they find it still difficult to understand all the aspects that associated 
with the purchase and usage of PV systems. A complicating factor in this stage is the specific situation 
of the customer that includes the type of roof, the installation, the required energy generation, the 
generated energy and the resulting savings. The customer journey specialist indicated that an 
opportunity in this stage is to construct reviews that consider the specific situation of a PV system 
customer. By including these type of reviews, customers can compare their situation with the specific 
situation of the reviewer. Accordingly, the decision making stage starts with setting criteria for the final 
purchase decision by consulting others, requesting quotes and comparing prices of PV systems. In this 
stage, it is found that customers find it difficult to estimate the trustworthiness of the reviews. A key 
insight here is that trustworthy reviews that persuade customers to choose for a specific supplier can 
have a great impact on the decision making process. After completing the purchase, it is found that 
some customers inform their network about the purchase through WhatsApp, e-mail or social media. 
However, many PV system customers indicated that they would like to share their purchase and 
enthusiasm about it, but they did not do it as they were doubtful about the appropriate way to 
communicate it and it was not on top of their mind. Therefore, a key opportunity in this stage is to 
enable customers to share their positive emotions by proving them a concrete opportunity to share it. 
Finally, in the after-sales stage customers become experienced users of the PV system and often feel 
accomplished if the PV system generates the promised benefits. Customers in this stage also indicated 
that they would like to communicate the positive emotions, but do not know the appropriate way to do 
this. As a consequence, the key opportunity for this stage is to enable customers to communicate their 
positive emotions through a way that stimulates them and makes them feel comfortable communicating 
it.  
	

	
	
Figure 11: Customer journey map for a PV customer based on interview with  P. Van Engelen (personal communication, June 
5, 2017) 
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Based on the insights from the interview with the customer journey specialist at Essent, the cause and 
effect diagram in figure 12 was constructed. Three main causes and effects were identified from the 
customer journey with digital touch points. One important cause is that customers are having difficulties 
with understanding the usage and the benefits that they will obtain from purchasing a PV system. Due 
to these difficulties, they have an insufficient understanding of PV systems and are accordingly not 
convinced to adopt them. In the process of learning about PV systems, another factor complicates the 
information gathering and decision making. Customers feel that it is difficult to obtain trustworthy 
information about PV systems and the suppliers. As a result, they remain doubtful and indecisive about 
their decision to adopt a PV system. Lastly, the potential of word-of-mouth promotion is not optimally 
utilized as customers indicate that they are willing to share their positive emotions about PV systems, 
yet they require support with this.  
 

	
	 	
Figure 12: Cause and effect diagram for the user perspective. 

3.2.2 Design framework & concept interventions 
The following paragraphs describe the design framework, which includes the design principles, 
design requirement, design parameters, and the designed concept interventions.  

3.2.2.1 Design principles 
The cause and effect diagrams consider several barriers to adoption that can be tackled by influencing 
customers’ attitudes towards PV systems. Tackling barriers to adoption relating to policy or practical 
issues (e.g. an unsuitable roof) for the different business models is out of scope, as the focus of the 
research is on overcoming attitudinal barriers to adoption of PV systems. The selected desired 
psychological outcomes, which correspond to the elements in the structural overview of gamification 
applications, are education in PV systems, increasing trust in PV systems and social encouragement. 
These address barriers to adoption for all the three business models, as they are relevant for all of them, 
and therefore address PV system adoption in general. The selected outcomes and their definitions found 
in the literature study are included in table 5. Education in PV systems should tackle the findings 
considering the lack of knowledge and the insufficient understanding of the usage and benefits of PV 
system. Knowledge about the PV system is found to be one of the main barriers in PV adoption by 
Vasseur and Kemp (2015). The researchers concluded that the provision of information about solar 
energy needs to improve to stimulate adoption. In addition, this barrier is again confirmed as a major 
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pain point and opportunity in the customer journey. Increasing trust in PV systems addresses the issue 
of trust and the resulting indecisive attitude of the consumer identified from the user perspective. 
Trustworthy information about PV system and trust in obtaining the promised advantages of purchasing 
a PV system needs to be improved to tackle this pain point in the customer journey. Social 
encouragement refers to a desired psychological outcome associated with social motives intrinsic to 
customer-customer interactions (Petkov, Foth, Köbler, & Krcmar, 2011). It is also identified as a desired 
psychological outcome considering that customer-customer interactions have high impact on customer 
experience and customers strongly rely on WOM feedback according to Stein and Ramaseshan (2016). 
 

Table 5: Selected outcomes and their definitions. 

Component Construct Adopted from Definition 
Psychological 
outcomes 

Education  Fijnheer and Van 
Oostendorp (2016) 

Transfer of information about the advantages of PV systems so that 
consumers acquire more knowledge about this topic. 

Trust in PV 
systems 

Ohnmacht, Schaffner, 
Weibel and Schad (2017) 

The belief in the positive expected outcome of the goal intention of 
purchasing a PV system.  

Social 
encouragement 

Petkov, Foth, Köbler and 
Krcmar (2011) 

Encouragement that results from human’s unconscious strive to 
comply with the actions of like-minded individuals. 

Behavioral 
outcomes 

Action to obtain 
price 

Beck, Lakkaraju and Rai 
(2016) 

A specific and discrete behavior with a singular path to action (i.e., 
performing the Essent solar panel check or calling a solar installer 
to receive a quote). 

Community 
interaction 

Denti (2014) Promote the interaction with the community of users, to exchange 
for example suggestions and best practices. 

 
The selected behavioral outcomes are action to obtain price and community interaction. Action to obtain 
price is selected as a behavioral outcome that represents a specific and discrete behavior that is evident 
in the path to PV system adoption. Beck, Lakkaraju and Rai (2016) argue that consumers’ intention to 
perform an action to obtain a price for their specific dwelling can be used as an indicator for the intention 
to adopt a PV system because it shows that consumers are strongly considering the purchase. As 
elaborated before, it was not possible in this study to measure actual adoption of PV systems because 
the concept interventions were only tested as visual designs, not as implemented interventions. 
Therefore, the intention to perform an action to obtain a price for a PV system specifically for a 
consumer’s dwelling is selected as a behavioral outcome that is associated with consumers’ intention 
to adopt a PV system. The second included behavioral outcome includes community interaction which 
reflects the behavioral intentions considering communication regarding the exchange of suggestions 
and best practices for PV systems resulting from the interventions (Denti, 2014). This outcome is 
included to examine whether the interventions stimulate the desired customer-customer interactions to 
utilize the potential of WOM. Increasing trust in PV systems and social encouragement also correspond 
with desired psychological outcomes associated with WOM. Research suggests that social motives and 
consumer trust are facilitated through WOM systems, especially WOM in the form of text opposed to 
simple customer ratings (Yoo, Kim & Sanders, 2015). The selected outcomes therefore address the 
causes related to problems with PV system adoption and in addition related to the opportunity WOM 
offers to stimulate PV adoption.  
 
The selected components for the design principles should be accordingly integrated into design 
principles that form a logical sentence (Denyer, Tranfield & Van Aken, 2008). This is achieved by first 
writing down the sub-sentences for the design principles’ components for all the selected framework 
elements, as listed in table 6. It is seen in table 6 that the context, mechanisms and outcomes are in line 
with the research scope and the identified barriers. The intervention part of the design principles is made 
more specific in section 3.2.2.3 by considering the design parameters for the technology and 
motivational affordances components. Combinations of the sub-sentences are considered and visualized 
in figure 13. Arrows are included to show the flow of the design principles. This approach to construct 
the design principles is used because the (causal) relationships between the mechanisms (i.e. 
psychological outcomes) and outcomes (i.e. behavioral outcomes) are not yet clear. All the three 
mechanisms are required to be included in the interventions to make an intervention as efficient as 
possible to overcome the identified barriers to PV adoption. Several efficiency considerations include 
the costs to develop and implement the intervention, the exposure consumers get with the intervention 
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and the maximum effect for PV adoption. Taking these considerations into account, it would not be 
efficient to develop interventions of which each only addresses one or two of the three mechanisms. 
Likewise, both behavioral outcomes are required for each intervention to maximally test PV adoption 
through customer-customer interactions. Denyer, Tranfield and Van Aken (2008) argue that design 
principles should provide some indication of causality between the components, however this is not 
necessary to compose the design principles. It is not yet clear which mechanisms cause which outcomes, 
therefore the relationships between the mechanism and outcomes are examined in chapter 5 with a 
survey study. This provides valuable insights into the relationship between specific interventions, 
specific mechanism components and specific outcome components.  
  

Table 6: Sub-sentences for the design principles. 

Building blocks Sub-sentences design principles   

Energy practices (C) In the context of the sustainable energy practice of PV system adoption (C)  
Technology - Motivational affordances (I) a gamified digital media intervention should be deployed (I) 
Psychological outcomes (M) that educates an individual about PV systems (M) 

that increases an individual’s trust in PV systems (M) 
that facilitates an individual’s environment to encourage them (M) 

Behavioral outcomes (O) to stimulate their intention in obtaining a price for a PV system (O) 
to stimulate their intention to  communicate about PV systems (O) 

 

	
Figure 13: Graphical overview of the design principles. 

3.2.2.2 Design requirements 
The design requirements are identified by taking into account the goal of the study, the main research 
question, the design principles and the requirements stated by Essent. Together these requirements 
provide the boundary conditions, the functional requirements, the user requirements and the design 
restrictions as listed in table 7 to which the designed interventions need to adhere to. 
   

Table 7: Selected constructs and their definitions. 

Type # Design requirements 
Boundary 
conditions 

1 The interventions need to be in line with the vision and strategy of Essent, to increase the practical relevance of the 
interventions. Therefore, Essent needs to identify the interventions as potential opportunities to develop further.  

Functional 
requirements 

2 The interventions should address PV system adoption by aiming to reduce the selected barriers to PV system adoption. 
These include a lack of knowledge about PV system, a lack of trust in obtaining the promised benefits from purchasing 
PV systems and the unused potential of WOM to stimulate PV system adoption through customer-customer interactions. 

3 The interventions should be in the category of digital media applications to specifically examine the potential of these 
types of interventions and contribute to the body of research in this field. 

4 The interventions should include gamification to specifically examine the potential of these types of interventions and 
contribute to the body of research in this field. Therefore, the interventions should activate at least one core drive with 
the motivational affordances in line with Chou (2016) and should address multiple player types in line with Bartle 
(1996).  

User 
requirements 

5 The interventions should be easy to use for consumers. To maximize the accessibility of the designed interventions, they 
must be clear and simple for the consumer.  

 6 The interventions should contain a potential usefulness for the consumer.  
Design 
restrictions 

7 Costs for developing and testing the interventions should be minimized (i.e. not more than 500 euro for interviews and 
survey distribution). This is to collect evidence for the success of the interventions before development of the prototype.  

 8 The interventions should be relevant to implement within a year by taking into account product portfolio planning at 
Essent.  

  

The design requirements that are included as boundary conditions address the goals of this study and 
the practical relevance of the designed interventions, whereas functional requirements consider the 
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formulated design scope of the interventions. Furthermore, design restrictions are in line with 
requirements stated by Essent. User requirements offer the opportunity to be examined because they 
address the fit between the intervention and consumers’ wants and needs. These requirements are 
defined in line with the TAM that is illustrated in figure 14, in which perceived usefulness and perceived 
ease-of-use are argued to significantly influence the intention to adopt the intervention (Davis, 1989). 
Adherence to the defined user requirements is argued to play an important role in the success of the 
intervention because whether the consumers intend to use the intervention is decisive for its effect on 
their intention to adopt a PV system.  
	 	

	
	
Figure 14: Technology Acceptance Model (Davis, 1989).	

While the boundary conditions, functional requirements and the design restrictions can be taken into 
account in the design process, the adherence to the user requirements can be fruitfully evaluated by 
asking consumers about their perceptions considering the ease of use and the usefulness. Therefore, it 
is decided to take these factors into account in the survey study. In this way, consumers’ intention to 
adopt the intervention is taken into account in the effects of the interventions in positively influencing 
the intention to adopt a PV system. Not only the intention to adopt the intervention is included as a 
studied variables but perceived usefulness and perceived ease-of-use are included to increase the 
reliability of the results. To minimize confusion towards the two variables that both address the intention 
to adopt, the intention to adopt the intervention is referred to as part of the usability of the intervention. 
By examining the usability of the intervention through measuring the intention to adopt the intervention, 
and in addition the perceived usefulness and the perceived ease-of-use, the usability of the interventions 
can be included in conclusions regarding the effectiveness of the interventions. The definitions of the 
variables that represent the usability of the interventions are included in table 8 below. It should be 
noted that including the usability variables is not for the purpose of examining the relationships as 
described in the TAM. The variables are taken into account to examine if any of the usability variables 
independently influences the intention to adopt PV systems, to see if the usability of the interventions 
plays a role as a predictor for their effectiveness.  
	 	

Table 8: Variables drawn from the user requirements to represent usability of the interventions. 

Component Construct Adopted from Definition 
Intervention 
adoption 

Intention to 
adopt 

Rodrigues, Oliveira and 
Costa (2016) 

The intention to use a particular intervention perceived by the user.  

 Perceived 
usefulness 

Gardner & Amoroso (2004) The degree that leads a person to believe that using a particular 
intervention would enhance his task performance.  

 Perceived ease-
of-use 

Rodrigues, Oliveira and 
Costa (2016) 

The degree to which a person believes that using a particular 
intervention be free from the effort. 

3.2.2.3 Design parameters 
For defining the design parameters, the motivational affordances representing the gamification elements 
and the digital possibilities Essent offers to interact with consumers are structured in figure 15. The 
technology component includes parameters referring to web-based platforms, mobile applications and 
direct communication. The web-based platforms parameter includes values for the general website of 
Essent and also the websites of the service partners of Essent. Essent sells PV systems through multiple 
regional PV system sellers that are 100% owned by Essent. Each of these service partners has their own 
website that functions as a digital media channel for consumers. Furthermore, mobile applications 
include the general Essent app that customers can use to view their invoice, which includes the monthly 
energy consumption, and in which consumers can change their monthly payment amount. PV customers 
at Essent currently use the SolarEdge app to get insight into the energy generation with their PV system. 
Integration of new functionalities with SolarEdge is limited because the app is owned and operated by 
an external party. Yet it is included in the parameter overview to indicate its usage as a digital media 
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channel. Finally, e-mail is included as a direct communication method due to its opportunities to directly 
address customers. While the web-based platforms are accessible for all consumers, direct 
communication via e-mail is only possible with current customers of Essent. In addition, the mobile 
applications are available for everyone, however they are currently only usable for customers of Essent 
that can log in with their account. As elaborated before, it is decided to not include other technological 
components than the digital media channels Essent currently operates to keep the costs for 
implementing the interventions as low as possible in line with the design requirements stated by Essent. 
Including new digital media channels as technology parameters has the consequence that resources have 
to be included to initiate and operate the new media channel. As this includes additional costs, it is 
decided to keep the focus on the current operated digital media channels. Furthermore, the design 
parameters for the motivational affordances component directly refer to the gamification elements 
identified in the associated hierarchical coding scheme. These elements are configured as parameter 
values in figure 15.  
  

Parameter Technology component 
Web-based platforms Website Essent Websites service partners 
Mobile applications Essent general app SolarEdge app 
Direct communication E-mail 
Parameter Motivational affordances component 
Learning Tips & tricks Set goals Actions to perform Push notifications 
Feedback delivery Aversive feedback Historical feedback Real-time feedback Eco-visualization 

News feed Leaderboards/rankings Graph/scores Direct consumption 
Type feedback Self-comparison feedback Social-comparison feedback 
Rewards Monetary rewards Points Badges/achievements Community rewards 
Community types In-game 

communities 
Cross-household communities Social media communities 

Dynamics Levels Increasing difficulty Avatar Real-life mission/ 
challenge 

Storytelling/ narratives 

	 	

Figure 15: Design parameters for the motivational affordances component. 

3.2.2.4 Concept interventions 
For each intervention, it is elaborated how it builds on the design principles, how the design parameters 
are configured, what core drives are activated in line with the Octalysis framework and what player 
types are potentially activated. In this view, the selected technology and motivational affordances to 
induce the desired psychological and behavioral outcomes are discussed.  
 
Concept 1: E-mail with information and photo about PV system 
The design of the concept includes figure 5 and figure 6 in appendix B. The used design parameter 
values for this intervention are marked green in figure 16. Figure 5 in appendix B shows the e-mail that 
the promotor receives after installation. The e-mail contains historical feedback information about the 
usage and benefits of the PV system (e.g. amount of solar panels, totally installed capacity, total 
generated capacity per year, savings per year and GHG-emission reduction per day in general) for the 
customer. The promotor is offered the option to send a personalized version of the e-mail to others. The 
personalization part means that promotors can send an e-mail with the name included in the introductory 
greeting of whom they are sending the e-mail to. In the e-mail the prospect received, a new action to 
perform is included in the blue box. This entails an action to do the solar panel check to obtain 
information on the costs and advantages of purchasing a PV system. Social comparison feedback is 
activated by providing the prospect information about the advantages that promotors obtain from the 
usage. The associated psychological outcomes include increasing prospect’s understanding of the 
benefits of a PV system, offering a trustworthy source for a PV system evaluation and encouraging an 
individual to consider the benefits of a PV system.  
  

Parameter Technology component 
Web-based platforms Website Essent Websites service partners 
Mobile applications Essent general app SolarEdge app 
Direct communication E-mail 
Parameter Motivational affordances component 
Learning Tips & tricks Set goals Actions to perform Push notifications 
Feedback delivery Aversive feedback Historical feedback Real-time feedback Eco-visualization 

News feed Leaderboards/rankings Graph/scores Direct consumption 
Type feedback Self-comparison feedback Social-comparison feedback 
Rewards Monetary rewards Points Badges/achievements Community rewards 
Community types In-game 

communities 
Cross-household communities Social media communities 
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Dynamics Levels Increasing difficulty Avatar Real-life mission/ 
challenge 

Storytelling/ narratives 

	 	

Figure 16: Selected design parameters for the e-mail intervention in green. 

The e-mail intervention is argued to activate two core drives in line with the Octalysis framework of 
Chou (2016). The empowerment of creativity & feedback core drive is activated through the historical 
feedback related motivational affordance that provides insight into the results of the PV system 
purchase. In addition, the social influence & relatedness core drive is activated through the social-
comparison feedback that is provided in the e-mail. As the intervention activates two core drives in line 
with the reasoning of Chou (2016), it is argued that the intervention can potentially increase customers’ 
intention to adopt PV systems through the use of gamification in the digital media intervention. The 
player types that are activated by this intervention are mainly Explorers and Socializers, in line with 
Bartle’s (1996) description of the player types. Explorers are activated through the action to perform a 
solar panel check to discover what PV system adoption entails and how they can benefit from it. 
Socializers are activated as they are influenced by what the sender (i.e. the promotor) of the e-mail has 
to say. As the intervention activates a two of the four player types, its potential effectiveness is estimated 
to be reasonable.  
 
Concept 2: Google maps review system 
The visual design of the Google maps review system is included in appendix B as figure 3 and figure 
4. The selected design parameters for the technology and motivational affordances components are 
found in figure 17 below. As seen in the figures, the illustration on the first page includes a web-based 
platform on the website of Essent. The option in figure 3 in appendix B to fill in an address and 
consumption, and receive information about the investment was already in place at the Essent website. 
This option is called the Essent solar panel check (i.e. “Essent zonnepanelencheck”). The gamified 
intervention includes the addition of the interactive google maps illustration in figure 4 in appendix B 
through which the consumer can navigate to investigate PV system adoption in their neighborhood, 
after performing the action of filling in their address. In this figure, the consumer can see which 
households in their street, town or city already purchased a PV system, which are indicated as red boxes. 
In addition, the prospect can click on the red box to see a short review, a picture of the house’s roof 
with the PV system, and information about the address, average yearly savings, year installed and total 
amount of saved money due to the PV system. The number-related information shown is referred to as 
historical feedback. By providing information about the energy practices of PV system customers, 
social comparison feedback is leveraged. In addition, information is provided about the PV customer 
in the form of a picture of the roof, the address and a short textual review, which is assumed to positively 
influence the trustworthiness of the review. Accordingly, desired psychological outcomes of the usage 
of this concept include influencing the attitude towards PV systems by increasing trust in the system, 
educating prospects about the benefits of PV systems and stimulating technology acceptance through 
social encouragement. Prospects might be socially encouraged if they see other people using PV, 
leading to behavioral outcomes associated with PV adoption. 
 

Parameter Technology component 
Web-based platforms Website Essent Websites service partners 
Mobile applications Essent general app SolarEdge app 
Direct communication E-mail 
Parameter Motivational affordances component 
Learning Tips & tricks Set goals Actions to perform Push notifications 
Feedback delivery Aversive feedback Historical feedback Real-time feedback Eco-visualization 

News feed Leaderboards/rankings Graph/scores Direct consumption 
Type feedback Self-comparison feedback Social-comparison feedback 
Rewards Monetary rewards Points Badges/achievements Community rewards 
Community types In-game 

communities 
Cross-household communities Social media communities 

Dynamics Levels Increasing difficulty Avatar Real-life mission/ 
challenge 

Storytelling/ narratives 

	
Figure 17: Selected design parameters for the Google maps review system intervention in green. 

The maps intervention is argued to activate the same two core drives in line with the Octalysis 
framework of Chou (2016) as the e-mail intervention. Again, through the use of feedback related 
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motivational affordances that provide insight into the results of the PV system purchase, the 
empowerment of creativity & feedback core drive is activated. In addition, the social influence & 
relatedness core drive is activated through the social-comparison feedback that is provided in the maps 
intervention. In line with the reasoning of Chou (2016), it is argued that the intervention can potentially 
increase customers’ intention to adopt PV systems as a gamified digital media intervention because two 
core drives are activated due to the intervention. Bartle’s (1996) player types that are activated by this 
intervention are again Explorers and Socializers. The intervention activates Explorers by enabling them 
to discover who in their neighborhood already purchased a PV system and how those households benefit 
from it. Socializers are activated due to the personal reviews of the PV system customers included in 
the intervention. The intervention activates two of the four player type and therefore is estimated to 
have a reasonable effectiveness.  
 
Concept 3: App savings challenge 
The app intervention entails a savings challenge functionality for the general Essent app. The savings 
challenge entails a platform with several functionalities leveraging multiple motivational affordances 
as seen in figure 18 below. A visualization of the savings challenge is included in figure 7 in appendix 
B. The challenges hold actions to perform necessary to complete the challenges relating to the amount 
of energy generated or savings obtained to obtain badges. The first visualization of the savings 
challenge is a leaderboard in which multiple players and their achieved points are shown. The second 
visualization shows several potential challenges that users are offered to participate in. Several 
challenges involve in-game community challenges and challenge the participant to collectively reach a 
goal. Other challenges require users to send tips and tricks to others that might be either users or non-
users of the app. It is assumed that the app stimulates prospects to adopt PV systems in three ways. 
First, prospects might be touched by the intervention by receiving tips and tricks from users that can be 
seen as social-comparison feedback. Secondly, prospects can be encouraged by the app to consider PV 
adoption because their trust in using the PV system to obtain the promised benefits is potentially 
increased. Thirdly, the app is assumed to encourage users to promote PV systems by increasing their 
enthusiasm and engagement with it.  
   

Parameter Technology component 
Web-based platforms Website Essent Websites service partners 
Mobile applications Essent general app SolarEdge app 
Direct communication E-mail 
Parameter Motivational affordances component 
Learning Tips & tricks Set goals Actions to perform Push notifications 
Feedback delivery Aversive feedback Historical feedback Real-time feedback Eco-visualization 

News feed Leaderboards/rankings Graph/scores Direct consumption 
Type feedback Self-comparison feedback Social-comparison feedback 
Rewards Monetary rewards Points Badges/achievements Community rewards 
Community types In-game 

communities 
Cross-household communities Social media communities 

Dynamics Levels Increasing difficulty Avatar Real-life mission/ 
challenge 

Storytelling/ narratives 

	

Figure 18: Selected design parameters for the app intervention in green. 

The app functionality stimulates multiple core drives in line with the Octalysis framework (Chou, 2016). 
First, the development & accomplishment core drive is activated through making use of competition 
related elements such as challenges. In addition, this drive is also activated by including points, 
achievements and leaderboards in the intervention. Also, the empowerment of creativity & feedback 
core drive is activated due to the motivational affordances that provide insight into the realized 
achievements, such as different types of feedback and the rewards that are given for specific 
achievements. Lastly, social influence & relatedness core drive is activated through the social elements 
that are included in the interventions. Social-comparison feedback, in-game communities and real-life 
missions or challenges trigger this core drive. As three core drives are activated, the intervention has 
the potential to motivate customers through gamification (Chou, 2016). The player types that are 
activated through this intervention are assumed to be Achievers, Socializers and Explorers. Achievers 
are strongly activated through the development and accomplishment related elements such as obtaining 
points, badges and completing challenges to get higher in the leaderboard. Socializers are activated 
through the social elements included in this intervention including in-game communities and tips and 
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tricks received from users. Explorers are activated through the opportunity the intervention provides to 
learn about PV system usage and obtaining savings through participation in the challenges. As this 
intervention activates three player types, it can potentially have a high effectiveness.  

3.2.3 Results pretesting & Redesign 
In this paragraph, the results of pretesting the interventions in the interviews and the redesign of the 
interventions based on these results is described. A coded summary of the insights and quotes annotated 
during the interviews by the observers is included in table 3 in appendix B. The results from the 
pretesting are processed by redesigning the concept interventions based on the key insights obtained 
from the semi-structured interviews. Each feedback point was considered in the process of making 
redesign choices. The redesign for each intervention is elaborated accordingly.  

3.2.3.1 E-mail with photo and information about PV system  
The key insights related to the e-mail intervention show that the participants in general positively 
evaluated the intervention. While the participants were positive about sharing the picture, the observers 
indicated that participants showed little interest in sharing the textual information with their friends and 
family. It was mainly the picture of the PV system on the roof that participants were happy to share. 
Insights addressing the design and wording indicate that the intervention was easily understood, the lay-
out of the e-mail was evaluated as clear and fun, and participants liked the idea of obtaining a picture 
of their house with a PV system after installation. This intervention was more thoroughly tested in the 
case of promotors during the interviews compared to the perceptions of prospects towards receiving 
such an e-mail. To further test prospects’ attitudes towards the intervention, it is decided to only test the 
perception towards the illustration of the e-mail that is received by the prospect from the promotor in 
the online survey. The e-mail for the promotor is not included in the online survey to enable specific 
examination of the influence of the intervention on prospects’ perceptions towards the desired outcomes 
associated with PV system adoption. Accordingly, the new illustration in figure 8 in appendix B was 
developed that showed the e-mail with information and a photograph of the PV system consumers 
obtain from their friends. This e-mail includes the same information as the concept intervention 
includes. Only the introductory text is changed so that it addresses the prospect instead of the promotor. 
The lay-out of the e-mail is also slightly changed. The logo of Volta Solar, a service partner through 
which Essent sells PV systems, is included in the e-mail because this is supposed to be enclosed in line 
with the branding strategy that Essent applies (P. Van Engelen, personal communication, July 5, 2017). 
The color of the box next to the photograph is changed to the color that is used by Volta Solar for the 
same reason. A short description of the intervention, the context of the e-mail and the associated 
functionalities are added in the online survey to further clarify the intervention to the respondents of the 
online survey. This description can be found in appendix C. 

3.2.3.2 Google maps review system 
The key insights considering the Google maps review system are mainly supporting a positive attitude 
towards the intervention. Content and functionality related insights show that participants indicated to 
easily understand the intervention and its purpose. In addition, participants indicated to find it useful 
and would use the application if it was available. A potential problem related to the intervention stems 
from the reluctance of some participants in sharing the necessary information as a promotor. This 
includes information on the generated energy, the achieved savings, participants address and the picture 
of their PV system on the roof. Therefore, more research needs to be performed to examine promotors’ 
preferences in the type of information they would be ready to share on the Google maps review system, 
and potential incentives that stimulate them to share the information. This is not further examined in 
the survey study because the survey study aims to measure the effects considering prospects. Based on 
these ground, this is identified as an opportunity for further research. Furthermore, the design and 
wording related insights are also positively evaluated. Due to this positive evaluation, no improvement 
points were required to be processed for this intervention. Yet an important design choice is made for 
the redesigned intervention by excluding the solar panel check and the financial information considering 
the PV system from the illustration to only test the actual Google maps review system visualization. 
The redesigned intervention is included as figure 9 in appendix B. The illustration of the intervention 
is simplified by only including the standard solar webpage of Essent with underneath the Google maps 
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review system. To make clear that this system can be used to find neighbors with PV systems, the 
sentence ‘Check out who in your neighborhood already has a PV system!’ is placed above the system. 
In addition, a short description of the intervention is added in the survey, as seen in appendix C, to 
further clarify the intervention. 
 
3.2.3.3 Savings challenge app functionality 
The observers noted that participants were positive about the savings challenge in general. While they 
liked the lay-out and the gamified experience, they were not actively interested in using the savings 
challenge and some were doubting about whether they would use it. The content and functionality 
related answers showed that the content related aspects of the leaderboard, the challenges and the 
functionalities were easily understood by the participants. However, participants evaluated the included 
challenges as moderately fun and showed no response that they would like to participate in the 
challenges. Thus, participants were in general doubtful about their usage of the savings challenge 
functionality. For design and wording aspects, the design of the app was evaluated positively and the 
used wording was clear. One point of improvement included that the words were too small to read easily 
as participants had to put a lot of effort to read the sentences in the illustrations. In line with this 
feedback, the design of the app was changed by increasing the size of the words to make it more easy 
to read for the respondents of the online survey, as seen in figure 10 in appendix B. Furthermore, it is 
decided not to change the included challenges. The challenges were perceived as moderately fun, 
however the sample included in the semi-structured interviews could have a negative attitude towards 
challenges in general. Therefore, it is decided to still include the previously designed challenges in the 
interventions that are tested in the online survey.    

3.3 Summary and Conclusion 
The goals of the design study were to identify the causes of the problems relating to PV system adoption, 
to design interventions that address these causes, to pretest the concept interventions and use the 
obtained insights to redesign the interventions. The causes are identified from two different perspectives 
and for each perspective a cause and effect diagram was constructed to visualize the causes, effects and 
resulting situation that is characterized by a lack of PV system adoption. From a literature based 
perspective, the most important contributions to the problem were identified to be financial barriers, a 
lack of knowledge and insufficient governmental regulations. From the user’s customer journey 
perspective, doubt due to trust issues, insufficient understanding of PV systems and the limited usage 
of WOM are recognized as the most important contributions to the problem. The identified causes are 
similar in the lack of knowledge about PV systems, which is therefore identified as an important barrier 
to adoption. The barriers relating to trustworthiness and usage of WOM are also selected to be addressed 
by the interventions. Financial barriers to PV system adoption are not addressed in a way in which the 
costs of PV systems are altered. They are addressed indirectly as the perceptions considering the 
benefits of PV systems influence the attitude towards the costs. Insufficient regulations to stimulate PV 
system adoption from multiple business models are also not addressed because the study does not aim 
to offer solutions for new regulations considering PV systems.  
 
Based on the identified barriers to adoption, design principles are developed to guide the design of the 
interventions. In addition, design requirements are stated to further specify the scope of the design 
space. Design parameters were developed for the technology and motivational affordances components 
of the intervention. These included the available options for the technology and the gamification 
elements that can be applied in the interventions. While considering the design principles, the design 
requirements and the design parameters, three interventions were developed. Accordingly, pretesting 
was performed through semi-structured interviews with seven participants. Qualitative data was 
obtained as feedback towards the interventions from mostly promotors’ perspectives. This data was 
used to redesign the interventions that could be further tested in the online survey. The variables 
identified as the psychological outcomes, behavioral outcomes and the user requirements are used in 
the evaluation of the interventions in the online survey. These variables include education, trust in PV 
systems, social encouragements, action to obtain price, community interaction, intention to adopt the 
intervention, perceived usefulness and perceived ease-of use. In the next chapter, the effectiveness of 
the designed interventions is tested in a through examining the relationships between these variables.  
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4. Survey study 
The goal of the survey study is to assess the relationships between the psychological outcomes, 
behavioral outcomes, the usability of the interventions and the control variables. According to a survey 
specialist at Essent, several variables might influence the relationships between the outcomes (T. 
Droog-Maas, personal communication, July 3, 2017). Therefore, in examining the relationships 
between the variables, the effects of multiple control variables on the relationships between the 
outcomes are taken into account. The identified control variables are age, gender, educational level, 
journey location, PV system knowledge, physical interaction, digital interaction, dwelling ownership 
and dwelling type (T. Droog-Maas, personal communication, July 3, 2017). The control variables need 
to be considered because they can all influence the relationships between the variables as a result of 
situational circumstances. To analyze the relationships between the variables, a survey is developed in 
this study. The psychological outcomes, behavioral outcomes and the usability variables are measured 
as latent constructs with Likert scales composed of Liker items. A latent construct is a hypothesized 
concept that is represented by measurable variables which are the Likert items (Hair, Black, Babin, & 
Anderson, 2010).  
 
After completing the data collection and preparation, the data is explored to examine data characteristics 
such as missing values and outliers. The assumptions necessary for statistical inference techniques are 
also checked to determine the appropriate data analysis technique to examine the relationships between 
the variables. Potential statistical inference techniques were selected beforehand to specify the 
assumptions that need to be inspected. Confirmatory factor analysis is useful to inspect the validity of 
the constructed Likert scales. Therefore confirmatory factor analysis was proposed to examine the 
measurement relationships (i.e. the relationships between the Likert items and the latent constructs). 
Multiple regression enables the examination of the multivariate relationships between the independent 
variables, control variables and the dependent variable. It allows for the inclusion of categorical 
variables which is necessary to test the influence of the control variables. By using multiple regression, 
regression coefficients for the independent and control variables can be estimated. These provide 
information about the magnitude, sign and statistical significance of the variables considering their 
influence on the intention to adopt PV systems (Hair et al, 2010). With this information conclusions 
can be made about the influence of the gamified interventions based on the theoretical reasoning in this 
research considering the relationships with the independent variables. Based on these grounds, multiple 
regression analysis was proposed to examine the structural relationships (i.e. the relationships between 
the independent and dependent variables). The assumptions necessary for confirmatory factor analysis 
and multiple regression are examined through visual inspection of the data through plots and also by 
using statistical built-in test in R, an open source programming language and software environment for 
statistical computing and graphics. R offers methods to examine the assumptions by examining the 
results of the regression analysis. Therefore, the regression analysis was performed to examine the 
assumptions with the built-in functions. The following sections describe the methodology, which 
includes the development of the survey, the study design for the data collection, the analysis of the 
collected data and the results. 

4.1 Methodology 

4.1.1 Study design 
The survey study aims to examine the relationships between the psychological outcomes, behavioral 
outcomes, intervention types and control variables as independent variables, and the intention to adopt 
a PV system as dependent variable, as seen in figure 19. The model in figure 19 represents a simplified 
version of the tested relationships to offer a basic illustration of the analysis. It is hypothesized that the 
intervention type, the psychological outcomes, the usability, community interaction and the control 
variables could influence the action to obtain a price. The selected variables are all included in the 
model to identify the variables that potentially influence the intention to adopt a PV system. They can 
influence the intention through direct effects or indirect effects, which are both examined in line with 
figure 19. The intervention, the psychological outcomes, the usability variables, community interactions 
and the control variables are all taken into account as independent variables in the model. These 
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variables are argued to potentially predict the dependent variable action to obtain price. It should be 
noted that these predictors are called independent variables, however it is not argued that these variables 
are independent from other variables. They are merely called independent variables in line with multiple 
regression terminology, as they are the predictors that can potentially predict the dependent variable 
(Hair et al., 2010). When the indirect effects of the control variables and community interaction are 
examined, these variables are tested as moderators that influence the relationship between a predictor 
and the dependent variable (Hair et al., 2010). The examined relationships between the variables are 
more elaborately discussed in paragraph 4.1.4.5 that addresses the multiple regression analysis. The 
data was collected with an online survey questionnaire developed in this study to measure the stated 
relationships. 
 

	
	 	
Figure 19: Relationships tested with the online survey. 

The selected study design entails a between subject design by asking the respondents to answer 
questions about only one gamified digital media intervention in the survey. A between-subject design 
approach was chosen to eliminate carry-over effects in line with the reasoning of Charness, Gneezy and 
Kuhn (2012). In general, carry-over effects indicate that participation in one condition may affect 
performance in other conditions, thus creating a confounding extraneous variable (Charness, Gneezy, 
& Kuhn, 2012). In the case of the online survey, a confounding variable might appear if a within subject 
design is adopted by negatively affecting the evaluation through the fatigue effect that is caused by the 
length of the survey (i.e. 45-60 minutes). In addition, spillover effects (i.e. an effect on the evaluation 
on the second or third concept that follows from exposure to the previous concept) might occur when 
using a within subject design by asking respondent to evaluate all three concepts in the online survey 
(Ahluwalia, H Rao, & Burnkrant, 2001). To eliminate this effect and to increase the response rate to the 
survey by minimizing the time to answer the survey, a between subject design was evaluated suitable 
to test the concepts. As a result of the between subject design, three different groups are evident in the 
data. A control group is not included in the research to minimize the amount of respondents required 
for examining relationships. However, this does result in several limitations and opportunities for 
further research that are elaborated in the last chapter.  

4.1.2 Survey questionnaire development  
An online survey was developed to measure consumers’ perceptions and attitudes towards the 
redesigned interventions. The online survey that includes the applied logic is included in appendix C. 
The survey was created in the survey tool of Essent’s research partner MWM2, which is mandatory for 
customer survey research at Essent. The control variables are measured with general questions that are 
either multiple choice questions or open questions. Next to the control variables, the survey measures 
10 different constructs with each construct having its own measurement scale consisting of scaling 
based on Likert items. The item scaling considers the measurement of respondents’ attitude and 
perceptions towards the statements. Likert scales are the most commonly used in survey research 
(Hinkin, Tracey, & Enz, 1997). These type of scales include several “points" along a continuum that 
define various amounts or levels of the measured attribute or variable (e.g. agreement, frequency, 
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importance etc.). Likert scales are used to evaluate respondents’ perceptions and attitudes considering 
the interventions because it is argued that these scale enables respondents to express their views and 
therefore enables the researcher to capture consumers’ attitudes and perceptions. The usability is 
measured with 3 constructs that are thoroughly examined in the literature and therefore can be based on 
Likert scales that are constructed and examined in previous research. However, the psychological 
outcomes and behavioral outcomes are measured with constructs identified in the literature study and 
defined in the design principles paragraph. Likert scales measuring these constructs required more effort 
due to the novelty of their definitions. Measurement scales for the constructs addressing the 
psychological and behavioral items were searched in Bruner’s (2013) Marketing Scales Handbook and 
in Bearden, Netemeyer and Haws (2011) Handbook of Marketing Scales, however scales testing 
constructs with a definition similar to the definitions defined in table 5 were not found. For this reason, 
the scales to measure the constructs were developed in this study.  
 
The scales of the latent constructs measuring the psychological and behavioral outcomes are developed 
in line with the guidelines defined by Hinkin, Tracey and Enz (1997) for developing reliable and valid 
measurement instruments (i.e. scales). The researchers identified seven steps necessary to produce 
reliable and valid scales: 1) Item generation, 2) Content adequacy assessment; 3) Questionnaire 
administration; 4) Factor analysis; 5) Internal consistency assessment; 6) Construct validity and 7) 
Replication. Based on the approaches of Hinkin, Tracey and Enz (1997) and Hair et al. (2010) the 
following development process was formulated for developing the measurement scales. First, the 
development of the survey questionnaire is addressed where the topics of item generation, content 
adequacy assessment and questionnaire administration are taken into account. Accordingly, the study 
design and the data collection procedure are explained. Furthermore, construct validity is also taken 
into account beforehand by performing a content adequacy assessment before sending out the survey to 
the respondents. However, convergent validity and discriminant validity are not tested because these 
require additional survey data. Replication is also not performed because this entails the collection of 
another dataset by repeating the scale-testing process with altered scales. Due to the limited conditions 
of this study associated with the practical feasibility of conducting large survey studies with limited 
monetary and time-related resources, gathering additional survey data and replication of the study was 
not feasible. As a result, several threats of drawing conclusions from the data are evident. Because 
convergent validity (i.e. the extent to which the scales correlate with other measures designed to assess 
similar constructs) and discriminant validity (i.e. the extent to which the scales do not correlate with 
dissimilar measures) are not tested, only limited evidence for construct validity can be obtained (Hinkin, 
Tracey, & Enz, 1997). In addition, limited evidence is provided to indicate that the finalized measures 
possess reliability and validity and would be suitable for use in future research. To obtain this evidence, 
replication of the study can be conducted in future research, which includes confirmatory factor 
analysis, assessment of internal consistency reliability and construct validation (Hinkin, Tracey, & Enz, 
1997). The data acquired with the online survey can be obtained online for further research opportunities 
based on the limitations of this study (Bahari, 2017).   

4.1.2.1 Control variables 
The general questions that measure control variables are listed in table 9. Some of these questions are 
adopted from previous studies conducted in the context of PV systems at Essent. The questions in table 
9 are an English translation of the Dutch questions used in the online survey. Whereas the categories 
for most questions are straightforward, the categories of the customer journey location requires further 
elaboration. The categories aim to identify in which phase the respondent is in the customer journey. In 
addition, they also aim to provide an indication of whether the respondent is an adopter or a rejecter of 
a of a PV system. The category of pre-awareness is added to the general model for the customer journey 
to identify the respondents that did not enter the journey yet. Respondents that make use of PV systems 
are in the after-sales phase of the journey and in figure 20 they are indicated as acceptors of the system. 
The questions are constructed based on the definitions of the customer journey phases and based on 
previous surveys Essent used to measure similar variables. In addition to the identified general 
questions, two open questions were included to examine if any unidentified control variables might be 
present that are relevant for the respondents to evaluate their purchase intention: ‘Can you indicate 
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I	never	considered	
purchasing	a	PV	
system	for	my	home.	

I	did	consider	a	
PV	system	for	my	
home,	however	I	
never	actively	
looked	for	more	
information.	

Rejected	PV	system	
I	did	consider	a	PV	
system	for	my	home,	
however	I	am	not	
planning	to	buy	one	
for	the	time	being.	

I	did	consider	a	
PV	system	for	
my	home,	
however	I	did	
not	made	a	
decision	yet.	

I	do	consider	a	
PV	system	for	
my	home	and	I	
want	to	buy	one	
within	a	year.	

I	never	
considered	
purchasing	a	PV	
system	for	my	
home.	

Accepted	PV	system	
I	make	use	of	a	PV	
system	to	generate	
energy.	
	

which characteristics of the concept appeal to you the MOST?’ and ‘Can you indicate which 
characteristics of the concept appeal to you the LEAST?’ 
	 	
Table 9: General questions included in the online survey. 

Variables Item in survey 
Age What is your age? 
Gender What is your gender? 

§ Male  
§ Female 
§ I do not want to reveal my gender. 

Educational level  What is your highest completed education? 
§ Primary education 
§ LBO / VMBO 
§ MAVO 
§ MBO 
§ HAVO 
§ VWO 
§ HBO 
§ WO 
§ No answer 

Digital interaction 
activity 

Please indicate which of the following you make use of in general (multiple options possible).  
§ Internet 
§ Email 
§ WhatsApp 
§ Facebook, Instagram and/or Twitter 
§ None of these 

Dwelling ownership What kind of dwelling do you have? 
§ Rental property 
§ Owner-occupied property 

Dwelling type What is your dwelling type? 
§ Single-detached house 
§ Semi-detached house 
§ Row house 
§ Apartment, flat or studio 
§ Other  

Decision maker  Are you a (co-)decision maker considering the energy system of your household? 
§ Yes  
§ No 
§ Don’t know 

PV ownership and 
customer journey 
location 

Please indicate what applies to you most. 
§ I make use of a PV system to generate energy. 
§ I never considered purchasing a PV system for my home. 
§ I did consider a PV system for my home, however I never actively looked for more information. 
§ I did consider a PV system for my home, however I am not planning to buy one for now. 
§ I did consider a PV system for my home, however I did not made a decision yet.  
§ I do consider a PV system for my home and I want to buy one within a year. 
§ None of these statements describe my situation.  

PV system knowledge Please indicate what applies to you most. 
§ I do not know much about the usage of PV systems. 
§ I have some knowledge about the usage of PV systems. 
§ I know a lot about the usage of PV systems. 

Physical interaction 
activity 

Do you communicate with about your PV system with friends, colleagues or family?  
§ Yes   
§ No 

 
 
 
  

 
 
  
 
 
 
 

Pre-awareness Awareness Information	
gathering

Decision	
making
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Figure 20: Questions relating to customer journey location. 
   

 

4.1.2.2 Likert items generation 
The scale development process commenced with the creation of items to assess the examined construct. 
This process is conducted deductively by beginning with a theoretical definition of the constructs which 
is then used as a guide for the creation of items. It is argued that in situations where some literature can 
be found, the deductive approach would be most appropriate because it helps to ensure content adequacy 
in the final scales (Hinkin, Tracey & Enz, 1997). The understanding of the constructs is enhanced by 
identifying definitions for all the constructs based on literature that are listed in table 5. For the 
generations of the items, it is important that the items are carefully chosen so that they measure the 
target attitude and perceptions. Important guidelines for the construction of Likert items according to 
Hinkin, Tracey and Enz (1997) are to avoid double-barreled questions (i.e. those that contain two 
attitude objects and are therefore potentially asking about two different attitudes), to avoid quantitative 
statements (i.e. statements including quantitative terms such as ‘more’ or ‘better’), and to be careful 
with negatively-worded or reverse-scored items. These guidelines are respected by reviewing the 
designed items on the first two guidelines and avoiding the usage of reverse scored items.  
 
Another issue in item generation includes the number of items to be constructed for each scale. The 
number of items to measure each construct was evaluated based on obtaining an adequate reliability or 
internal consistency of the instrument which is further assessed in the internal consistency assessment. 
It is argued that minimally three items per construct are necessary to derive meaningful results from the 
survey (Roy, Balaji, Sadeque, Nguyen, & Melewar, 2016). Nonetheless, another issue holds the 
necessity to keep the survey short as an effective means for minimizing response biases caused by 
boredom or fatigue (Hinkin, Tracey & Enz, 1997). This was respected by including three items per 
construct to obtain sufficient internal consistency and minimize the length of the survey. The Likert 
items for the constructs that measure psychological and behavioral outcomes are included in table 10.  
 
	
Table 10: Selected constructs and Likert items for the online survey. 

Model 
component 

Construct Adapted 
from 

Item Acronym 

Usability Perceived 
usefulness 

Gardner and 
Amoroso 
(2004) 

This concept is useful to explore the advantages of PV systems.  PU1 
This concept makes it easy to explore the advantages of PV 
systems.  

PU2 

This concept enables a quick exploration of the advantages of PV 
systems.  

PU3 

Perceived ease-
of-use 

Rodrigues, 
Oliveira and 
Costa (2016) 

It is easy to understand this concept. PE1 
I do not have to put a lot of effort into understanding the use of this 
concept. 

PE2 

My interaction with this concept is clear.  PE3 
Intention to 
adopt 

Rodrigues, 
Oliveira and 
Costa (2016) 

I would be willing to use this concept.  IA1 
I’m likely to recommend this concept to my friends. IA2 
I intend to use this concept in the future.  IA3 

Psychological 
outcomes 

Education   I learned something new due to this concept.  ED1 
 This concept helps me to learn about PV system usage.  ED2 
 This concept helps me to learn about the benefits of PV usage.   ED3 

Trust in PV 
systems 

 This concept increases my trust in using a PV system. TR1 
 This concept makes me think that purchasing a PV system is a 

good decision.  
TR2 

 This concept increases my trust in purchasing a PV system. TR3 
Social 
encouragement 

 I think that people seeing this concept feel encouraged to adopt a 
PV system.  

SE1 

 I feel encouraged to purchase a PV system due to this concept.  SE2 
 The users of the concept want to encourage me to consider a PV 

system. 
SE3 

Behavioral 
outcomes 

Action to obtain 
price 

 This concept makes me curious about how much I would pay for a 
PV system. 

AP1 

 This concept increases my interest in learning about the costs for a 
PV system. 

AP2 
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 I feel stimulated to obtain the price for a PV systems for my 
dwelling. 

AP3 

Community 
interaction 

 I would like to learn about the PV experiences of the users of this 
concept. 

CI1 

 This concept stimulates me to speak with others about PV systems.  CI2 
 This concept stimulates me to communicate with the users of the 

concept.  
CI3 

 
The usability of the interventions is measured with 3 constructs in line with the TAM. The measurement 
scales for these constructs are all based on scales that are validated in previous studies. The Likert items 
used and validated by Rodrigues, Oliveira and Costa (2016), Roy et al. (2016) and Gardner and 
Amoroso (2004) to measure constructs similar to the constructs examined in this research, are used as 
examples to formulate the items for the usability constructs. The items are not adapted in its direct form 
because it was necessary to replace the referencing to the tested concept. The Likert items are 
customized for each concept by directly addressing the intervention with the statement, as seen in the 
distributed survey in appendix C, to improve respondents’ comprehension of the statements. In addition, 
several scales consisted of more than three Likert items, however not all items were adopted from the 
existing scales because a maximum of three items per construct was set. To ensure the reliability of the 
slightly altered scales to measure the usability constructs, these scales are also reevaluated based on the 
process defined by Hinkin, Tracey and Enz (1997).  

4.1.2.3 Content adequacy assessment 
The second step in the scale development process is pretesting items for content adequacy. Assuring 
content adequacy provides support for construct validity as it allows the deletion of items that may be 
conceptually inconsistent (Hinkin, Tracey & Enz, 1997). A common method defined by Hinkin, Tracey 
& Enz (1997) to assess content adequacy was used that required five respondents to sort items based 
on their similarity to construct definitions. The respondents were presented with the definitions of the 
constructs and were asked to match the items with a corresponding definition. The results of the 
categorization of the first respondent showed five errors. The erroneous items were altered based on the 
reason of the respondent to match the item with a specific definition. The results of the second 
respondent only showed two errors which were again altered based on the respondents’ feedback. The 
results of the third, fourth and fifth respondents showed no errors. Therefore content adequacy was 
evaluated as acceptable. The items listed in table 10 are in their final form.  

4.1.2.4 Questionnaire administration 
In the questionnaire administration step of the process, the item scaling and the sample size are 
considered. In addition, the survey was presented to a small sample with the objective of examining 
respondents’ comprehension of all the questions and the time respondents required to complete the 
survey. It was already mentioned that Likert scales are used to evaluate respondents’ perceptions and 
attitudes considering the interventions. Likert items enables the researcher to capture consumers’ 
attitudes and perceptions because it facilitates respondents to express their attitude towards the 
interventions. Specifically 5 point response scales are argued to provide optimal results compared to 
smaller or larger scales because 5 point scales are readily comprehensible to respondents, appear to be 
less confusing and they increases response rate (Bouranta, Chitiris, & Paravantis, 2009). In addition, 
five-point scales have been shown to create variance that is necessary for examining the relationships 
among scales and items, and create adequate coefficient alpha reliability estimates that measure internal 
consistency (Hinkin, Tracey & Enz, 1997). Along these lines, the constructs related to the usability, the 
psychological outcomes and the behavioral outcomes are measured with a five-point psychometric 
Likert scale (i.e.	strongly disagree = 1, disagree = 2, neutral = 3, agree = 4, strongly agree = 5). 
 
Another important issue is the sample size that is determined by the number of respondents required for 
each group to produce valuable results. This is calculated by considering the statistical power of the 
analysis, which refers to the probability of rejecting a false null hypothesis (i.e. the likelihood that a 
study will detect an effect when there is an effect to be detected) (Wilson VanVoorhis & Morgan, 2007). 
The power takes into account the size of the effect and the size of the sample size used to detect it, and 
indicates the usability and realness of the obtained results from the data. Wilson VanVoorhis and 
Morgan (2007) provide several sample size rules of thumb based on the principles regarding power. 
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These rules of thumb depend on the type of analysis that is conducted on the data. To analyze 
relationships, Wilson VanVoorhis and Morgan (2007) advice to include about 50 respondents per 
condition. This rule of thumb is taken into account and the number of respondents desired to fill in the 
online survey is set on 40-60 per concept, which results in 120-180 respondents in total. Considering 
the practical feasibility in obtaining this number of respondents, a time limitation is set to be the 
determining factor for ending the data collection. The number of filled in online surveys in the available 
time period are analyzed. Prior to the distribution of the survey, the survey was first presented to a small 
sample (i.e. five persons of which two were experts considering PV systems) who had previous 
experience with constructing questionnaires for academic research purposes. Their comments and 
recommendations for improvement considering the formulation of the Likert items, the structure of the 
pages and the measurement of the desired attributes and perceptions were taken into account to further 
improve the survey.  
 

4.1.3 Data collection procedure  
The data was collected based on the questionnaire developed to measure the objectives of the study 
through distributing the questionnaire in the form of an online survey. The internal validity of the 
instrument is increased by assigning the concepts randomly to the respondents (Charness, Gneezy & 
Kuhn, 2012). This is argued to be a powerful tool to produce usable results because extraneous variables 
are controlled to not become confounding variables. The random assignment of the concepts is achieved 
by using the random number function in the online survey tool of MWM2. After a respondent starts the 
survey, a random number between 1 and 3 is generated that determines the interventions the respondent 
sees. In this manner, one of the three interventions and the associated questions are showed randomly. 
The order of the Likert items is also randomized to minimize order effects caused by the order in which 
the Likert items are stated (Charness, Gneezy & Kuhn, 2012). Moreover, a specific target group was 
identified to which the online survey was distributed. An important characteristic of the target group 
corresponds to being prospects, or in other words, that the respondents do not make use of PV systems 
yet. This characteristic is selected to measure potential adoption intention from this group. The survey 
is constructed based on their perspective and is not suitable for promotors. Another desired 
characteristic of the target group is that respondents are (partly) responsible for the expenditures in their 
household. This is important because it represents respondents that are decision makers towards the 
decision to adopt PV systems or not. In this manner, attitudes and perceptions are measured of 
respondents that are able to purchase PV systems. Furthermore, other desired characteristics of the 
target group are not identified because PV adoption is associated with a large part of the population in 
general.  
 
It is decided to administer the distribution of the online survey in collaboration with Essent for several 
reasons. First, Essent provides the opportunity to distribute the online survey to a large part of Essent’s 
customers. Distributing the survey via Essent increases the feasibility of obtaining the desired amount 
of respondents. Secondly, both target group characteristics can be controlled by distributing the survey 
via Essent. Essent can select promotors in their database by selecting customers that do not return energy 
to the grid. These customers do not use net-metering (i.e. only paying for the net amount of electricity 
drawn from the grid), which is commonly used by PV system owners in the Netherlands due to financial 
advantages (Verhees, Raven, Veraart, Smith, & Kern, 2013). By selecting customers that do not make 
use of net-metering, the largest part of Essent’s PV customers can be excluded. However, there could 
be some respondents included that recently bought a PV system and are not yet returning to the grid. 
Both desired characteristics are checked in the survey in the general questions section. To ensure that 
the small amount of customers that have a PV system but do not make use of net-metering are excluded 
from the survey, a survey logic is applied that excludes respondents that indicate that they make use of 
PV systems by redirecting them to the end of the survey. To check whether the respondent is a (co-
)decision maker, this question is asked, however non-decision makers are not excluded from the survey 
to obtain as much as information about consumers’ attitudes towards the intervention as possible. 
Thirdly, it is valuable for Essent to measure the attitudes and perceptions of their customers considering 
the designed concepts and PV adoption to examine cross-selling opportunities of PV systems to gas and 
electricity customers. Therefore, the survey study offers a practical contribution because the results help 
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Essent to increase its understanding of its customers and their attitudes considering PV adoption and 
the designed concepts.  
 
The survey was send to 10 000 customer of Essent that were selected randomly from Essent’s e-mail 
database, while taking the desired characteristics into account. The survey was open for two weeks and 
after one week a reminder was sent to the customers that did not yet opened the link to the survey. In 
total, 641 customers filled in the online survey in this time period. How the interventions are 
administered is in line with the logic for the progression of the questions included in appendix C. Prior 
to opening the survey, the customers received an e-mail from Essent with an invitation to participate in 
the survey. When respondents opened the survey, they first saw a short introduction of the study. 
Accordingly, they answered the questions addressing the control variables. Next, they were exposed to 
one of the three interventions, as seen in appendix C. The instruction was given to adequately inspect 
the visualization to gain a sufficient understanding of the intervention. The respondents were not limited 
in time for reading and visually inspecting the intervention to provide them as much time as necessary 
to grasp the concept. They could provide their opinion about the statements (e.g. Likert items) while 
looking back at the illustration and its description, as this was all part of 1 question in the survey logic. 
Finally, the two open questions were asked and the respondents were thanked for their participation. If 
respondents had any questions or remarks, they could send an e-mail address provided in the e-mail 
with the invitation to participate in the survey.  

4.1.4 Data analysis 

4.1.4.1 Data preparation 
The data analysis in this study is performed in R,	an open source programming language and software 
environment for statistical computing and graphics. The R code used for analyzing the data in this study 
is included in appendix D. Before commencing the data exploration and analysis, the data is prepared 
to suit these purposes. As the data exploration and the evaluation of the assumptions involve plotting 
of the variables, the variables are first examined on missing values. Missing values are assumed to only 
be present in the data related to the three open questions because the online survey required the 
respondents to answer multiple choice questions to complete the survey. Although missing values are 
not expected for the closed question variables, they might be present due to failures of the survey logic 
system. Therefore it is checked if the survey logic works properly. Cases that include missing values 
for the variables related to the two open questions are not excluded from the data, as the data of the 
closed questions is still valuable to take into account in the analysis. The cases in which missing data 
for the closed variables are identified, are not excluded from the analysis conducted for the data 
exploration, evaluation of assumptions and the confirmatory factor analysis. However, cases that 
include missing values for any variable are excluded from the multiple regression analysis because they 
cannot be used to test all the control variable. Before identifying the missing values, first the cases in 
which the respondent indicated to already make use of a PV system were excluded.  
 
The data corresponding to the Likert items is also prepared for further analysis. The data were present 
in the file in line with factor levels from 1 to 6, with 1 representing the missing values and 2 to 6 the 
answering options. The factor variables were converted to numeric variables and coded in line with the 
five-point psychometric Likert scale (i.e.	strongly disagree = 1, disagree = 2, neutral = 3, agree = 4, 
strongly agree = 5). Two type of missing values might be present in the Likert data. The first type 
represents the missing values that can be caused by errors in the survey logic. The second type includes 
the missing values that are present in the data because of the manner in which the tool generated the 
data file. For each case, the tool included all three interventions, however each respondent only 
answered questions about one intervention. The tool processed this survey logic by including all three 
interventions for each respondent’s case, yet it coded the variables associated with the not asked 
interventions as -99. To account for the method of generating the file by the system, the Likert item 
variables that were not asked in the survey are excluded for the cases. This results in a database in which 
only the examined interventions are present. The first type of missing values are accordingly examined 
in the constructed data file by looking for -99 values. The Likert item data is processed by summing up 
the scores on the items associated with the constructs to form a score for each construct. This is in line 
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with Boone and Boone (2012) who argue that Likert scale data should be analyzed at the interval 
measurement scale by using a composite score of the Likert items. The variables representing summed 
scores for the constructs are used to draw inferences for the scores on the constructs.  

4.1.4.2 Data exploration 
The collected data is explored by inspecting the variables included in the survey. The open questions 
considering the most and least appealing characteristics of the interventions are also described in this 
part. Therefore, a summary is made of the most frequent answers. The distribution of the respondents 
among the categories of the control variables is considered to examine the variation in the respondent 
group. The identified control variables include customer journey location, age, gender, education, 
digital interaction activity, dwelling ownership, dwelling type, decision maker position, knowledge and 
physical interaction activity. The bar plots with counts and percentages for these variables are visualized 
and evaluated. In addition, the descriptive statistics of the control variables are calculated. Through 
examining the control variables, dominant or less represented groups are detected, which needs to be 
accounted for when formulating conclusions about the results of the analysis. Furthermore, outliers in 
the data are observations with a unique combination of characteristics that are identified as distinctly 
different from the other observations (Hair, et al., 2010). As, they are judged to be unusual observations 
that stand out from the others, they can have a marked effect on the analysis. Outliers in the data can 
only be present in the age variable because errors could have occurred in filling in the age. The other 
open question require a qualitative answer that cannot be evaluated as outliers as they represent the 
respondents’ view. The other questions are all closed questions that have multiple choice answers for 
which outlier detection is not required. Outliers in the age variable are inspected by looking at values 
of age that are not realistic. It is also important to consider the number of observations for each category 
for all the categorical variables. Wilson VanVoorhis and Morgan (2007) advice to include about 50 
respondents for each category to have an appropriate group size to analyze relationships between the 
variables. It is inspected if the collected data complies with this rule of thumb. Finally, descriptive 
statistics are recommended for interval scale items that include the mean for central tendency and the 
standard deviations for variability (Boone and Boone, 2012). The control variables data is used to 
consider the differences in Likert data values between categories. If a control variable accounts for 
visible differences in Likert items scores, this might be an indication that these variables influence the 
conclusions that can be drawn.  

4.1.4.3 Evaluation of assumptions  
With the data collected, it is critical to first evaluate if the data meets the underlying assumptions for 
statistical inference techniques (Hair, et al., 2010).The assumptions need to be met for confirmatory 
factor analysis and for multiple regression. According to Hair et al. (2010) assumptions that need to be 
met for the proposed data analysis techniques are those of normality, linearity, independence of the 
error terms and equality of variances (e.g. homoscedasticity). In addition, sample size, model 
complexity and the estimation technique need to be considered in analyzing and interpreting the data. 
Both the data relating to the questions addressing the control variables and the data of the Likert items 
is taken into account. It is decided to not standardize the data of the Likert items as this is not necessary 
because the items are all measured on the same scale (Hair, et al., 2010).  
 
The normality of the data refers to the shape of the distribution for an individual variable that is 
measured on either an interval or ratio scale, and its correspondence to the normal distribution (Hair, et 
al., 2010). The normality of the scale scores is assessed by examining if the histograms of the summed 
scores for each construct approximate the normal distribution. In addition a histogram of the residuals 
and the quantile-by-quintile (Q-Q) plot for the residuals are inspected for each construct. These provide 
further evidence for the (non)normality of the data by making use of the residuals that are calculated 
based on the regression output (Garson, 2012). Furthermore, to make use of confirmatory factor analysis 
and multiple regression, it is necessary to inspect the linearity of the data as these techniques are based 
on correlational measures of association (Hair, et al., 2010). Departures from linearity may affect the 
potential correlations. A common way to assess the linearity of data is adopted in this study that relies 
on inspection of scatterplots of the variables while looking for nonlinear patterns in the data. The 
linearity is also examined by looking at partial residual plots based on the regression results. While a 
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scatterplot provides a good indication of the nature of a relationship between two variables, it does not 
take the effect of the other independent variables into account. Partial residual plots do consider other 
variables by attempting to show the relationship between an independent variable and response variable 
while taking into account the effects of other independent variables in the model (Harrel, 2015). As the 
data comprises multiple independent variables, multicollinearity is also examined. Multicollinearity 
occurs when an independent variable is highly correlated with a set of other independent variables (Hair 
et al., 2010). The impact of multicollinearity reduces any single independent variable’s predictive power 
by the extent that it is associated with the other independent variables. This issue is examined by 
considering the most widely-used diagnostic for multicollinearity, the variance inflation factor (VIF) 
(Hair et al., 2010). The VIF scores can be calculated after retrieving the regression results and they are 
used to evaluate multicollinearity of the data.  
 
Additionally, the independence of the error terms and homoscedasticity are considered to examine 
unexplained systematic relationships in the data. Independence of the error terms assumes that predicted 
values are not related to any sequencing variables. Homoscedasticity refers to the dependence 
relationships between variables, and relates to the assumption that dependent variables exhibit equal 
levels of variance across the range of predictor variables (Hair, et al., 2010). Both independence of the 
error terms and homoscedasticity are examined by plotting the residuals in partial residual plots in line 
with Harrel (2015). Homoscedasticity is additionally tested with the Non-constant Variance Score Test, 
which tests the hypothesis of constant error variance against the alternative that the error variance 
changes with the level of the response or with a linear combination of predictors (R Core Team, 2017). 
The independence of the error terms is assessed through the Durbin Watson Test. This test computes 
residual autocorrelations, generalized Durbin-Watson statistics and their p-values (R Core Team, 2017). 
With the Durbin Watson Test, first order autocorrelation relationships can be identified if they are 
present in the data. These type of relationships violate the assumption of independent error terms as 
when error terms are related to their immediate predecessor. The results of testing the assumptions are 
taken into account in understanding the implication of each assumption with regards to the applied 
statistical techniques. A balance must be maintained between the need to satisfy assumptions and the 
robustness of the technique in this research context (Hair, et al., 2010).    

4.1.4.4 Confirmatory factor analysis  
Prior to analyzing the relationships between the constructs, it is necessary to test the reliability and the 
validity of the measurement model to gain insight into the potential of the Likert items to accurately 
represent the latent constructs. Examination of the measurement relations is essential to evaluate the 
performance of the items to determine if they adequately constitute the scales (Hinkin, Tracey & Enz, 
1997). The measurement model for the confirmatory factor analysis is specified in figure 21. In the 
measurement model, the rules of correspondence between measured variables (i.e. indicators) and latent 
variables (i.e. constructs) are specified. These rules are used to assess the extent of measurement error, 
or reliability, which is a necessary condition for validity.  
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Figure 21: Measurement model including latent constructs and indicators. 

 According to Hair et al. (2010), measurement model validity depends on establishing acceptable levels 
of goodness-of-fit for the measurement model and finding specific evidence of construct validity. Only 
after the constructs have met the required measurement standards, the relationships between the 
constructs can be estimated and conclusions about the model can be drawn. Before performing the 
factor analysis, the inter-item correlations among the individual Likert items are examined. Any 
individual Likert item that correlates less than .4 with the other two Likert items that represent the scale 
should be deleted from the analysis to prevent items that produce error and unreliability in the model 
(Hinkin, Tracey & Enz, 1997). In addition to the examination of the inter-item correlations, the internal 
consistency of the constructed scales is inspected. The goal of the internal consistency assessment is to 
calculate reliability of the scales. Reliability of a scale is the degree to which the items consistently 
measure the construct. It is a critical part in the construction of new scales to draw inferences based on 
a scale. The reliability is assessed by calculating the Cronbach's Alfa for each construct. The coefficients 
of reliability are evaluated based on the recommended minimum of 0.60 Cronbach's Alpha for 
exploratory research (Hair et al., 2010). As multiple scales used in this research are newly constructed 
scales, it is appropriate to set the Cronbach’s Alpha lower than the generally recommended 0.70 in 
general (Hair et al., 2010). 
 
After the inspection of the individual Likert items and the reliability analysis, a factor analysis is 
performed. By conducting a factor analysis, the items and the validity of the scales are evaluated to 
establish dimensionality. This is appropriate considering that a large part of the scales are generated in 
this study and the items adopted from validated scales are slightly altered to fit the topic. The results of 
the factor analysis are taken into account when drawing conclusions from the data. Specifically, a 
confirmatory factor analysis is performed which assesses the quality of the factor structure by 
statistically testing the significance of the overall model (e.g., distinction among scales), as well as the 
relationships among items and scales. Hinkin, Tracey and Enz (1997) argue that confirmatory factor 
analysis is useful for deductive studies because it is able to quantify the goodness-of-fit of the resulting 
factor structure, which exploratory factor analysis is not able to do. The goodness-of-fit is desired to 
evaluate the reliability of the conclusions drawn from the data analysis performed to examine the 
relationships in the testing model. Several fit indices are calculated to provide information about the 
goodness-of-fit in line with Hair et al. (2010).   

4.1.4.5 Multiple regression analysis 
Multiple regression analysis is selected to examine the structural relationships in the research model. 
Regression analysis is one of the most widely used and versatile dependence techniques. It is applicable 
in many facets of business decision making and it is commonly used to study how consumers make 
decisions or form impressions and attitudes (Hair et al., 2010). Specifically, multiple regression is a 
statistical analysis technique that is used to analyze the relationships between a single dependent 
variable (i.e. the criterion) and several independent variables (i.e. the predictors). The goal of the 
multiple regression analysis is to use the independent variables whose values are known to predict a 
selected dependent variable (Hair et al., 2010). In the analysis procedure, each independent variable is 
weighted to ensure maximal prediction from the selected independent variables. The results of the 
multiple regression analysis provide weights that denote the relative contribution of the independent 
variables to the overall prediction of the dependent variable. The results facilitate interpretation of the 
influence of each independent variable in making the prediction by providing a regression equation (e.g. 
the regression model), a linear combination of the independent variables that best predict the dependent 
variable. In addition, nonmetric independent variables can be included in the regression model if the 
categorical variables are transformed. In line with Hair et al. (2010) multiple regression is a suitable 
technique for this dataset as it enables the analysis of a dataset consisting of both numeric and non-
numeric variables.  
 
Effects coding is used to transform the categorical variables, which enables comparison of the means 
between all the categories within a categorical variable (Hair et al., 2010). Due to effects coding, the 
regression coefficients represent differences for any group from the mean of all groups. In this way, the 
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non-metric variables can represent the differences in customer journey location, gender, educational 
level, dwelling ownership, dwelling type, knowledge about PV systems digital interaction activity and 
physical interaction activity. In addition, the intervention group is included as a categorical variable in 
the regression model to examine potential differences between the groups. Effects coding is also applied 
for the intervention group variable to enable comparison of the groups between the mean of all the 
intervention groups. The regression coefficients for the categorical variables can be interpreted as the 
value for that specific category compared to the overall mean (Hair et al., 2010).  
In line with the aim of this study to examine how the gamified interventions influence customers’ 
intention to adopt a PV system, it is necessary to examine both the main effects and the interaction 
effects of the control variables with the intervention group variable. According to Hair et al. (2010), if 
the research design has two or more intervention groups, it is necessary to examine the interactions 
effects before any statements can be made about the main effects. The main regression effects could for 
example show that the e-mail intervention has a significant effect on the action to obtain price, however 
when the variable of customer journey location is taken into account, differences are seen for the effect 
of the intervention for the various customer journey location groups. Therefore by taking into account 
the interaction effects of the control variables with the intervention group variable, the significant 
influence of the control variables can be further tested. As the community interaction variable is taken 
into account as a behavioral outcome, it is in line with the research goals to examine if and how the 
community interaction variable influences the behavioral outcome of action to obtain price. Therefore 
the interaction effect between the intervention groups and community interaction is included. 
Interaction effects in multiple regression analysis are in general referred to as moderator effects (Hair 
et al., 2010). The moderator effect in the interaction term represent a third independent variables that 
causes the relationships between an independent and dependent variable to change depending on the 
value of the moderator variable. In line with this terminology, the control variables are considered as 
the moderator variables that might influence the relationship between the intervention group and the 
dependent variable. 
 
The main effects and the interaction effects are examined based on the three-step process described by 
Hair et al. (2010) for adding and interpreting a moderator effect. The first step includes estimating the 
original unmoderated regression equation, which is included in figure 22. This is performed by 
calculating the regression equation for action to obtain a price without including interaction terms.   
 

	
	
Figure 22: Structural relationships model for examining the main effects on action to obtain price. 

Next, the moderated relationships should be estimated by estimating the original equation plus the 
interaction term. In line with this second step, each interaction term was included individually in the 
unmoderated model. The interaction effects are first plotted to graphically inspect potential interactions 
and accordingly tested by including them in the regression model individually. A regression equation 
was calculated for the inclusion of each interaction term in the unmoderated model. More than one 
interaction term was not included simultaneously in a model because this unnecessarily complicates the 
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interpretation of the model and effects the performance of the model (Hair et al., 2010). This resulted 
in a regression model for each variable as a moderator of the relationship between the intervention 
group and action to obtain price. The third step holds an assessment of the change in R2. If this change 
is statistically significant, a moderator effect of the control variable is present (Hair et al., 2010). A 
significant change in R2 is examined by comparing the models using an analysis of variance (ANOVA) 
test for linear model fit (Mangiafico, 2017). This test provides a p-value that indicates the significance 
in difference between the regression models. The significance of the individual variables should only 
be considered if the difference in R2 is significant. If there is a significantly better model compared to 
the model with only the main effects, the main effect should be reinterpreted based on the significant 
interaction effect in the new model. The calculated regression models are evaluated based on the overall 
model fit indicated with the Multiple R Square, adjusted R Square, the F-statistic, the p-value and the 
Residual standard error. The interpretation of these fit statistics is further elaborated in the results 
section.  
 
Two types of significance levels are selected to examine the impact of the estimates. This includes 
conventional significance level of .05 or lower and the significance level of .10 or lower. According to 
Hair et al. (2010) if the level of risk for including nonsignificant results (e.g., significance levels > .05) 
are acceptable, a higher significance value can determine variables that potentially influence the 
variable. Increasing the significance level to .10 allows for a larger chance of being wrong, however it 
makes it easier to identify variables that might have an influence on the independent variable that could 
be examined in further research. As this study aims to identify how the gamified interventions influence 
the intention to adopt a PV system, a critical part of the study is to find variables that effect this intention. 
Therefore, both significance levels are adopted to find the variables that potentially influence the 
intention to adopt a PV system, yet a clear distinction is made between significant estimates (e.g., 
significance levels < .05) and close to significant estimates (e.g., significance levels < .10). Based on 
the calculated regression models, conclusions can be drawn about through which independent variables 
the gamified interventions influenced customers’ intention to perform an action to learn about the price 
for a PV system, which represents the intention to adopt a PV system.  

4.1.4.6 Target group characteristics 
Next to answering the main question of this study, the practical relevance of the study is increased by 
using the results of the data analysis to state practical implications for Essent in the usage of the 
interventions. This includes recommendations about increasing the success of the interventions by 
targeting the customer segments that positively evaluated the interventions. Therefore, the 
characteristics of the customer segments that positively evaluated the interventions are identified 
through the information obtained with the control variables. The information obtained from the analysis 
of the target group characteristics also holds a contribution to the main research question of this study 
by identifying the type of customers that are most strongly influenced by the interventions. The type of 
customers influenced by the interventions is important to take into account because the influence of the 
interventions can depend on the type of person that is exposed to them. The found target group 
characteristics present opportunities for future research to identify characteristics of the type of person 
influenced by the gamified digital media intervention.  
 
Two approaches can be adopted in examining the target group characteristics. On the one hand, 
characteristics of the respondents can be identified that score highest on the action to obtain price for 
each intervention. One the other hand, the most effective intervention can be identified for each category 
corresponding to the categorical variables. The first option is necessary if the goal would be to identify 
the ideal target group for an intervention, while the second option enables to choose the most effective 
intervention based on a predefined target group. Both approaches are adopted to offer Essent two 
perspectives from which the interventions can be applied. The target group characteristics are identified 
by first isolating the respondents that positively evaluated the action to obtain price. Therefore a 
threshold was set for action to obtain price (i.e. AP) as AP >3 because this correspond to the Likert item 
categories that indicate a positive attitude towards performing an action to obtain a price due to the 
interventions. By using interaction plots in R a graphical inspection is enabled of the scores on AP for 
each category among the three interventions. In this manner both the categories that score highest on 
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AP for each intervention are identified and the interventions that are most effective for a specific 
category.  

4.2. Results 

4.2.1 Results data preparation 
In preparing the data for the analysis, the identified missing values are listed in table 11. As expected, 
the open questions include missing answers because respondents were not obligated to fill in these 
questions. Also, six respondents did not indicate their age. The non-response to the other two open 
questions include 61 cases for the first open question and 78 responses for the second open question. 
This does not impact the data analysis, because it entails qualitative data that is used to examine 
overlooked variables. The provided answers are estimated as enough input to obtain an impression of 
respondents view towards the most appealing and least appealing characteristics of the interventions. 
Furthermore, the closed questions measuring the control variables were initially not expected to contain 
missing values, yet one missing value is found for the dwelling type variable. This case is inspected 
because this missing value should not be present in line with the logic of the survey. After consulting 
the company that is responsible for the MWM2 tool, it is concluded that an error occurred in the logic 
survey because the respondent closed the survey before answering the dwelling type question and 
decided to continue the survey later on. The survey responded with skipping the unanswered question 
and showing the following question. The case corresponding to this variable and the cases that contain 
the missing values for age are not excluded from the data exploration and evaluation of the assumptions 
as they contains valuable information for assessing the data. However, the cases are excluded from the 
regression analysis because for these cases age and dwelling type cannot be examined as a control 
variables.  
  
Table 11: Missing data for the control variables and the open questions. 

Variables Missing values Extent of missing data 
Age 6 1.08 % 
Dwelling type 1 0.18 % 
Can you indicate which characteristics of the concept appeal to you the 
MOST? 

61 10.93% 

Can you indicate which characteristics of the concept appeal to you the 
LEAST? 

78 13.98 % 

 
The Likert items data were also inspected and they did not contain missing values, as expected. For the 
variable of age, two outliers were found as they were larger than 1000. The cases including the 
erroneous variables are deleted from the dataset because age cannot be examined as control variables 
for these cases. In addition, two cases contained age variables that were smaller than 16. Children 
younger than 16 are not able to enter contracts in the Netherlands (Kamer van Koophandel, 2017).These 
cases are excluded from the analysis as the respondents do not fulfill the requirement of being a decision 
maker in the household. Reasons for why respondents younger than 16 might have filled in the survey 
are because their parents asked them to fill it in or because their e-mail address is used for 
communication with Essent.  

4.2.1. Results data exploration 
The data exploration included an examination of the data based on plots and distributions. Descriptive 
statistics are not suitable for categorical or ordinal variables and a visual analysis is recommended 
(Boone & Boone, 2012). Only the variables age and the summed scores for the constructs can be 
examined base on descriptive statistics as they are either continuous or interval variables. The counts 
and percentages for customer journey location, gender, education, digital interaction activity, dwelling 
ownership, dwelling type, decision maker position, knowledge and physical interaction activity are 
included in table 12 below (i.e. counts) and in table 2 appendix E (i.e. percentages in the first row). The 
number of observations for each category in the various categorical variables is inspected in table 12. 
To analyze relationships, Wilson VanVoorhis and Morgan (2007) advice to include about 50 
respondents per condition. Table 12 shows the number of observations for each category for the general 
dataset in which all the observations are included, and for the datasets that only include observations 
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for a specific intervention group. It is evident that the general dataset includes several categories that 
are below 50. The regression coefficients of these categories should be interpreted with caution. In the 
datasets for the individual interventions, most of the number of observation for each category are below 
50. Therefore, it is not appropriate to conduct the regression analysis for these individual datasets and 
only the general dataset can be analyzed through regression.   
  
Table 12: Categorical variables and the number of observations per category. 

Variable Categories  General E-mail Maps App 
Customer journey 
location 

I did consider a PV system for my home, however I never 
actively looked for more information. 

144 35 55 54 

I never considered purchasing a PV system for my home. 68 24 24 20 
I do consider a PV system for my home and I want to buy one 
within a year. 

33 10 13 10 

I did consider a PV system for my home, however I am not 
planning to buy one for now.  

90 27 41 22 

I did consider a PV system for my home, however I did not 
made a decision yet. 

50 12 21 17 

 None of these statements describe my situation.  157 47 62 48 
Gender I do not want to reveal my gender. 5 3 1 1 
 Male 355 97 144 114 

 Female 182 55 71 56 
Educational  Primary education 11 3 2 6 
level HBO 196 65 73 58 
 WO 50 14 19 17 
 HAVO, VWO, MBO 185 46 78 61 
 LBO/VMBO, MAVO 80 22 33 25 

 No answer 20 5 11 4 
Dwelling ownership Owner-occupied property 434 123 173 138 

Rental property 108 32 43 33 
Dwelling Semi-detached house 125 28 56 41 
type Apartment, flat or studio 97 28 42 27 
 Row house 172 62 58 52 
 Single-detached house 104 25 46 33 

 Other 44 12 14 18 
Knowledge about 
PV  

I do not know much about the usage of PV systems. 85 52 58 55 
I know a lot about the usage of PV systems. 165 25 36 24 

 I have some knowledge about the usage of PV systems. 292 78 122 92 
Physical interaction No 194 55 73 66 

Yes 348 100 143 105 
Intervention Maps intervention 216 0 216 0 
 App intervention 171 0 0 171 

 E-mail intervention 155 155 0 0 

 
For the customer journey location, it is seen in figure 23 that the respondents are reasonably distributed 
among the categories. It is notable that the largest identified category consists of respondents indicating 
that none of the described categories identified their situation (26%). It was not expected that this 
category would be applicable to many respondents, however it was included to provide an alternative 
option. This category was included based on feedback obtained in the testing of the questionnaire during 
the questionnaire administration construction phase of the survey. A reviewer indicated that their 
situation did not fit the categories because she was considering purchasing a PV system, however she 
is not allowed to install a PV system because the dwelling is a rental property type. This specific 
category was not decided to be included to keep the amount of categories minimal. Yet the results show 
that respondents experience other situations different from the stated categories. Examining the 
situations of consumers can be an interesting opportunity for Essent, other suppliers of PV systems and 
governmental organizations to learn more about the problems consumers are facing in the decision 
process towards adoption of PV systems.  
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Figure 23: Customer journey location of respondents. 

The second-largest category entails the respondents in the awareness phase of the customer journey 
(23%), followed up with rejecters of PV systems (14%). Comparing the results of these groups provides 
insight into the effectiveness of the interventions for consumers with different attitudes. A percentage 
of 13% representing the accepters of PV systems was not expected as the e-mails of the respondents 
were selected based on not returning energy to the grid. This indicates that some PV users already use 
a PV system to generate energy, yet they do not make use the net-metering opportunity to return energy 
to the grid. Examining the reasons of these type of customers for why they do not make use of net-
metering can also provide new insights in customers’ perceptions towards the net-metering regulation 
or problems they come across in making use of the regulation. Future research on this can point out 
unexpected attitudes or bottlenecks in the process of PV adoption. Furthermore, the sample age is 
plotted in figure 24. In this figure, both the histogram and the density plot are included to indicate the 
distribution of age across the sample and the fit with a normal distribution.  
 

	
Figure 24: Age distribution of the sample. 

The age distribution of the sample is strongly distributed between the 20 and 89 years, with a mean of 
55.31 years and a median of 56 years. It is evident from figure 24 that the distribution of the sample age 
is slightly skewed to the right. However, this is not seen as problematic as the mean and medium are 
both centered between the smallest and largest age. Thus, the distribution of the age is evaluated as 
appropriate for representing the target group. For the gender variable, eight respondents declined to 
indicate their gender (1.34 %). The available responses show that more male respondents completed the 
survey (65.23 %) than female respondents (33.33 %). Figure 25 shows that the age distribution for 
females differs from the distribution for the males.  
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Figure 25: Age distribution of the sample compared for males and females. 

The female respondents are on average younger compared to the male respondents, as seen in figure 
25. It is evident that the male respondents group is about two times larger than the female respondents 
group, which needs to be accounted for when formulating conclusions about the results of the analysis. 
The higher age of the male group causes the distribution of age to be skewed to the right. The 
educational level of the sample is examined by comparing it to the educational level in the Netherlands 
in general that is obtained with the survey for examining the labor force in the Netherlands called the 
‘Enquête Beroepsbevolking’ (EBB). The results of the EBB considering the educational level are listed 
in table 13. The educational levels defined in the EBB slightly differ from the levels defined in the 
survey used in this study.  
 
Table 13: Education level of respondents compared to general education level in the Netherlands (Onderwijs in Cijfers, 2017). 

Education levels EBB Education levels survey Respondents EBB Respondents survey Δ (EBB-Survey) 
HBO, WO master, doctor WO 10.7 % 9 % - 1.7 % 
HBO, WO bachelor HBO 18.5 % 36 % + 17.5 % 
HAVO, VWO, MBO2-4 HAVO, VWO, MBO 39.7 % 34 % - 5.7 % 
VMBO, MBO1 LBO/VMBO, MAVO 20.1 % 15 % - 5.1 % 
Primary education Primary education 9.5 % 2 % - 7.5 % 
Unknown No answer 1.4 % 4 % + 2.6 % 

 
The educational levels are mapped based on the strongest similarity in definitions. It is evident that 
differences are present between the EBB and the sample, however the differences are small and the 
proportional rates of the whole are similar. Only the levels of HBO and the primary education show 
strong proportional differences. The sample contains a larger proportion of respondents with a HBO 
educational level and a larger proportion of respondents with only primary education. Therefore, the 
sample contains respondent with on average a somewhat higher educational level than the general labor 
workforce in the Netherlands. This can be caused by for example a bias for higher educated people to 
be interested in PV system related surveys due to a larger income, which makes them more likely to 
potentially afford the PV system. Considering the digital interaction activity, almost all respondents 
frequently use internet (95%) and e-mail (93 %). A large part also frequently uses WhatsApp (79 %) 
and apps in general (66%). Less people frequently use Facebook, Instagram and/or Twitter (46%) and 
only a small part does not use any of the stated technologies frequently (2%). The results show that the 
digital interaction activity is high for internet and e-mail, yet somewhat lower for apps and social media. 
It could be interesting to examine if the digital interaction activity for apps impacts the intention to use 
the app intervention. As usage of the internet is required for the maps intervention and usage of e-mail 
for the e-mail intervention, digital interaction plays a less significant role for the effectiveness of these 
interventions.  
 
Furthermore, it is found that the largest part of the sample owns their home (79%), while the smaller 
part rents a dwelling (21%). In addition, most respondents live in row houses (31%), followed by semi-
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detached houses (22%), single-detached houses (20%) and apartments, flats or studios (19%). While 
the type of dwellings are fairly distributed among the respondents, the ownership of the dwelling is not. 
To further examine this, the distributions of the dwelling types are examined for each ownership 
category, which is seen in table 14. The types of dwellings strongly differ for the ownership categories. 
Respondents are mostly renting apartments, flats or studios (53 %) and in a smaller extent row houses 
(33 %). However, respondents mostly own single-detached houses, semi-detached houses and row 
houses. As the types of dwelling types differ for the ownership categories, dwelling ownership can be 
a variable that influences the evaluation of the interventions.  

 
Table 14: Distribution of dwelling type among the rental and owned ownership categories. 

                        Dwelling ownership 
Dwelling type 

Rental Owned Total 

Single-detached house 0 (0 %) 112 (25 %) 112 
Semi-detached house 8 (7 %) 118 (26 %) 126 
Row house 39 (33 %) 139 (31 %) 178 
Apartment, flat or studio 63 (53 %) 44 (10 %) 107 
Other 8 (7 %) 39 (8 %) 47 
Total 118 452 570 

 
It is found that 96 % of the respondents include decision makers for the dwelling’s energy practices. 
The 16 respondents that indicate not to be a decision maker and the 4 respondents that do not know if 
they are a decision maker are excluded from the dataset. Only decision makers are taken into account 
in line with the desired characteristics of the target group. Most respondents perceive that they have 
little knowledge about PV systems (54 %), followed with not so much knowledge about PV systems 
(31 %) and a lot of knowledge about PV systems (15 %). While the first group is significantly larger 
compared to the other groups, the variable can still be taken into account in identifying its influence on 
the effectiveness of the interventions as the group is large enough. Furthermore, the results addressing 
physical interaction activity considering PV systems show that most respondents do speak about PV 
systems with their friends, family acquaintances or colleagues (64 %).  
 
Lastly, the answers respondents gave on the open questions are discussed shortly. The frequently 
provided answers for the questions ‘Can you indicate which characteristics of the concept appeal to 
you the MOST?’ and ‘Can you indicate which characteristics of the concept appeal to you the LEAST?’ 
are listed in table 1 in appendix E. These questions were included to examine if any unidentified control 
variables that are relevant for the respondents to evaluate their purchase intention might be present. A 
variables that can be examined in further research includes if respondents are open to communicate with 
others by speaking about PV systems or building communities in this context. It is evident that some 
respondents do value this aspects while others are negative about being approached by other about their 
PV systems and do not want to the form new communities centered about PV systems. In addition, 
some respondents see the interventions as marketing tools in a negative sense, while others see them as 
learning opportunities. The factor that triggers this can be further examined to obtain clarification in 
how respondents valuate the interventions. These results shows that more research is necessary to 
increase the understanding of how the intention to adopt a PV system can be increased.  

4.2.3 Results evaluation of assumptions 
The tested assumptions are those of normality, linearity, independence of the error terms and equality 
of variances (e.g. homoscedasticity). The assumptions relating to statistical inference techniques are 
examined by looking at the plots of the data and by inspecting the regression results in R. Whereas the 
plots show visual cues for a fit of the data with the assumptions, built-in test can be conducted in R on 
the regression results to inspect the conformity with the assumptions. The linear regression includes 
action to obtain price as the dependent variable and the other variables in the research model (i.e. the 
independent and control variables) as independent variables, in line with the structural relationships 
model illustrated in figure 22. The normality of the data is examined by first inspecting the histograms 
of the summed scores of the Likert item values for each construct. These histograms are included in 
appendix E as figure 1a to figure 1h. The prerequisite for factor analysis that the constructs should be 
measured at an interval scale is adhered by using several Likert items to measure a construct and 
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summing these values to establish scores for each construct. However as the Likert items are discrete 
values, the sores for the constructs can show problems with approximating a normal distribution. The 
histograms show that the construct variables are not completely normal but all show a tendency to 
normality. The assumption of normality states that the histograms should peak in the middle and be 
approximately symmetrical about the mean (Sullivan & Artino, 2013). The distribution in general 
shows high peaks in the middle and lower peaks on the sides. Yet, it can be seen in the figures that the 
data are often slightly skewed to the right. The normality of the data is further examined by looking at 
the normality of the residuals. While a histogram of a variable shows rough normality, the histogram of 
the residuals is often taken as evidence of normality of all the variables (Ford, 2017). The residuals 
plotted in figure 26 show a normal distribution, which suggests that all the variables are normally 
distributed. In addition the quantile-by-quantile (Q-Q) plot is plotted in figure 26 to further inspect the 
distribution of the residuals. A Q-Q plot forms a 45 degree line when the observed values are in 
conformity with the hypothetical distribution (Ford, 2015). This plot is established by plotting the 
quantiles of the residuals against the quantiles of the test distribution. The distribution in figure 26 
shows that the quantiles fall along the line in the middle of the graph but curve off in extremities. This 
means that the data have more extreme values that would be expected if they come from a normal 
distribution. The data seems normal, yet somewhat heavy tailed.  

	
Figure 26: Histogram and the Q-Q plot of the residuals. 

Because of these characteristics of the data, the interpretation of the data must be conducted with 
caution. The normality of the data is an important assumption to fulfill for deciding to use statistical 
inference techniques. However, it is taken into account that the data is interval in nature as it are summed 
scores of Likert items. From the histograms it can be concluded that the data has a tendency towards 
normality, and it is therefore reasonably justified to use parametric statistical methodology. However 
the interpretation of the results should be performed with caution (Sullivan & Artino, 2013).   
 
Furthermore, the plots in figure 2 in appendix E provide information about the linearity of the data. The 
linearity shows the patterns of association between each pair of variables and provides an indication of 
the ability of the correlation coefficient to adequately represent the relationship (Hair et al., 2010). In 
this figure, a scatterplot matrix is included with the scatterplots of all the construct variables. In addition, 
the correlations and the histograms are included to enhance interpretation. It is seen that most of the 
variables show linear relationships and correlations higher than 0.4. Several scatterplots show 
regressions lines that are slightly deviating from a straight line, however no red flags are raised as all 
the regression lines are similar to an increasing straight line (Hair et al., 2010). Therefore, the linearity 
of the data is evaluated as appropriate to continue with the selected statistical inference techniques. 
Multicollinearity is also examined to see if any independent variable is explained other independent 
variables to some extent. The VIF scores calculated in R are evaluated based on the recommended 
sensitive VIF upper bound of 4 (O’Brien, 2007). As the VIF scores are all below the upper bound of 4, 
the analysis indicates that multicollinearity is not a problem in the dataset.   
 
The partial residual plots included in figure 3 in appendix E are also examined to inspect linearity, 
independence of the error terms and homoscedasticity. The partial residual plots show no indication for 
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autocorrelation, heteroscedasticity or non-linearity because there is no significant difference between 
the residual line and the component line and because the data points follow the residual line. The red 
component line indicates where the line of best fit lies and the green residual line shows the fit of the 
data. Only variable V5_A6 shows a deviation, however this deviation is expected because this variable 
indicates that none of the digital channels is used, which is an uncommon response. Homoscedasticity 
was additionally tested with the Non-constant Variance Score Test and the independence of the error 
terms is assessed through the Durbin Watson Test. The Non-constant Variance Score Test indicates that 
that the data is homoscedastic with a p-value of 0.73. The Durbin Watson Test shows no autocorrelation 
in the data with a p-value of 0.83. In summary, the inspection of the data shows that only the normality 
of the data is a small issue that needs to be taken into account when drawing conclusions about the data. 

4.2.4 Confirmatory factor analysis 
The measurement relationships of the model were examined by performing a confirmatory factor 
analysis in R. Before conducing the factor analysis, the inter-item correlations among the individual 
Likert items listed in table 3 in appendix E were identified. The correlations show that the items SE2 
and CI3 have a correlation lower than 0.3 with the other two items. According to Hinkin, Tracey and 
Enz (1997), individual Likert items that correlate less than .4 with the other two Likert items that 
represent the scale should be deleted from the analysis to prevent items that produce error and 
unreliability in the model. In line with this reasoning, it is decided to delete these two items from the 
model. A consequence of this decision is that the summed scores for social encouragement and 
community interaction are negatively impacted as they are missing the value of one item. To account 
for this problem, it is decided to work with item means instead of item summed scores. Both methods 
are appropriate for calculating scores for construct, however the item mean method accounts for the 
deletion of any items from the model (Hair et al., 2010). Accordingly, SE2 and CI3 are deleted and the 
means for the constructs are calculated. These means are used in the confirmatory factor analysis and 
the multiple regression analysis instead of the summed scores. Whereas the associations between the 
Likert items in the scales are examined with the inter-item correlations, the degree to which the items 
consistently measure the construct is examined by calculating the Cronbach’s alpha for each scale. The 
Cronbach’s alpha values included in table 15 indicate that the constructs of social encouragement and 
community interaction have values that are close to the defined minimum of 0.6. Both constructs only 
have two Likert items because of the removal of Likert items that correlate less than 0.3 with the other 
Likert items for the scale. This corresponds to the issue evident in assessing Cronbach’s alpha which 
entails that the Cronbach’s alpha has a positive relationship to the number of items in the scale (Hair et 
al., 2010). Therefore, decreasing the number of items in the scale decreases the reliability value. Due to 
the decrease in the number of Likert items used for the scale, the Cronbach’s alpha is negatively 
influenced. While taking this into account, the reliability of the scales is evaluated as sufficient to draw 
inferences from the constructed scales representing the constructs.  
 
 
 
 
Table 15: Reliability of the scales measured with the Cronbach’s alpha. 

Construct Cronbach’s alpha 
PU 0.86 
PE 0.81 
IA 0.74  
ED 0.70 
TR 0.84 
SE 0.59 
AP 0.85 
CI 0.64 

 
After the inspection of the individual Likert items and the reliability of the scales, a confirmatory factor 
analysis was performed. This method was used to establish dimensionality and to assesses the quality 
of the factor structure by statistically testing the significance of the overall model (e.g., distinction 
among scales), as well as the relationships among items and scales. The results of the factor analysis 
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are included in table 16 and table 17. Table 16 shows the factor loadings (i.e. B), the standard errors 
(i.e. SE), the z scores, the p-values and the standardized factor loadings (i.e. Beta). In addition, table 17 
shows the calculated values for multiple fit indices. 
  
Table 16: Loadings on the latent variables for all the indicator variables. 

Latent 
construct Indicator B SE Z p-value Beta 

PU PU1 0.80 0.03 23.40 0.00 0.84 
PU PU2 0.75 0.03 22.08 0.00 0.80 
PU PU3 0.74 0.03 23.02 0.00 0.83 
PE PE1 0.73 0.03 21.98 0.00 0.84 
PE PE2 0.66 0.04 18.22 0.00 0.73 
PE PE3 0.67 0.04 18.21 0.00 0.73 
IA IA1 0.88 0.04 23.63 0.00 0.85 
IA IA2 0.44 0.04 10.73 0.00 0.46 
IA IA3 0.85 0.04 22.49 0.00 0.82 
ED ED1 0.60 0.04 16.65 0.00 0.66 
ED ED2 0.48 0.04 12.54 0.00 0.52 
ED ED3 0.76 0.03 22.08 0.00 0.82 
TR TR1 0.69 0.03 21.51 0.00 0.79 
TR TR2 0.78 0.03 22.52 0.00 0.82 
TR TR3 0.68 0.03 20.97 0.00 0.78 
SE SE1 0.64 0.04 14.51 0.00 0.73 
SE SE3 0.55 0.05 12.07 0.00 0.57 
AP AP1 0.85 0.04 22.26 0.00 0.81 
AP AP2 0.85 0.04 24.25 0.00 0.85 
AP AP3 0.75 0.04 21.13 0.00 0.78 
CI CI1 0.80 0.04 18.78 0.00 0.76 
CI CI2 0.57 0.04 14.97 0.00 0.62 

 
The results in table 16 show the contribution of each indicator variable in representing its associated 
construct. According to Hair et al. (2010), the standardized loading estimates should be at least 0.5 and 
should be significant. Loadings of this size or larger confirm that the indicators are strongly related to 
their associated construct and therefore indicate construct validity. All standardized loading estimates 
are significant and almost all the estimates are above 0.5, except of IA2 which is 0.46. Hair et al. (2010) 
suggest that items with loadings considerable below 0.5 are candidates for deletion from the model. The 
variable IA2 is not deleted from the model as it is close to the recommended 0.5 and is additionally 
significant. Furthermore, table 17 shows fit indices that indicate the performance of the overall model. 
The reported fit measures are selected and evaluated based on the recommendation defined by Jackson, 
Gillaspy and Purc-Stephenson (2009) Jackson, Gillaspy and Purc-Stephenson (2009) and Hair et al. 
(2010). The overall model χ2 is 559.32 with 181 degrees of freedom and a p-value of 0.000. As the p-
value is significant, the fit statistic does not indicate that the observed covariance matrix matches the 
estimated covariance matrix within sampling variance (Hair et al., 2010). However, the χ2 statistic is 
strongly influenced by sample size as it indicates lower performances for models over the 500 
observations (Hair et al., 2010). Therefore it is necessary to examine other fit statistics closely as well.  
 
The rule of thumb defined by Hair et al. (2010) suggests that at least one absolute fit index and one 
incremental fit index must be taken into account in addition to the χ2 statistic. The root mean square 
error of approximation (RMSEA) absolute fit index is 0.062 with a	90% confidence interval between 
0.056 and 0.068. The RMSEA value and the upper bound of the confidence interval are below the 0.08 
guideline for a model with more than 21 variables and a sample size larger than 399 (Hair et al., 2010). 
The RMSEA therefore provides support for an acceptable model fit. This conclusion is supported by 
the standardized root mean square residual (SRMR) that shows a value of 0.045, which is below the 
conservative cutoff value of 0.05. The third absolute fit statistic of the normed χ2 also supports an 
acceptable model fit as the value of 3.09 falls between the acceptable range of 2.0 and 5.0. Moving to 
the incremental fit indices, the CFI is the most widely used incremental fit indices index. In the 
estimated CFA model CFI has a value of 0.946, which exceeds the CFI guidelines of greater than .90 
for a model of this complexity and sample size. Finally, the Adjusted Goodness of fit index (AGFI) 
suggests an acceptable model fit with a value of 0.882. The results of the CFA suggest that the model 
with measurement relationships provides a reasonably good fit. It is therefore suitable to proceed with 
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the examination of the data. Therefore, the scores for the constructs can be taken into account in the 
multiple regression analysis and inferences about the constructs can be drawn based on the results of 
the multiple regression analysis. 
 

Table 17: Fit indices resulting from the confirmatory factor analysis for the measurement relationships model. 

Fit indices  
Chi-square (χ2)   

Minimum Function Test Statistic  (Chi-square) 559.32 (p = .000) 
Degrees of Freedom 181 

Absolute Fit Measures  
Goodness of fit index (GFI) 0.916 
Root mean square error of approximation (RMSEA) 0.062 (p = .000) 
90 percent confidence interval for RMSEA  0.056 - 0.068 
Root mean square residual (RMR) 0.039 
Standardized root-mean-square residual (SRMR) 0.045 
Normed chi-square 3.09 

Incremental Fit Indices  
Normed fit index (NFI) 0.923 
Comparative Fit Index (CFI) 0.946 

Parsimony Fit Indices  
Adjusted Goodness of fit index (AGFI) 0.882 

4.2.5 Multiple regression analysis 
The first regression equation was calculated to predict the dependent variable action to obtain price 
based on the independent variables and control variables included in the structural relationships model. 
A significant regression equation was found (F(36, 505) = 39.2 p < .000), with a multiple R2 of .737 
and an adjusted R2 of .717. The regression estimates are shown in table 4 in appendix E. De regression 
coefficients for perceived ease-of-use (β = -.12, p<.00), intention to adopt the intervention (β = .30, 
p<.00), education in PV systems (β = .15, p<.00), trust in PV systems (β = .38, p<.00) and community 
interaction (β = .20, p<.00), show significant p-values. In addition, two categories of the customer 
journey location significantly influence the dependent variable. These are “I did consider a PV system 
for my home, however I never actively looked for more information” (β = .14, p<.00) and “None of 
these statements describe my situation” (β = -.13, p<.00). While the first category corresponds to 
customers in the awareness phase, the second category was included to provide respondents an 
alternative if they do not feel that they fit into any customer journey location category. The category 
“Primary education” for the educational level variable and the category “E-mail intervention” from the 
design parameters variable are both close to significant. These estimates cannot be interpreted without 
further analyzing the influence of the interaction terms on the relationships, as elaborated in the 
methodology.  
 
Graphs are plotted to visually examine potential interaction effects for all the control variables and for 
community interaction with the intervention groups. Additionally, the regression models that include 
each interaction terms are calculated. While the overall model fit statistics are discussed below, the new 
regression coefficients for all the terms are included in appendix E in tables 5 to 13. The interaction 
effects are discussed accordingly based on the visual inspection and the significance of the regression 
models. The overall fit statistics of the calculated regression models are included in table 18. The p-
value for the differences between the models including an interaction effect and the model with only 
the main effects (i.e. Δ ) are also include in table 18. It is evident that only the p-value for the regression 
model including the interaction effect between the intervention group and community interaction is 
close to significant, as it is below .1. This regression model is therefore further examined to identify the 
differences with the model that only includes the main effects.  
  

Table 18: Overall model fit statistics for all regression equations. 

Regression model Multiple R2 Adjusted R2 F-statistic p-value 
F 

p-value Δ 

Main effects AP .737 .718 (36,505)39.2 .000 - 
Interaction effects CI – intervention group .739 .720 (38,503)37.51 .000 .075 
Interaction effects customer journey location – 
intervention group 

.742 .718 (46,495)30.88 .000 .454 

Interaction effects age – intervention group .738 .718 (38,503)37.23 .000 .309 
Interaction effects gender – intervention group .740 .719 (40,51)35.6 .000 .180 
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Interaction effects educational level – intervention group .740 .716 (46,495)30.64 .000 .733 
Interaction effects dwelling ownership – intervention 
group 

.734 .717 (38,503)36.99 .000 .990 

Interaction effects dwelling type – intervention group .739 .716 (44,497)32.05 .000 .692 
Interaction effects knowledge – intervention group .739 .719 (40,501)35.51 .000 .251 
Interaction effects physical interaction – intervention 
group 

.737 .717 (38,503)37.02 .000 .855 

 
For the regression model including the interaction effect between the intervention group and community 
interaction, a significant regression equation was found (F(38, 503) = 37.51 p < .000), with a multiple 
R2 of .739 and an adjusted R2 of .720. This means that this regression model explains a higher proportion 
of variance compared to the regression model that only includes the main effects. In addition, it can be 
stated that community interaction acts as a moderator for the action to obtain price. The regression 
coefficients for perceived ease-of-use, intention to adopt the intervention, education in PV systems, 
trust in PV systems and community interaction remain significant in the model with the interaction 
term. Also, the regression coefficients for the category “I did consider a PV system for my home, 
however I never actively looked for more information” of the customer journey location control variable 
and for the control variable age remained significant. However, several regression coefficients that were 
not significant in the first model are significant in this model and vice versa. The categories “V1 None 
of these statements describe my situation” of the customer journey location control variable (β = -.13, 
p<.00), WO of the educational level control variable	 (β = .14, p<.00) are significant in this second 
equation. The variables that are not significant or close to significant anymore in the second model 
include the category “I never considered purchasing a PV system for my home” of the customer journey 
location control variable, the “No answer” category for the educational level control variable, the 
HAVO, VWO, MBO educational level category and the maps intervention group. As the second 
equation model performs close to significantly better than the first model, the regression coefficients 
found in table 5 in appendix E are seen as the final regression coefficients to draw inferences from.  
 
It is notable that the e-mail intervention group (β = -.21, p<.08) is now close to significant and shows a 
strong negative effect, whereas it showed a close to significant positive effect in the first regression 
model. However, the interaction term between the e-mail intervention group and community interaction 
is now significant and has a positive effect (β = .09, p<.02). This requires some further explanation as 
the addition of an interaction term changes the interpretation of the community interaction and e-mail 
intervention coefficients. The explanation and the calculation of the effects are based on the explanation 
of Grace-Martin (2000) for interpreting interaction terms in a multiple regression analysis.  The effect 
of community interaction on the action to obtain a price is now .20 + .09*(e-mail intervention). This 
means that the community interaction is .09 higher in the e-mail intervention group. The effect of the 
e-mail intervention on the action to obtain a price is now -.21 + .09* (community interaction). This 
effect is negative if community interaction is smaller than 2.3, however the effect is positive if 
community interaction is larger than 2.3. As the score on community interaction can vary between 1 
and 5, the e-mail intervention can have the strongest effect in the case when community interaction is 
5. This effect will be -.21 + .09*5 = .24 on the action to obtain a price.  
 
4.2.6 Target group characteristics 
The target group characteristics are identified as part of the practical relevance of the study for Essent. 
In addition, the information obtained from the analysis of the target group characteristics also 
contributes to the main research question of this study by identifying the type of customers that are most 
strongly influenced by the interventions. The analysis covers two perspective on using the interventions 
to achieve specific business goals. The first business goal entails identification of the customer segments 
that are potentially activated through the interventions to adopt PV systems. Therefore, the 
characteristics of the respondents that positively evaluated the action to obtain a price (AP) are identified 
through the information obtained with the control variables. The target group characteristics for the 
respondents that indicated to have a high intention to learn about the price for their PV system (AP>3) 
are listed in table 19. These categories are identified by first determining the distributions for the 
categories in the overall group, and accordingly for each intervention group while only including 
respondents that scored higher than 3 on AP. Next, the increase or decrease for each category from the 
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distribution of the overall group is calculated by dividing the percentage of the intervention group with 
the percentage of the overall group. It is necessary to take the initial distribution of the overall 
respondent group into account to account for initial differences in the categories’ sizes. The distribution 
of the overall respondent group and the increase or decrease compared to this distribution is shown in 
table 2 in appendix E. In this table, the categories that score higher than 1.00 represent an increase in 
the proportion of that category, whereas a shore lower than 1.00 represents a decrease. The categories 
that score higher than 1.05 are included in table 19 below. This number is selected as the threshold 
because scores lower than 1.05 are considered as too close to the overall group distribution. The increase 
in the categories are included in the table. An example for the interpretation of the scores is that the WO 
educational level category is twice as large in the group in which the respondents scored higher than 3 
in the maps intervention group compared to the WO category in the overall group.  
  
Table 19: Characteristics of respondents that score high on AP (AP>3) that most strongly differ from the overall group. 

Control 
variables 

E-mail Categories Maps Categories App Categories 

Customer 
journey location 

“I do consider a PV system for my ho
me and I want to buy one within a ye
ar.”  
(1.83)  
“I did consider a PV system for my  
home, however I never actively looke
d  
for more information.” (1.52) 
“I did consider a PV system for my h
ome, however I did not made a decisi
on yet” (1.44)  

“I did consider a PV system for my  
home, however I never actively look
ed  
for more information.”  (1.56) 
“I do consider a PV system for my  
home and I want to buy one within a  
year.” (1.33)  
“I did consider a PV system for my  
home, however I am not planning to  
buy one for now.” (1.29) 

“I do consider a PV system for my 
home and I want to buy one within 
a  
year.” (2.17)  
“I did consider a PV system for m
y  
home, however I did not made a d
ecision yet.” (2.11)  
“I did consider a PV system for m
y home, however I never actively l
ooked for more information.” (1.3
7)  

Gender  Female (1.06)  Male (1.18) Male (1.06) 
Educational level  WO (1.56)  

HBO (1.33)  
WO (2.00)  HBO (1.47)  

Dwelling 
ownership  

Owner-occupied property (1.14)  Owner-occupied property (1.11)  Owner-occupied property (1.08)  

Dwelling type  Row house (1.50) 
Other (1.38)  

Row house (1.06)  
 

Single-detached house (1.47)  

Knowledge 
about PV 
systems  

I have some knowledge about the 
usage of PV systems. (1.09) 
I do not know much about the usage 
of PV systems. (1.07)  

I have some knowledge about the 
usage of PV systems. (1.13)  
 

I know a lot about the usage of PV 
systems. (1.06)  
 

Physical 
interaction  

 Yes (1.20) Yes (1.28) Yes (1.17) 

 
The second business goal includes the identification of the most effective intervention for each category 
present in the data. This business goal is relevant if there already is a specific predefined customer 
segment that the company wishes to target and an intervention needs to be selected to target this 
segment. This business goal is discussed by interpreting the interaction plots of the intervention group 
and the control variable based on data of respondents that score higher than 3 on the action to obtain a 
price. In addition, the categories that are most effected by an intervention are also identified to provide 
insight into the categories to which the interventions most strongly increase the intention to adopt a PV 
system.  
 
For the customer journey location control variable, the interaction plot in figure 4 in appendix E shows 
that three categories seem to evaluate AP relatively high compared to the other groups in the e-mail 
intervention group. These include “I never considered purchasing a PV system for my home”, “I did 
consider a PV system for my home, however I never actively looked for more information” and “I do 
consider a PV system for my home and I want to buy one within a year”. The maps intervention group 
generally scores lower on AP compared to the e-mail intervention group and the scores are more 
dispersed among the categories. The categories that score highest on AP include “None of these 
statements describe my situation” and “I did consider a PV system for my home, however I am not 
planning to buy one for now”. Then for the app intervention group, the AP scores are again generally 
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lower compared to the scores of the other two interventions. One category scores highest on this 
intervention, which is “I did consider a PV system for my home, however I did not made a decision 
yet”. These insights provide an indication of the situational characteristics of the customer segments 
that are activated most strongly to perform an action to obtain the price for a PV system through the 
interventions. Furthermore, the interaction plot for the gender (figure 5 in appendix E) shows that males 
score higher on AP for the e-mail and the app intervention, while females score higher in the maps 
intervention. However, if the predefined targeted segment are males, the e-mail intervention is 
potentially more successful in activating customers compared to the app intervention as the average AP 
is higher for the e-mail intervention.  
	
As seen in the interaction plot in figure 6 in appendix E, the WO category scores quite high on AP in 
the e-mail intervention group. The HAVO, VWO, MBO and the HBO categories also score highest in 
this intervention group. The maps intervention group shows relatively lower AP values compared to the 
e-mail group, however HAVO, VWO, MBO  category also score high for this intervention. The 
difference between the AP scores for the LBO/VMBO, MAVO category are also similar in both 
intervention groups. Only the no answer category peaks for the maps intervention. The LBO/VMBO, 
MAVO and HAVO, VWO, MBO are also included in the targeted segment categories because they 
score highest for this intervention. The LBO/VMBO, MAVO category peaks in the app intervention 
group and the WO category is also high for this intervention. Figure 7 in appendix E shows clear trends 
for the dwelling ownership control variable. Respondents with rental properties score higher on AP in 
all the three intervention groups compared to respondents with owner-occupied properties. It is also 
evident that both categories achieved the highest AP values in the e-mail intervention group. The 
interaction plot of the dwelling type control variable in figure 8 in appendix E shows that the highest 
values for AP for all categories are in the e-mail intervention group. Only the Flat/apartment category 
also scores quire high in the app intervention group. For both the e-mail and maps intervention groups, 
the categories Other, Single detached house and Flat/apartment categories score highest. However, the 
single detached house category scores highest in the maps intervention group. Figure 9 in appendix E, 
shows that the category “I know a lot about the usage of PV systems” scores highest in the e-mail and 
the app intervention. However, all categories again score highest on AP for the e-mail intervention. For 
the maps intervention, the category “I do not know much about the usage of PV systems” scores highest 
on AP.  
 
The interpretation of the physical interaction activity control variable is straightforward, as seen in 
figure 10 in appendix E. Both categories score highest for AP in the e-mail intervention group, and 
accordingly in the maps intervention group. In addition, the respondents that indicated to not speak 
about PV systems with their family, friends or colleagues score in general higher on AP compared to 
others that do interact with other about PV systems. Base on the insights obtained from the interaction 
plots, the customer segment characteristics are summarized for each intervention group in table 20. 
Additionally, the most effective intervention for all categories present in the data are summarized in 
table 21.  
 
Table 20: Respondent characteristics that most positively evaluate the action to obtain price for all intervention groups. 

Control 
variables 

E-mail Categories Maps Categories App Categories 

Customer 
journey location 

“I never considered purchasing a PV  
system for my home.”  
“I did consider a PV system for my  
home, however I never actively looke
d  
for more information.”  
“I do consider a PV system for my ho
me and I want to buy one within a ye
ar.” 

“None of these statements describe  
my situation.”  
“I did consider a PV system for my  
home, however I am not planning to  
buy one for now.” 

“None of these statements describ
e  
my situation.”  
“I did consider a PV system for m
y  
home, however I am not planning 
to buy one for now.” 

Gender  Male Female Male 
Educational level  WO 

HAVO,VWO,MBO 
HAVO,VWO, MBO 
LBO/VMBO, MAVO 

LBO/VMBO, MAVO 
WO 
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HBO No answer 
Dwelling 
ownership  

Rental property Rental property Rental property 

Dwelling type  Other 
Single detached house 
Flat/apartment 
Row house 
Semi-detached house 

Single detached house 
Other 
Flat/apartment 

Flat/apartment  
Row house 

Knowledge 
about PV 
systems  

I know a lot about the usage of PV 
systems. 

 I do not know much about the usage 
of PV systems. 

I know a lot about the usage of PV 
systems. 

Physical 
interaction  

No No No 

  
Table 21: Most effective intervention for all categories present in the data. 

Variable Category Intervention 
Customer journey 
location 

None of these statements describe my situation.  Maps 
I did consider a PV system for my home, however I never actively looked for more information. E-mail 
I never considered purchasing a PV system for my home. E-mail 
I do consider a PV system for my home and I want to buy one within a year. E-mail 
I did consider a PV system for my home, however I am not planning to buy one for now.  Maps 

 I did consider a PV system for my home, however I did not made a decision yet. App 
Gender Male E-mail 
 Female Maps 

 I do not want to reveal my gender. - 
Educational  Primary education - 
level No answer Maps 
 HBO E-mail 
 WO E-mail 
 HAVO, VWO, MBO E-mail 

 LBO/VMBO, MAVO App 
Dwelling ownership Rental property   E-mail 

 Owner-occupied property E-mail 
Dwelling Semi-detached house E-mail 
type Other E-mail 
 Apartment, flat or studio E-mail 
 Row house E-mail 

 Single-detached house E-mail  
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. E-mail 
 I do not know much about the usage of PV systems. E-mail 

 I know a lot about the usage of PV systems. E-mail  
Physical interaction Yes E-mail 

 No E-mail 

 

4.3 Summary and Conclusion 
The survey study was conducted with the aim to test the effectiveness of the interventions through 
statistical inference techniques. The main sub-question that was defined for the survey study holds: 
How do the interventions influence customers’ intention to adopt a PV system? This question was 
addressed by examining the variables through which the intervention influenced the intention to 
perform an action to obtain a price for a PV system. The relationships between the included independent 
variables, control variables and the behavioral outcome of the action to obtain a price were examined 
through a multiple regression analysis. The analysis showed that gamified digital media interventions 
positively influenced the consumers’ intention to adopt a PV system through educating the respondent 
about the benefits of PV systems, increasing the respondents’ trust in obtaining benefits from 
purchasing a PV system, evoking strong intentions of using the intervention and increasing respondents’ 
intention to communicate with their friends, family or colleagues about PV systems.  
 
It was also found that several control variables significantly influenced the intention to adopt PV 
systems. Respondents with a WO education were more likely to obtain a price for a PV system than the 
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other educational level categories and respondents in the pre-awareness stage of the customer journey 
are more likely to obtain a price for a PV system than the other customer journey categories. This shows 
that the effectiveness of the interventions not only depends on the psychological and behavioral 
outcomes that were activated, it also depends on the characteristics of the customer segment. Several 
variables that negatively influenced the action to obtain a price were found. The perceived ease-of-use, 
the category “None of these statements describe my situation” from the customer journey location 
control variable and age significantly reduced the action to obtain a price. The perceived ease-of-use of 
the intervention was expected to positively influence the intention to adopt a PV system, in line with 
the Technology Acceptance Model (TAM). Yet is showed a significantly negative influence on this 
intention. It is recommended to further examine the effect of this variable on the intention to adopt a 
PV system because it is not clear why the perceived ease-of-use negatively influences the intention to 
adopt a PV system. A potential cause might be that a too low perceived ease-of-use negatively affects 
customers’ attitude towards the interventions. Another potential cause could be that it is influenced by 
another variable. Further examination of this variable is out of scope because a theoretical foundation 
for variables influencing ease-of-use is not included in this report. Furthermore, the negative effect of 
the e-mail intervention was close to significant. As the e-mail intervention positively influenced the 
action to obtain a price in the first regression model and negatively influenced this in the second 
regression model, the interaction between community interaction and the e-mail intervention explains 
the positive effect of the intervention in the first model. The effects that result from the model including 
the interaction term are included in in figure 27. The variables included in the ‘Control variables’ box 
directly influence the action to obtain a price, thus not as moderators. Only community interaction 
influences the action to obtain a price as a moderator as it effects the relationship between the e-mail 
intervention group and the action to obtain a price. The control variables were all not found to be 
significant moderators of any relationship between the independent and dependent variables.  

	
	
Figure 27: Results multiple regression analysis of testing the structural relationships. 

Furthermore, target group characteristics were identified by examining the observations that scored high 
on the action to obtain a price. Through examining these observations three types of insights were 
obtained. First, the increase in categories for each intervention compared to the overall respondent group 
was identified. Due to this method, the categories that were more strongly represented in the groups 
that score high on AP for each intervention were identified. The results of this procedure in table 19 
represent the general characteristics of the target group for each intervention. Accordingly, the 
differences between the identified categories considering their score on AP were found by inspecting 
the interaction plots of all the control variables. This showed that some categories that did not increase 
strongly compared to the overall distribution, still scored high on AP. With this method, the groups that 
score high on AP but that did not increase strongly were identified. Lastly, the most effective 
intervention for each category was identified by looking for the highest increase in AP across the 
interventions.  
 

Control	variablesIndependent	variables

Education	in	PV	system

Trust	in	PV	system

Community	interaction

Intention	to	adopt	
intervention

Perceived	ease-of-use

Educational	level:	WO

Customer	journey	
location:	I	did	consider	a	
PV	system	for	my	home,	
however	I	never	actively	

looked	for	more	
intformation.

Action	to	obtain	price

Age

Intervention	:	E-mail

Customer	journey	
location:	None	of	these	
statements	describe	my	

situation.	

.17

.36

.32

-.12

.20

-.21

Interaction	effect

(Intervention	group	E-
mail)*(Community	

interaction)

.09

-.004

.14

.13

-.13
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The interpretation of each category based on these three insights is illustrated with the gender categories 
for the e-mail intervention. Table 19 shows that the female category increased compared to the general 
distribution due to this intervention. This means that the e-mail intervention is positively evaluated by 
more women than men. However, table 20 shows that men in the e-mail intervention group score higher 
on the intention towards adopting a PV system compared to woman. This means that while more women 
than men are affected through the intervention, the increase in the intention to adopt PV systems is 
affected more strongly for men. Lastly, table 21 shows that the e-mail intervention is more successful 
for men. This corresponds to the largest increase for the intention to adopt a PV system for men caused 
by one of the three interventions. The usage of the obtained insights depends on the goals of Essent. If 
Essent aims to address the broadest group that is affected by the e-mail intervention, woman are the 
target group as they are in general more strongly affected than men are. If Essent aims to address a 
group that is most strongly affected by the intervention, men should be selected. If Essent in general 
wants to address men with an intervention, the e-mail solution should be applied because this 
intervention increases the intention to adopt a PV system more than the maps and e-mail intervention 
for men. If Essent brings the e-mail intervention in the market without targeting a specific group, more 
women than men will be affected. However, the slightly smaller male group will be affected more 
strongly than the larger women group. 
 
The results in table 21 show that the e-mail intervention seems to be most successful in increasing 
customers’ intention to adopt a PV system among the customer segments. However, the success of the 
e-mail intervention is dependent on the community interaction intentions that are elicited. This was 
evident from founding a significant interaction between the intervention group and community 
interaction in the regression analysis. For several customer segments, the other interventions seem to 
be more effective. This includes the Maps intervention for rejecters of PV systems (“I did consider a 
PV system for my home, however I am not planning to buy one for now”) and for the customer segments 
that do not fit into the predefined stages (“None of these statements describe my situation”). The Maps 
intervention is also more effective for female customers and for customers that did not wanted to 
indicate their educational level. The App intervention is more effective for customers in the decision 
making stage of the customer journey (“I did consider a PV system for my home, however I did not 
made a decision yet”) and for customers with an LBO/VMBO, MAVO educational level. With these 
results, the survey study provides insight into how the interventions influenced the intention to adopt a 
PV system. It also provided insight into the potential target group that can be activated through the 
interventions and characteristics of the type of customer that is affected by the interventions. These 
insights can be taken into account in future research considering the type of customer that is affected 
by gamified digital media interventions. In addition, due to examining the answers to the open 
questions, several new variables were identified that can be examined in further research. These 
variables include the openness of customers to communicate with others about PV systems or building 
communities in this context, and potential factors that trigger customers to see the intervention as a 
marketing tool or as a learning opportunity. As these factors are unknown, more research needs to be 
performed to increase the understanding of customers’ perceptions.  

5. Discussion 

5.1 Practical Implications 
This research has both academic and practical implications. First, the approach adopted in this study to 
design effective gamified digital media interventions proved to be successful in tackling the barriers to 
PV system adoption and in identifying the variables through which potential behavioral change can be 
induced. The approach used in this study to design and test interventions that stimulate a desired 
behavioral change can be used to examine other problems relating to changing customer behavior. For 
companies, it is a low cost method to thoroughly examine the potential effectiveness of a new concept 
design. By testing the concept intervention in the online survey as described in this study, more evidence 
is collected of the potential success of the intervention in changing behavioral intentions. Due to the 
high costs that can be associated with the development of the intervention, more research considering 
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the effectiveness in stimulating customers is valuable. If the intervention is positively evaluated in the 
online survey, more evidence is obtained for its potential success. This evidence can be necessary due 
to the high costs that need to be incurred and the managerial commitment that is necessary for the actual 
development and implementation of the intervention. Secondly, it is found that gamified digital media 
interventions show a strong potential in positively effecting customers’ intention to adopt a PV system. 
It is therefore recommended to make use of and further examine these type of interventions to effect 
customers’ attitudes towards PV systems and potentially increase adoption. Thirdly, several variables 
were found to significantly affect the intention to adopt a PV system. These can be used as design 
outcomes for the design of new gamified digital media interventions that aim to stimulate PV system 
adoption in the Netherlands. In designing gamified digital media interventions to stimulate PV system 
adoption in the Netherlands, the following design goals should be kept in mind: 
 
1. The intervention should educate the customer about the benefits of PV systems. 
2. The intervention should increase a customers’ trust in obtaining benefits from purchasing a PV 

system. 
3. The intervention should increase customer’s intention to communicate with others about PV 

systems. 
4. Customers should have a strong intention towards using the intervention.  
 
In addition, it should be taken into account that in general customers with a WO educational level and 
customer in the pre-awareness stage of the customer journey are likely to be most stimulated by the 
intervention. This finding refers to the customer segments as independent observations from the total 
respondent group. Thus the customers are either in the WO education segment or in the pre-awareness 
stage of the customer journey segment, they do not need to be in both segments to be more likely to be 
affected by the intervention. This finding can be used by targeting the WO educational segment or the 
pre-awareness customer segment more intensively with the gamified digital media interventions and 
therefore potentially increase the return on investment from the efforts undertaken to launch and operate 
the interventions.  
 
Several implications are stated considering the variables that were found to negatively influence the 
intention to adopt a PV system. The perceived ease-of-use of the intervention showed a significantly 
negative influence on the intention to adopt a PV system. This variables was expected to positively 
influence the intention to adopt a PV system, in line with the Technology Acceptance Model (TAM). 
Therefore, it is recommended to first further examine this variables before drawing conclusions about 
the influence of the ease-of-use of the intervention. The negative effect could be caused by interactions 
with control variables or other external factors that might have influenced it. Furthermore, with the 
strong significantly negative effect of the e-mail intervention on the action to obtain a price and the 
positive effect of the interaction between this variable and community interaction shows that 
community interaction is critical in making the e-mail intervention successful. It is also found that age 
negatively influences the intention to adopt a PV system, however this effect is very small. Therefore, 
it is recommended to not rely too much on this variable in defining a target group. Finally, the negative 
effect of the customer journey location category that does not fit the predefined categories should be 
considered. It is notable the group respondents that did not see a fit between their situation and a 
category is quite large. Customers in this unknown category are significantly more likely to have weaker 
intentions to adopt a PV system. It is therefore recommended to examine the situation of this category 
and the relating barriers to PV system adoption. Overcoming the barriers of this customer segment to 
adopt PV systems can unlock a new market for PV systems.   
 
Fourthly, several recommendations are formulated for using the interventions designed in this study. 
By examining the respondent group that scored high on the intention to adopt a PV system, trends could 
be identified in the customer segment that potentially is affected most by the interventions. Based on 
the inspection of this group, it is recommended to further examine the implementation of the e-mail 
intervention, as it seems to be most successful in increasing consumers’ intention to adopt a PV system 
among the customer segments. If the e-mail intervention is selected, it is of crucial importance for the 
effectiveness of the intervention to maximize the community interaction intentions. For several 
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customer segments, other interventions are found to be more effective. This includes the maps 
intervention for rejecters of PV systems (“I did consider a PV system for my home, however I am not 
planning to buy one for now”) and for the customer segments that do not fit into the predefined stages 
(“None of these statements describe my situation”). The maps intervention is also more effective for 
female customers and for customers that did not wanted to indicate their educational level. The app 
intervention is more effective for customers in the decision making stage of the customer journey (“I 
did consider a PV system for my home, however I did not made a decision yet”) and for customers with 
an LBO/VMBO, MAVO educational level. If one of these customer segments is identified as the target 
group, the maps or app intervention should be further examined. The identification of the target group 
characteristics make it possible to approach the development and implementation of the designed 
interventions based on the customer segment characteristics of the target group of which the PV system 
adoption is desired to be increased. As the interventions affect various target groups differently, the 
success of the intervention is increased by taking into account the effectiveness of the interventions on 
the targeted customer segment. Therefore, it is recommended to consider the target group characteristics 
in making decisions about the further development and implementation of the interventions.  

5.2 Limitations and Further Research 
The study includes multiple limitations that need to be accounted for when drawing inferences from the 
results. To start with, the literature study on gamification is limited in several aspects. First, the 
completeness of the hierarchical coding schemes is moderate as they are established based on the 
information found in the short list. Academic literature in the field of gamification and sustainable 
consumption is limited, and therefore there are yet many unexamined opportunities for applying 
gamification in the context of sustainable energy consumption (Morford et al., 2014). Future studies 
could investigate a broader range of concepts for each category in an explorative manner by 
contemplating new gamification opportunities instead of looking at which gamification applications 
were already applied. A second limitation holds the lack of linkages between the concepts of the 
categories in the form of causal relationships or correlations. The structural overview for example does 
not provide insight into the interventions that foster specific mechanisms or outcomes. This is not 
included in the overview because such direct relationships are rarely tested in the found literature. The 
present study addressed this gap in the literature and examined the relationships between the defined 
interventions, the psychological outcomes and the behavioral outcomes. The present study succeeded 
in determining the relationships between these building blocks, however it is limited in that the 
interventions are examined as combination of design parameters. It is therefore not clear which design 
parameters specifically caused an effect and only conclusions can be made about the intervention as a 
whole. As a consequence, the results of the study cannot be used to argue which specific gamification 
elements should be used to achieve a specific effect.  
 
Empirically testing the relationships between the design parameters and the outcomes holds a major 
opportunity for future research to further enhance goal oriented design of gamified elements to foster 
sustainable household energy consumption. Future research can examine this by adopting a similar 
research approach as used in this study, however the construction of the combination of design 
parameters should be approached differently. In the present study, the values of the design parameters 
were individually selected for each intervention. As a result, three combinations of design parameters 
that were quite different represented the intervention groups that could be tested in the multiple 
regression. The suggested approach for future research is to change only one value of the design 
parameters for one intervention. If for example the e-mail intervention is tested in further research, the 
same parameter values as defined in this study can be used in the first intervention group, however the 
second intervention group should see this intervention with only one design parameter value altered, 
included or excluded. In this case, for example the monetary reward value for the rewards design 
parameter can be included to see if the intervention effects the two groups differently. The same 
approach could be adopted for further testing the maps and the app intervention. In the present study, 
the design parameters for the e-mail and the maps intervention also only differ based on one design 
parameter value. However it is not possible to examine differences in the effectiveness of the 
interventions based on that parameter value because the interventions contextually and visually strongly 
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differ from each other. The interventions designed in this study can be fruitfully utilized to further 
examine the effects of different motivational affordances separately.  
 
In addition, it can be useful to compare the intervention group with a control group or variable. This 
enables comparison between the pre-intervention scores on the psychological and behavioral outcomes 
and the induced changes in these scores due to the interventions. The lack of comparison with a control 
group or baseline number is also a limitation of the current research. It is not possible to make statements 
about where the respondents are on the continuum for the construct variables, because it is not clear 
what their initial score was. For example, it is not examined what the initial action to obtain a price for 
a respondent was before seeing the intervention. Due to the questions included in the survey, it is only 
possible to make statements about the relationships between the examined variables. It is therefore not 
clear how strong the intention to adopt a PV system is of a respondent compared to other respondents. 
It could be that a respondent already had a high intention to purchase a PV system and that the 
intervention did not change this initially high intention. In this case, the reported increase in the intention 
is low while the actual intention is high. This could explain the significant effect found for the pre-
awareness customer journey location category for the action to obtain a price. This category did not 
consider to purchase a PV system previously and their interest was raised due to the interventions. 
However, the finding still provides valuable information considering the effectiveness of the 
intervention in addressing this category, as it showed to be significant in the multiple regression analysis 
compared to the effects of the other groups. Next to further examining the interventions designed in this 
study, an opportunity for further research is to design new interventions based on the approach adopted 
in this study. The results of the multiple regression analysis offer design goals for outcomes that can be 
aspired to be reached with the interventions. As an increase in the variables of education, trust, 
community interaction and the intention to adopt the intervention significantly influences the action to 
obtain a price, these variables can be used as the psychological and behavioral outcomes that are desired 
to activate. However, another opportunity is to apply the structural overview of gamification 
applications and the design approach to design completely new gamified digital media interventions for 
other behavioral problems evident in the energy transition. The most promising further research 
opportunity depends on the goals that the researchers want to achieve. The recommended further 
research opportunities for Essent were already described in the practical implications section.  
 
Moreover, the target group characteristics identified for the interventions to help Essent in further 
developing and implementing the interventions also include limitations. As the found characteristics 
are independent observations for each control variable, it could be that categories contradict each other 
as is the case for the e-mail intervention. For this intervention the customer journey location that scores 
best includes the pre-awareness group, while the knowledge group that knows a lot about the usage of 
PV systems scores best for the knowledge control variable. It is hard to believe that customers that know 
a lot about PV systems never considered a PV system for their house. In this case, it could be that the 
group that knows a lot about PV systems is very small compared to the other groups for this control 
variable. This results in the group scoring highest for the knowledge control variable, while being not 
large enough to represent a category in the customer journey location control variable. As seen in table 
12, it is indeed the case that the group that has a lot of knowledge about PV systems and the pre-
awareness group are quite small. It is therefore highly probable that the respondents are sorted 
differently across the categories for the opposing control variable. Examining how the categories 
overlap is an opportunity for further research that provides more insight into the target group. The used 
dataset is too small to formulate conclusions about overlapping categories, as the number of respondents 
in several categories is very small. Drawing conclusions from the dataset about overlapping groups will 
not represent the population to which the conclusions are aimed to be inferenced. Furthermore, the 
target group characteristics also provide insight in the type of customer that is influenced by the 
interventions. However, the examined characteristics are yet limited to the control variables and many 
other characteristics of the customers can be further examined. Future research on the relationships 
between the type of customers and the motivational affordances that influence specific type of 
customers are multifold. For example, Bartle’s (1996) players types can be used to identify the type of 
player a respondent corresponds to and which motivational affordances influence specific type of 
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players. In this manner, more insight can be obtained in the effectiveness of gamified digital media 
interventions.  
 
The population the present study makes statements about are customers of Essent. While Essent is one 
of the largest energy suppliers in the Netherlands, it can still be the case that particular factors cause 
consumers to choose for Essent as their energy supplier. Therefore it is appropriate to only deduce the 
conclusions from the study to customers of Essent and not to the Dutch population in general. Based on 
these grounds, examining a sample that represents the Dutch population is an opportunity for further 
research. Moreover, the action to obtain a price for a PV system is used in the study as the dependent 
variable to represent customers’ intention to adopt a PV system. However, it is not clear if this variable 
also predicts the actual behavior of PV system adoption. Further research must examine the relationship 
between the action to obtain a price variable and the actual adoption behavior. Additionally other 
variables could also be tested to measure the intention to adopt a PV system. An opportunity for further 
research would be to examine the relationships between multiple variables measuring self-reported 
attitudes and the actual behavior to purchase a PV system, to identify the variable that best provides an 
indication of actual adoption behavior. This could be for example the intention to call a PV system 
installer, the reported excitement about PV systems or both. Further research can establish a scale that 
accurately predicts the actual adoption behavior. Scales that predict the actual adoption of PV systems 
with self-reported measures are valuable because they do not include the effort and costs related to 
tracking actual behavior. 

5.3 General Conclusion 
This study adds to the existing body of literature in the field of gamification and activation of households 
to contribute to the energy transition by providing insight into the ways in which gamified digital media 
interventions can activate households to adopt PV systems. The goal of the study was to leverage 
gamified digital media interventions to positively influence consumers’ intention to adopt PV systems 
by tackling specific barriers to adoption. This goal was examined through the main research question: 
‘How can gamified digital media interventions positively influence consumers’ intention to adopt a PV 
system?’ The literature study contributed to the main research questions by establishing a theoretical 
foundation for including gamification elements in the design of the interventions. Due to organizing the 
information found in the literature study in the structural overview, the information can be easily 
accessed in future research to examine the potential of gamification in facilitating households to adopt 
sustainable energy practices. The design study contributed to the main research goal by enabling the 
design of gamified digital media interventions that have the potential to tackle the problems relating to 
PV system adoption in the Netherlands. In addition, pretesting the interventions limited the differences 
in interpretations of the interventions and therefore contributed to the formulation of conclusions about 
the relationships based on the results of the online survey. Finally, the survey study contributed to the 
main research goal by examining how the gamified digital media interventions influenced customers’ 
intention to adopt a PV system. Multiple predictors of the intention to adopt a PV systems are found 
with the regression analysis that can be used in further research as design goals for designing and 
examining gamified digital media interventions.  
 
From a general perspective, the study contributes to design science literature by illustrating a design 
science based method for designing gamified interventions that tackle specific causes of the problem. 
The approach adopted in this study shows that usage of design science methodology enables researchers 
to identify the causes of a problem and design gamified digital media interventions that address these 
causes. The approach in this study is illustrated to be a structured method to examine the situation, 
design the interventions and formulate statements about how the interventions achieve their 
effectiveness. As a result of the defined goals and research questions, this study additionally contributes 
to both existing gamification literature and energy sustainability literature by structuring information 
related to gamification for energy sustainability purposes and utilizing the structural overview of 
gamification applications in the context of designing interventions to stimulate PV system adoption. In 
summary, the key lessons learned and the value of this study for academic literature includes three 
points. First, a structural overview of gamification applications, a design approach and a testing 
approach are provided that can be used by researchers as a starting point to design and test gamification 
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applications in line with a science based approach. Secondly, the usage of this research approach is 
successfully utilized in the specific context of PV system adoption by testing the effectiveness of the 
designed interventions in facilitating the desired psychological and behavioral outcomes. Thirdly, new 
insights in factors that influence customers’ intention to adopt PV systems are obtained and many 
opportunities for future research based on the obtained results are provided. These contributions foster 
future research on gamified digital media interventions that tackle the essential challenge that is 
addressed in this research: activating households to contribute to the energy transition. 
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Table 1: Search terms used to search for articles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 2: Selected databases and additional information. 

 
 
 
 
 
  

Index Search term Synonyms Source 
1 Gamification Gamified, gameful  

 
 
 
 
 
Hamari et al. (2014) 

2 Motivational 
affordance 

 

3 Points   
4 Leaderboards  
5 Achievements Badges 
6 Levels  
7 Story Theme 
8 Goals  
9 Feedback  
10 Rewards  
11 Progress  
12 Challenge  
13 Energy practices Energy consumption, energy 

behavior, energy usage 
(Morford et al., 2014) 

14 Energy 
conservation 

Energy savings (Morford et al., 2014)  

15 Energy 
efficiency 

 (Morford et al., 2014)  

Database Additional information  
Scopus  Scopus is the largest abstract and citation database of peer-reviewed literature: scientific journals, books and conference 

proceedings. Delivering a comprehensive overview of the world's research output in   the fields of science, technology, 
medicine, social sciences, and arts   and humanities, Scopus features smart tools to track, analyze and   visualize research. 
License obtained through university. (Elsevier, 2017a) 

ScienceDirect ScienceDirect is Elsevier’s leading information solution for researchers, teachers, students, health care professionals and 
information professionals . It combines authoritative, full-text scientific, technical and health publications with smart, 
intuitive functionality so that you can stay informed in your field, and can work more effectively and efficiently.  Open 
access database. (Elsevier, 2017b) 

Web of Science  Web of Science provides you access to the most reliable, integrated, multidisciplinary research connected through linked 
content citation metrics from multiple sources within a single interface. And since Web of Science adheres to a strict 
evaluation process, you can be assured only the most influential, relevant, and credible information is included - allowing 
you to uncover your next big idea faster. License obtained through university. (Thomson Reuters, 2017) 

ACM Digital 
library 

The ACM Digital Library is a research, discovery and networking platform containing: The Full-Text Collection of all 
ACM publications, including journals, conference proceedings, technical magazines, newsletters and books. A collection 
of curated and hosted full-text publications from select publishers. The ACM Guide to Computing Literature, a 
comprehensive bibliographic database focused exclusively on the field of computing. License obtained through university. 
(AMC DL, 2017) 

Proquest ProQuest’s collections span six centuries, all disciplines and the diverse content types needed by researchers, providing the 
world’s largest collection of dissertations and theses; three centuries of newspapers; more than 450,000 academic ebooks; 
collections of important scholarly journals and other content researchers need such as data; and unique digital vaults of 
primary source materials . ProQuest’s renowned abstracting and indexing enables researchers to find sources in their area 
of study. License obtained through university.  (Proquest, 2017) 
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Table 3: Selected databases, applied search query and total number of articles. 
 

Database Search query Total number of 
results 

Scopus  (gamification* OR gamified* OR gameful* OR motivational affordance*) AND (points* OR 
leaderboards* OR achievements* OR badges* OR levels* OR story* OR themes* OR goals* 
OR feedback* OR rewards* OR progress* OR challenge*) AND (energy practices* OR energy 
consumption* OR energy behavior* OR energy usage* OR energy conservation* OR energy 
savings* OR energy efficiency*) AND (household* OR residential* OR consumer*) 

 
 
 
 

31 
ScienceDirect (gamification* OR gamified* OR gameful* OR motivational affordance*) AND (points* OR 

leaderboards* OR achievements* OR badges* OR levels* OR story* OR themes* OR goals* 
OR feedback* OR rewards* OR progress* OR challenge*) AND (energy practices* OR energy 
consumption* OR energy behavior* OR energy usage* OR energy conservation* OR energy 
savings* OR energy efficiency*) AND (household* OR residential* OR consumer*) 

 
 
 
 

20 
Web of Science  TS=(gamification* OR gamified* OR gameful* OR motivational affordance*) AND (points* 

OR leaderboards* OR achievements* OR badges* OR levels* OR story* OR themes* OR 
goals* OR feedback* OR rewards* OR progress* OR challenge*) AND (energy practices* OR 
energy consumption* OR energy behavior* OR energy usage* OR energy conservation* OR 
energy savings* OR energy efficiency*) 
 

 
 
 
 
 

22 
ACM Digital 
library 

(gamification* OR gamified* OR gameful* OR motivational affordance*) AND (points* OR 
leaderboards* OR achievements* OR badges* OR levels* OR story* OR themes* OR goals* 
OR feedback* OR rewards* OR progress* OR challenge*) AND (energy practices* OR energy 
consumption* OR energy behavior* OR energy usage* OR energy conservation* OR energy 
savings* OR energy efficiency*) AND (household* OR residential* OR consumer*) 

 
 
 
 

19 
Proquest (gamification*) AND (points* OR leaderboards* OR achievements* OR badges* OR levels* 

OR story* OR themes* OR goals* OR feedback* OR rewards* OR progress* OR challenge*) 
AND (energy practices* OR energy consumption* OR energy behavior* OR energy usage* OR 
energy conservation* OR energy savings* OR energy efficiency*) AND (household* OR 
residential* OR consumer*) 

 
 
 

42 
ONLY 

SCHOLARY  
JOURNALS 

Total  132 
 
 
 

Table 4: The remaining number of articles after each round of selection. 
 

Database Found articles Articles after round 1 Articles after round 2 

Scopus 30 4 4 

ScienceDirect 20 4 3 

Web of Science 21 13 9 

ACM Digital library 19 9 6 

Proquest 42 1 0 

Total 132 31 22 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5: Synthesis matrix. 
 
Color coding categories: 
Energy practices 
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Technology 
Motivational affordances 
Outcomes  
 

# Article Motivational affordances Psychological outcomes Behavioral outcomes Technology 

1 (Baborska-
Narozny, 
Stevenson, & 
Ziyad, 2016) 

PV policy context/social norms.  
Intended user control & feedback on 
system’s operation (design and 
location of PV controls), guidance 
provided to learn about the PV 
system. Technology design that 
provides occupants with integrated 
feedback on the results of their own 
behaviors, practices as evidenced 
through consumption and generation 
in an accessible way is essential to 
overcome this problem.  

The architect’s and installer’s 
role in offering appropriate 
affordances for successful 
user interaction needs to be 
more carefully considered, 
alongside the development of 
effective user guidance 
which promotes intention to 
engage with the PV system 
controls in order to develop 
appropriate practices in 
relation to the use of PV 
generated energy. 

Household specific 
electricity consumption & 
practices, behavioral 
change observed to adapt 
to PV generation. 
Individual electricity 
consumption against 
benchmarks vs. adding to 
peak load through PV 
generation at individual 
and community level. 
Considering load shifting 
as a goal of using PV 
systems. 
Embedding energy 
generation with the PV 
system into daily practices 
of electricity use.   

Domestic PV 
system 

2 (Beck, 
Lakkaraju, & 
Rai, 2016) 

Compare the effect of passive and 
interactive (gamified) information 
campaigns. The passive information 
randomized control trial delivered via 
Amazon Mechanical Turk tests the 
effectiveness of delivering the same 
content in a single message versus 
multiple shorter messages. The 
interactive information delivery uses 
an online (mobile and PC) trivia-style 
gamification platform. The question is 
presented in an interactive sequence 
that includes a clue, followed by a 
question and multiple-choice answer 
options. Leaderboards an prizes are 
used. 

Survey instrument based on 
the TPB framework to assess 
the impact of attitudes, 
normative beliefs, and 
perceived behavioral control 
on intentions. The main 
purpose of the incentives was 
to encourage respondents to 
sign up for and play Energy 
Games.  

We have selected a specific 
and discrete behavior with 
a singular path to action 
(i.e., calling a solar 
installer to receive a quote 
and eventually have solar 
installed) 

Mobile energy 
game and Amazon 
Mechanical Turk 
(AMT), an online 
marketplace of 
tasks. 

3 (Beckel, 
Sadamori, & 
Santini, 
2013) 

- - - Energy  
consumption 
collection 

4 (Berri & 
Daziano, 
2015) 

- - Green transportation 
behavior 

- 

5 (Brauer, 
Ebermann, 
Hildebrandt, 
Remané, & 
Kolbe, 2016) 

-gamify (learning game, badges and 
rankings).  
-Informate ( tips and tricks, shopping 
guide for efficient appliances, 
consumption tracking/monitoring w/ 
diagrams, feedback systems, energy 
usage recommendations, 
infrastructure-planning simulation, 
consumption measurement, carbon 
footprint indicator)   
-Transformate (controlling household 
appliances, calculating possible solar 
energy production, energy-efficient 
house construction planning) 

Includes apps regarding the 
reduction of energy  
consumption  in  residential  
buildings by monitoring  
energy usage and providing 
relevant information. The 
focus is set on resource 
efficiency practices, either by 
suggesting the switch 
towards renewable energy 
sources or a change in 
consumption behavior 

Normative goals: 
-Animal protection 
-Carbon footprint reduction 
-Data collection 
-Ecosystem education 
-Pollution reduction 
-Raising awareness 
-Resource efficiency 
-Resource protection 
à Specific compatibility 
motivational affordances 
with normative goals 

Mobile 
applications 

6 (Buchanan, 
Banks, 
Preston, & 
Russo, 2016) 

Three SMES: 
Automation 
Community rewards: Forming 
communities, gaining community 
points, link with social media, rewards 
Gamification: the use of an online 
gaming platform to compare 
household energy use against others in 
the game and to receive rewards  in 
the form of points or unlocking new 
aspects or levels of the game. 

Community reward: The 
well-being reward aspect of 
this service is related to 
increasing community spirit, 
connecting with others, being 
part of a bigger cause and 
giving to that cause, as well 
as learning how to be more 
energy efficient.  
 
Gamification: sense of 
satisfaction from personal 

Community reward: 
Participants in the scheme 
would see savings on their 
energy bills by changing 
their energy behavior and 
reducing their 
consumption. 
 
Gamification: participants 
will see a reduction in their 
energy bills by changing 

Smart meter 
enabled services 
(SMES) and the 
use of smart 
meters to provide 
feedback to 
consumers about 
their energy usage 
via an in-home 
display (IHD) 
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improvement, connecting 
with friends more frequently, 
improvement against other’s 
behavior (individually or as a 
group) 
 

their energy behavior and 
reducing consumption.   

7 (Cao, 
Wijaya, 
Aberer, & 
Nunes, 2015) 

We focus here on two intertwined 
techniques, namely feedback through 
performance tracking and the usage of 
badges. Performance tracking: 
allowing the user to keep track of their 
own progress or to position their 
contribution in comparison with the 
rest of the participants. Live feedback 
on the user’s performance assesses the 
user’s past contribution and 
contributes to their motivation. The 
user’s contribution is rewarded by the 
release of the data. We introduce 
competition by showcasing the user’s 
performance against the other group 
members with a leader board. Badges 
were introduced to reward 
contribution and to give feedback. 

Engagement and motivation. 
From a socio-psychological 
standpoint, badges offer a set 
of attributes, which combine 
educational and social 
influences on users’ 
motivation. We introduce 
competition by showcasing 
the user’s performance 
against the other group 
members with a leader board. 
The information appears in 
the welcoming section as to 
be the first information to be 
displayed upon logging in. 
This not only should 
motivate the user to improve 
their rate of contribution as 
they compare themselves to 
others, but also provides 
recognition as a reward, as 
all annotators are faced with 
this information. Using 
badges not only enforces user 
loyalty or boosts and rewards 
performance, but also, some 
pedagogical feedback can be 
given to the user. 

Participation and 
annotation. Badges are 
awarded for different types 
of behaviors 
and can be grouped in 
different categories:  
Submissions badges: are 
received when a given 
number of submissions is 
achieved. They are 
relatively easily achieved 
as to motivate the user to 
contribute even on a small 
scale already.  
Expertise badges: We also 
encourage exploration by 
having expert badges that 
are awarded as a larger 
range of types of 
appliances are annotated. 
We establish natural 
groupings of appliances / 
circuits and 
create the corresponding 
badges. 
Ephemeral badges: To 
influence the user’s loyalty 
and thus frequent 
contribution. Daily 
attributed badges reward 
current performances and 
consistency badges and 
require the user to 
contribute more frequently 
over time.  

A collaborative 
web-based 
framework to 
retrofit labeling on 
existing datasets. 
CAFED for 
Collaborative 
Annotation 
Framework for 
Energy Datasets. 
The platform is 
publicly available, 
applies the 
wisdom of the 
crowd in the 
realm of energy 
research and 
leverages 
gamification 
techniques to 
encourage users’ 
active 
contribution.  

8 (Denti, 2014) In the gamification perspective, 
appliances are humanized with a 
proper avatar – possibly with a funny 
name, and feature a precise, user-
defined personality (possibly 
including style, a specific voice, etc.). 
Appliance communities and social 
networks.  

1. to broaden the social 
sensibility to the energy 
saving & management theme 
in general,  
3. to enhance people’s 
acceptance and voluntary 
technology adoption, by 
making the user experience 
more attracting, appealing 
and involving, ‘’humanizing” 
interactions. 

In the gamification 
perspective, we put special 
emphasis on the 
entertaining aspect and the 
social involving of new 
technologies to improve 
their acceptation and 
diffusion. 
2. to promote the 
interaction with the 
community(-ies) of users, 
to exchange suggestions, 
best practices, etc.; 
Among the younger 
generations in particular, 
promoting the users’ 
interaction with the main 
social networks and 
communities; 
 
 

We define a 
reference multi-
layer architectural 
model – the 
Butlers 
architecture – that 
specifies seven 
layers of 
functionalities, 
correlating the 
requirements, the 
corresponding 
technologies and 
the consequent 
value-added for 
users in each 
layer. 

9 (Dillahunt, 
2011) 

Comparison as a feedback technique. 
We will develop a system that 
supports comparison and cross-
household communication, and 
provides energy-use information. Eco-
visualizations designed to allow 
individuals to compare their 
consumption with others and to 
actively engage around actions. 

1) encourage social 
interaction;  
2) raise awareness of energy-
conservation behaviors;  
3) help residents negotiate 
energy use issues with 
stakeholders (landlords, 
housemates, and community 
members); and  
4) have an impact on 
awareness of energy 
conservative behaviors for 
individuals that do not pay 

Comparison as a feedback 
technique can encourage 
additional savings. Our 
expected contributions 
include an interactive 
system for supporting 
comparison and 
collaboration; a better 
understanding of the 
conditions that motivate or 
discourage energy 
conservative behaviors for 
individuals that pay and do 

Interactive system 
that supports 
communication 
around energy 
consumption and 
comparison.   
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for their electricity and those 
that do. 

not pay for their electricity; 
and design 
recommendations for 
visualizations that allow 
comparison and 
collaboration across 
households. 

10 (Dumitrica & 
Wyatt, 2015) 

- - - - 

11 (Fijnheer, 
Oostendorp, 
& Veltkamp, 
2016) 

Players should be all members of a 
household and play together. The 
game should have a compelling 
storyline and players have to 
accomplish real life missions that are 
provided by the game. Knowledge 
should be provided by questions in in-
game quizzes. Missions should 
become more difficult over time and 
have a connection with the 
development of the storyline. The 
duration of a mission should depend 
on its intensiveness and vary between 
one to three days. Depending on the 
quantity of missions the game should 
take at least more than a month to 
play. The game characters/avatars 
should have similarities with the 
players (by customization). The 
world/setting of the game should have 
similarities with a household. 
Therefore, specific devices of 
households should be present in the 
game world. Feedback should be 
provided by means of earned points, 
badges/achievements and include 
overviews of energy used and saved. 
Players should be stimulated to 
achieve high scores and should be in 
competition with other households. 
The game should provide readings 
from the electricity meter and/or, if 
technically possible, readings from 
household appliances. 

- This paper reviews design 
features of the prototype 
Powersaver Game. The 
aim of this game is to 
influence household energy 
consumption in the long-
term. The evaluation of the 
design of the prototype, 
which is presented in this 
paper, is part of a larger 
research project that will 
give insight into what the 
influence of gamification is 
on energy consumption in 
households by means of 
electricity and gas usage 
and on attitudes towards 
sustainable energy use at 
home. 

Household energy 
game 

12 (Fijnheer & 
van 
Oostendorp, 
2016) 

This considers the same game as in 
article 11.  

We have formulated six 
goals based on the 
requirements of the design of 
the game (Table 1). The first 
goal is that the game makes 
players aware of 
sustainability issues 
concerning energy use at 
home. The game raises 
awareness. The second goal 
is the transfer of information 
about energy consumption so 
that players acquire more 
knowledge.  

The third goal is that 
players will be influenced 
by the game to change 
their behavior concerning 
energy consumption in real 
life. The fourth goal is that 
behavior in real life is 
integrated into the game by 
monitoring behavior in real 
life and using this 
information in the game 
progression. The fifth goal 
is that the game is played 
over a relatively long 
period of time and has 
several sessions. The sixth 
and final goal is that the 
game has a compelling and 
complex storyline that is 
able to engage players. A 
storyline in a game can be 
engaging because it 
stimulates our emotions.  

Household energy 
game 

13 (Fonseca i 
Casas, 
Fonseca i 
Casas, & 
Casanovas, 
2016) 

(1) Challenge: There are two obvious 
reasons to manage energy, to spend 
less money on energy bills and, if the 
user is concerned about the 
environment, to waste less energy. 
However, based on the 
Sustainability 2016, 8, 1051 6 of 18 
first rule of persuasion, other people’s 
behavior is the most powerful source 

Engage users to use the 
application.  

The gamified process has 
two primary objectives: (i) 
to obtain information about 
users’ habits and to provide 
a closer-to-reality 
simulation for scientific 
needs; and (ii) to provide 
information to a user that 

Software 
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of social influence. For instance, 
competition could be used to make 
EMS challenging. 
(2) Curiosity: If the information 
provided is based on reality, is well-
explained and allows relationships 
and connections that are not obvious 
to an average customer, this 
information motivates him/her to ask 
“what else do they have for me?” 
(3) Control: If an individual can make 
changes, see the difference and 
understand how decisions changed the 
situation in the application, he/she 
may attempt to apply these changes in 
real life to determine if it results in 
any actual change in energy bills. 
Finally, the individual is not only 
engaged throughout the learning 
process but also contributes to the 
acquisition of new knowledge and 
applies the experience to real-life 
situations. 
(4) Imagination: Some goals can be 
more difficult; the customer can use 
his/her imagination to achieve some 
specific goals. This prevents the users 
from becoming bored with the 
application too quickly 

demonstrates how to use 
energy efficiently 

14 (Foster, 
Linehan, 
Lawson, & 
Kirman, 
2011) 

This paper reports on the pilot 
evaluation of “Power Ballads”, an 
evocative social media application 
which displays aversive feedback 
based on excessive household energy 
usage (eco-feedback applications). 
Work by other researchers in 
persuasive technologies has 
previously suggested the use of 
aversive feedback should be avoided 
as it leads to a lack of engagement by 
users. This work evaluates whether 
punishment of non-desirable behavior 
discourages users from engaging with 
a persuasive application.  

We have demonstrated that 
aversive stimuli do not 
necessarily bring about 
disengagement. Rather, as 
the psychology literature 
suggests that aversive stimuli 
can function as a valuable 
component in behavior 
change interventions. We 
have demonstrated that it 
does not necessarily lead to 
participant disengagement, 
and therefore conclude that it 
is important that this type of 
feedback should not be 
simply ignored when 
designing persuasive 
applications. 

We found the use of 
aversive feedback did not 
act as a deterrent to 
regularly interacting with 
the application through 
evaluating user 
engagement. 

Participants were 
given access to 
the Power Ballads 
application on 
Facebook and 
could then view 
their previous 24 
hour energy usage 
in graph form and 
view energy 
notifications 
based on whether 
or not they are 
saving energy in 
the previous 48 
hour period. 

15 (Gamberini 
et al., 2011) 

Feedback system with detailed, 
historical and real time information 
based on wireless power sensors data. 
The challenge is to provide through 
feedback knowledge and motivation 
for sustainable saving.  Elements: 
consumption feedback, tips, quizzes, 
in-game community like twitter.  

Increase energy awareness in 
households. Items measured 
with satisfaction 
questionnaires, interviews 
and usability tasks. Tips are 
meant to provide the 
necessary information on the 
way in which the consumer 
can conserve electricity in 
the household and with the 
monitored devices; the quiz 
verifies the acquisition of 
such knowledge in a playful 
way. Finally, to maintain 
involvement, an in-game 
community is activated with 
a Twitter-like interface 
facilitates the sharing of 
experience and practical 
wisdom among EnergyLife 
users, which is found to 
encourage change in habits 
[[24]] and keeps the 
awareness on energy 
conservation high. Users can 
see their own score as well as 
the scores of other family 
members. 

Increase energy savings in 
households. In the field test 
version of the prototype, 
both aspects (consumption 
and knowledge) were 
translated into scores, i.e., 
saving scores and 
awareness scores. Saving 
scores depended on the 
saving achieved, and 
awareness scores derived 
from reading tips, 
answering quizzes 
correctly, and exchanging 
messages in the 
community. 

Mobile game 
application 
EnergyLife. 
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16 (Gandhi & 
Brager, 
2016) 

Over the course of the 39-day game, 
players were able to choose 
from 42 different actions to claim 
points for. Actions were coded by 
location (Home or Work) and 
category (Energy, Water, Waste, 
Transportation, and Knowledge). 
Prizes were awarded primarily for 
participation. Players were eligible for 
the drawing if they had taken at least 
one action that week. During some 
weeks, drawings were not always 
entirely random in order to distribute 
the prizes among the most number of 
participants to keep people engaged. 

However, while saving 
money was cited by about 
half of players as a reason to 
sign up, it is interesting to 
note that this was not a 
motivating factor for players 
when choosing specific in-
game actions. Two thirds of 
players stated that they 
signed up because the game 
was fun, but less than half 
reported choosing specific 
actions in the game because 
they were fun. About half of 
players reported that 
encouragement by colleagues 
was a reason why they signed 
up to play, but less than a 
third stated that they selected 
actions based on what their 
coworkers were doing. 

For monitors, energy 
savings can be 
accomplished by using 
power management 
settings that put the device 
into sleep mode after a set 
period of inactivity (e.g. 10 
min). Similarly, for 
desktops, changing power 
management settings can 
go a long way towards 
reducing power use by 
setting timers to dim the 
display, turn off the 
display, and enter sleep 
mode (e.g. turn down the 
CPU).  

Cool Choices is 
an online 
sustainability 
game which 
encourages 
players to make 
sustainable 
actions related to 
saving water and 
energy, 
conserving 
gasoline, and 
minimizing waste 
generation.  

17 (Koutsopoul
os, 
Papaioannou, 
& Hatzi, 
2016) 

- - - - 

18 (Miltenoff, 
Martinova, & 
Todorova, 
2015) 

- - - - 

19 (Nguyen, 
2014) 

The application enables the user to 
view real-time feedback of their 
energy consumption and how it 
decreases or increases over time. 
Furthermore, the application allows 
the user to set goals to decrease the 
energy consumption and offers tips on 
how to reach them. The application 
also allows the user to compare their 
energy consumption with their 
friends’ energy consumption in 
addition to provide warnings for 
upcoming energy peaks. 
Visualization, gamification (setting 
goals, leaderboards) and social 
networking (news feeds, leaderboards 
for different categories) are 
techniques used in the application to 
achieve these goals.  

Motivation The goal is to increase 
energy awareness amongst 
the users, encourage 
energy savings and make 
the user avoid using larger 
amounts of energy during 
the energy peaks. 

Mobile 
application based 
on smart meters. 

20 (Petkov, 
Foth, Köbler, 
& Krcmar, 
2011) 

This paper presents a study that seeks 
to provide initial indications for 
motivation-specific design of energy-
related feedback. We focus on 
comparative feedback supported by a 
community of energy consumers. In 
particular, we examine eco-
visualizations, temporal self-
comparison, norm comparison, one-
on-one comparison and ranking, 
whereby the last three allow us to 
explore the potential of socializing 
energy-related feedback. In our study, 
the motivational technique we focus 
on is comparative feedback, which, as 
the name suggests, employs two 
motivational techniques established in 
psychology – feedback and 
comparison (explanatory comparison 
(eco-visualisation), temporal 
comparison (self-comparison 
feedback), and social 
comparison (consisting of normative, 
one-on-one, and comparison by 
ranking feedback types)). 
 

In this paper, we go one step 
further by looking into the 
different types of comparison 
and using them to make 
energy saving at home more 
engaging and, ultimately, 
motivate behavior change 
towards energy- efficient 
lifestyles. Our findings are 
structured according to the 
influencing factors we have 
already determined:  
(1) motivation for 
comparison 
àbenchmarking, learning & 
improving, competition, 
curiosity, social validation 
and recognition (appraisal) 
(2) motivation for saving 
energy 
 

Participation. 
àSaving money vs. pro-
environmental motivation 
(3) experience 
(4) presence in online 
social networking  

The feedback 
types were 
integrated in 
EnergyWiz – a 
mobile application 
that enables users 
to compare with 
their past 
performance, 
neighbors, 
contacts from 
social networking 
sites and other 
EnergyWiz users.  
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21 (Petkov, 
Köbler, Foth, 
Medland, & 
Krcmar, 
2011) 

- - - - 

22 (Piccolo, 
Hornung, 
Baranauskas, 
& Pereira, 
2013) 

This work takes advantage of an 
experimental smart grid deployment 
scenario to propose 
the concept of Social Eco-feedback 
Technology.  
 

It aims at establishing this 
relation by promoting a new 
social affordance (behavior 
pattern), favoring a new way 
of perceiving energy. The 
concept of affordance and 
artifacts of the 
Organizational Semiotics are 
extended to encompass both 
the analysis of actual and 
intended behavior through a 
new technology design.  

- To consider the 
possible future 
influences by this 
technology, an 
adaptation of 
traditional 
artifacts of 
Organizational 
Semiotics was 
made. 

23 (Rottondi & 
Verticale, 
2016) 

Players can take part to challenges 
targeted to groups of subscribers, 
which consist in keeping the team-
aggregated consumption below a 
given threshold T provided by the 
utility over a time period B chosen by 
the users among a predefined set of 
options (e.g. one day, one week,...). 
When B expires, the challenge results 
are computed based on the total 
consumption of the users and winners 
are awarded. 

  Online game 
platform 

24 (Schwartz, 
Stevens, 
Ramirez, & 
Wulf, 2013) 

Focus on comparison.  Provide a model of the 
phenomenon of energy 
consumption. Their concrete 
forms and accounting 
methods.  

Saving energy - 

25 (Shi, 
Baldwin, & 
Ridgway, 
2017) 

Gamification’s emotional mechanics 
in three categories: Utilitarian, social 
and hedonic. Also distinguished for 
availability-based transitions and 
performance-based transitions.  

Engagement, trust, 
information provision, co-
creation of product offerings, 
rewarding, enjoyable and 
creative experience, social 
competition, behavior 
change, knowledge sharing.   

Overcoming transitional 
barriers to availability-
based and performance-
based growth generated by 
advanced services. 

Conceptual 
framework and 
propositions. 

26 (Sintov, 
Orosz, & 
Schultz, 
2015) 

Using a non-intrusive load monitoring 
approach, PERCS uses a single 
sensing point in each home to capture 
smart electric meter data in real time. 
The household energy signal is 
disaggregated into individual load 
signatures of common appliances 
(e.g., air conditioners), yielding near 
real-time appliance-level energy 
information. Users interact with 
PERCS via a mobile phone platform 
that provides household- and 
appliance-level energy feedback, 
tailored recommendations, and a 
competitive game tied to energy use 
and behavioral changes. To •produce 
and sustain an engaging user 
experience, PERCS includes a game 
as part of the mobile platform under 
which users earn points for complying 
with “Action of the Week” requests. 
This includes points, leaderboards 
ranks, competitions, push notifications 
for events.   

Engagement an motivation to 
participate. 

The mission of the 
Personalized Energy 
Reduction Cyber-physical 
System (PERCS) is to 
create new possibilities for 
improving building 
operating efficiency, 
enhancing grid reliability, 
avoiding costly power 
interruptions, and 
mitigating greenhouse gas 
emissions. 

User-centered 
smart service 
platform and 
mobile phone 
platform. 

27 (Sodenkamp, 
Staake, 
Lossin, & 
Kozlovskiy, 
2016) 

(non)-monetary incentives/rewards. 
We manipulated the bonus type (and 
height) and either used a monetary or 
virtual bonus to incentivize system 
usage. Participants in the monetary 
bonus group could redeem their bonus 
points for a credit on their invoice by 
their utility company. Participants in 
the virtual bonus group ascended 
levels to display progression and 

The web portal was designed 
to motivate users to save 
energy by providing energy 
consumption feedback on the 
users’ electricity 
consumption, information on 
in-home energy consumption 
in German language (energy 
quizzes, knowledge sharing), 
and energy saving tips. 

System usage of 
participants and energy 
savings. Increased platform 
activity caused increase 
energy savings. 

Green (personal) 
information 
systems (web 
portals). In order 
to test our 
hypothesis, we 
developed an 
energy efficiency 
platform called 
“smartsteps” in 
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received badges as visual 
representation for the accomplishment 
for each level. Include challenges, 
personalized feedback, surveys, quiz 
questions, saving tips. 

smartsteps served as the basis 
for an energy efficiency 
campaign that aimed at 
raising awareness about 
energy consumption and at 
preparing customers for the 
introduction of smart meters. 

corporation with a 
Swiss utility 
company 

28 (Suppers & 
Apperley, 
2014) 

Energy visualizations: energy orb 
ambient display.  Motivation 
techniques that promote pro-
environment behaviors, such as: 
information, goal-setting, comparison 
(self and social), incentive / 
disincentives and rewards / penalties, 
commitment and feedback. Eco-
visualization. The choice of what data 
to be used is important, as it is the 
foundation of how and what the 
visualization is designed to portray. 
Data that can be used for visualizing 
energy use includes current energy 
consumption, environmental impact, 
and cost. two general types of 
data-visualization: pragmatic and 
artistic visualization. The former 
represents data with no ambiguity 
giving immediate understanding, 
while the latter is a more visually 
appealing visualization that provides 
enough of a hint to maintain interest. 
Main elements of article: informing, 
feedback and social effects. 

This paper reviews the 
current state of research in 
domestic energy use 
visualization from four 
perspectives: personal 
characteristics influencing 
and motivating behavior of 
individuals; correctly 
informing the individual; the 
reality and effectiveness of 
feedback; and the utility and 
impact of social effects. 
Feedback can be direct and 
indirect. Direct entails 
providing feedback on 
energy consumption to the 
user. Indirect feedback 
provides processed 
information on previously 
used electricity, such as the 
monthly power bill, 
displaying the total electricity 
used in the previous month 
and its cost. Social 
interactions are included by 
involving all household 
members, and the effects of 
social comparison and social 
mediums. 

Use-context, also known as 
Context of Use, is defined 
as “the actual conditions 
under which a given 
artifact/software product is 
used, or will be used in a 
normal day to day working 
situation.” For eco-
visualizations (EV) this 
refers to “the 
environmental and cultural 
conditions of the intended 
space in which the 
visualization is to be 
implemented”. Visualising 
energy use is typically 
done to encourage certain 
behavior, or raise 
awareness either at or near 
the use-context. This is 
often done to help 
individuals to become 
more energy efficient, 
which saves money and is 
better for the environment. 

Ambient lighting, 
dashboards.  

29 (Taherian, 
Pias, 
Coulouris, & 
Crowcroft, 
2010) 

We describe an energy monitoring 
system which supports continuous and 
tailored energy feedback, and assess 
the level of information (energy 
awareness) that can be gained from 
time-series energy profiles. It provides 
time-series energy usage information 
(comprised of last day’s and last 
month’s energy consumption) via 
webpages, and summarized real-time 
and historic values (via web services) 
for a network of pluggable visual and 
audio feedback mechanisms.  

The human engagement and 
involvement with the 
feedback mechanism. 

An individualized energy 
metric is introduced which 
assists (a) public sharing of 
energy use, (b) aggregation 
and combination of energy 
use across different 
environments, and (c) 
comparison among 
individuals. • How much 
energy use is at the user’s 
control? 
• How much can a simple 
automated solution achieve 
in terms of energy saving? 

Energy 
monitoring system 
CSK Energy 

30 (Vilarinho, 
Farshchian, 
Wienhofen, 
Franang, & 
Gulbrandsen, 
2016) 

In this work, we focus on the UI 
elements created in order to apply the 
concepts from different behavior 
change support methods and theories, 
such as Feedback (real-time feedback 
through graphs and scores), 
Gamification (score system and a 
leaderboard), tips (suggestions), 
Social norm (score comparison and 
rankings) into energy savings and 
efficiency and Social cues (attractive 
design, playful interaction, positive 
messages within suggestions given by 
the system and tree/forest metaphors) 
 

Increasing awareness. The 
user involvement and 
acceptance is proved to be an 
important factor determining 
the success of the previously 
mentioned motivation 
techniques. 

This paper presents a 
software prototype capable 
of increasing 
the awareness of the 
energy consumption in a 
smart house and supporting 
a behavior change towards 
greener consumption 
habits.  

Mockup and 
gamification panel 
for to be 
developed user 
interface.  

31 (Wilson & 
Marselle, 
2016) 

Feedback - This paper assesses 
whether the BCW 
comprehensively describes 
programmers attempting to 
reduce energy consumption 

Framework 
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Table 6: Key categories matrix: the identified concepts for the key categories. 
  

Practices Technologies Motivational affordances Psychological outcomes Behavioral outcomes 
• Energy 
consumption 
• Solar adoption 
• Resource 
efficiency 
• Reducing energy 
bill  
• Annotation of 
usage 
• Diffusion of new 
technology 
• Energy 
conservation 
• Communication 
about energy 
issues 
• Paying of energy 
bill 
• Long-term 
household energy 
consumption 
• Electricity usage 
• Gas usage 
• Reduce energy 
waste 
• Socializing 
energy related 
feedback 
• Smart grid 
deployment 
• Perceiving 
energy 
• Energy 
monitoring 
systems 
• Green 
consumption 
habits 
 
 
 
 
 
 
 
 
 
 

• Domestic 
photovoltaic (PV) 
system 
• Online energy 
game 
• Online 
marketplace 
• Mobile 
applications 
• Smart meter 
enabled services 
(SMES) 
• In-home display 
(IHD) connected 
to smart meter 
• Web-based 
platform 
• Eco-
visualizations  
• Household 
energy game 
• Eco-feedback 
applications 
• Application on 
Facebook 
• Mobile game 
application 
Energy Live 
• Online 
sustainability 
game 
• Mobile 
application 
EnergyWiz 
• Social eco-
feedback 
technology 
• Energy 
visualizations: 
energy orb 
ambient display 
• Data-
visualization: 
pragmatic or 
artistic 
• Energy 
monitoring system 
• Mockup 
 

• Feedback (graph/scores) 
• Guidance 
• Questions/Quiz 
• Leaderboards  
• Monetary rewards 
• Non-monetary rewards 
• Badges/achievements 
• Rankings 
• Tips & tricks 
• Compare household energy use 
against others 
• Points 
• Levels  
• Community rewards 
• Link with social media 
• Performance tracking 
• Progress 
• Competition 
• Live-feedback (past 
contributions) 
• Humanization of appliances 
with avatar 
• Communities  
• Cross-household 
communication 
• Storyline 
• Real-life missions 
• Increased difficulty of missions 
over time 
• Game playing as avatar 
• Aversive feedback/punishment 
• Feedback with historical and 
real-time information 
• In-game communities 
• Actions to perform 
• Set goals 
• Compare consumption with 
friends 
• Warnings for upcoming energy 
peaks 
• News feed 
• Comparative feedback 
• Explanatory comparison (eco-
visualization) 
• Temporal comparison (self-
comparison feedback) 
• Social comparison (consisting 
of normative, one-on-one, and 
comparison by ranking feedback 
types) 
• Household and appliance level 
energy feedback  
• Push notifications 
• Direct (consumption) and 
indirect (processed information 
on previously used energy) 
feedback 
• Social cues 

• Learning about system 
• Engagement with system 
• Motivate to participate 
• Raising awareness 
• Increase community spirit 
• Connecting with others 
• Feeling part of a bigger 
cause and giving to cause 
• Learning how to be more 
energy efficient 
• Sense of satisfaction from 
personal improvement 
• Improving relationship 
with friends 
• Compare behaviors with 
others 
• Recognition/appraisal 
• Loyalty enforcement 
• Broaden social sensibility 
to energy saving 
• Making the user 
experience more attracting, 
appealing and involving 
• Enhance acceptance of 
technology 
• Knowledge 
• Attitudes towards home 
sustainable energy use 
• Stimulation of emotions  
• Influenced by other 
people’s behavior 
• Stimulate curiosity 
• Stimulate control over 
energy appliances 
• Stimulate creativity and 
imagination  
• Disengagement 
• Verification of obtained 
knowledge 
• Maintain involvement 
• Enjoyment/fun 
• Social encouragement 
• Social validation 
• Trust 
• Sustain an engaging user 
experience 
• Preparing customers for 
the introduction of smart 
meters 
• User acceptance 

• Load shifting (avoid using 
larger amounts of energy 
during the energy peaks) 
• Embedding energy 
generation with PV into daily 
practices 
• Calling a solar installer to 
receive a quote  
• Reduction of energy 
consumption 
• Switch towards renewable 
energy sources 
• Submission of information 
• Exploration of appliances 
• Frequency of contribution 
 • Increased interaction with 
social networks and 
communities 
• Exchange suggestions and 
best practices 
• Enhance voluntary 
technology adoption 
• Social interactions 
• Communication of energy 
issues with stakeholders 
• Collaboration across 
households 
• Knowledge acquisition 
• Integration of real-life 
behavior into the game 
• Long-term playing of game 
over several sessions 
• Obtain information about 
user’s habits 
• Provide closer to reality 
simulation for scientific 
needs 
• Application of new 
knowledge to real-life 
situation 
• Regular interaction with 
application 
• Change in habits 
• Achieved savings 
• Awareness scores based on 
number of tips read, 
answering quizzes correctly, 
and exchanging messages in 
the community 
• Changing power 
management settings of PC 
• Presence in online social 
networking 
• Co-creation of product 
offerings 
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Appendix B: Design study 
 
 

 
 

Figure 1: Stakeholder Journey Mapping adopted from Ortbal, Frazzette and Mehta (2016). 
 
 

Table 1: Questions for items in line with stakeholder journey mapping template of Ortbal, Frazzette and Mehta (2016). 
 

Item Question 
Actions What actions does the (potential) customer perform in this stage that are related to customer-customer 

interactions? 
Touch points What are the touch points that (potential) customers encounter in this stage that are related to customer-

customer interactions? 
Feeling What are the associated feelings that the (potential) customer experiences in this phase related to customer-

customer interactions? 
Pain points Which pain points does the (potential) customer experience related to the customer-customer interactions? 
Key insights or 
opportunity points 

What are key insights or opportunities in this phase related to the customer-customer interactions that need 
to be taken into account? 

 
 

Table 2: Definitions of the touch point categories.  
 
 Touch point category Definition 

1 Atmospheric  The physical characteristics and surrounding customers observe when interacting with any part of the 
retailer. 

2 Technological A customer's direct interaction with any form of technology during an encounter with a retailer. 

3 Communicative One-way communication from the retailer to the customer, including both promotional and informative 
messages.  

4 Process The actions or steps customers need to take in order to achieve a particular outcome with a retailer. 

5 Employee-customer 
interaction 

The direct and indirect interactions customers have with employees when interacting with any part of the 
retailer.  

6 Customer-customer 
interaction 

The direct and indirect interactions customers have with other customers when interacting with any part of 
the retailer. 

7 Product interaction The direct or indirect interactions customers have with the core tangible or intangible product offered by 
the retailer. 
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Figure 2: Picture of the post-it’s the observers wrote down and hanged on brown paper. 
 
 
 
 
 
 
 
 
 
 
Concept 1: Google maps visualization  
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Webpage 1: Entry Essent Solar Panel Check. Prospects can fill in their address and energy 
consumption for a calculation of financials.  
 

 
 
 

Figure 3: Webpage 1 of the maps intervention. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Webpage 2: Prospects can see who in their neighborhood already has PV and their resulting savings.  
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Figure 4: Webpage 2 
of the maps 
intervention. 
  

 
 
Concept 2: Information and photo after installation via email  
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Figure 5: E-mail that the promotor receives after installation. 
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Figure 6: E-mail that someone else receives from the promotor.  
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Concept 3: Savings challenge 
 
 
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Figure 7: Illustrations of the savings challenge app functionality. 
 

Table 3: Summary of the insights from the interviews conducted for pretesting the interventions.   
	

Intervention  Metric Summary insights from interviews  Code 
Photo and 
information 

Content & 
functionality 

• Participants communicated perceptions of the intervention correspond to the intended 
perceptions, or in other words, they understand it in the right manner. 

+ 
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about PV 
system via 
email after 
installation 

• Participants find it useful to obtain a picture and information about the generation and 
savings related to the PV system.  

• There are variations in whether participants indicate to share the picture and overview with 
others. Most indicate that they are willing to share it.  

• Only some participants showed an interest in sharing the textual information with others. 

+ 
 
+ 

 
- 

Design & 
wording 

• The textual overview is easily understood.  
• The lay-out of the email was perceived as clear and fun.  
• Obtaining a picture of their house with a PV system evoked positive reactions.   

+ 
+ 
+ 

Intervention  Metric Summary insights from interviews  Code 
Google maps 
review system 
 

Content & 
functionality 

• Participants easily understand what the intervention entails and what it could be used for. 
• Participants see value in using this system to look for others that installed a PV system in 

their neighborhood because it increases their trust in the promised advantages of the PV 
system and the capabilities of the supplier.   

• Participants indicated that the google maps system increases their trust in PV system 
purchase, especially when more people are seen that adopted PV systems.  

• Participants are strongly interested in the information perceived in the review system and 
show positive reactions when seeing the review of a PV system user.   

• Participants indicate to have an intention to use this system to look up who adopted a PV 
system in different neighborhoods.  

• Some participants were a reluctant in sharing their personal, energy generation and savings 
related data for the system. 

+ 
 
+ 
 
 
+ 
 
+ 
 
+ 
 
- 

Design & 
wording 

• Participants are positive about the design. 
• Participants described the interactive nature of the intervention as fun.  
• The applied wording is clear.  
• The functionalities for looking up houses that also installed PV systems, their generated 

energy and achieved savings are clear.   

+ 
+ 
+ 
+ 

Intervention  Metric Summary insights from interviews  Code 
Savings 
challenge app 
functionality 

Content & 
functionality 

• The participants showed positive reactions towards the savings challenge.  
• However participants were doubting about whether they would actually use it.  
• The leader board illustration was clear.  
• The challenges included in the visualization were easily understood. 
• The challenges included in the visualization were evaluated as moderately fun. 
• Points were not seen as an interesting reward. Participants were disappointed that the 

rewards entailed that the user with most points gets a high rank in the leader board. 

+ 
- 
+ 
+ 
o 
- 

Design & 
wording 

• Participants like the design of the app. 
• The design of the challenge in the app was evaluated as fun. 
• The words were too small to read easily. Participants had to put a lot of effort to read the 

sentences included in the illustrations.  
• The wording applied in the illustration was clear.  

+ 
+ 
i 
 
+ 
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Figure 8: The redesigned e-mail intervention.   
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Figure 9: The redesigned maps intervention.   
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Figure 10: The redesigned app intervention. 
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Appendix C: Online survey 
 

1	
Welke	van	de	onderstaande	uitspraken	past	het	beste	bij	u?	 	

	 	 	
	 Ik	maak	gebruik	van	zonnepanelen	om	energie	op	te	wekken.	[>>	Vraag	16.]	

	 Ik	heb	er	nog	nooit	aan	gedacht	om	zonnepanelen	aan	te	schaffen.	

	 Ik	denk	weleens	aan	zonnepanelen	voor	mijn	woning,	maar	heb	me	nog	nooit	actief	georiënteerd.	

	 Ik	oriënteer	me	(wel	eens)	op	zonnepanelen,	maar	ben	voorlopig	niet	van	plan	om	zonnepanelen	aan	te	schaffen.	

	 Ik	oriënteer	me	(wel	eens)	op	zonnepanelen,	maar	heb	nog	geen	besluit	genomen.	

	 Ik	oriënteer	me	(wel	eens)	op	zonnepanelen	en	ben	van	plan	om	binnen	nu	en	een	jaar	zonnepanelen	te	nemen.	

	 Geen	van	deze	uitspraken	omschrijft	mijn	situatie.	

2	
Wat	is	uw	leeftijd?	
	

	

	 	 	
	 	

	

3	
Wat	is	uw	geslacht?	
	

	

	 	 	
	 Man	

	 Vrouw	

	 Wil	niet	zeggen	

4	
Wat	is	uw	hoogst	voltooide	opleiding?	 	

	 	 	
	 Basisonderwijs	

	 Lager/	voorbereidend	beroepsonderwijs	(lbo/	vmbo)	

	 Middelbaar	algemeen	voortgezet	onderwijs	(mavo)	

	 Middelbaar	beroepsonderwijs	(mbo)	

	 Hoger	algemeen	voortgezet	onderwijs	(havo)	

	 Voorbereiden	wetenschappelijk	onderwijs	(vwo)	

	 Hoger	beroepsonderwijs	(hbo)	

	 Wetenschappelijk	onderwijs	(wo)	

	 Geen	antwoord	

5	
Kunt	u	aangeven	waarvan	u	regelmatig	gebruik	maakt	in	het	algemeen?	
(meerdere	antwoorden	mogelijk)	
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Minimaal	aantal	vinkjes:	1	

	

	

	 	 	
	 Internet	

	 E-mail	

	 Apps	

	 WhatsApp	

	 Facebook,	Instagram	en/of	Twitter	

	 Geen	van	bovenstaande	Ex	

6	
In	wat	voor	soort	woning	woont	u?	 	

	 	 	
	 Huurwoning	

	 Koopwoning	

7	
In	welke	type	woning	woont	u	momenteel?	 	

	 	 	
	 Vrijstaande	woning	

	 2	onder	1	kap	woning	

	 Tussen/rijwoning	

	 Flat/appartement	

	 Anders	

8	
Bent	u	(mede)beslisser	als	het	gaat	om	energiezaken	binnen	uw	
huishouden?	

	

	 	 	
	 Ja	

	 Nee	

	 Weet	niet	

9	
Welke	optie	is	het	meest	op	u	van	toepassing?	 	

	 	 	
	 Ik	weet	niet	zo	veel	over	het	gebruik	van	zonnepanelen.	

	 Ik	heb	een	beetje	kennis	over	het	gebruik	van	zonnepanelen.	

	 Ik	weet	veel	over	het	gebruik	van	zonnepanelen.	

10	
Spreekt	u	weleens	over	zonnepanelen	met	vrienden,	familie,	kennissen	
of	collega’s?	

	

	 	 	
	 Ja	

	 Nee	
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11	
Idee:	E-mail	van	vrienden	met	informatie	over	hun	zonnepanelen	
	
Pieter	en	Anne	zijn	vrienden	van	u	die	recent	zonnepanelen	hebben	
aangeschaft.	Na	de	installatie	krijgen	zij	een	e-mail	met	daarin	een	optie	
om	vrienden	en	familie	op	de	hoogte	te	brengen	van	hun	aankoop.	Ze	
besluiten	om	een	e-mail	naar	u	te	versturen.	U	ontvangt	daarom	
onderstaande	e-mail	van	Pieter	en	Anne.		
	
	
	
De	foto	die	u	ziet	is	een	foto	van	het	huis	van	Pieter	en	Anne	met	
zonnepanelen.	In	de	e-mail	wordt	de	zonnepanelencheck	genoemd.	Met	
de	zonnepanelencheck	weet	u	binnen	1	minuut	hoeveel	u	per	jaar	kunt	
besparen,	hoeveel	panelen	op	uw	dak	passen	en	wat	uw	
investeringsbedrag	is.	U	hoeft	hiervoor	alleen	uw	adres	en	stroomverbruik	
in	te	vullen.		
	
	
	
Kijkt	u	goed	naar	de	tekst	en	naar	de	vormgeving.	Geef	daarna	achter	elke	
uitspraak	aan	in	welke	mate	u	het	daarmee	eens	of	oneens	bent.	Het	kan	
zijn	dat	u	sommige	uitspraken	op	elkaar	vindt	lijken.	Hiervoor	is	bewust	
gekozen	in	het	belang	van	het	onderzoek.	

	

	 	 	
VRAAG	11	ALLEEN	TONEN	ALS	AAN	DE	ONDERSTAANDE	VOORWAARDEN	WORDT	VOLDAAN,	INDIEN	NIET	VOLDAAN	
SPRING	NAAR:	>>	VOLGENDE	VRAAG	

De	onderzoeksvariabele	Random	is	1	

Willekeurige	volgorde	subvragen	
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	 Sterk	mee	
oneens	

Mee	oneens	 Neutraal	 Mee	eens	 Sterk	mee	
eens	

Deze	e-mail	is	nuttig	om	de	voordelen	van	
zonnepanelen	te	verkennen.	 	 	 	 	 	
Deze	e-mail	maakt	het	gemakkelijk	om	de	
voordelen	van	zonnepanalen	te	verkennen.	 	 	 	 	 	
Deze	e-mail	stelt	mensen	in	staat	om	de	
voordelen	van	zonnepanelen	snel	te	
verkennen.	

	 	 	 	 	

De	e-mail	is	gemakkelijk	te	begrijpen.	 	 	 	 	 	
Het	kost	mij	weinig	moeite	om	deze	e-mail	te	
snappen.	 	 	 	 	 	
Het	is	duidelijk	voor	mij	wat	ik	met	deze	e-
mail	kan	doen.	 	 	 	 	 	
Als	ik	deze	e-mail	zou	ontvangen,		zou	ik	
graag	de	zonnepanelen	check	willen	doen.	 	 	 	 	 	
Als	ik	deze	e-mail	zou	ontvangen,	zou	ik	mijn	
vrienden	aanbevelen	om	de	
zonnepanelencheck	te	doen.	

	 	 	 	 	

Ik	ben	van	plan	om	de	zonnepanelencheck	in	
de	toekomst	te	doen.	 	 	 	 	 	
Ik	leer	iets	nieuws	door	deze	e-mail.	 	 	 	 	 	
Deze	e-mail	helpt	mij	om	kennis	op	te	doen	
over	het	gebruik	van	zonnepanelen.	 	 	 	 	 	
Deze	e-mail	helpt	mij	om	kennis	op	te	doen	
over	de	voordelen	van	zonnepanelen.	 	 	 	 	 	
Deze	e-mail	verhoogt	mijn	vertrouwen	in	het	
gebruik	van	zonnepanelen.	 	 	 	 	 	
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Deze	e-mail	doet	mij	denken	dat	de	aanschaf	
van	zonnepanelen	een	goede	beslissing	is.	 	 	 	 	 	
Deze	e-mail	verhoogt	mijn	vertrouwen	in	het	
aanschaffen	van	zonnepanelen.	 	 	 	 	 	
De	mensen	die	deze	e-mail	ontvangen	
worden	aangespoord	om	zonnepanelen	aan	
te	schaffen.	

	 	 	 	 	

Ik	voel	me	aangemoedigd	om	zonnepanelen	
aan	te	schaffen	door	deze	e-mail.	 	 	 	 	 	
In	mijn	ogen	willen	Pieter	en	Anne	mij	
aanzetten	om	zonnepanelen	te	overwegen	
met	deze	e-mail.	

	 	 	 	 	

Deze	e-mail	maakt	mij	nieuwsgierig	naar	hoe	
veel	ik	zou	betalen	voor	zonnepanelen.	 	 	 	 	 	
Deze	e-mail	verhoogt	mijn	interesse	in	het	
leren	over	de	kosten	van	zonnepanelen.	 	 	 	 	 	
Ik	voel	mij	gestimuleerd	om	de	prijs	van	
zonnepanelen	voor	mijn	woning	aan	te	
vragen.	

	 	 	 	 	

Ik	zou	meer	willen	weten	over	de	ervaringen	
met	zonnepanelen	van	Pieter	en	Anne.	 	 	 	 	 	
Deze	e-mail	stimuleert	mensen	om	met	
elkaar	te	spreken	over	zonnepanelen.	 	 	 	 	 	
Deze	e-mail	motiveert	mij	om	contact	op	te	
nemen	met	Pieter	en	Anne.	 	 	 	 	 	

	

12	
Idee:	Google	maps	lokalisatie	en	beoordeling	systeem	
	
Stelt	u	zich	voor	dat	u	onderstaande	webpagina	op	het	internet	ziet:	het	
Google	maps	lokalisatie	en	beoordeling	systeem.		Dit	is	een	potentieel	
ontwerp	voor	de	webpagina.	De	pagina	is	nu	nog	niet	beschikbaar.	Op	
deze	webpagina	kunt	u	vinden	wie	in	uw	buurt	zonnepanelen	heeft	
aangeschaft.	Daarbij	ziet	u	onder	andere	een	korte	beoordeling	van	de	
zonnepanelen	door	de	eigenaar,	de	gemiddelde	besparing	per	jaar	en	
het	bedrag	dat	in	totaal	is	bespaard.	
	
	
	
Kijkt	u	goed	naar	de	tekst	en	naar	de	vormgeving.	Geef	daarna	achter	
elke	uitspraak	aan	in	welke	mate	u	het	daarmee	eens	of	oneens	bent.	
Het	kan	zijn	dat	u	sommige	uitspraken	op	elkaar	vindt	lijken.	Hiervoor	is	
bewust	gekozen	in	het	belang	van	het	onderzoek.	

	

	 	 	
VRAAG	12	ALLEEN	TONEN	ALS	AAN	DE	ONDERSTAANDE	VOORWAARDEN	WORDT	VOLDAAN,	INDIEN	NIET	VOLDAAN	
SPRING	NAAR:	>>	VOLGENDE	VRAAG	

De	onderzoeksvariabele	Random	is	2	

Willekeurige	volgorde	subvragen	
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	 Sterk	mee	
oneens	

Mee	
oneens	

Neutraal	 Mee	eens	 Sterk	mee	
eens	

Deze	webpagina	is	nuttig	om	de	voordelen	van	
zonnepanelen	te	verkennen.	 	 	 	 	 	
Deze	webpagina	maakt	het	gemakkelijk	om	de	
voordelen	van	zonnepanalen	te	verkennen.	 	 	 	 	 	
Deze	webpagina	stelt	mensen	in	staat	om	de	
voordelen	van	zonnepanelen	snel	te	verkennen.	 	 	 	 	 	
De	webpagina	is	gemakkelijk	te	begrijpen.	 	 	 	 	 	
Het	kost	mij	weinig	moeite	om	de	werking	van	deze	
webpagina	te	snappen.	 	 	 	 	 	
Het	is	duidelijk	voor	mij	wat	ik	met	deze	webpagina	
kan	doen.	 	 	 	 	 	
Als	ik	deze	webpagina	zou	tegenkomen,	zou	ik	graag	
willen	navigeren	door	het	Google	maps	systeem.	 	 	 	 	 	
Ik	zou	mijn	vrienden	aanbevelen	om	te	navigeren	door	
het	Google	maps	systeem.	 	 	 	 	 	
Ik	ben	van	plan	om	te	navigeren	door	het	Google	maps	
systeem	als	dit	beschikbaar	komt	in	de	toekomst.	 	 	 	 	 	
Ik	leer	iets	nieuws	door	deze	webpagina.	 	 	 	 	 	
Deze	webpagina	helpt	mij	om	kennis	op	te	doen	over	
het	gebruik	van	zonnepanelen.	 	 	 	 	 	
Deze	webpagina	helpt	mij	om	kennis	op	te	doen	over	
de	voordelen	van	zonnepanelen.	 	 	 	 	 	
Deze	webpagina	verhoogt	mijn	vertrouwen	in	het	
gebruik	van	zonnepanelen.	 	 	 	 	 	
Deze	webpagina	doet	mij	denken	dat	de	aanschaf	van	
zonnepanelen	een	goede	beslissing	is.	 	 	 	 	 	
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Deze	webpagina	verhoogt	mijn	vertrouwen	in	het	
aanschaffen	van	zonnepanelen.	 	 	 	 	 	
De	mensen	die	deze	webpagina	zien	worden	
aangespoord	om	zonnepanelen	aan	te	schaffen.	 	 	 	 	 	
Ik	voel	me	aangemoedigd	om	zonnepanelen	aan	te	
schaffen	door	deze	webpagina.	 	 	 	 	 	
Eigenaren	van	zonnepanelen	nemen	in	mijn	ogen	deel	
aan	dit	systeem	om	mij	aan	te	zetten	zonnepanelen	te	
overwegen.	

	 	 	 	 	

Deze	webpagina	maakt	mij	nieuwsgierig	naar	hoe	veel	
ik	zou	betalen	voor	zonnepanelen.	 	 	 	 	 	
Deze	webpagina	verhoogt	mijn	interesse	in	het	leren	
over	de	kosten	van	zonnepanelen.	 	 	 	 	 	
Ik	voel	mij	gestimuleerd	om	de	prijs	van	zonnepanelen	
voor	mijn	woning	aan	te	vragen.	 	 	 	 	 	
Ik	zou	meer	willen	weten	over	de	ervaringen	met	
zonnepanelen	van	buren	die	in	de	Google	maps	
systeem	te	vinden	zijn.	

	 	 	 	 	

Deze	webpagina	helpt	mensen	om	met	elkaar	te	
spreken	over	zonnepanelen.	 	 	 	 	 	
Deze	webpagina	motiveert	mij	om	contact	op	te	
nemen	met	de	buren	die	in	het	Google	maps	review	
systeem	te	vinden	zijn.	

	 	 	 	 	

	

13	
Idee:	Bespaar	Challenge	in	de	app	
	
In	onderstaande	illustraties	ziet	u	de	bespaar	challenge.	Dit	is	een	idee	voor	
een	functionaliteit	in	de	smartphone	app	voor	klanten	van	Essent.	De	app	
bevat	verschillende	functionaliteiten	zoals	het	tonen	van	informatie	over	
de	energie	opgewekt	met	zonnepanelen.		
	
In	de	bespaar	challenge	zijn	uitdagingen	en	opdrachten	geformuleerd	
waarmee	gebruikers	punten	kunnen	verdienen.	De	opdrachten	en	
uitdagingen	helpen	gebruikers	om	energie	te	besparen	en	om	vrienden	te	
helpen	met	besparen.	Door	meer	punten	te	verdienen,	komt	een	gebruiker	
hoger	in	het	klassement	van	de	bespaar	challenge.		
	
Kijkt	u	goed	naar	de	tekst	en	naar	de	vormgeving.	Geef	daarna	achter	elke	
uitspraak	aan	in	welke	mate	u	het	daarmee	eens	of	oneens	bent.	Het	kan	
zijn	dat	u	sommige	uitspraken	op	elkaar	vindt	lijken.	Hiervoor	is	bewust	
gekozen	in	het	belang	van	het	onderzoek.	

	

	 	 	
VRAAG	13	ALLEEN	TONEN	ALS	AAN	DE	ONDERSTAANDE	VOORWAARDEN	WORDT	VOLDAAN,	INDIEN	NIET	VOLDAAN	
SPRING	NAAR:	>>	VOLGENDE	VRAAG	

De	onderzoeksvariabele	Random	is	3	

Willekeurige	volgorde	subvragen	
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	 Sterk	mee	
oneens	

Mee	
oneens	

Neutraal	 Mee	eens	 Sterk	mee	
eens	

De	bespaar	challenge	is	nuttig	om	de	voordelen	van	
zonnepanelen	te	verkennen.	 	 	 	 	 	
De	bespaar	challenge	maakt	het	gemakkelijk	om	de	
voordelen	van	zonnepanelen	te	verkennen.	 	 	 	 	 	
De	bespaar	challenge	stelt	mensen	in	staat	om	de	
voordelen	van	zonnepanelen	snel	te	verkennen.	 	 	 	 	 	
De	bespaar	challenge	is	gemakkelijk	te	begrijpen.	 	 	 	 	 	
Het	kost	mij	weinig	moeite	om	de	werking	van	de	
bespaar	challenge	te	snappen.	 	 	 	 	 	
Het	is	duidelijk	voor	mij	wat	ik	met	de	bespaar	
challenge	kan	doen.	 	 	 	 	 	
Ik	zou	bereid	zijn	om	deel	te	nemen	aan	de	bespaar	
challenge.	 	 	 	 	 	
Ik	zou	mijn	vrienden	aanbevelen	om	deel	te	nemen	
aan	de	bespaar	challenge.	 	 	 	 	 	
Ik	ben	van	plan	om	in	de	toekomst	deel	te	nemen	aan	
de	bespaar	challenge.	 	 	 	 	 	
Ik	leer	iets	nieuws	door	de	bespaar	challenge.	 	 	 	 	 	
De	bespaar	challenge	helpt	mij	om	kennis	op	te	doen	
over	het	gebruik	van	zonnepanelen.	 	 	 	 	 	
De	bespaar	challenge	helpt	mij	om	kennis	op	te	doen	
over	de	voordelen	van	zonnepanelen.	 	 	 	 	 	
De	bespaar	challenge	verhoogt	mijn	vertrouwen	in	het	
gebruik	van	zonnepanelen.	 	 	 	 	 	
De	bespaar	challenge	doet	mij	denken	dat	de	aanschaf	
van	zonnepanelen	een	goede	beslissing	is.	 	 	 	 	 	
De	bespaar	challenge	verhoogt	mijn	vertrouwen	in	het	
aanschaffen	van	zonnepanelen.	 	 	 	 	 	
De	mensen	die	deelnemen	aan	de	bespaar	challenge	
worden	aangespoord	om	zonnepanelen	aan	te	
schaffen..	

	 	 	 	 	

Ik	voel	me	aangemoedigd	om	zonnepanelen	aan	te	
schaffen	door	de	bespaar	challenge.	 	 	 	 	 	
Eigenaren	van	zonnepanelen	nemen	in	mijn	ogen	deel	
aan	de	bespaar	challenge	om	mij	aan	te	zetten	
zonnepanelen	te	overwegen.	

	 	 	 	 	

De	bespaar	challenge	maakt	mij	nieuwsgierig	naar	hoe	
veel	ik	zou	betalen	voor	zonnepanelen.	 	 	 	 	 	
De	bespaar	challenge	verhoogt	mijn	interesse	in	het	
leren	over	de	kosten	van	zonnepanelen.	 	 	 	 	 	
Ik	voel	mij	gestimuleerd	om	de	prijs	van	zonnepanelen	
voor	mijn	woning	aan	te	vragen.	 	 	 	 	 	
Ik	zou	meer	willen	weten	over	de	ervaringen	met	
zonnepanelen	van	deelnemers	aan	de	bespaar	
challenge.	

	 	 	 	 	

De	bespaar	challenge	helpt	mensen	om	met	elkaar	te	
spreken	over	zonnepanelen.	 	 	 	 	 	
De	bespaar	challenge	motiveert	mij	om	contact	op	te	
nemen	met	deelnemers	aan	de	bespaar	challenge.	 	 	 	 	 	

	

14	
Kunt	u	aangeven	welke	eigenschappen	van	het	idee	u	het	MEESTE	
aanspreken?	
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15	
Kunt	u	aangeven	welke	eigenschappen	van	het	idee	u	het	MINSTE	
aanspreken?	

	

	 	 	
	 	

	

16	
U	behoort	helaas	niet	tot	de	doelgroep	van	dit	onderzoek.	Bedankt	voor	
uw	deelname.	Klik	op	volgende	vraag	om	het	onderzoek	af	te	sluiten.	

	

	 	 	
VRAAG	16	ALLEEN	TONEN	ALS	AAN	DE	ONDERSTAANDE	VOORWAARDEN	WORDT	VOLDAAN,	INDIEN	NIET	VOLDAAN	
SPRING	NAAR:	>>	VOLGENDE	VRAAG	

vraag	1	is	beantwoord	met	1	(Ik	maak	gebruik	van	zonnepanelen	om	energie	op	te	wekken.)	
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Appendix D: R code 
 
# R code for survey data analysis# 
################################################# 
 
library(psych) 
setwd("~/Innovation Management/Master Thesis/Analysis/Results/R") 
 
SurveyData = read.table("SurveyData2.csv", header = TRUE, sep=";") 
SurveyDataOriginal = read.table("SurveyData2.csv", header = TRUE, sep=";") 
 
########################################################################## 
# Data preparation 
########################################################################### 
 
# delete cases that make use of solar panels 
SurveyData <- SurveyData[-(which(SurveyData$V1 == 'Ik maak gebruik van zonnepanelen om energie op te wekken.')),] 
 
# find missing variables 
length(which(SurveyData$V1 == -99)) # CJL 
length(which(SurveyData$V2 == "NULL")) # Age 
length(which(SurveyData$V3 == -99)) # Gender 
length(which(SurveyData$V4 == -99)) # Education 
length(which(SurveyData$V4 == -99)) # Education 
length(which(SurveyData$V5_A1 == -99)) # Digital interaction 
length(which(SurveyData$V5_A2 == -99)) # Digital interaction 
length(which(SurveyData$V5_A3 == -99)) # Digital interaction 
length(which(SurveyData$V5_A4 == -99)) # Digital interaction 
length(which(SurveyData$V5_A5 == -99)) # Digital interaction 
length(which(SurveyData$V5_A6 == -99)) # Digital interaction 
length(which(SurveyData$V6 == -99)) # Dwelling ownership 
length(which(SurveyData$V7 == -99)) # Dwelling type 
length(which(SurveyData$V8 == -99)) # Decision maker 
length(which(SurveyData$V9 == -99)) # Knowledge 
length(which(SurveyData$V10 == -99)) # Physical interaction  
length(which(SurveyData$MEEST == "NULL")) # Open question 1 
length(which(SurveyData$MINST == "NULL")) # Open question 2 
 
 
# delete cases that are not decision makers, younger than 16, age outliers and mising values 
SurveyData <- SurveyData[-(which(SurveyData$V2 == "NULL")),] # deletion of NULL cases 
 
AgeTest <- as.numeric(as.character(SurveyData$V2)) 
 
SurveyData <- SurveyData[-(which(AgeTest >= 1000)),] # deletion of outliers 
SurveyData <- SurveyData[-(which(AgeTest <= 16)),] # deletion of outliers and missing cases of -99 
 
# Make 5 categories of all the educational level categories 
levels(SurveyData$V4) <- c(levels(SurveyData$V4), "HAVO, VWO, MBO", "LBO/VMBO, MAVO") 
SurveyData$V4[SurveyData$V4 == 'Hoger algemeen voortgezet onderwijs (havo)'] <- 'HAVO, VWO, MBO' 
SurveyData$V4[SurveyData$V4 == 'Voorbereiden wetenschappelijk onderwijs (vwo)'] <- 'HAVO, VWO, MBO' 
SurveyData$V4[SurveyData$V4 == 'Middelbaar beroepsonderwijs (mbo)'] <- 'HAVO, VWO, MBO' 
SurveyData$V4[SurveyData$V4 == 'Lager/ voorbereidend beroepsonderwijs (lbo/ vmbo)'] <- 'LBO/VMBO, MAVO' 
SurveyData$V4[SurveyData$V4 == 'Middelbaar algemeen voortgezet onderwijs (mavo)'] <- 'LBO/VMBO, MAVO' 
 
SurveyData$V4 <- droplevels(SurveyData$V4) 
 
# Change Likert variables into numerical categories 
library(plyr) 
 
for (i in 17:88) { 
  # make numbers from the categories 
  SurveyData[,i] <- as.numeric(SurveyData[,i]) 
  # reorder numbers to Likert item values 
  SurveyData[,i] <- mapvalues(SurveyData[,i], from = c(1, 2, 3, 4, 5, 6), to = c(0, 4, 2, 3, 5, 1)) 
  # warning: number 6 is not present in all columns --> which is not a problem 
} 
 
# Likert data for each intervention (NOT NEEDED YET) 
# LikertDataEMAIL <- SurveyData[,17:40] 
# LikertDataEMAIL <- LikertDataEMAIL[-(which(LikertDataEMAIL$EMAIL_1 == 0)),] 
 
# LikertDataMAPS <- SurveyData[,41:64] 
# LikertDataMAPS <- LikertDataMAPS[-(which(LikertDataMAPS$MAPS_1 == 0)),] 
 
# LikertDataAPP <- SurveyData[,65:88] 
# LikertDataAPP <- LikertDataAPP[-(which(LikertDataAPP$APP_1 == 0)),] 
 
# Data for each intervention and change of headers 
DataEMAIL <- SurveyData[-(which(SurveyData$EMAIL_1 == 0)),] 
DataEMAIL <- DataEMAIL[,-(41:88)] 
colnames(DataEMAIL)[17:40] <- c("PU1", "PU2", "PU3", "PE1", "PE2", "PE3", "IA1", "IA2",  
                                 "IA3", "ED1", "ED2", "ED3", "TR1", "TR2", "TR3", "SE1",  
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                                 "SE2", "SE3", "AP1", "AP2", "AP3", "CI1", "CI2", "CI3") 
 
DataMAPS <- SurveyData[-(which(SurveyData$MAPS_1 == 0)),] 
DataMAPS <- DataMAPS[,-(65:88)] 
DataMAPS <- DataMAPS[,-(17:40)] 
colnames(DataMAPS)[17:40] <- c("PU1", "PU2", "PU3", "PE1", "PE2", "PE3", "IA1", "IA2",  
                                "IA3", "ED1", "ED2", "ED3", "TR1", "TR2", "TR3", "SE1",  
                                "SE2", "SE3", "AP1", "AP2", "AP3", "CI1", "CI2", "CI3") 
 
DataAPP <- SurveyData[-(which(SurveyData$APP_1 == 0)),] 
DataAPP <- DataAPP[,-(17:64)] 
colnames(DataAPP)[17:40] <- c("PU1", "PU2", "PU3", "PE1", "PE2", "PE3", "IA1", "IA2",  
                                "IA3", "ED1", "ED2", "ED3", "TR1", "TR2", "TR3", "SE1",  
                                "SE2", "SE3", "AP1", "AP2", "AP3", "CI1", "CI2", "CI3") 
 
 
########################## USAGE OF SUMMED SCORES FOR CONSTRUCS####################################### 
 
# Intervention EMAIL: Summed scores for the constructs 
EMAIL_PU <- rowSums(DataEMAIL[17:19]) 
EMAIL_PE <- rowSums(DataEMAIL[20:22]) 
EMAIL_IA <- rowSums(DataEMAIL[23:25]) 
EMAIL_ED <- rowSums(DataEMAIL[26:28]) 
EMAIL_TR <- rowSums(DataEMAIL[29:31]) 
EMAIL_SE <- rowSums(DataEMAIL[32:34]) 
EMAIL_AP <- rowSums(DataEMAIL[35:37]) 
EMAIL_CI <- rowSums(DataEMAIL[38:40]) 
DataEMAIL <- cbind(DataEMAIL, EMAIL_PU, EMAIL_PE, EMAIL_IA, EMAIL_ED, EMAIL_TR, EMAIL_SE, EMAIL_AP, EMAIL_CI) 
 
# Intervention MAPS: Summed scores for the constructs 
MAPS_PU <- rowSums(DataMAPS[17:19]) 
MAPS_PE <- rowSums(DataMAPS[20:22]) 
MAPS_IA <- rowSums(DataMAPS[23:25]) 
MAPS_ED <- rowSums(DataMAPS[26:28]) 
MAPS_TR <- rowSums(DataMAPS[29:31]) 
MAPS_SE <- rowSums(DataMAPS[32:34]) 
MAPS_AP <- rowSums(DataMAPS[35:37]) 
MAPS_CI <- rowSums(DataMAPS[38:40]) 
DataMAPS <- cbind(DataMAPS, MAPS_PU, MAPS_PE, MAPS_IA, MAPS_ED, MAPS_TR, MAPS_SE, MAPS_AP, MAPS_CI) 
 
# Intervention APP: Summed scores for the constructs 
APP_PU <- rowSums(DataAPP[17:19]) 
APP_PE <- rowSums(DataAPP[20:22]) 
APP_IA <- rowSums(DataAPP[23:25]) 
APP_ED <- rowSums(DataAPP[26:28]) 
APP_TR <- rowSums(DataAPP[29:31]) 
APP_SE <- rowSums(DataAPP[32:34]) 
APP_AP <- rowSums(DataAPP[35:37]) 
APP_CI <- rowSums(DataAPP[38:40]) 
DataAPP <- cbind(DataAPP, APP_PU, APP_PE, APP_IA, APP_ED, APP_TR, APP_SE, APP_AP, APP_CI) 
 
# find missing values in Likert data 
which(DataAPP[,17:40] == -99) 
which(DataMAPS[,17:40] == -99) 
which(DataEMAIL[,17:40] == -99) 
 
 
# combine datafiles into 1 file 
colnames(DataEMAIL)[46:53] <- c("PU", "PE", "IA", "ED", "TR", "SE", "AP", "CI") 
colnames(DataMAPS)[46:53] <- c("PU", "PE", "IA", "ED", "TR", "SE", "AP", "CI") 
colnames(DataAPP)[46:53] <- c("PU", "PE", "IA", "ED", "TR", "SE", "AP", "CI") 
 
DataALL <- rbind(DataEMAIL, DataMAPS, DataAPP) 
Random_factor <- as.factor(DataALL$Random) 
DataALL <- cbind(DataALL, Random_factor) 
 
########################################################################## 
# Data exploration 
########################################################################### 
 
library(ggplot2) 
#Plot age 
######################################################################## 
 
Age <- SurveyData$V2 
Age <- Age[-(which(Age == "NULL"))] 
Age <- as.numeric(as.character(Age)) 
 
Age <- Age[-(which(Age == -99))] # deletion of missing cases 
Age <- Age[-(which(Age >= 1000))] # deletion of erroneous answers 
Age <- Age[-(which(Age <= 16))]  # deletion of non-decision makers 
Age <- data.frame(Age) 
   
ggplot(Age,aes(x=Age))+ 
  geom_histogram(aes(y=..density..),binwidth=1,colour="black",fill="white") + 
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  geom_density(alpha=.2,fill="#FF6666")+   # Overlay with transparant density plot 
  ggtitle("Age distribution of sample") + 
  theme(text=element_text(size=16)) +   xlab("Age (years)") 
 
# mean, min, max age 
min(Age) 
max(Age) 
mean(Age$Age) 
median(Age$Age) 
 
# Gender 
length(which((SurveyData$V3 == "Man"))) 
length(which((SurveyData$V3 == "Vrouw"))) 
length(which((SurveyData$V3 == "Wil niet zeggen"))) 
 
# Plot age distribution males vs females 
################################################################################## 
Gender <- SurveyData$V3 
Age2 <- as.numeric(as.character(SurveyData$V2)) 
AgeGender <- cbind(Gender,Age2) 
AgeGender <- data.frame(AgeGender) 
 
which(AgeGender$Gender == 4) # identification of cases that do not disclose gender 
 
AgeGender <- AgeGender[-(which(AgeGender$Gender == 4)),] 
AgeGender <- AgeGender[-(which(AgeGender$Age == -99)),] 
AgeGender <- AgeGender[-(which(AgeGender$Age >= 1000)),] 
AgeGender <- AgeGender[-(which(AgeGender$Age <= 16)),] 
AgeGender <- AgeGender[-(which(is.na(AgeGender$Age2))),] 
gender <- mapvalues(AgeGender$Gender, c("3", "2"), c("Female", "Male")) 
AgeGender2 <- cbind(AgeGender, gender) 
 
ggplot(AgeGender2,aes(x=Age2, color=gender)) + 
  geom_density(data=subset(AgeGender2,gender== "Female"),fill="red", alpha=0.2) + 
  geom_density(data=subset(AgeGender2,gender== "Male"), fill="green", alpha=0.2) + 
  ggtitle("Age distribution of sample")+ 
  theme(text=element_text(size=16)) +   xlab("Age (years)") 
 
# descriptive statistics 
#################################################################################################### 
 
# means for all constructs for each intervention 
mean(DataAPP$PU) 
mean(DataAPP$PE) 
mean(DataAPP$IA) 
mean(DataAPP$ED) 
mean(DataAPP$TR) 
mean(DataAPP$SE) 
mean(DataAPP$AP) 
mean(DataAPP$CI) 
 
mean(DataMAPS$PU) 
mean(DataMAPS$PE) 
mean(DataMAPS$IA) 
mean(DataMAPS$ED) 
mean(DataMAPS$TR) 
mean(DataMAPS$SE) 
mean(DataMAPS$AP) 
mean(DataMAPS$CI) 
 
mean(DataEMAIL$PU) 
mean(DataEMAIL$PE) 
mean(DataEMAIL$IA) 
mean(DataEMAIL$ED) 
mean(DataEMAIL$TR) 
mean(DataEMAIL$SE) 
mean(DataEMAIL$AP) 
mean(DataEMAIL$CI) 
 
# influence of education 
EducationEMAIL <- data.frame(aggregate(DataEMAIL[46:53], list(DataEMAIL$V4), mean)) 
EducationMAPS <- data.frame(aggregate(DataMAPS[46:53], list(DataMAPS$V4), mean)) 
EducationAPP <- data.frame(aggregate(DataAPP[46:53], list(DataAPP$V4), mean)) 
 
# influence of location in customer journey 
CJ_EMAIL <- data.frame(aggregate(DataEMAIL[46:53], list(DataEMAIL$V1), mean)) 
CJ_MAPS <- data.frame(aggregate(DataMAPS[46:53], list(DataMAPS$V1), mean)) 
CJ_APP <- data.frame(aggregate(DataAPP[46:53], list(DataAPP$V1), mean)) 
 
# influence of dwelling type 
DwellingType_EMAIL <- data.frame(aggregate(DataEMAIL[46:53], list(DataEMAIL$V7), mean)) 
DwellingType_MAPS <- data.frame(aggregate(DataMAPS[46:53], list(DataMAPS$V7), mean)) 
DwellingType_APP <- data.frame(aggregate(DataAPP[46:53], list(DataAPP$V7), mean)) 
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# influence of dwelling ownership 
DwellingO_EMAIL <- data.frame(aggregate(DataEMAIL[46:53], list(DataEMAIL$V6), mean)) 
DwellingO_MAPS <- data.frame(aggregate(DataMAPS[46:53], list(DataMAPS$V6), mean)) 
DwellingOe_APP <- data.frame(aggregate(DataAPP[46:53], list(DataAPP$V6), mean)) 
 
 
# influence of knowledge 
 
Know_EMAIL <- data.frame(aggregate(DataEMAIL[46:53], list(DataEMAIL$V9), mean)) 
Know_MAPS <- data.frame(aggregate(DataMAPS[46:53], list(DataMAPS$V9), mean)) 
Know_APP <- data.frame(aggregate(DataAPP[46:53], list(DataAPP$V9), mean)) 
 
################################################################################## 
# Evaluation of assumptions 
################################################################################## 
 
# Normality 
################################################################################## 
 
# simple histograms of all variables 
hist(DataALL$PU, xlab="Sum of scores PU",main="") 
hist(DataALL$PE, xlab="Sum of scores PE",main="") 
hist(DataALL$IA, xlab="Sum of scores IA",main="") 
hist(DataALL$ED, xlab="Sum of scores ED",main="") 
hist(DataALL$TR, xlab="Sum of scores TR",main="") 
hist(DataALL$SE, xlab="Sum of scores SE",main="") 
hist(DataALL$AP, xlab="Sum of scores AP",main="") 
hist(DataALL$CI, xlab="Sum of scores CI",main="") 
 
# plot PU 
hist(DataALL$PU, main ="Perceived usefulness", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$PU, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$PU) 
std<-sqrt(var(DataALL$PU)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
 
# plot PE 
hist(DataALL$PE, main ="Perceived ease-of-use", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$PE, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$PE) 
std<-sqrt(var(DataALL$PE)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
 
# plot IA 
hist(DataALL$IA, main ="Intention to adopt intervention", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$IA, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$IA) 
std<-sqrt(var(DataALL$IA)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
 
# plot ED 
hist(DataALL$ED, main ="Education in PV system", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$ED, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$ED) 
std<-sqrt(var(DataALL$ED)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
 
# plot TR 
hist(DataALL$TR, main ="Trust in PV system", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$TR, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$TR) 
std<-sqrt(var(DataALL$TR)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
 
# plot SE 
hist(DataALL$SE, main ="Social encouragement", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$SE, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$SE) 
std<-sqrt(var(DataALL$SE)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
 
# plot AP 
hist(DataALL$AP, main ="Action to obtain price", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$AP, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$AP) 
std<-sqrt(var(DataALL$AP)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
 
# plot CI 
hist(DataALL$CI, main ="Community interaction", col="lightskyblue", xlab="Summed scores", freq = FALSE) 
lines(density(DataALL$CI, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(DataALL$CI) 
std<-sqrt(var(DataALL$CI)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n") 
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# Linearity and correlations 
######################################################################################### 
 
# plot(DataALL$PU, DataALL$PE) 
# plot(DataALL$PU, DataALL$IA) 
# abline(lm(DataALL$PU~DataALL$PE), col="red") # regression line (y~x)  
# lines(lowess(DataALL$PU,DataALL$PE), col="blue") # lowess line (x,y) 
 
# pairs(~PU+PE+IA+ED+TR+SE+AP+CI, data=DataALL,  
#     main="Simple Scatterplot Matrix") 
 
panel.cor <- function(x, y, digits = 2, prefix = "", cex.cor, ...) 
{ 
  usr <- par("usr"); on.exit(par(usr)) 
  par(usr = c(0, 1, 0, 1)) 
  r <- abs(cor(x, y)) 
  txt <- format(c(r, 0.123456789), digits = digits)[1] 
  txt <- paste0(prefix, txt) 
  if(missing(cex.cor)) cex.cor <- 0.8/strwidth(txt) 
  text(0.5, 0.5, txt, cex = cex.cor * r) 
} 
 
panel.hist <- function(x, ...) 
{ 
  usr <- par("usr"); on.exit(par(usr)) 
  par(usr = c(usr[1:2], 0, 1.5) ) 
  h <- hist(x, plot = FALSE) 
  breaks <- h$breaks; nB <- length(breaks) 
  y <- h$counts; y <- y/max(y) 
  rect(breaks[-nB], 0, breaks[-1], y, col = "cyan", ...) 
} 
 
pairs(DataALL[,46:53], lower.panel=panel.smooth, upper.panel=panel.cor, 
      diag.panel=panel.hist, main="Constructs Scatterplot Matrix") 
 
 
# Multi-colinearity, homoscedasticity and variance of the error terms 
####################################################################### 
install.packages("car") 
library(car) 
 
install.packages("lmtest") 
library(lmtest) 
 
install.packages("gvlma") 
library(gvlma) 
 
# change age to numeric variables 
DataALL2 <- DataALL 
DataALL$V2 <- as.numeric(as.character(DataALL2$V2)) 
 
DataALL <- DataALL[-(which(DataALL$V2 == -99)),] 
 
DataALL <- DataALL[-which(DataALL$V7 == -99),]  
 
################################################################################# 
# Estimation of the linear regression model 
################################################################################## 
 
# drop factors that do not occur 
DataALL <- droplevels(DataALL) 
 
# count number of observations per category 
# customer journey location 
table(DataALL$V1) 
table(DataEMAIL2$V1) 
table(DataMAPS2$V1) 
table(DataAPP2$V1) 
 
# gender 
table(DataALL$V3) 
table(DataEMAIL2$V3) 
table(DataMAPS2$V3) 
table(DataAPP2$V3) 
 
# educational level 
table(DataALL$V4) 
table(DataEMAIL2$V4) 
table(DataMAPS2$V4) 
table(DataAPP2$V4) 
 
# dwelling ownership 
table(DataALL$V6) 
table(DataEMAIL2$V6) 
table(DataMAPS2$V6) 
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table(DataAPP2$V6) 
 
# dwelling type 
table(DataALL$V7) 
table(DataEMAIL2$V7) 
table(DataMAPS2$V7) 
table(DataAPP2$V7) 
 
# knowledge 
table(DataALL$V9) 
table(DataEMAIL2$V9) 
table(DataMAPS2$V9) 
table(DataAPP2$V9) 
 
# physical interaction 
table(DataALL$V10) 
table(DataEMAIL2$V10) 
table(DataMAPS2$V10) 
table(DataAPP2$V10) 
 
# intervention group 
table(DataALL$Random_factor) 
table(DataEMAIL2$Random_factor) 
table(DataMAPS2$Random_factor) 
table(DataAPP2$Random_factor) 
 
# REGRESSION MODEL 1 ######################### 
 
contrasts(DataALL$Random_factor) 
 
# set reference categories for categorical variables 
levels(DataALL$V) 
DataALL$V1 <- relevel(DataALL$V1, ref = 6) 
 
levels(DataALL$V3) 
DataALL$V3 <- relevel(DataALL$V3, ref = 3) 
 
levels(DataALL$V4) 
DataALL$V4 <- relevel(DataALL$V4, ref = 6) 
 
levels(DataALL$V6) # huurwoning is relevance level --> change to 2 
DataALL$V6 <- relevel(DataALL$V6, ref = 2) 
 
levels(DataALL$V7)  
DataALL$V7 <- relevel(DataALL$V7, ref = 5) 
 
levels(DataALL$V9) # een beetje kennis is relevance --> change to 2 
DataALL$V9 <- relevel(DataALL$V9, ref = 5) 
 
levels(DataALL$V10) # ja is relevance --> change to 2 
DataALL$V10 <- relevel(DataALL$V10, ref = 2) 
 
levels(DataALL$Random_factor) # 1 is relevance, change to 2 
DataALL$Random_factor <- relevel(DataALL$Random_factor, ref = 3) 
 
 
Reg3 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
             V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor,  
           data = DataALL) 
 
RegressionResults <- data.frame(tidy(Reg3))  
 
# Set contrasts for effects coding 
contrasts(DataALL$V1) <- contr.sum # 
contrasts(DataALL$V3) <- contr.sum # 
contrasts(DataALL$V4) <- contr.sum # 
contrasts(DataALL$V6) <- contr.sum # 
contrasts(DataALL$V7) <- contr.sum # 
contrasts(DataALL$V9) <- contr.sum # 
contrasts(DataALL$V10) <- contr.sum # 
contrasts(DataALL$Random_factor) <- contr.sum  
 
contrasts(DataALL$V10) 
levels(DataALL$V1) 
 
# regression with effects coding 
Reg4 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
             V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor,  
           data = DataALL) 
 
RegressionResults4 <- data.frame(tidy(Reg4))  
 
 
# set different reference categories for categorical variables 
levels(DataALL$V1) 
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DataALL$V1 <- relevel(DataALL$V1, ref = 6) 
 
levels(DataALL$V3) 
DataALL$V3 <- relevel(DataALL$V3, ref = 3) 
 
levels(DataALL$V4) 
DataALL$V4 <- relevel(DataALL$V4, ref = 6) 
 
levels(DataALL$V6) # huurwoning is relevance level --> change to 2 
DataALL$V6 <- relevel(DataALL$V6, ref = 2) 
 
levels(DataALL$V7)  
DataALL$V7 <- relevel(DataALL$V7, ref = 5) 
 
levels(DataALL$V9) # een beetje kennis is relevance --> change to 2 
DataALL$V9 <- relevel(DataALL$V9, ref = 3) 
 
levels(DataALL$V10) # ja is relevance --> change to 2 
DataALL$V10 <- relevel(DataALL$V10, ref = 2) 
 
levels(DataALL$Random_factor) # 1 is relevance, change to 2 
DataALL$Random_factor <- relevel(DataALL$Random_factor, ref = 3) 
 
# Again set contrasts for effects coding 
contrasts(DataALL$V1) <- contr.sum # 
contrasts(DataALL$V3) <- contr.sum # 
contrasts(DataALL$V4) <- contr.sum # 
contrasts(DataALL$V6) <- contr.sum # 
contrasts(DataALL$V7) <- contr.sum # 
contrasts(DataALL$V9) <- contr.sum # 
contrasts(DataALL$V10) <- contr.sum # 
contrasts(DataALL$Random_factor) <- contr.sum  
 
contrasts(DataALL$V10) 
 
Reg5 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
             V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor,  
           data = DataALL) 
 
RegressionResults5 <- data.frame(tidy(Reg5))  
summary(Reg5) 
 
###################################################################################### 
# interaction plots and regressions for all control variables 
 
# Customer journey location 
interaction.plot(DataALL$Random_factor, DataALL$V1, response = DataALL$AP,  
                 col = 1:7, legend = FALSE, main = "Customer journey location") 
 
Reg_RV1 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
             V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V1, data = DataALL) 
 
RegressionResults_RV1 <- data.frame(tidy(Reg_RV1))  
summary(Reg_RV1) 
contrasts(DataALL$V1) 
# Age 
interaction.plot(DataALL$Random_factor, DataALL$V2, response = DataALL$AP,  
                 col = 1:3, legend = FALSE, main = "Age") 
 
Reg_RV2 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V2, data = DataALL) 
 
RegressionResults_RV2 <- data.frame(tidy(Reg_RV2))  
summary(Reg_RV2) 
 
 
# Gender 
interaction.plot(DataALL$Random_factor, DataALL$V3, response = DataALL$AP,  
                 col = 1:3, legend = FALSE, main = "Gender") 
 
Reg_RV3 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V3, data = DataALL) 
 
RegressionResults_RV3 <- data.frame(tidy(Reg_RV3))  
summary(Reg_RV3) 
 
 
# Educational level 
interaction.plot(DataALL$Random_factor, DataALL$V4, response = DataALL$AP,  
                 col = 1:6, legend = FALSE, main = "Educational level") 
 
Reg_RV4 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V4, data = DataALL) 
 
RegressionResults_RV4 <- data.frame(tidy(Reg_RV4))  
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summary(Reg_RV4) 
 
# Dwelling ownership 
interaction.plot(DataALL$Random_factor, DataALL$V6, response = DataALL$AP,  
                 col = 1:2, legend = FALSE, main = "Dwelling ownership") 
 
Reg_RV6 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V6, data = DataALL) 
 
RegressionResults_RV6 <- data.frame(tidy(Reg_RV6))  
summary(Reg_RV6) 
 
# Dwelling type 
interaction.plot(DataALL$Random_factor, DataALL$V7, response = DataALL$AP,  
                 col = 1:5, legend = FALSE, main = "Dwelling type") 
 
Reg_RV7 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V7, data = DataALL) 
 
RegressionResults_RV7 <- data.frame(tidy(Reg_RV7))  
summary(Reg_RV7) 
 
# Knowledge 
interaction.plot(DataALL$Random_factor, DataALL$V9, response = DataALL$AP,  
                 col = 1:3, legend = FALSE, main = "Knowledge") 
 
Reg_RV9 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V9, data = DataALL) 
 
RegressionResults_RV9 <- data.frame(tidy(Reg_RV9))  
summary(Reg_RV9) 
 
# Physical interaction 
interaction.plot(DataALL$Random_factor, DataALL$V10, response = DataALL$AP,  
                 col = 1:3, legend = FALSE, main = "Physical interaction activity") 
 
Reg_RV10 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*V10, data = DataALL) 
 
RegressionResults_RV10 <- data.frame(tidy(Reg_RV10))  
summary(Reg_RV10) 
 
# CI 
interaction.plot(DataALL$Random_factor, DataALL$CI, response = DataALL$AP, 
                 legend = FALSE, main = "Community interaction") 
 
Reg_RCI <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                 V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor + Random_factor*CI, data = DataALL) 
 
RegressionResults_RCI <- data.frame(tidy(Reg_RCI))  
summary(Reg_RCI) 
 
################################################################################################# 
# compare regression models 
 
anova(Reg5,Reg_RCI) 
anova(Reg5,Reg_RV2) 
anova(Reg5,Reg_RV1) 
anova(Reg5,Reg_RV3) 
anova(Reg5,Reg_RV4) 
anova(Reg5,Reg_RV6) 
anova(Reg5,Reg_RV7) 
anova(Reg5,Reg_RV9) 
anova(Reg5,Reg_RV10) 
 
#################################################################################################### 
 
# calculate standardized coeficients 
install.packages("QuantPsyc")  
library(QuantPsyc) 
lm.beta(Reg3) 
 
# make table of regression results 
install.packages("stargazer")  
library(stargazer) 
 
stargazer(Reg3, type = "text", title="Regression", digits=1, out="table1.txt") 
 
install.packages("broom")  
library(broom) 
 
RegressionResults <- data.frame(tidy(Reg3))  
 
############################################################################# 
# Evaluate multi-colinearity 
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vif(Reg3) 
vif(Reg3) > 4 # problem? 
 
# Evaluate homoscedasticity 
# non-constant error variance test 
ncvTest(Reg3) 
 
# Partial residual plots 
# component + residual plot  
crPlots(Reg3) 
 
# Test for Autocorrelated Errors 
durbinWatsonTest(Reg3) 
?durbinWatsonTest 
 
# Global test of model assumptions 
gvmodel <- gvlma(Reg3)  
summary(gvmodel) 
 
# normality of the residuals 
std_res <- rstandard(Reg3) 
 
qqnorm(std_res, ylab="Standardized Residuals", xlab="Normal Scores", main="AP")  
qqline(std_res) 
hist(std_res) 
 
# plot residuals 
hist(std_res, main ="Standardized Residuals", col="lightskyblue", xlab="Normal scores", freq = FALSE) 
lines(density(std_res, na.rm=TRUE), col="red", lty=2, lwd=2) 
m<-mean(std_res) 
std<-sqrt(var(std_res)) 
curve(dnorm(x, mean=m, sd=std), col="darkgreen", lwd=2, add=TRUE, yaxt="n")  
 
# plot residuals of all variables 
residuals <- resid(Reg3) 
 
plot(DataALL$PU, residuals, ylab="Residuals", xlab="Waiting Time", main="PU")  
abline(0, 0)                
 
plot(DataALL$V1, residuals, ylab="Residuals", xlab="Waiting Time", main="V1")  
abline(0, 0) 
 
################################################################### 
# Factor analysis  
##################################################################### 
install.packages("tidyr") 
library(tidyr) 
 
install.packages("dplyr") 
library(dplyr) 
 
install.packages("lavaan") 
library(lavaan) 
 
install.packages("knitr") 
library(knitr) 
 
install.packages("psych") 
library(psych) 
 
# Make data frame with only likert items data 
CFA_Data1 <- DataALL[, 17:40] 
CFA_Data2 <- DataALL[, 46:53] 
CFA_Data <- cbind(CFA_Data1, CFA_Data2) 
 
# correlations 
CorrelationsCFA <- data.frame(cor(CFA_Data)) 
 
 
# recalculate means for constructs 
########################## USAGE OF MEANS FOR CONSTRUCS####################################### 
 
# Intervention EMAIL: Means for the constructs 
EMAIL_PU <- rowMeans(DataEMAIL[17:19]) 
EMAIL_PE <- rowMeans(DataEMAIL[20:22]) 
EMAIL_IA <- rowMeans(DataEMAIL[23:25]) 
EMAIL_ED <- rowMeans(DataEMAIL[26:28]) 
EMAIL_TR <- rowMeans(DataEMAIL[29:31]) 
EMAIL_SE <- rowMeans(subset(DataEMAIL, select = c(32, 34))) 
EMAIL_AP <- rowMeans(DataEMAIL[35:37]) 
EMAIL_CI <- rowMeans(subset(DataEMAIL, select = c(38, 39))) 
DataEMAIL <- cbind(DataEMAIL, EMAIL_PU, EMAIL_PE, EMAIL_IA, EMAIL_ED, EMAIL_TR, EMAIL_SE, EMAIL_AP, EMAIL_CI) 
 
# Intervention MAPS: Means for the constructs 
MAPS_PU <- rowMeans(DataMAPS[17:19]) 
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MAPS_PE <- rowMeans(DataMAPS[20:22]) 
MAPS_IA <- rowMeans(DataMAPS[23:25]) 
MAPS_ED <- rowMeans(DataMAPS[26:28]) 
MAPS_TR <- rowMeans(DataMAPS[29:31]) 
MAPS_SE <- rowMeans(subset(DataMAPS, select = c(32, 34))) 
MAPS_AP <- rowMeans(DataMAPS[35:37]) 
MAPS_CI <- rowMeans(subset(DataMAPS, select = c(38, 39))) 
DataMAPS <- cbind(DataMAPS, MAPS_PU, MAPS_PE, MAPS_IA, MAPS_ED, MAPS_TR, MAPS_SE, MAPS_AP, MAPS_CI) 
 
# Intervention APP: Means for the constructs 
APP_PU <- rowMeans(DataAPP[17:19]) 
APP_PE <- rowMeans(DataAPP[20:22]) 
APP_IA <- rowMeans(DataAPP[23:25]) 
APP_ED <- rowMeans(DataAPP[26:28]) 
APP_TR <- rowMeans(DataAPP[29:31]) 
APP_SE <- rowMeans(subset(DataAPP, select = c(32, 34))) 
APP_AP <- rowMeans(DataAPP[35:37]) 
APP_CI <- rowMeans(subset(DataAPP, select = c(38, 39))) 
DataAPP <- cbind(DataAPP, APP_PU, APP_PE, APP_IA, APP_ED, APP_TR, APP_SE, APP_AP, APP_CI) 
 
# combine datafiles into 1 file 
colnames(DataEMAIL)[46:53] <- c("PU", "PE", "IA", "ED", "TR", "SE", "AP", "CI") 
colnames(DataMAPS)[46:53] <- c("PU", "PE", "IA", "ED", "TR", "SE", "AP", "CI") 
colnames(DataAPP)[46:53] <- c("PU", "PE", "IA", "ED", "TR", "SE", "AP", "CI") 
 
DataALL <- rbind(DataEMAIL, DataMAPS, DataAPP) 
 
# Make random a factor instead of numeric variable 
Random_factor <- as.factor(DataALL$Random) 
DataALL <- cbind(DataALL, Random_factor) 
 
# Make digital interaction activity factors instead of numeric 
V5_F1 <- as.factor(DataALL$V5_A1) 
V5_F2 <- as.factor(DataALL$V5_A2) 
V5_F3 <- as.factor(DataALL$V5_A3) 
V5_F4 <- as.factor(DataALL$V5_A4) 
V5_F5 <- as.factor(DataALL$V5_A5) 
V5_F6 <- as.factor(DataALL$V5_A6) 
DataALL <- cbind(DataALL, V5_F1, V5_F2, V5_F3, V5_F4, V5_F5, V5_F6) 
 
# Make new data frame with only likert items data and new means 
CFA_Data1 <- DataALL[, 17:40] 
CFA_Data2 <- DataALL[, 46:53] 
CFA_Data <- cbind(CFA_Data1, CFA_Data2) 
 
# Delete SE2 and CI3 from data 
CFA_Data <- CFA_Data[,-17] 
CFA_Data <- CFA_Data[,-23] 
 
# Cronbachs alpha for all constructs 
alpha_PU <- psych::alpha(x=CFA_Data[,1:3]) 
 
alpha_PE <- psych::alpha(x=CFA_Data[,4:6]) 
 
alpha_IA <- psych::alpha(x=CFA_Data[,7:9]) 
 
alpha_ED <- psych::alpha(x=CFA_Data[,10:12]) 
 
alpha_TR <- psych::alpha(x=CFA_Data[,13:15]) 
 
alpha_SE <- psych::alpha(x=CFA_Data[,16:17]) 
 
alpha_AP <- psych::alpha(x=CFA_Data[,18:20]) 
 
alpha_CI <- psych::alpha(x=CFA_Data[,21:22]) 
 
## CFA() ###### 
# specify the model 
CFA_Model <- 'PU  =~ PU1 + PU2 + PU3  
PE =~ PE1 + PE2 + PE3 
IA  =~ IA1 + IA2 + IA3 
ED =~ ED1 + ED2 + ED3 
TR =~ TR1 + TR2 + TR3 
SE =~ SE1 + SE3 
AP =~ AP1 + AP2 + AP3 
CI =~ CI1 + CI2' 
 
# fit the model 
fit <- cfa(CFA_Model, data=CFA_Data, std.lv=TRUE) 
 
# display summary output 
summary(fit, fit.measures=TRUE) 
 
parameterEstimates(fit, standardized=TRUE) 
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# residuals 
which(residuals(fit, type = "cor")$cor > 0.1) 
 
# standardized residuals 
which(resid(fit, type="standardized") > 4) 
 
# fit measures 
?fitMeasures 
fitMeasures(fit) 
fitMeasures(fit, "rmr") 
 
# normed chi-square 
# chi-square value divided by the degrees of freedom 
fitMeasures(fit, "chisq")/fitMeasures(fit, "df") 
 
################################################################################################## 
# regression on for each intervention group 
 
# Data for each intervention  
DataEMAIL2 <- DataALL[which(DataALL$Random == 1),] 
DataMAPS2 <- DataALL[which(DataALL$Random == 2),] 
DataAPP2 <- DataALL[which(DataALL$Random == 3),] 
 
 
RegEMAIL2 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
             V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10, data = DataEMAIL2) 
 
RegressionResultsEMAIL <- data.frame(tidy(RegEMAIL2))  
summary(RegEMAIL2) 
 
RegMAPS2 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                  V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10, data = DataMAPS2) 
 
RegressionResultsMAPS <- data.frame(tidy(RegMAPS2))  
summary(RegMAPS2) 
 
RegAPP2 <- lm(AP ~ PE + PU + IA + ED + TR + SE + CI + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                 V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10, data = DataAPP2) 
 
RegressionResultsAPP <- data.frame(tidy(RegAPP2))  
summary(RegAPP2) 
 
Reg_CI <- lm(CI ~ PE + PU + IA + ED + TR + SE + V1 + V2 + V3 + V4 + V5_F1 + V5_F2 + 
                V5_F3 + V5_F4 + V5_F5 + V5_F6 + V6 + V7 + V9 + V10 + Random_factor, data = DataALL) 
 
RegressionResultsCI <- data.frame(tidy(Reg_CI))  
 
summary(Reg_CI) 
 
plot(predict(Reg_CI),DataALL$AP, 
     xlab="predicted",ylab="actual") 
 
 
############################################################# 
# Characteristics of the group that scores high on AP (AP>3) 
 
DataALL_AP_High <- DataALL[which(DataALL$AP > 3),] 
DataEMAIL_AP_High <- DataEMAIL2[which(DataEMAIL2$AP > 3),] 
DataMAPS_AP_High <- DataMAPS2[which(DataMAPS2$AP > 3),] 
DataAPP_AP_High <- DataAPP2[which(DataAPP2$AP > 3),] 
 
# Group characteristics in general 
mean(DataALL_AP_High$PE) 
mean(DataALL_AP_High$PU) 
mean(DataALL_AP_High$IA) 
mean(DataALL_AP_High$ED) 
mean(DataALL_AP_High$TR) 
mean(DataALL_AP_High$SE) 
mean(DataALL_AP_High$CI) 
mean(DataALL_AP_High$AP) 
 
data.frame(table(DataALL_AP_High$V1)) 
mean(DataALL_AP_High$V2) 
table(DataALL_AP_High$V3) 
data.frame(table(DataALL_AP_High$V4)) 
table(DataALL_AP_High$V5_F1) 
table(DataALL_AP_High$V5_F2) 
table(DataALL_AP_High$V5_F3) 
table(DataALL_AP_High$V5_F4) 
table(DataALL_AP_High$V5_F5) 
table(DataALL_AP_High$V5_F6) 
table(DataALL_AP_High$V6) 
data.frame(table(DataALL_AP_High$V7)) 
table(DataALL_AP_High$V8) 
data.frame(table(DataALL_AP_High$V9)) 
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table(DataALL_AP_High$V10) 
table(DataALL_AP_High$Random_factor) 
 
 
# Group characteristics EMAIL 
mean(DataEMAIL_AP_High$PE) 
mean(DataEMAIL_AP_High$PU) 
mean(DataEMAIL_AP_High$IA) 
mean(DataEMAIL_AP_High$ED) 
mean(DataEMAIL_AP_High$TR) 
mean(DataEMAIL_AP_High$SE) 
mean(DataEMAIL_AP_High$CI) 
mean(DataEMAIL_AP_High$AP) 
 
data.frame(table(DataEMAIL_AP_High$V1)) 
mean(DataEMAIL_AP_High$V2) 
table(DataEMAIL_AP_High$V3) 
data.frame(table(DataEMAIL_AP_High$V4)) 
table(DataEMAIL_AP_High$V4) 
table(DataEMAIL_AP_High$V5_F1) 
table(DataEMAIL_AP_High$V5_F2) 
table(DataEMAIL_AP_High$V5_F3) 
table(DataEMAIL_AP_High$V5_F4) 
table(DataEMAIL_AP_High$V5_F5) 
table(DataEMAIL_AP_High$V5_F6) 
table(DataEMAIL_AP_High$V6) 
table(DataEMAIL_AP_High$V7) 
table(DataEMAIL_AP_High$V8) 
data.frame(table(DataEMAIL_AP_High$V9)) 
table(DataEMAIL_AP_High$V10) 
 
 
# Group characteristics MAPS 
mean(DataMAPS_AP_High$PE) 
mean(DataMAPS_AP_High$PU) 
mean(DataMAPS_AP_High$IA) 
mean(DataMAPS_AP_High$ED) 
mean(DataMAPS_AP_High$TR) 
mean(DataMAPS_AP_High$SE) 
mean(DataMAPS_AP_High$CI) 
mean(DataMAPS_AP_High$AP) 
 
data.frame(table(DataMAPS_AP_High$V1)) 
mean(DataMAPS_AP_High$V2) 
table(DataMAPS_AP_High$V3) 
data.frame(table(DataMAPS_AP_High$V4)) 
table(DataMAPS_AP_High$V4) 
table(DataMAPS_AP_High$V5_F1) 
table(DataMAPS_AP_High$V5_F2) 
table(DataMAPS_AP_High$V5_F3) 
table(DataMAPS_AP_High$V5_F4) 
table(DataMAPS_AP_High$V5_F5) 
table(DataMAPS_AP_High$V5_F6) 
table(DataMAPS_AP_High$V6) 
table(DataMAPS_AP_High$V7) 
table(DataMAPS_AP_High$V8) 
data.frame(table(DataMAPS_AP_High$V9))  
table(DataMAPS_AP_High$V10) 
 
# Group characteristics APP 
mean(DataAPP_AP_High$PE) 
mean(DataAPP_AP_High$PU) 
mean(DataAPP_AP_High$IA) 
mean(DataAPP_AP_High$ED) 
mean(DataAPP_AP_High$TR) 
mean(DataAPP_AP_High$SE) 
mean(DataAPP_AP_High$CI) 
mean(DataAPP_AP_High$AP) 
 
 
data.frame(table(DataAPP_AP_High$V1))  
mean(DataAPP_AP_High$V2) 
table(DataAPP_AP_High$V3) 
table(DataAPP_AP_High$V4) 
data.frame(table(DataAPP_AP_High$V4)) 
table(DataAPP_AP_High$V5_F1) 
table(DataAPP_AP_High$V5_F2) 
table(DataAPP_AP_High$V5_F3) 
table(DataAPP_AP_High$V5_F4) 
table(DataAPP_AP_High$V5_F5) 
table(DataAPP_AP_High$V5_F6) 
table(DataAPP_AP_High$V6) 
table(DataAPP_AP_High$V7) 
table(DataAPP_AP_High$V8) 
data.frame(table(DataAPP_AP_High$V9)) 



	
	

121 
	

table(DataAPP_AP_High$V10) 
 
# Group characteristics all data 
mean(DataALL$PE) 
mean(DataALL$PU) 
mean(DataALL$IA) 
mean(DataALL$ED) 
mean(DataALL$TR) 
mean(DataALL$SE) 
mean(DataALL$CI) 
mean(DataALL$AP) 
 
 
data.frame(table(DataALL$V1))  
mean(DataALL$V2) 
table(DataALL$V3) 
table(DataALL$V4) 
data.frame(table(DataALL$V4)) 
table(DataALL$V5_F1) 
table(DataALL$V5_F2) 
table(DataALL$V5_F3) 
table(DataALL$V5_F4) 
table(DataALL$V5_F5) 
table(DataALL$V5_F6) 
table(DataALL$V6) 
table(DataALL$V7) 
table(DataALL$V8) 
data.frame(table(DataALL$V9)) 
table(DataALL$V10) 
table(DataALL$Random_factor) 
 
# is AP different for the groups?  
?aov 
anova1 <- aov(AP ~ V1, data = DataALL) 
plot(anova1) 
 
attach(mtcars) 
gears <- factor(DataALL$V1) 
cyl <- DataALL$AP 
interaction.plot(cyl, gear, mpg, type="b", col=c(1:3),  
                 leg.bty="o", leg.bg="beige", lwd=2, pch=c(18,24,22),  
                 xlab="Number of Cylinders",  
                 ylab="Mean Miles Per Gallon",  
                 main="Interaction Plot") 
 
require(ggplot2) 
 
ggplot(DataALL, aes(x = Random_factor, y = AP)) + 
  geom_boxplot(fill = "grey80", colour = "blue") + 
  scale_x_discrete() + xlab("Customer journey location") + 
  ylab("Action to obtain price") 
 
interaction.plot(DataALL_AP_High$Random_factor, DataALL_AP_High$V1, response = DataALL_AP_High$AP,  
                 col = 1:7,  main = "Customer journey location - Intervention group (AP>3)", xlab = "Intervention 
group",  
                 ylab = "AP", trace.label = "Customer journey location") 
 
interaction.plot(DataALL_AP_High$Random_factor, DataALL_AP_High$V3, response = DataALL_AP_High$AP,  
                 col = 1:3,  main = "Gender - Intervention group (AP>3)", xlab = "Intervention group",  
                 ylab = "AP", trace.label = "Intervention group") 
 
 
interaction.plot(DataALL_AP_High$Random_factor, DataALL_AP_High$V4, response = DataALL_AP_High$AP,  
                 col = 1:6,  main = "Educational level - Intervention group (AP>3)", xlab = "Intervention group",  
                 ylab = "AP", trace.label = "Intervention group") 
 
interaction.plot(DataALL_AP_High$Random_factor, DataALL_AP_High$V6, response = DataALL_AP_High$AP,  
                 col = 1:2,  main = "Dwelling ownership - Intervention group (AP>3)", xlab = "Intervention group",  
                 ylab = "AP", trace.label = "Intervention group") 
 
interaction.plot(DataALL_AP_High$Random_factor, DataALL_AP_High$V7, response = DataALL_AP_High$AP,  
                 col = 1:6,  main = "Dwelling type - Intervention group (AP>3)", xlab = "Intervention group",  
                 ylab = "AP", trace.label = "Intervention group") 
 
interaction.plot(DataALL_AP_High$Random_factor, DataALL_AP_High$V9, response = DataALL_AP_High$AP,  
                 col = 1:3,  main = "knowledge - Intervention group (AP>3)", xlab = "Intervention group",  
                 ylab = "AP", trace.label = "Intervention group") 
 
interaction.plot(DataALL_AP_High$Random_factor, DataALL_AP_High$V10, response = DataALL_AP_High$AP,  
                 col = 1:2,  main = "Physical interaction - Intervention group (AP>3)", xlab = "Intervention group",  
                 ylab = "AP", trace.label = "Intervention group") 
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Appendix E: Survey Study 
	

	

	

	

	

 
 

Figures 1a- 1h: Histograms of the construct variables. 
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Figures 2: Scatterplot matrix for the constructs with correlations and histograms.  
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Figure 3: Partial residual plots for all the included variables.  
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Table 1: Summary of the answers on the open questions.  
 

Intervention Least appealing Most appealing 
E-mail • The respondents is not interested because they are 

not the decision maker for purchasing a PV system, 
as they depend on the housing corporation as a 
tenant.    

• Environmental aspects of the advantages. 
• Respondents are afraid to be disappointed with the 

actual benefits of purchasing a PV system.  
• Does not like how the PV systems look like on the 

roof. 
• Too little information about technical aspects of the 

installation and details as for example the inverter.  
• This e-mail is too direct, too pushy or unwanted.  
• Not clear what value it adds to your house in money.  
• The timeline of obtaining the savings is not clear.  
• The example of the lamp that can burn for 1200 

hours. 
• Too much positive aspects of PV systems.  

• Respondents value the direct approach. 
• The solar panel check.  
• The provided advantages for the PV system customer.  
• Environmental aspects of purchasing a PV system. 
• Helping each other by sharing insights.  
• The high amount of yearly savings.  
• Increasing curiosity of respondents to learn more about PV 

systems.  
• Respondents indicate that the e-mail helps them to learn 

something new.  
• There are no commitments to this e-mail and the solar 

panel check. 
• It is a personal story from someone that I know.  

Maps • Showing your house on the map. Respondents are 
reluctant to speak with strangers about PV systems.  

• Privacy related issues.  
• Costs of the PV system.  
• Some are not interested in others’ reviews on PV 

systems. 
• The payback period is not clear.  
• Some respondents do not believe the costs 

indication.   
• Not usable for respondents that live in a flat.   
• Some respondents are also reluctant to speak with 

neighbors. 
• Reviews are expected to be more positive than the 

actual experience of the user.  
• No information about the costs of the PV system for 

the respondents.  
• Some respondents associate it with peer pressure.  

• Getting more insight into the savings and costs related to 
purchasing a PV system.  

• Sharing of experiences with others. 
• Being triggered to inspect the PV systems in the 

neighborhood. 
• Average savings per year.  
• Environmental benefits of purchasing a PV system.  
• Learning about the amount of people that already 

purchased a PV system and considering speaking with 
them.  

• Learning about the total amount of PV systems installed 
and the energy generated with them in the neighborhood.  

• Stimulation of green energy usage.  
• The design looks nice.  
• It is clear and easy to use.  
• Motivates to learn more about PV systems.  
• The opportunity to compare experiences of PV system 

users.  
App • The savings challenge is perceived as time-

consuming.  
• The app is too similar to Facebook.  
• The competition to become first in the rankings.  
•  Much is unclear about the app.  
• The app is more of a promotional tool to sell PV 

systems than something that is useful for me.  
• Increasing the usage of a mobile phone. 
• Some respondents do not want to share their PV 

system practices with other people.  
• Others’ opinion about me in the app.  
• No added value on the long-term.  
• Collected information can be shared with the 

government.  
• Not interested in points related systems.  

• Giving tips to other participants of the challenge.  
• Learning about saving money. 
• The design of the savings challenge app. 
• Creating a community of people that are interested in PV 

systems. 
• Obtaining tips to use less electricity.  
• Obtaining insight in the energy usage. 
• Comparing my energy usage with others’ usage.  
• Sharing experiences about PV systems.  
• Simplicity of the concept.  
• Becoming more aware of energy usage due to the app.  
• Societal elements of contributing to a better future.  
• Competition related elements.  

 

	

	

  



	
	

127 
	

Table 2: The column overall represents the mean or percentage for each variable or category in the entire respondent group. 
The (AP>3) category indicates the increase or decrease of the mean or percentage of the respondent group that scores higher 
than 3 on AP. The E-mail, Maps and App columns show the increase of decrease of the respondent groups that scored higher 
than 3 for each intervention.  
 

Variable Category Overall (AP>3) E-mail Maps App 
Construct PE 3.37 1.13 1.16 1.13 1.07 
 PU 3.06 1.21 1.21 1.21 1.21 
 IA 2.75 1.24 1.31 1.35 1.16 
 ED 2.98 1.21 1.17 1.14 1.21 
 TR 2.72 1.21 1.25 1.25 1.21 
 SE 2.96 1.11 1.15 1.08 1.11 
 CI 2.93 1.23 1.23 1.26 1.19 
 AP 2.76 1.38 1.41 1.34 1.30 
Customer journey 
location 

None of these statements describe my 
situation.  29% 0.41 0.38 0.66 0.34 

I did consider a PV system for my home, 
however I never actively looked for more 
information. 

27% 1.48 1.52 1.56 1.37 

I never considered purchasing a PV system 
for my home. 13% 0.46 0.69 0.00 0.62 

I do consider a PV system for my home and 
I want to buy one within a year. 6% 1.83 1.83 1.33 2.17 

I did consider a PV system for my home, 
however I am not planning to buy one for 
now.  

17% 0.94 0.94 1.29 0.76 

 I did consider a PV system for my home, 
however I did not made a decision yet. 9% 1.56 1.44 0.89 2.11 

Age (mean)  55.3 0.94 0.94 0.93 0.97 
Gender Male 65% 1.08 0.97 1.18 1.06 
 Female 34% 0.85 1.06 0.68 0.91 

 I do not want to reveal my gender. 1% 1.00 2.00 0.00 0.00 
Educational  Primary education 2% 0.00 0.00 0.00 0.00 
level No answer 4% 0.50 0.50 0.50 0.75 
 HBO 36% 1.25 1.33 1.03 1.47 
 WO 9% 1.56 1.56 2.00 0.89 
 HAVO, VWO, MBO 34% 0.91 0.79 1.03 0.82 

 LBO/VMBO, MAVO 15% 0.53 0.60 0.53 0.53 
Dwelling 
ownership 

Rental property   20% 0.55 0.45 0.55 0.70 
Owner-occupied property 80% 1.11 1.14 1.11 1.08 

Dwelling Semi-detached house 23% 0.91 0.70 1.04 0.96 
type Other 8% 1.00 1.38 0.63 1.00 
 Apartment, flat or studio 18% 0.83 0.78 1.00 0.61 
 Row house 32% 1.19 1.50 1.06 0.97 

 Single-detached house 19% 0.95 0.58 1.00 1.47 
Knowledge about 
PV systems 

I have some knowledge about the usage of 
PV systems. 54% 1.09 1.09 1.13 1.04 

 I do not know much about the usage of PV 
systems. 30% 0.97 1.07 0.90 0.93 

 I know a lot about the usage of PV systems. 16% 0.75 0.56 0.69 1.06 
Physical 
interaction 

Yes 64% 1.23 1.20 1.28 1.17 

 No 36% 0.58 0.64 0.50 0.69 
Intervention E-mail intervention 29% 1.24 - - - 
 Maps intervention 40% 1.00 - - - 

 App intervention 32% 0.72 - - - 
 
 
 

 

 

Table 3: Inter-item correlations for the Likert items. XX indicates the Likert item associated with the Likert items in the row 
names. (For example, for the rows PU1-PU3 XX represents PU and for rows PE1-PE3 XX represents PE.) 

 XX1 XX2 XX3 
PU1 1.0 0.7 0.7 
PU2 0.7 1.0 0.7 
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PU3 0.7 0.7 1.0 
PE1 1.0 0.6 0.6 
PE2 0.6 1.0 0.5 
PE3 0.6 0.5 1.0 
IA1 1.0 0.4 0.7 
IA2 0.4 1.0 0.4 
IA3 0.7 0.4 1.0 
ED1 1.0 0.3 0.6 
ED2 0.3 1.0 0.4 
ED3 0.6 0.4 1.0 
TR1 1.0 0.6 0.7 
TR2 0.6 1.0 0.6 
TR3 0.7 0.6 1.0 
SE1 1.0 0.3 0.4 
SE2 0.3 1.0 0.3 
SE3 0.4 0.3 1.0 
AP1 1.0 0.7 0.7 
AP2 0.7 1.0 0.6 
AP3 0.7 0.6 1.0 
CI1 1.0 0.5 0.2 
CI2 0.5 1.0 0.2 
CI3 0.2 0.2 1.0 
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Table 4: Regression coefficients of the regression model to predict action to obtain price with only the main effects. 
	

Variable Category β SE t statistic p-value 
 (Intercept) 0.23 0.24 0.96 0.34 
Construct PE -0.12 0.04 -3.48 0.00 
 PU 0.06 0.05 1.38 0.17 
 IA 0.30 0.04 7.29 0.00 
 ED 0.15 0.05 3.29 0.00 
 TR 0.38 0.05 8.16 0.00 
 SE 0.03 0.03 0.81 0.42 
 CI 0.20 0.04 5.20 0.00 
Customer journey 
location 

None of these statements describe my situation.  -0.13 0.05 -2.84 0.00 
I did consider a PV system for my home, however I never 
actively looked for more information. 0.14 0.04 3.20 0.00 

I never considered purchasing a PV system for my home. -0.07 0.06 -1.26 0.21 
I do consider a PV system for my home and I want to buy 
one within a year. 0.03 0.08 0.45 0.66 

I did consider a PV system for my home, however I am not 
planning to buy one for now.  0.03 0.05 0.55 0.58 

 I did consider a PV system for my home, however I did not 
made a decision yet. 0.00 0.06 0.07 0.95 

Age  -0.004 0.00 -2.22 0.03 
Gender Male 0.04 0.08 0.47 0.64 
 Female -0.02 0.08 -0.29 0.77 
 I do not want to reveal my gender. -0.01 0.15 -0.09 0.93 
Educational  Primary education -0.21 0.13 -1.64 0.10 
level No answer 0.12 0.10 1.24 0.22 
 HBO 0.00 0.05 -0.10 0.92 
 WO 0.15 0.07 2.20 0.03 
 HAVO, VWO, MBO 0.00 0.05 -0.10 0.92 
 LBO/VMBO, MAVO -0.05 0.06 -0.92 0.36 
Digital  Internet -0.06 0.13 -0.50 0.62 
interaction E-mail 0.02 0.11 0.17 0.87 
activity Apps -0.04 0.06 -0.61 0.54 
 WhatsApp 0.09 0.07 1.31 0.19 
 Facebook, Instagram and/or Twitter -0.07 0.05 -1.38 0.17 
 None of these -0.04 0.23 -0.18 0.86 
Dwelling ownership Rental property   0.01 0.03 0.37 0.71 
 Owner-occupied property -0.01 0.03 -0.37 0.71 
Dwelling Semi-detached house 0.02 0.04 0.45 0.65 
type Other 0.00 0.06 -0.06 0.95 
 Apartment, flat or studio -0.04 0.05 -0.80 0.43 
 Row house 0.02 0.04 0.56 0.57 
 Single-detached house 0.00 0.05 0.08 0.94 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.57 0.57 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.26 0.79 

 I know a lot about the usage of PV systems. -0.01 0.04 -0.16 0.87 
Physical interaction Yes 0.00 0.03 -0.13 0.90 
 No 0.00 0.03 0.13 0.90 
Intervention E-mail intervention 0.05 0.03 1.60 0.11 
 Maps intervention -0.04 0.03 -1.41 0.16 
 App intervention -0.01 0.03 -0.37 0.71 
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Table 5: Regression coefficients including interaction effects for community interaction and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.18 0.24 0.76 0.45 
Construct PE -0.12 0.04 -3.41 0.00 
 PU 0.06 0.05 1.21 0.23 
 IA 0.32 0.04 7.63 0.00 
 ED 0.17 0.05 3.61 0.00 
 TR 0.36 0.05 7.54 0.00 
 SE 0.04 0.03 1.10 0.27 
 CI 0.20 0.04 5.13 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.13 0.05 -2.88 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.13 0.04 3.05 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.07 0.06 -1.32 0.19 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.04 0.08 0.49 0.63 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.03 0.05 0.55 0.58 

Age  0.00 0.00 -2.26 0.02 
Gender Male 0.05 0.08 0.62 0.53 
 Female -0.01 0.08 -0.17 0.86 
Educational  Primary education -0.19 0.13 -1.48 0.14 
level No answer 0.12 0.10 1.23 0.22 
 HBO -0.01 0.05 -0.24 0.81 
 WO 0.14 0.07 1.97 0.05 
 HAVO, VWO, MBO -0.01 0.05 -0.15 0.88 
Digital  Internet -0.06 0.13 -0.50 0.62 
interaction E-mail 0.01 0.11 0.08 0.93 
activity Apps -0.03 0.06 -0.50 0.62 
 WhatsApp 0.08 0.07 1.27 0.21 
 Facebook, Instagram and/or Twitter -0.07 0.05 -1.45 0.15 
 None of these -0.06 0.23 -0.27 0.79 
Dwelling ownership Rental property   0.02 0.03 0.53 0.59 
Dwelling type Semi-detached house 0.02 0.04 0.55 0.59 
 Other -0.01 0.06 -0.10 0.92 
 Apartment, flat or studio -0.05 0.05 -0.94 0.35 
 Row house 0.02 0.04 0.55 0.58 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.56 0.58 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.21 0.83 

Physical interaction Yes 0.00 0.03 -0.12 0.90 
Intervention E-mail intervention -0.21 0.12 -1.74 0.08 
 Maps intervention 0.10 0.11 0.98 0.33 
 CI:Random_factor1 0.09 0.04 2.26 0.02 
 CI:Random_factor2 -0.05 0.03 -1.37 0.17 
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Table 6: Regression coefficients including interaction effects for customer journey location and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.25 0.24 1.05 0.29 
Construct PE -0.12 0.04 -3.37 0.00 
 PU 0.05 0.05 1.04 0.30 
 IA 0.30 0.04 7.21 0.00 
 ED 0.16 0.05 3.39 0.00 
 TR 0.37 0.05 7.90 0.00 
 SE 0.03 0.03 0.84 0.40 
 CI 0.21 0.04 5.32 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.14 0.05 -2.96 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.15 0.04 3.29 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.08 0.06 -1.44 0.15 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.04 0.08 0.51 0.61 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.03 0.05 0.53 0.60 

Age  0.00 0.00 -2.23 0.03 
Gender Male 0.03 0.08 0.38 0.70 
 Female -0.03 0.08 -0.37 0.71 
Educational  Primary education -0.20 0.13 -1.53 0.13 
level No answer 0.11 0.10 1.07 0.28 
 HBO -0.01 0.05 -0.27 0.79 
 WO 0.16 0.07 2.31 0.02 
 HAVO, VWO, MBO 0.00 0.05 -0.03 0.98 
Digital  Internet -0.05 0.13 -0.39 0.70 
interaction E-mail 0.02 0.11 0.18 0.86 
activity Apps -0.03 0.06 -0.55 0.58 
 WhatsApp 0.08 0.07 1.22 0.22 
 Facebook, Instagram and/or Twitter -0.06 0.05 -1.19 0.23 
 None of these -0.03 0.23 -0.12 0.91 
Dwelling ownership Rental property   0.02 0.03 0.52 0.61 
Dwelling type Semi-detached house 0.02 0.04 0.50 0.62 
 Other -0.01 0.06 -0.13 0.90 
 Apartment, flat or studio -0.05 0.05 -0.91 0.36 
 Row house 0.02 0.04 0.51 0.61 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.82 0.41 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.18 0.86 

Physical interaction Yes 0.00 0.03 -0.11 0.92 
Intervention E-mail intervention 0.08 0.04 2.06 0.04 
 Maps intervention -0.06 0.03 -1.71 0.09 

 V11:Random_factor1 -0.11 0.06 -1.82 0.07 
 V12:Random_factor1 0.07 0.06 1.05 0.29 
 V13:Random_factor1 -0.01 0.08 -0.18 0.85 
 V14:Random_factor1 0.14 0.11 1.36 0.17 
 V15:Random_factor1 -0.11 0.07 -1.58 0.11 
 V11:Random_factor2 0.02 0.05 0.44 0.66 
 V12:Random_factor2 0.02 0.06 0.39 0.69 
 V13:Random_factor2 0.02 0.07 0.33 0.74 
 V14:Random_factor2 -0.08 0.10 -0.84 0.40 
 V15:Random_factor2 0.01 0.06 0.08 0.94 
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Table 7: Regression coefficients including interaction effects for age and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.15 0.24 0.63 0.53 
Construct PE -0.12 0.04 -3.51 0.00 
 PU 0.07 0.05 1.44 0.15 
 IA 0.30 0.04 7.36 0.00 
 ED 0.15 0.05 3.24 0.00 
 TR 0.38 0.05 8.01 0.00 
 SE 0.03 0.03 0.91 0.36 
 CI 0.20 0.04 5.19 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  0.26 0.07 4.02 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.05 0.07 0.68 0.50 

V3 I never considered purchasing a PV system for my 
home. 0.15 0.10 1.48 0.14 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.15 0.07 2.20 0.03 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.13 0.09 1.52 0.13 

Age  0.00 0.00 -1.84 0.07 
Gender Male -0.06 0.05 -1.26 0.21 
 Female -0.02 0.23 -0.08 0.93 
Educational  Primary education -0.22 0.13 -1.69 0.09 
level No answer 0.12 0.10 1.20 0.23 
 HBO 0.00 0.05 -0.03 0.97 
 WO 0.15 0.07 2.20 0.03 
 HAVO, VWO, MBO 0.00 0.05 -0.06 0.95 
Digital  Internet -0.07 0.13 -0.53 0.59 
interaction E-mail 0.02 0.11 0.17 0.86 
activity Apps -0.04 0.06 -0.60 0.55 
 WhatsApp 0.09 0.07 1.32 0.19 
 Facebook, Instagram and/or Twitter -0.06 0.05 -1.29 0.20 
 None of these -0.03 0.23 -0.15 0.88 
Dwelling ownership Rental property   -0.03 0.06 -0.43 0.67 
Dwelling type Semi-detached house -0.02 0.09 -0.26 0.80 
 Other -0.06 0.07 -0.87 0.38 
 Apartment, flat or studio 0.00 0.06 0.03 0.98 
 Row house -0.01 0.07 -0.21 0.83 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. -0.03 0.05 -0.56 0.57 
 I do not know much about the usage of PV systems. -0.03 0.06 -0.51 0.61 

Physical interaction Yes 0.01 0.05 0.11 0.92 
Intervention E-mail intervention -0.06 0.13 -0.48 0.63 
 Maps intervention 0.12 0.11 1.09 0.28 
 V2:Random_factor1 0.00 0.00 0.94 0.35 
 V2:Random_factor2 0.00 0.00 -1.50 0.13 
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Table 8: Regression coefficients including interaction effects for gender and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.31 0.24 1.28 0.20 
Construct PE -0.12 0.04 -3.37 0.00 
 PU 0.06 0.05 1.30 0.20 
 IA 0.30 0.04 7.39 0.00 
 ED 0.14 0.05 3.07 0.00 
 TR 0.39 0.05 8.27 0.00 
 SE 0.02 0.03 0.75 0.45 
 CI 0.20 0.04 5.28 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.13 0.05 -2.78 0.01 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.14 0.04 3.28 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.06 0.06 -1.08 0.28 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.02 0.08 0.31 0.76 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.02 0.05 0.40 0.69 

Age  0.00 0.00 -2.26 0.02 
Gender Male -0.02 0.09 -0.28 0.78 
 Female -0.09 0.09 -0.97 0.33 
Educational  Primary education -0.22 0.13 -1.67 0.10 
level No answer 0.10 0.10 0.96 0.34 
 HBO 0.01 0.05 0.13 0.89 
 WO 0.16 0.07 2.25 0.02 
 HAVO, VWO, MBO 0.00 0.05 -0.02 0.99 
Digital  Internet -0.07 0.13 -0.57 0.57 
interaction E-mail 0.00 0.11 -0.01 0.99 
activity Apps -0.03 0.06 -0.60 0.55 
 WhatsApp 0.09 0.07 1.33 0.18 
 Facebook, Instagram and/or Twitter -0.06 0.05 -1.30 0.19 
 None of these -0.04 0.23 -0.16 0.87 
Dwelling ownership Rental property   0.02 0.03 0.47 0.64 
Dwelling type Semi-detached house 0.02 0.04 0.48 0.63 
 Other 0.00 0.06 0.05 0.96 
 Apartment, flat or studio -0.05 0.05 -0.96 0.34 
 Row house 0.02 0.04 0.46 0.64 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.72 0.47 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.35 0.73 

Physical interaction Yes 0.00 0.03 0.00 1.00 
Intervention E-mail intervention -0.08 0.10 -0.79 0.43 
 Maps intervention -0.11 0.13 -0.84 0.40 
 V31:Random_factor1 0.11 0.10 1.11 0.27 
 V32:Random_factor1 0.18 0.10 1.69 0.09 
 V31:Random_factor2 0.05 0.13 0.40 0.69 
 V32:Random_factor2 0.09 0.13 0.72 0.47 
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Table 9: Regression coefficients including interaction effects for educational level and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.24 0.24 1.00 0.32 
Construct PE -0.12 0.04 -3.24 0.00 
 PU 0.06 0.05 1.31 0.19 
 IA 0.31 0.04 7.38 0.00 
 ED 0.15 0.05 3.08 0.00 
 TR 0.38 0.05 8.04 0.00 
 SE 0.03 0.03 0.80 0.42 
 CI 0.20 0.04 5.15 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.14 0.05 -2.91 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.14 0.04 3.17 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.07 0.06 -1.15 0.25 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.03 0.08 0.43 0.67 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.03 0.05 0.51 0.61 

Age  0.00 0.00 -2.34 0.02 
Gender Male 0.04 0.08 0.56 0.58 
 Female -0.02 0.08 -0.25 0.80 
Educational  Primary education -0.23 0.14 -1.62 0.11 
level No answer 0.15 0.11 1.36 0.17 
 HBO 0.00 0.05 -0.10 0.92 
 WO 0.15 0.07 2.05 0.04 
 HAVO, VWO, MBO -0.01 0.05 -0.14 0.89 
Digital  Internet -0.07 0.13 -0.55 0.58 
interaction E-mail 0.01 0.11 0.10 0.92 
activity Apps -0.04 0.06 -0.65 0.52 
 WhatsApp 0.08 0.07 1.26 0.21 
 Facebook, Instagram and/or Twitter -0.07 0.05 -1.45 0.15 
 None of these -0.02 0.24 -0.07 0.95 
Dwelling ownership Rental property   0.01 0.03 0.25 0.80 
Dwelling type Semi-detached house 0.01 0.04 0.34 0.74 
 Other 0.00 0.06 -0.02 0.99 
 Apartment, flat or studio -0.03 0.05 -0.68 0.50 
 Row house 0.02 0.04 0.63 0.53 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.67 0.50 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.36 0.72 

Physical interaction Yes 0.00 0.03 -0.12 0.91 
Intervention E-mail intervention 0.04 0.06 0.72 0.47 
 Maps intervention -0.08 0.06 -1.49 0.14 

 V41:Random_factor1 0.22 0.20 1.13 0.26 
 V42:Random_factor1 -0.27 0.15 -1.81 0.07 
 V43:Random_factor1 -0.01 0.07 -0.17 0.86 
 V44:Random_factor1 -0.03 0.10 -0.30 0.76 
 V45:Random_factor1 0.04 0.07 0.58 0.56 
 V41:Random_factor2 -0.16 0.22 -0.72 0.47 
 V42:Random_factor2 0.01 0.13 0.05 0.96 
 V43:Random_factor2 0.03 0.07 0.41 0.68 
 V44:Random_factor2 0.03 0.10 0.30 0.77 
 V45:Random_factor2 0.07 0.07 1.01 0.31 
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Table 10: Regression coefficients including interaction effects for dwelling ownership and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.23 0.24 0.96 0.34 
Construct PE -0.12 0.04 -3.45 0.00 
 PU 0.06 0.05 1.38 0.17 
 IA 0.30 0.04 7.25 0.00 
 ED 0.15 0.05 3.28 0.00 
 TR 0.38 0.05 8.12 0.00 
 SE 0.03 0.03 0.81 0.42 
 CI 0.20 0.04 5.18 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.13 0.05 -2.83 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.14 0.04 3.19 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.07 0.06 -1.26 0.21 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.03 0.08 0.44 0.66 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.03 0.05 0.56 0.58 

Age  0.00 0.00 -2.19 0.03 
Gender Male 0.04 0.08 0.46 0.64 
 Female -0.02 0.08 -0.29 0.77 
Educational  Primary education -0.21 0.13 -1.64 0.10 
level No answer 0.12 0.10 1.23 0.22 
 HBO -0.01 0.05 -0.11 0.92 
 WO 0.15 0.07 2.19 0.03 
 HAVO, VWO, MBO 0.00 0.05 -0.10 0.92 
Digital  Internet -0.06 0.13 -0.50 0.62 
interaction E-mail 0.02 0.11 0.15 0.88 
activity Apps -0.04 0.06 -0.61 0.54 
 WhatsApp 0.09 0.07 1.31 0.19 
 Facebook, Instagram and/or Twitter -0.07 0.05 -1.37 0.17 
 None of these -0.04 0.23 -0.18 0.86 
Dwelling ownership Rental property   0.01 0.03 0.38 0.70 
Dwelling type Semi-detached house 0.02 0.04 0.45 0.66 
 Other 0.00 0.06 -0.06 0.95 
 Apartment, flat or studio -0.04 0.05 -0.79 0.43 
 Row house 0.02 0.04 0.57 0.57 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.57 0.57 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.27 0.79 

Physical interaction Yes 0.00 0.03 -0.13 0.90 
Intervention E-mail intervention 0.05 0.04 1.32 0.19 
 Maps intervention -0.04 0.04 -1.20 0.23 
 V61:Random_factor1 0.00 0.04 -0.01 0.99 
 V61:Random_factor2 0.00 0.04 -0.12 0.90 
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Table 11: Regression coefficients including interaction effects for dwelling type and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.24 0.24 1.00 0.32 
Construct PE -0.12 0.04 -3.41 0.00 
 PU 0.06 0.05 1.39 0.17 
 IA 0.30 0.04 7.16 0.00 
 ED 0.15 0.05 3.10 0.00 
 TR 0.38 0.05 8.01 0.00 
 SE 0.02 0.03 0.65 0.52 
 CI 0.20 0.04 5.26 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.13 0.05 -2.84 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.13 0.04 3.08 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.08 0.06 -1.32 0.19 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.04 0.08 0.47 0.64 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.02 0.05 0.47 0.64 

Age  0.00 0.00 -2.10 0.04 
Gender Male 0.04 0.08 0.55 0.58 
 Female -0.01 0.08 -0.17 0.87 
Educational  Primary education -0.21 0.13 -1.63 0.10 
level No answer 0.13 0.10 1.31 0.19 
 HBO -0.01 0.05 -0.16 0.87 
 WO 0.14 0.07 2.01 0.04 
 HAVO, VWO, MBO 0.00 0.05 0.01 0.99 
Digital  Internet -0.05 0.13 -0.40 0.69 
interaction E-mail 0.00 0.11 -0.02 0.99 
activity Apps -0.03 0.06 -0.54 0.59 
 WhatsApp 0.09 0.07 1.35 0.18 
 Facebook, Instagram and/or Twitter -0.06 0.05 -1.19 0.23 
 None of these -0.05 0.23 -0.22 0.82 
Dwelling ownership Rental property   0.01 0.03 0.25 0.80 
Dwelling type Semi-detached house 0.02 0.04 0.46 0.65 
 Other 0.00 0.06 0.01 0.99 
 Apartment, flat or studio -0.04 0.05 -0.73 0.47 
 Row house 0.02 0.04 0.40 0.69 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.52 0.60 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.36 0.72 

Physical interaction Yes 0.00 0.03 -0.11 0.91 
Intervention E-mail intervention 0.07 0.04 1.87 0.06 
 Maps intervention -0.06 0.03 -1.83 0.07 

 V71:Random_factor1 0.02 0.06 0.25 0.80 
 V72:Random_factor1 0.12 0.09 1.26 0.21 
 V73:Random_factor1 -0.07 0.07 -1.02 0.31 
 V74:Random_factor1 -0.03 0.05 -0.52 0.61 
 V71:Random_factor2 0.00 0.06 -0.04 0.97 
 V72:Random_factor2 -0.07 0.09 -0.82 0.41 
 V73:Random_factor2 0.00 0.06 -0.02 0.98 
 V74:Random_factor2 0.09 0.05 1.76 0.08 
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Table 12: Regression coefficients including interaction effects for knowledge and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.24 0.24 1.04 0.30 
Construct PE -0.12 0.04 -3.51 0.00 
 PU 0.06 0.05 1.34 0.18 
 IA 0.30 0.04 7.20 0.00 
 ED 0.14 0.05 3.05 0.00 
 TR 0.39 0.05 8.29 0.00 
 SE 0.03 0.03 0.95 0.34 
 CI 0.20 0.04 5.20 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.14 0.05 -2.96 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.14 0.04 3.27 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.07 0.06 -1.30 0.19 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.04 0.08 0.58 0.56 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.03 0.05 0.62 0.53 

Age  0.00 0.00 -2.20 0.03 
Gender Male 0.03 0.08 0.43 0.67 
 Female -0.04 0.08 -0.50 0.62 
Educational  Primary education -0.22 0.13 -1.73 0.08 
level No answer 0.14 0.10 1.40 0.16 
 HBO -0.01 0.05 -0.12 0.90 
 WO 0.15 0.07 2.14 0.03 
 HAVO, VWO, MBO -0.01 0.05 -0.12 0.90 
Digital  Internet -0.08 0.13 -0.60 0.55 
interaction E-mail 0.03 0.11 0.32 0.75 
activity Apps -0.04 0.06 -0.68 0.50 
 WhatsApp 0.08 0.07 1.18 0.24 
 Facebook, Instagram and/or Twitter -0.07 0.05 -1.43 0.15 
 None of these -0.02 0.23 -0.08 0.93 
Dwelling ownership Rental property   0.02 0.03 0.47 0.64 
Dwelling type Semi-detached house 0.02 0.04 0.39 0.70 
 Other -0.01 0.06 -0.15 0.88 
 Apartment, flat or studio -0.04 0.05 -0.83 0.41 
 Row house 0.03 0.04 0.71 0.48 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.62 0.54 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.17 0.87 

Physical interaction Yes -0.01 0.03 -0.24 0.81 
Intervention E-mail intervention 0.04 0.04 1.12 0.26 
 Maps intervention -0.03 0.03 -0.89 0.37 
 V91:Random_factor1 -0.02 0.04 -0.37 0.71 
 V92:Random_factor1 0.10 0.05 2.18 0.03 
 V91:Random_factor2 -0.02 0.04 -0.45 0.65 
 V92:Random_factor2 -0.03 0.04 -0.71 0.48 
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Table 13: Regression coefficients including interaction effects for physical interaction activity and intervention group.  
 

Variable Category β SE t statistic p-value 
 (Intercept) 0.22 0.24 0.95 0.34 
Construct PE -0.12 0.04 -3.44 0.00 
 PU 0.06 0.05 1.41 0.16 
 IA 0.30 0.04 7.27 0.00 
 ED 0.15 0.05 3.21 0.00 
 TR 0.38 0.05 8.15 0.00 
 SE 0.03 0.03 0.86 0.39 
 CI 0.20 0.04 5.14 0.00 
Customer journey 
location 

V1 None of these statements describe my situation.  -0.13 0.05 -2.85 0.00 
V2 I did consider a PV system for my home, however I 
never actively looked for more information. 0.14 0.04 3.19 0.00 

V3 I never considered purchasing a PV system for my 
home. -0.07 0.06 -1.28 0.20 

V4 I do consider a PV system for my home and I want to 
buy one within a year. 0.03 0.08 0.45 0.65 

V5 I did consider a PV system for my home, however I am 
not planning to buy one for now.  0.03 0.05 0.58 0.57 

Age  0.00 0.00 -2.23 0.03 
Gender Male 0.04 0.08 0.51 0.61 
 Female -0.02 0.08 -0.26 0.80 
Educational  Primary education -0.22 0.13 -1.68 0.09 
level No answer 0.13 0.10 1.27 0.20 
 HBO 0.00 0.05 -0.08 0.94 
 WO 0.15 0.07 2.19 0.03 
 HAVO, VWO, MBO 0.00 0.05 -0.07 0.94 
Digital  Internet -0.06 0.13 -0.50 0.61 
interaction E-mail 0.02 0.11 0.16 0.87 
activity Apps -0.04 0.06 -0.61 0.54 
 WhatsApp 0.09 0.07 1.32 0.19 
 Facebook, Instagram and/or Twitter -0.07 0.05 -1.41 0.16 
 None of these -0.03 0.23 -0.14 0.89 
Dwelling ownership Rental property   0.01 0.03 0.38 0.71 
Dwelling type Semi-detached house 0.02 0.04 0.43 0.67 
 Other 0.00 0.06 -0.07 0.94 
 Apartment, flat or studio -0.04 0.05 -0.76 0.45 
 Row house 0.02 0.04 0.59 0.55 
Knowledge about PV 
systems 

I have some knowledge about the usage of PV systems. 0.02 0.03 0.58 0.56 
 I do not know much about the usage of PV systems. -0.01 0.04 -0.25 0.80 

Physical interaction Yes 0.00 0.03 -0.19 0.85 
Intervention E-mail intervention 0.06 0.03 1.68 0.09 
 Maps intervention -0.04 0.03 -1.44 0.15 
 V101:Random_factor1 -0.02 0.03 -0.56 0.58 
 V101:Random_factor2 0.01 0.03 0.33 0.74 
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Figure 4: Interaction plot for customer journey location and intervention group.  
 

 

Figure 5: Interaction plot for gender and intervention group.  
 

 
 

Figure 6: Interaction plot for educational level and intervention group.  
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Figure 7: Interaction plot for dwelling ownership and intervention group.  
 

 

Figure 8: Interaction plot for dwelling type and intervention group.  
	

	

Figure 9: Interaction plot for knowledge about PV systems and intervention group.  
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Figure 10: Interaction plot for physical interaction activity and intervention group.  
 
	


