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Abstract 

Demands on electricity has been a matter of concern for decades. Alternatives to conventional 

way of electricity generation, among other, wind and solar power generation, offer a clean and 

sustainable source of energy for the incoming generations. Solar energy, converted into 

electricity by photovoltaic panels, is very promising source of energy due to its clean and in-

exhaustible characteristics. While this technology holds great potential to form the future 

electricity supply, it fails to get recognized by the residents as an appealing technology for 

energy generation, arguably because of lack of motivation. This research proposes a prototype of 

web based system that promotes motivational factors to individual households with the intent to 

trigger behavioral change and transit from consumers to co-producers of electricity with the use 

of photovoltaic technologies. Households electricity generation have been connected to a 

dynamic “smart” network where motivational triggers have been generalized and outputted as a 

main driver for a change. 

Usability testing and interview sessions with seven participants from Oslo, Norway, have been 

conducted and qualitative data have been derived and analyzed. Each participant was able to 

interact with and evaluate the system in the beginning of the session followed by unstructured 

open-ended interview. Common interpretations of meanings have been analyzed and critical 

points have been outlined. Furthermore, future improvement points have been defined based on 

the input from the participants. 

Motivation is a challenging subject, since it involves individual affections and influences. Based 

on the literature review and the analysis of the gathered data from the investigation, two main 

motivational factors have been formed, namely cost efficiency and environmental concerns and 

their supporting components. Reduced bills and money saving opportunities appear to be the 

main reason why the user might consider investing in a PV installation. That being said, while 

recognizing the environmental benefits of their contribution in the form of generated electricity, 

the participants do not feel related to the proposed environmental concerns, mainly because of 

their inability to recognize the severity of the issues. In addition, the system implies a sense of 

competition between the different communities, presented as boroughs, which can be used to 

initiate and keep households’ motivation towards better performance of its unit. Therefore, few 

suggestions have been made to improve the system in order to bring more impactful meaning to 

its users. 
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I. Introduction 

In the recent years we witness an increase in smart technologies, whether it’s a paramount vision 

of how future cities should be developed, such as “Smart Cities” (Cocchia, 2014) that tries to 

adopt innovative technologies in almost every aspect of our urban life, or it is a “Smart Home” 

(Morris et al. 2013) that invents technologies for our homes to aid us in various tasks, especially 

helpful to elderly people. Similar tendency affects another arisen issue in the late years, that is 

“Smart Grid” (Farhangi, 2010) which tries to solve major issues in energy utilization such as the 

rising cost of energy, the mass electrification of everyday life, and inevitably, the climate 

change. A smart network of electricity distribution involves almost every aspect of our everyday 

life, from the type of the technologies we use to the way we use them. Although many new 

appliances are manufactured to meet the latest energy consumption standards, the human factor 

remains crucial while addressing such profound goals as low carbon emission. From one side, 

this goal can be achieved by increasing awareness of the energy consumption patterns in the 

households, but from another, by providing technological means to empower the user to transit 

from consumer to co-provider of energy. 

Much of concern has been shown on users' behavior and the potential for the consequences that 

lie behind it. Norway, as few other western countries in Europe, intends to install "smart meters" 

in every household by 1st of January 2019 which are expected to contribute to increased energy 

efficiency and peak load management, by providing detailed feedback on consumption to 

consumers. (VaasaET, Kvalvåg, 2014). In spite the fact that the information from Smart Energy 

Monitors (SEM's) is expected to trigger the user’s awareness and provoke behavioral changes in 

the way we consume energy 

“there remains a startling lack of understanding or empirical evidence about 

how feedback from SEM's will be used by householders, how it will (or will 

not) translate into change consumption patterns or, and crucially, about 

whether or not any changes made will prove durable over time.”  

- Hargreaves, T., Nye, M., Burgess, J., 2013 
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These and many other issues, including privacy disputes, put additional stress on the importance 

of the SEM's and the potential benefit from them. Brodie et al. (2013) make in-depth research on 

multidimensional nature of the users' engagement and the complexity and importance of the 

affective commitment and trust. Hence, consumers psychology is determined as underpinning 

factor influencing their deep-rooted habits. Therefore, information by itself might prove 

insufficient to drive the consumer in new, vague direction. Technology, regardless of how 

sophisticated it is, can not engage the users in the cause in long-terms, but it can be used as a 

catalyst to provoke behavioral changes which might sink in our everyday routine. This 

individualistic approach is a subject of many studies, and different projects focus on it while 

taking into account the estimated outcome for the environment. 

In addition, the "Smart Grid" policy implies a shift in the user role from passive consumer to 

active co-provider of clean, renewable energy, something rather unthinkable few years ago. This 

suggests that household energy management not only concerns efficient energy use but also 

includes demand response and production of electricity. (Geelen et al., 2013). Fostering 

consumers to take an active role as on-demand electricity co-producer seems very promising, but 

in the same time extremely challenging subject because, from one side, it is highly dependent on 

the available technologies, and from another, it remains rather undiscovered opportunity for the 

masses. Regardless, whereas SEM's can be considered as rather a limited opportunity for carbon 

emission reduction by enforcing behavioral changes in the consumers, the potential of co-

providers is undisputed. The technologies, e.g. solar panels, evolve daily offering higher 

efficiency on lower cost and the future that lies ahead of us is tightly bound to the renewable 

sources of energy according to many researchers and business people from the branch. 

While the “Smart Grid” may be uncompelling or distant for some users, it might positively 

influence those with notable individual motives behind their actions, like environment 

preservation. Most common incentives used by smart grid projects in Europe are: (I) the 

reduction of/control over electricity bills; (ii) environmental concerns, and (iii) better comfort, 

i.e. the provision of technological solutions allowing the optimization of comfort and more 

control over own energy use. (Gangale et al., 2013). Those incentives can be characterized as 
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individual for the consumer, or the household and most of them might not contain enough 

“power” to engage the user in long-term. In addition, a social competition and comparison 

between the different users might arise to which extent the smart grids might benefit. On the 

other hand, if we scale up and approach the consumers as community, additional incentives can 

be driven. Shared motivation may predispose to better engagement in the cause. While 

individual consumers tend to hide their routines, especially if it has an overall negative effect, 

the community offers open and anonymous discussion in support to every participant. The 

SEM's and the effect of the information they provide fades in time, resulting in less and less 

engagement (Van Dam et al., 2010). Also, even though the information the SEM's provide is 

full, it might appear challenging for untrained user to derive meaning from it, which implies 

educational process to which not all consumers may agree. This does not question the 

importance of the SME's in the households, since they play central role in both the individual and 

the community approach to the problem, but tries to shift the focus from individual to 

community goals. 

This research tends to investigate an interactive web system for information representation and 

collaboration and its central role as trigger for user behavior change from consumer to co-

provider. Additionally, individual and community driven incentives and motivations for better 

engagement and increased awareness towards more efficient energy utilization will be presented 

and discussed. Available literature will be analyzed, and relevant conclusions will be driven 

from it. Moreover, known issues that inhibit co-provision will be discussed which will lay the 

ground for future solutions and improvements. 

II.  Literature background 

To articulate what incentives can trigger actions from the consumers to shift to co-provider role 

we need to define a framework describing smart grids in a way, that is easily understandable not 

only from competent actors but from the ordinary people as well. According to Chandler's (2008) 

definition 
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 “a "Smart Grid" generates and distributes electricity more effectively, 

economically, securely and sustainably. It integrates innovative tools and 

technologies, products and service, from generation, transmission and 

distribution all the way to consumer appliances and equipment using advanced 

sensing, communication, and control technologies. It provides customers with 

greater information and choice, including power export to the network, 

demand participation, and energy efficiency.” (Chandler, 2008) 

From this, we can deduce that the purpose of smart grids is to provide sufficient information to 

trigger free will actions in variety of choices, accompanied by smart appliances for better 

convenience. This does not mean that the displayed information itself is high enough motive to 

persuade the users to change their behaviors, but it can be considered as a starting point from 

which household keepers can draw meaning behind the smart grid idea. Regardless of how smart 

the appliances, or how strong the marketing, people remain most valuable as the main decision-

making force which shapes the outcome. "The only aspects of the Smart Grid that can be truly 

smart are the people within it. If we train employees and foster vendors without engaging 

customers, our Smart Grid initiatives will fail to realize their potential because customer action is 

the fundamental driver." (Honebein et al., 2011). Therefore, the psychological factor cannot be 

overlooked at while concentrating on technologies and the information they bring. While 

technologies might be dominant, it is arguably of utmost importance to concentrate more efforts 

concerning consumers engagement and increased awareness towards development of more 

efficient and sustainable power grids. This tendency shows signs of turning around in the late 

years, even though a long path needs to be walked. 

2.1. Solar power and electricity generation 

One undisputed source of renewable in-exhaustible source of energy is the direct sun light or 

radiation. Solar energy comes in different forms – solar heat, solar photovoltaic, solar thermal 

electricity and solar fuels that offer climate-friendly, clean and abundant energy resource to 

mankind. (Singh, 2013). One of the ways to transform sunlight into electricity is to use 

photovoltaic solar panels, PVs. Singh (2013) covers in detail the way a PV panel transforms the 
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sun light into electricity, its essential components, and physics (fig. 1). Based on various studies, 

he points out, among other, the following important factors that need to be considered while 

addressing PV generated electricity: 

• Generated electricity is directly influenced by the geographical location of the PV 

installation. 

• Local climate and temperature play significant role on electricity energy generation. 

• The size of the incentive, cost of residential solar PV, electrical energy price, and solar 

insolation decide the strength of the solar renewable energy credit policy. 

He further concludes that solar energy will play an increasingly important role in the future 

where reducing the dependence on fossil fuels and addressing environmental issues are a 

priority. Regardless, he also points out that PV manufacturing has not yet reached the point 

where it can compete with conventional ways of electricity generation - coal, gas, or nuclear 

based. 

Additionally, Singh (2013) outlines PV technologies that allow simultaneous generation of 

electricity along with another type of energy, such as thermal. These technologies are discussed 

in more detail in the next section. 

 

Figure 1 Block diagram of typical PV system (Singh, G., K., 2013) 
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2.2. PV cogeneration 

Solar PV cell panels generate electricity by transforming the sunlight into energy, in more 

general sense. However, only small amount of the insolation is turned into electricity, and the 

rest is either reflected or lost in the form of sensible heat and light (Bazilian et al., 2001). 

Cogeneration tries to utilize that lost energy and put it to use. It is the simultaneous production of 

electrical or mechanical energy (power) and useful thermal energy from a single energy stream 

such as oil, coal, natural or liquefied gas, biomass or solar (Onovwiona and Ugursal, 2004). 

Photovoltaic cogeneration takes advantage of the cogeneration products, building design, and 

HVAC systems to avoid overheating or redundancy (Bazilian et al., 2001). Bazilian et al. 

identifies four types of PV co-generation systems: 

● PV/T modules - the way it works is that PV cells are placed on the absorber plate or plays 

the role of absorber plate. That way the waste heat is used on purpose. Some of the 

advantages that he outlines are cost savings on installation and in general, as well as 

space savings and balance of system savings. 

● Use of air flow behind the PV modules - Garg and Adhikari (1998) have researched the 

opportunity to remove the waste heat with convective airflow behind the PV panels. An 

example is the BP Amoco wall in Trondheim, Norway.  

● Daylighting applications - full utilization of daylight can improve productivity and lower 

the energy bills since electric lighting is considered the largest source of electrical use. 

Different types of PV panels can be adapted easily to maximize the use of daylight, and it 

requires no visible additional costs.  

● The multifunctional facade - in more general term it is a solar PV cogeneration system 

that can produce heat, light, and electricity. Different factors play a role in determining 

whether the building is suitable for such type of systems.   

Although Bazilian et al. (2001) recognize that these types of systems require additional 

development and tests, he also points out how beneficial it might be in various situations. These 

types of systems can be extremely valuable in developing countries or facilities geographically 
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located in harsh climate environment. He outlines that they might be useful in rural health clinics 

in the developing world where heat energy can be put to different use, including pasteurization, 

water distillation and water heating (Bazilian et al., 2001). Furthermore, it may find application 

in households as well especially in the northern regions where the temperatures require heating 

most of the time in the year. Raj et al. (2011) investigate some possibilities for cogeneration 

along solar PV cells. He outlines the value of simultaneous generation of solar, thermal energy 

and potable water. He further points out some modern days examples of such type of 

cogeneration and praises the economic and environmental benefits cogeneration brings. 

Cogeneration, while well-known and used in some technologies, perhaps does not receive as 

much attention concerning solar PV panels as needed for households to develop trust and raise 

actions in the form of investments. Although the technology requires further investigation and 

might be considered as too high of a risk for individual households, it holds unparalleled 

benefits, especially for northern countries. New building construction might take advantage of 

the technology while accounting the design and the functionalities in order to reduce bills and to 

be eco-friendlier. Çakir et al. (2012) conclude that cogeneration is effective way to save energy, 

and thereafter, has very positive effect on the environment and nature by reducing greenhouse 

gas emissions. This efficiency also results in cost savings, reduces air pollution and greenhouse 

gas emissions, increases power reliability and quality, reduces grid congestion and avoids 

distribution losses (Çakir et al., 2012). 

2.3. Solar energy utilization in Norway 

Converting solar energy to electricity allows residential facilities to produce electricity for its 

own use, or to distribute in the national grid. Among other European countries, Norway has a 

rather equivalent potential when it comes to solar electricity production, especially in the 

summer season. In southern Norway, a typical PV panel could produce 800-900 kWh per year, 

while in comparison, in southern Germany it is about 900-1100 kWh per year. (Halvorsen et al. 

2011). Nevertheless, Halvorsen et al. (2011) report that a good-sized PV installation in a house 

could produce about 300-700 kWh per square meter collector area per year. Roughly, that is 

enough to cover the energy demands of either of a modern refrigerator, freezer, television or 
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other types of appliances (Efficiency Vermont, 2016). Despite that, the geographical location of 

the country does not permit an even separation of solar energy utilization throughout the year. 

Norway is famous for its long days during summer and long nights during winter. Hence, the 

amount of electricity produced in those separations differs in favor to the summer months. 

Norway is famous with its remote cabins located in distant locations in its vast land, inaccessible 

to the national electricity grid. Therefore, many cabins take advantage of PV installations to 

produce small amount of electricity to provide charges to devices, such as smart phones, tablets, 

and laptops. Besides that, households in urban environment rarely take advantage of PV 

installations. There are several reasons for that, among other are the immaturity of the market 

affecting PV panels which lead to limited knowledge among potential users, and thus low 

demand. To overcome those drawbacks, Halvorsen et al. (2011) propose increase in the focus 

regarding funding, knowledge and information dissemination, development, implementation, 

and documentation of good pilot projects that can be used as role models to motivate other actors 

in adopting PV technologies. 

Solar energy, converted into electricity by PV installations, has great potential that is yet to be 

recognized by the masses. For it to attain better recognition as an effective electricity producer, a 

more in-depth, understandable and accessible information needs to be presented to its potential 

users. Therefore, in the next section, I will cover technologies that are currently available and 

could be adopted in the lifecycle of the PV installation by a household. 

2.4. In-house smart systems 

Arguably, the information itself can be the call-to-action trigger needed while persuading 

behavioral changes in energy utilization patterns by the households. Manufacturers tend to install 

different modules in their appliances to make us more competent on the amount of energy used 

by their products, but the overall picture of the household remains rather shallow. To improve 

that drawback a smart energy monitoring system for feedback and control have been developed, 

which sole purpose is to provide, exchange and highlight information essential for low carbon 

emission goals.  



9 

 

Geelen et al. (2013) define four main types of smart systems (ill. 1) which are applicable in 

households within the currently available technologies – smart meter, appliances, storage, and 

micro-generators. Whereas all of them are applicable individually for each household, generators 

and storage systems can be used as a technological mean to approach the communities as a unit. 

This gives additional technological means for shared energy demand and consumption among 

users and communities, hence new opportunities to increase awareness and engagement. 

2.4.1. Smart meters 

Smart meters are display technologies which purpose is to present empirical data on current and 

past electricity consumption and production, while possibly providing the data to third parties, 

like energy supplier. “The 'smart' aspect of these meters is basically the ability to communicate 

the data it measures. As such it is part of the 'Advanced Metering Infrastructure' (AMI) of a 

smart grid in which the status and electricity flows are measured at several points in the system.” 

(Geelen et al., 2013). The data displayed by those devices are mainly used by the electricity 

providers, since understanding it requires a level of competence not every household acquires. 

Therefore, an intermediary device is required to display and give meaning to the information 

measured by the meters. 

Illustration 1. Schematic overview of the categories of products and services per level 



10 

 

From the user perspective, smart meters provide vital information on tariffs fluctuation. The 

future smart grid implies “floating” tariffs in regard to its availability, thus making such 

information essential for the household. The suggested time of use regulated by the on-peak and 

off-peak tariffs are expected to guide behavioral changes, thus leading to less carbon emission. 

Although, as pointed out by Jessoe and Rapson (2012) essential for a better result is the 

combination of tariff plans with feedback on electricity usage. 

2.4.2. Smart appliances 

A step forward is the development of technologies that can "feel" the proper time to operate, 

while the grid is not overused and the use of electricity is favorable. "Smart appliances are 

appliances that can be programmed and that communicate with energy management systems 

about appropriate hours to operate" (Geelen et al., 2013). This stresses out the role of 

information exchange through the grid about its status, which raises privacy issues and concerns 

regarding trust. An example can be all appliances that are plugged in all the time and work on 

regimes, without us intervening in the process. i.e. refrigerators, freezers and so on, but also 

technologies that have some kind of interface through which their work can be controlled, i.e. 

washing machines, dishwashers. If their work is not required immediately, they can be triggered 

from signal sent across the network which indicates that the right time to operate has come. This 

implies an automated controlling system adopting both the status of the grid and the demands 

from the user, which brings a balance in the system while prioritizing the user's requirements. 

These types of appliances are mainly favorable for the consumers whose main priority is lower 

bill. 

2.4.3. Energy storage systems 

The main focus in this type of systems is put on the batteries, which are type of devices that 

accumulate energy for future use. They can be used both individually in the household or shared 

among the community as a mean to support the main grid. Supposing energy storage systems are 

considered as the technology of future, they remain relatively expensive in the current market, 

thus making them inaccessible for households with average European income. 
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Electrical vehicles can be considered as mobile storage part of the household. Many new and 

wide programs tend to support EV, although some of the specialists point out that the status of 

the grid might not be suitable to support wide use of EV's, thus proving ineffective for smart 

grids. Despite that, there are some concepts that support two-way electricity transfer, from the 

household to the EV and vice versa, which is also known as vehicle-to-grid (V2G) (Mullan et 

al., 2012). 

Storage systems can play important role on demand type of grid since it can balance the 

electricity use in the peak hours by providing clean energy. Whereas expensive for the individual 

households, they might prove effective for the shared community energy. 

2.4.4. Generators 

An integral part of co-provision are generators, or micro-generators for the common households, 

i.e. photovoltaic solar panels, wind-turbines and etc. Generators provide technological means for 

the household to produce their own electricity for individual purposes or to transit it in the main 

grid. Since it provides own made clean energy, a lot of focus is put on the technology and the 

users’ involvement it. The technology rapidly improves allowing users to generate more 

electricity on lower price and the potential behind it is immeasurable in terms of the future 

impact that the technology will have on the main sources of electricity. 

Micro-generators provide the technological background for communities to participate as one 

unit without putting pressure on households as a separate co-provider. Studies on the subject 

show that the effect of the generators varies from disappointing to very promising - "possible 

behavior after installation may range from misuse, disappointment/disillusionment, and rebound 

effects, through fit-and-forget (no change), to increased energy awareness, indirect benefits and 

double dividends." (Bergman and Eyre, 2011). In spite that, micro-generation provides new 

incentives on household and community for increased awareness to which extend the smart grids 

can only benefit. Further in my research I will investigate those incentives and approaches that 

might foster them. 
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III. Theoretical framework 

Whereas Smart Grids and its supporting systems provide the technological means for more 

comprehensive on-demand provision and consumption of energy, the user engagement remains 

crucial for both ends. Goulden et al. (2014) investigate the role of the user in demand side 

management by defining the roles of "energy citizen" and "energy consumer." They conclude 

that user engagement is critical in a sustainable on-demand site and the "energy citizen" holds 

out most promise in that regard. This outlines the shifting role of the user from passive consumer 

to active provider, while in fact, taking over both roles simultaneously. Therefore, the user 

becomes the problem and the solution, acting and reacting to the ever-changing environment of 

energy demand, policies and acceptance. The process of that re-qualification of the users' role is 

arguably a challenging and very complex in its nature due to the diversity of factors that 

influence the change. 

As we observed in the previous chapter, technologies used in smart grids are mainly generators 

of energy and mediators of information and power. In that regards, the value they bring is 

dependent on users’ understanding and interpretation and is intertwined with his ability to 

correspond and rely on the meaning that the technology conveys. Therefore, a startling anxiety 

exists towards the complexity of the technologies, i.e. smart displays, and the form of 

information representation that is to be adopted. For the purposes of simplification and better 

understanding of the technology in use, and the information it presents, gamified elements are to 

add playfulness to the otherwise unattractive and abstract information from which arguably 

mostly specialists can derive full meaning. Therefore, gamification can be used to foster user 

engagement in information systems by enhancing his motivation. (Thiebes et al., 2014). Even 

though a risky approach, it may prove very beneficial where the user has little to no genuine 

interest in the presented information. 

In this chapter, I will form a theoretical framework from which the project is built and 

investigated. Four main factors are dominant: (i) the social acceptance of the co-provision 

strategies, including technological means for its function, (ii) the information presentation in a 

simplified way while taking advantage of the gamification phenomena, (iii) the challenges that 
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are expected based on the literature and (iv) the motivational factors that are expected to 

influence the decision-making process. The combination of those factors determines the starting 

point of this research, including the full-fledged prototype and the research and analysis based on 

it. 

3.1. Co-provision and social acceptance 

Societies and different units in it tend to participate more actively in the everyday supply and 

demand chain of goods and services. Individuals receive more and more opportunities to present 

their abilities in an open market. Co-provision plays similar role, where consumers take more 

active role and produce and offer goods to those who demand it. Ferris (1984) defines co-

provision as the voluntary involvement of citizens in the provision (financing) of publicly 

provided goods and services or their close substitutes. Whereas this has broader meaning and a 

lot of conclusions can be formulated, it emphasizes two main points: the voluntary user 

engagement and the provision of publicly provided goods. Another definition is formulated by 

Chappells et al. (2000) as the provision (including generation, treatment, distribution, and 

consumption) of utility services by a range of new intermediaries (e.g. consumers themselves, 

other organizations or sub-networks), alongside or intermingled with centrally provided services 

(e.g. public networks or grid-provision). The latter definition is more concrete and outlines the 

ownership and operation of micro-generation technologies such as solar PV systems by 

consumers while accenting on the demand side management and the inclusion of private section 

in the service provision (Sauter and Watson, 2007). 

Demand Response (DR) is a topic for investigation by many authors since it predisposes for 

better market reliability and efficiency (De Joode et al., 2009). According to Aghaei and 

Alizadeh (2013) who base their definition to a report from the Federal Energy Regulatory 

Commission (2010) DR is: 

“Changes in electricity use by demand-side resources from their normal 

consumption patterns in response to changes in the price of electricity, or to 

incentive payments designed to induce lower electricity use at times of high 

wholesale market prices or when system reliability is jeopardized.” 
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The Smart Grid tries to implement DR as a model for optimization and disposition of resources. 

Derakhshan et al. (2016) define two types of DR programs - incentive-based and price based. 

Incentive-based DR tries to compensate end users for participation for flexibility provision while 

price based DR focuses on the fluctuation of electricity prices depending on the time the utilities 

are used. (Derakhshan et al., 2016). Expected results include optimization on electricity usage 

based on detailed information on pricing and other types of incentives. DR can be considered a 

viable source of information on how much electricity the networks demands so provision and 

consumption can be aligned beneficially. Much as an effective tool, it might prove hard to 

implement due to the intrusion in personal lives of the consumers and unclear operational 

models. Therefore, once more, better user engagement should be achieved. 

Sauter and Watson (2007) in their work outline the importance of the social acceptance of the 

technologies to be implemented. Households are particularly challenging since it implies 

acceptance not only of the technology and the investments that need to be put but it also affects 

the physical arrangement of their properties, e.g. installment of PV solar panels and the 

appliances that come along with it. A necessary change to shift from ordinary consumer to 

producer. Despite that, a study in the UK showed that the vast majority of people support the 

renewable energy technologies and consider the solar and wind energy as good idea, which 

implicates positive attitude towards the technologies presented. (Sauter and Watson, 2007). 

Fischer (2004) concludes that the main motives behind users' interest in solar PV in Germany 

and Austria are autonomy, interest in the new technology and desire to promote it, the wish to 

help the environment and economic incentives. Those incentives will be discussed in more 

details in the sections to be followed. 

The social acceptance is very much about meeting the expectations, or rather giving an 

expectation that is achievable, sustainable and with positive impact. Sauter and Watson (2007) 

based on other author reports point out the importance of misinformation and the negative effect 

it has while setting those expectations. They conclude that the assumptions or inclinations on 

costs and the potential return of the investment in many cases do not meet the reality, which also 



15 

 

applies to the amount of energy produced by those technologies. This inevitably diminishes the 

acceptance of the technology and should be addressed accordingly. 

3.2. Gamified information system and persuasive design 

Gamification is an appealing trend in user experience (UX) design of web systems and contents. 

Deterding et al. (2011) define gamification as an informal term for the use of video games 

elements in non-gaming systems to improve UX and user engagement. Video games elements 

can vary due to the desired effect and the purpose of the system, though in more general sense it 

can be divided into graphical and textual based elements. Both parts are often used 

simultaneously to achieve better effect while narrating a story and guiding the user through 

scenes. Gamification elements can vary and include achievements, points, level-based progress, 

statuses, etc. Robinson and Bellotti (2013) define six basic categories of gamification elements 

(tab. 1). Whereas all of them have their effect on the gamified context, incentive based elements 

are arguably the most influential ones. They include everything starting from actions based on 

curiosity, challenge, entertainment, social rewards, personal or social returns, deals or discounts, 

financial rewards, goods and services, time, lottery, virtual currency, virtual goods, virtual 

powers, and abilities, etc. Stand alone or in combination, each of them can be used to trigger 

actions resulting in behavioral changes. 

Cristina Muntean (2011) makes a deep investigation on how gamification affects behavior in 

education, and more specifically e-learning platforms. She outlines two factors that affect 

behavior, motivation, and ability. Motivation is the inner desire to accomplish a certain task. 

Even though if the user is motivated a behavioral change may not occur if he lacks the ability to 

achieve it. Furthermore, behavioral change needs a trigger which is closely related to the 

motivation. Muntean (2011) defines three types of triggers, a spark that tends to motivate people, 

a facilitator which offers ability to highly motivated users and a signal which is a reminder in 

cases where the user has both motivation and ability. She concludes that gamification is a 

powerful tool that helps users get better motivation and more interest towards the set goals. 
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Persuasive technology is another stream in the technologies intending behavioral change. 

Persuasive design principles refer to the general principle of designing interfaces and interactive 

features to encourage people to behave in certain ways (Fogg in Lykke, M., 2009). Moreover, 

persuasive systems can motivate users and help them to achieve better results (Oinas-Kukkonen 

and Harjumaa, 2008). In addition, Hamari and Koivisto (2013) have found out that it is essential 

to consider the community driven goals in the context of gamification and persuasive design. 

This implies the necessity of connectivity between the participants, allowing them to compare 

and compete, share experiences and best practices as well as share common goals and achieve 

combined results. Furthermore, Hamari and Koivisto (2013) point out that commitment towards 

goals is likely to be an important antecedent for successful gamification and persuasive design 

and that the social recognition of completing challenge and achieving results will diffuse the 

norms towards challenges in the community and will eventually strengthen commitments 

towards them.  

Both gamification and persuasive design are strong motivators towards behavioral changes. Even 

though they require additional attention due to their complexity, based on the background stories 

and numerous graphical or textual components supporting it, it remains a valuable asset while 

engaging users’ attention in what is considered valuable to the narrator. Furthermore, gamified 

elements add playfulness to the content, thus making it more engaging and attractive to the wide 

audience.  

Category Definition 

General Framing 
General motivation for participation. Could be a 

cause, community goal or to generate revenue. 

General Rules and Performance Framing 

Explanation of what is expected while enacting 

with the gamified interface. Thus, it implies the 

concept of “good” performance in the gamified 

context. 
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Social Features 
Includes end-to-end user interaction, competition 

or collaborative play within the gamified context. 

Incentives 

These can be intrinsic, extrinsic or practical, 

material, such as virtual reward with value only to 

players. 

Resources and Constraints The operational bounds of the gamified context. 

Feedback and Status Information 

“Allow the user to understand what is going on, 

what they must do next, what they have done 

recently and perhaps over the entire course of 

their engagement.” 

Table 1. Gamification elements categories 

3.3. Empowering communities 

The listed technologies play their essential role in increasing awareness and engaging consumers 

about their electricity consumption and the hidden potential for carbon emission reduction. 

Whereas these devices provide technological means for establishing commitment, users are the 

main actors with the power to take real steps forward and contribute to a better, smarter grid 

system. Hence, approaching users and comforting them to take action is fundamental for the 

future of the household co-provision of electricity. Islam and Meade (2013) point out two main 

factors for the diffusion of the household PV cell panels, which are endogenous (e.g. awareness 

of technology and desire for energy conservation) and exogenous factors such as costs, 

regulatory and market structure and characteristics of the technology. More and more researchers 

conclude that education and general knowledge about the technology is priority when it comes to 

technology adoption (Sidiras and Koukios, 2004), and cost efficiency is crucial for the 

household to consider such adventurous and, yet, risky investment due to its inability to compete 

with conservative means of energy production in terms of payback period (Allen et al., 2007).  
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Van Dam et al. (2010) reported that technologies slowly drift into the background of people's 

attention, thus undermining their core purpose of giving recurrent feedback and ultimately 

becoming obsolete. This is partly because the information they provide is static, meaning that no 

new information is generated over time. Hence, the installation of the enabling infrastructure 

(smart meters, in-home displays) and provision of detailed information alone will not be 

sufficient to achieve user engagement. (Gangale et al., 2013). On the other hand, in his research 

professor Matsukawa (2004) came to the conclusion that energy conservation awareness can be 

enhanced by energy information services that provide detailed information in real-time basis 

through communications network. He mentions the Internet as the main source of information. 

While achieving better engagement within the households with the listed technologies seems not 

assuring, communities might drive incentives from different sources. 

In the following sections, I will expose theory supporting the assertion that communities might 

be easier to engage as co-providers of electricity to the smart grids since they can derive 

incentives from wider and more obvious sources. First, I will give input about some of the 

uprising challenges hindering the desired change of individual households and communities from 

consumers to co-providers, then I will sort out main incentives implied by the community 

approach over the individual household. 

3.3.1. Investment strategies and expectations 

A major concern among PV cells adoption is the cost of the technology and its installation. 

Regardless of the constant drop in the prices of the technology (including subsidies), Jaffe and 

Stavin (1994) point out that the adoption decision is most likely to be postponed in time due to 

potential future savings. Despite that, according to Islam and Meade (2013) who base their 

opinion on various studies, a major factor for larger energy conservation investments remains the 

household income. They conducted a demographic survey in Canada which showed that 

households with average income of $55 000 and higher are more likely to show interest in the 

technology and take part in it (Islam and Meade, 2013). Whereas other demographic factors, 

such as age, education, and type of the owned house have their influence on the decision, the 

money invested and the return of the investment in time are most relevant. The latter is very hard 
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to predict due to the advancements in the technologies and a large number of factors affecting 

calculations. Therefore, expectations should be kept within reasonable limits, giving the 

necessary and safe minimum to increase awareness while setting a bright and unbiased future of 

the technology and its application. 

Scarpa and Willis (2010) conducted an extensive study on willingness-to-pay for renewable 

energy by households. They concluded that while households seem genuinely interested and 

affected by the initiative, the initial cost for installation might be too high to adopt the 

technology. Therefore, governments include different type of financial support, including grants, 

tax exemptions, etc...) In UK by the year of 2009 households could apply for grants up to 

GBP2500 to cover installation costs, but it is rather not enough to induce more households to 

install micro-generating systems (Scarpa and Willis, 2010). Government projects and its general 

involvement in the increasing awareness towards renewable micro-generation is vital due to its 

influence and ability to support and encourage innovations and sustainable technologies. 

Additionally, there has been misinformation on the PV electricity production prices around 2010 

due to variations in the prices of the ingredients on the market and other external influences 

(Bazilian et al., 2013). Bazilian et al. (2013) makes a detailed review of pricing and points out 

that in fact, the prices have been going rapidly down since the silicon insufficiency on the market 

in 2008. By their calculations, the price-per-watt has been dropped more than twice from ~ 

$4.00/W to less than $2.00/W by the beginning of 2010 and that tendency will keep up in near 

future, potentially making PV affordable and viable option for different regions globally. 

3.3.2.  Challenges 

The deeper we explore the topic, the more unclear it becomes how to approach users and what 

are the biggest issues. In the current state of the research, we can outline three main challenges, 

which are (I) privacy issues, (ii) market adoption, (iii) trust and (iv) inability to understand 

completely the motives behind user's action. 

Privacy issues 

Privacy issues arise when the devices send the measured data across the network to third party 

users. Many devices depend on the shared data which is found as huge issue by some consumers. 
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For example, exposed inability of the consumers to reduce electricity usage, or carbon emission, 

might frustrate the consumers and put them in delicate situation. While some researchers might 

view it as a catalyst for faster and more drastic changes in the behavior, depending on that trigger 

for improvement is arguably risky. 

Another kind of privacy issues might be considered imposing aggressive information or 

suggesting drastic, rather uncomfortable changes in the behavior which might lead to arguments 

within the households. The technologies cannot be aware of all the factors for making a decision 

in the household, and any unbalanced data might provoke confrontations. Although the use of 

most devices remains recommendable, smart meters are favorable by the governments in order to 

increase awareness. Privacy issues might lead to distrust and non-acceptance of the proclaimed 

technology. 

Market adoption 

Despite the many technologies making their way to the market, a great deal of them fails to 

realize their potential. The market adaptability can, from one side, foster market adoption of the 

technology, and from another, hinder its distribution to its end clients. Several factors may 

influence a market adoption gone wrong, including bad timing, furious competition, mistrust in 

the technology, etc., Microgeneration may find it hard to break through the standards and realize 

their income-generating potential because of lack of access to the market and network 

connection (Hain et al., 2005). Primarily because of lack of interest for network operators to 

adapt small producers. (Watson et al. 2006). Unspecified and unclear regulations may lead to 

distrust and unwillingness to produce and share production through the grid. Clarification, as 

well as technical support, might be necessary for the households to fulfill their desire and 

connect to the national network. It might require collective management and maintenance which, 

on the other hand, seems unlikely without regulations. 

Trust 

Trust remains another aspect of concern. The issues can be looked from two sides – first, new 

technologies must tackle with distrust and prove themselves, either on the market or by 
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regulatory organizations. “Trust is prerequisite for consumers' cooperation and goodwill.” 

(Gangale et al., 2013). “It determines the ability of dialogue and discussion, and promotes active 

involvement of stakeholders.” (Alvial-Palavicino et al., 2011). Meaning that without initial 

amount of trust approaching the users with new technologies seems unreasonable. Different 

marketing strategies might be involved to tackle the issue, albeit none of them can guarantee 

adequate results. 

Building trust is a difficult process and involves a sensible amount of information sources to 

adjust the inner sense of rightness. It can be argued that individual households build trust based 

on their own perceptions mostly, being advised by different sources, including media, family, 

friends, neighbors and so on. Open communities, on the other hand, are much more dependable 

on the shared public opinion towards the technologies as a model of taking decisions. Trust 

might be gathered from the campaign to which the community has dedicated, involving 

individuals with better knowledge and understanding. 

3.3.3. Incentives predisposing to action 

To articulate what are the most common motivational triggers, I need to define what motivation 

is. Therefore, in short, I will propose relevant to motivation theory that can find purpose in this 

investigation. 

Motivation 

Motivation has been central in the science of psychology. Richard and Deci (2000) tell that 

motivation concerns energy, direction, persistence and equifinality – all aspects of activation and 

intention. Therefore, it has been a great matter of concern to those who nurture, educate or aspire 

actions. Richard and Deci (2000) point out that people get motivated by very different types of 

factors. They impose that people can be motivated because they value an activity or because 

there is strong external coercion. They can act from a sense of personal commitment or be urged 

into action by external factors and influences. Hence, two basic types of motivation are defined, 

that are intrinsic and extrinsic. 



22 

 

Intrinsic motivation concerns the self-determination to seek out novelty and challenges, to extend 

and exercise one’s capacities, to explore, and to learn. (Richard and Deci, 2000).  While 

intrinsic motivations are endowed in people personalities, admittedly it is not self- sustainable, 

therefore, it requires support and enhancement throughout time. Such supportive elements could 

be tangible, in the form of rewards and trophies or, intangible, that can be acknowledgements of 

feelings and accomplishments. Richard and Deci (2000) further point out that the latter has more 

positive effect on intrinsic motivation because it allows greater autonomy. On the other hand, 

extrinsic motivation involves all the external factors that tend to promote and direct our actions. 

Richard and Deci (2000) point out that in our conscious life we are constantly extrinsically 

motivated, since we listen to people and tend to act and react on what information we get. 

Further, they impose that, in contrary to intrinsic motivations, extrinsic ones refer to the 

performance of an activity in order to attain some separable outcome.  

Regardless, while this investigation relies on motivation, it does not try to investigate motivation 

from psychological point of view. Motivation in that sense is a tool to achieve corresponding 

results. To achieve motivation, in the following sections various types of incentives have been 

investigated. 

Incentives may vary from individual to individual, but some of them have more weight than 

other. Gangale et al. points out that “motivational factors commonly used by smart grid project 

in Europe are: (I) the reduction of/control over electricity bills; (ii) environmental concerns, and 

(iii) better comfort, i.e. the provision of technological solutions allowing the optimization of 

comfort and more control over own energy use.” (Gangale et al., 2013). In addition to them 

when it comes to communities I can address the shared goals as motivational factor with high 

influence. 

Reduction of/control over electricity bills 

Electricity bills have always been a matter of concern for users towards the electricity 

consumption. Consumers tend to put household goals for reducing bills by increasing awareness 

of the unused appliances that can be switched off. In that matter, smart appliances can play a 
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significant role by applying automated control over the electricity regime. This incentive is more 

sensible in low standard eastern countries, where paying the electricity bills might prove hard to 

achieve due to high prices and low minimal wages. In the more advanced countries, researches 

show that solely the electricity bill is insufficient to trigger behavioral change (Gangale et al., 

2013). There is also the danger that people, who do not manage to achieve saving goals might 

consider the whole experience disappointing and frustrating (Hargreaves et al., 2013). 

Another concern is the rising amount of technologies invented and suggested by the authorities 

in support to the smart grids. "As a result, energy bills will rise, not only because of increasing 

demand and rising energy prices but also because of the large investments needed for generation 

capacity, infrastructure, smart meters and displays, adaptations of (new) appliances and home 

energy management systems." (Verbong et al., 2013). When I admit that those technologies 

might positively influence and conduct behavioral changes, it is also worth noting that overuse of 

technology might lead to confusion from all the parties involved. 

All being said, co-provision can be considered as mean for sensible bill reduction, since the 

electricity produced by the households are sold to the grid. A great stimulus for the households 

that aim to reduce energy bills, the size of the reduction is highly dependant on the investments 

the households are ready to make in the technology required. Hence, new technologies with 

higher capacities are of great interest. 

Environmental concerns 

The environment has always been a matter of concern, thus an incentive, regardless of its 

persistence. Dincer (2000) makes a list of some of the most stressed environmental problems, 

and those that stand out are acid precipitation (acid rain), the stratospheric ozone depletion and 

the global warming. Sources of acid rain are mainly electric power generation, residential 

heating and industrial power generation which causes, among others, damage to fish and aquatic 

life, to forest and agricultural crops. Stratospheric ozone depletion is another major issue that has 

received a lot of publicity. Ozone is the layer around the planet that protects us from harmful 

ultraviolet radiation and infrared radiation. As a cause Dincer (2000) points out many factors, 
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among which fossil fuel and biomass combustion processes, natural denitrification and aircraft. 

Ozone is essential for life on the surface. Areas with depleted ozone are prone to health issues, 

one of which is skin cancer. And the last more general environmental problem is the greenhouse 

effect or the so called global warming. Scientists have found out that the temperature on the 

surface of the planet is constantly rising, which leads to serious problems. Ocean level is rapidly 

growing since the Arctic ices are melting due to high temperatures. This might have catastrophic 

effect on the world as we know it now, especially on the coastlines. One of the main sources 

responsible for about 50% to the anthropogenic greenhouse effect is CO2 (Dincer, 2000). This is 

global issue, and human activities, in general, are with the highest responsibility. Admittingly, 

more groundbreaking efforts are required to address properly the issue, and positive changes of 

different kinds are necessary. Those are only some of the environmental issues that can be 

addressed partly with more sustainable energy production and distribution. In his work Dincer 

(2000) suggests different solutions to those problems, which include: 

● Renewable energy technologies 

● Energy conservation 

● Cogeneration and district heating 

● Energy storage technologies 

● Energy source switching from fossil fuels to environmentally benign energy forms 

● etc. 

Whereas not long ago we could divide consumers into two major group while addressing 

environmental problems – those that feel relatively uninterested of the effect their actions, or 

lack of actions has on the environment, and those that devote themselves in the cause, now more 

and more investigations show that the messages on climate changes have started to reach the 

average consumer. (Valocchi et al., 2007) Partly because of the constantly alarming societies, 

the households start to realize and put more effort towards reducing the carbon emission. 

“Though the impact that one individual has on the environment is relatively small, collectively, 

the effect of individuals on the natural environment is monumental. “(Axelrod and Lehman, 

1993). Unfortunately, many individuals do not realize the considerable amount of harm they 
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cause to the environment because of lack of individual data. Anderson and Bernauer (2016) 

conducted an extensive study on public opinion about global warming causes and found out that 

the majority of people, 76.28 of the participants believe that the global warming was 

anthropogenic, whereas only 23.72 were skeptical and concluded that the temperature increase is 

natural or the temperature is not increasing. Their research showed that individuals are aware, 

and it is very likely that they express concerns towards alarming environmental problems, but 

that might not be enough to engage them in taking actions. In contrary, a study conducted by 

Dodds et al. (2008) showed that individuals keep firms and governments accountable for 

emission reductions. Furthermore, individuals condemn firms and governments even though the 

outcome is beyond their control (Woolfolk et al., 2006). This might be due to lack of relevant 

information or desire for behavioral change which might lead to better treatment and 

conservation of the environment. Another reason might be a comparison in the significance of 

the actions, while firms are considered as units with high impact, individuals' actions might seem 

insignificant in their people eyes. Consequently, Dodds et al. (2008) point out that the public 

does not feel accountable for the global warming and emissions. A tendency that needs to be 

turned around if we, as society, are to take responsibility and more importantly, actions towards 

effective emissions reduction and better, healthier lives. 

Although individual households may lack motivation because of perception that the harm they 

cause might be too little to raise concern, communities can prove a high motivational factor in 

that matter. Reflecting on empirical data and describing a shared goal has the potential to raise 

and uphold concerns towards environmental issues. 

Better comfort 

An investigation conducted by Gangale et al. showed that technological solutions that allow the 

optimization of comfort and apply more control over energy use are preferable. This does not 

mean that standalone it can be powerful enough incentive to trigger behavioral change, but it can 

be used in a combination of incentives to reach a higher goal. Furthermore, people who have 

personal interest in the technologies used, like IT professionals and data or technology geeks 
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tend to put extra effort in the new technologies of the future. Better control implies automated 

use of electricity and if required, manual optimization. 

Community shared goals 

Although not many researches are made from this aspect, we suggest that a community shared 

goal can be very beneficial and powerful call for action. While individual household depends on 

their personal affection in most cases, communities are influenced by shared goals. The more 

powerful the message throughout the community, the more effort individuals tend to put behind 

their actions. Jones et al. in their report propose "encouraging development of community 

action" (Jones and Kammen, 2011) as a mean to reduce carbon emissions. Community-based 

actions might prove hard to achieve, but effective in time. 

Bigger communities in some cases mean bigger ambitions. Therefore, community projects have 

bigger effect than individual projects. It can be argued that the scale of the community goal 

grows in non-linear fashion as more households participate in the community activities. Debates 

and the constant desire to push the other to overcome his own capabilities might play central role 

in scoping the projects. Therefore, incentives derived from community ownership (Walker, 

2008) may take place. Walker points out that investments in sustainable and scalable projects 

could result in return of investment overtime through sale of generated energy in the form of 

electricity or heat, or the creation of employment. As prove he outlines the wind farms project 

which turned out as the most profitable form of renewable energy and has generated proven 

returns (Bolinger, 2001; Stamford, 2004). Looking at the opportunity to actively participate in an 

impactful project and have decision making voice is a strong basis for participation and 

cooperation. 

Co-provision in community-based actions might prove very beneficial because of the potential 

they hold. The amount of the effort the community puts behind co-providing electricity itself can 

be considered powerful enough incentive, but it has yet to be investigated. An important matter 

is the shared goal, which can be presented as very valuable by the communities. Shared goal 

predisposes for competition and comparison, which in the matter of co-provision is essential 

since it is a powerful tool for individuals to push themselves ahead and register better results. 
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Moreover, the ability to keep the information about co-providers hidden from the public access 

while contributing on behalf of the community can be considered as incentive itself, since some 

people get frustrated if certain results are not accomplished by themselves, as mentioned before. 

3.4. Comments on existing literature 

Smart grids represent the human ability to participate actively in power distribution throughout 

the network via sophisticated technologies. Many governments have shown their ambition to 

make a step forward and provide means for societies to contribute to lower carbon emission, an 

ultimate goal which has yet to be discovered. Although all the involved technologies take their 

irreplaceable part in the entire scheme, none of them can fully and independently provide the 

necessary information for adequate interaction. Human acceptance of technologies and generated 

data varies which means that technologies should not present full stack of data without putting a 

meaning behind it, i.e. creating value. "When households' members do not understand how to 

efficiently utilize technology and how to adjust their behavior accordingly, the potential impact 

on energy reduction may be lost through "wrong" usage of equipment." (Geelen et al., 2013). A 

crucial moment is to display the minimum necessary understandable information to trigger 

behavior change, regardless if the aim is optimization in electricity use in the household or co-

provision. Information, as a main driver, plays central role in the human-computer interaction 

and ICT is medium through which they communicate. 

A lot of research has been done on households, and their contribution to more energy efficient 

future, but not enough has been said on the impact co-provision has on it. Whereas households 

cannot overstep the minimum of electricity they require for proper functioning and comfort, co-

provision has the potential to reduce the carbon emission dramatically. As technologies improve 

daily, they suggest an unlimited, constantly growing source of energy, such as wind turbines and 

photovoltaic solar panels. A combination of the two might prove very effective in the current 

state of the technologies, although a social acceptance might be hard to achieve. 

Co-provision is tightly connected to the demand side management, meaning that electricity 

should be produced on demand and in amounts requested. Technology to tackle that issue exists, 
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i.e. storage systems like batteries. Although very effective, they remain rather expensive for the 

average household nowadays, but the market might prove otherwise in the near future. That 

being said, in the current state overproduced electricity might be considered as waste, although 

to achieve that of transmission to the grid, the co-provision should be on incredibly high level. 

To the time when the smart grid will have to solve that issue, many new technologies might 

exist, and other might get cheaper, thus becoming affordable. 

Despite being very promising, the monitoring devices, such as smart meters may provoke 

privacy issues. The disability to achieve a publicly available set goal might cause frustration and 

discomfort which will eventually drop the motivation, and the desired effect might get reversed. 

A possibility to tackle the issue is to set community provision goals and send anonymous data 

from each household, thus removing the pressure and dis-balance on how much contribution has 

everyone made. Making the data anonymous removes the public individual goals that the 

households might have, which gives a place for community goals in order to keep the 

competitiveness and comparison as stimulus. 

Competition is vital as a psychological aspect to engage people and increase awareness. It gives 

a "gamified" taste, which predisposes for better engagement. The potential benefits of setting a 

"gamified" characteristics on the presented information at the community level while keeping a 

shared goal have yet to be discovered. The ability to compare between different parties 

(communities) gives a place for future improvements while concentrating on the winning factor 

rather than on the inability to achieve better results. Admittedly, this approach hides its risks by 

being demotivational for the losing sides, but arguably it's far less likely to happen on 

community level rather than on individual households. 

Incentives can be driven from different sources, but as we got to know, in most cases each of 

them standalone does not give enough motive for behavioral change. Triggering changes in the 

behavior in the households are hard to achieve because of the different hidden factors that may 

influence a change. Even more difficult might prove the call for co-provision since it implies a 

sensible amount of investments. Although these investments are returned over time, trust has to 
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be built in the users towards the technologies and the mission. Nowadays the technology to 

produce electricity struggles to gather more popularity and trust. Albeit being said that carbon 

emissions will dramatically reduce if consumers start to co-provide, a visual interception of the 

future reality might be required in order to convince them. That may be achieved in greater 

effects with communities and shared goals. Since each household by itself will not be able to 

produce admirable amount of electricity, a community will make the impact sensible. 

Different incentives might be driven from the final goal, i.e. carbon emission reduction. In order 

to approach the consumers on their point of interests, a wide range of potential incentives need to 

be prioritized. While environmental issue can be applied to individual households and 

communities, other incentives like lower electricity bills are applicable only in the individual 

households. That does not necessarily mean that it cannot be used on the community level, but a 

clear distinction has to be made on what information will be available at what level. 

Furthermore, electricity bills might be highly dependable on the co-provision, since presumably 

while providing electricity to the smart grid one should be rewarded with fair amount of 

monetary award, might be in the form of electricity bill reduction. 

Motives are highly social factor since people get motivated from different sources. Sorting out 

the motives does not necessarily mean understanding them. Thus many researchers might get 

misled. The issue is not motivation itself, but its consistency. Many people get motivated for a 

brief time of period and if they are not reminded utterly and consistently throughout time, their 

motivation will eventually fade. That statement does not apply to all the cases since there are 

people with strong environmental preservation motives, but this applies to small circle of 

consumers and co-providers. Communities from another hand might trigger a self-motivation 

involving all participants. Meaning that more weight is put behind community goals rather than 

individual goals, thus making difference in the motives behind their actions. Furthermore, 

community goals might prove more durable in time, since it implies self-motivational factors and 

shared goal, thus making it harder to fade out. 
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Motivational factors have different power as well, i.e. environment preservation, bill reduction 

and overall control over consumption. The power may vary from individual to individual, thus 

making it harder to understand and think of strategies for better engagement. As mentioned in 

the previous paragraph, community as well might put more power behind the different motives. 

This can be explained by the affection of the shared perspectives the individuals might have. The 

more people share the same common goal, the more motivated they become in their actions. 

Communities incline an involvement in different causes, thus engaging its participants and 

increasing the awareness towards the set goal. A psychological aspect is the impact of the shared 

goal in the community which gives additional incentive supporting it. Hence, communities 

themselves can be considered as incentives with powerful voice and ability to informally 

influence the participants. Visible shared goals increase awareness and trigger social interaction, 

inclining behavioral change and call-to-action. 

In order to achieve better involvement, proper marketing strategies need to be developed 

underlining the incentives that supposedly will foster consumers to change their behavior. To 

achieve that a better understanding of what drives people to invest in a product that will lead to 

changes which are hard to notice and compare. Although, the society alarms climate changes it is 

uncertain if people have sufficient understanding of those negative changes and the eventual 

consequences of it. Henceforth, predictions are being made which in some cases remain ignored. 

That being said, a better means for information display should be developed, putting accent on 

near future goals and achievements. 

An issue that requires attention is the question of who will govern the process in the communities 

and what tools might be used to do so. Communities can be governed by the authorities in charge 

of the smart grids policy, in terms of the given mission and the set shared goal. The further 

processes involved within the different participants might remain visibly autonomous since 

otherwise, privacy issues might arise. Therefore, the governing processes begin where the 

anonymous information ends, thus applying control and monitoring over the services driving the 

communities towards the given goal. Admittedly, this issue needs to be explored in further 

investigations. 
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IV. Prototyping 

An integral part of this research is the prototype, due to its central role in collecting, 

transforming and presenting information to its users. Information is the most valuable asset for 

the system, therefore it should be presented in an accessible and understandable fashion. But 

before the actual development takes place, few things need to be considered. What purpose 

should be given to the system? Determining the scope of the system and its elements. In what 

way the system should report the information? How should the information be transformed and 

presented to bring the highest value to the user? What design decision is to be made and what 

technologies are to be used for the prototype? Given that some of the answers are yet to be 

altered according to the users' input on the matter, the design decisions are based on existing 

literature and my understanding of it in combination with current technologies and tendencies. 

In order to test the design ideas, a prototype is required. Fig. 2 presents a wireframe of the main 

page of prototype with its main components and explanations on layout dynamics. Walker et al. 

(2002) define prototype as working model built to develop and test design ideas. With the idea in 

mind, a prototype development seems the esthetic next step. In the literature, we distinguish two 

main types of prototypes - low-fidelity and high-fidelity prototypes. Low-fidelity prototypes 

differ from the final product in interaction style, visual appearance, and level of detail (Walker et 

al, 2002). It usually takes the form of sketches or drawings, thereafter is also known as paper-

based prototype. The advantage of the paper-based prototype is its time and effort efficiency - 

usually, researchers develop such prototypes while considering basic characteristics of the 

system. Furthermore, it is easily understandable and distributable, and it does not require 

additional preparations. High-fidelity prototypes are more complex, in the sense that they require 

notable amount of development time and effort. Usually, they are computer based and persist the 

main functionalities of the system to be developed, allowing the user to interact with it and get 

more inclusive feedbacks. Hence, high-fidelity prototypes are generally a good idea while testing 

in the final stages of the product development, when it is more unlikely that basic functionalities 

will require changes. In their work, Walker et al. (2002) compare low- and high-fidelity 

prototypes and find out that they are equally good at finding out usability issues. Therefore, they 
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conclude that designers should choose the level of fidelity based on their preferences and the set 

goals.  

In general, the main idea and functionalities have been predetermined before the actual 

prototyping took place. Hence, a high-fidelity prototype is the way to go, mainly because the 

user will get the opportunity to interact with the system and give feedback based on his 

experience, but also because the system will get live updates on the amount of electricity 

produced, based on which different type of content information will be presented. That is 

believed to be sluggish and iterative process with paper-based prototype, which will potentially 

annoy and demotivate the user in further exploring ideas and might lead to confusion. 

Furthermore, with high-fidelity prototype the user will get the chance to go forth and back 

between steps, evaluating flows, animations and connections between the different views. 

Thereafter, expectations are drawn towards deeper understanding of what the users are interested 

Figure 2. Wireframe of the main page in the system 
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in, what they find challenging and thoughts on future improvements while interacting with the 

system. 

The prototype has few basic functionalities, which serve a general purpose of motivating the 

general audience to take advantage of micro-generation and produce electricity. In the limitations 

of this research, the system is expected to explore and evaluate current motivational factors and 

their relevance to the general audience. Also, an investigation of the interrelation between the 

different components will be made, their usefulness and relevance to the generated data. 

Additionally, given that the user has taken the steps to authenticate and use the system, 

prerequisites for better comfort are to be investigated, based on individual report and comparison 

tools. The research is open for improvements suggestions that will be taken into advice for future 

releases. 

4.1. Structure and scope of the system 

The system is logically divided into two parts based on the collected data (fig. 4). On the lowest 

level, we have the individual households, where the actual production takes place. Small 

amounts of electricity are produced, which might be used within the households or could be 

transferred to the main grid. No matter the case, individual households are considered private, 

and access to the information is granted only to the installation owners. By doing so, I address 

privacy issues and some demotivational factors, such as comparison with neighbors' production 

and inability to meet their quota. Additionally, reporting and measurements tools are to be used 

here, which will give more concrete information on individual impact based on their 

motivational factors. For example, a household might set an individual achievement to reduce 

electricity bills with n% by utilizing own electricity and heat production. 

On the next level households are divided based on their location. Ultimately, each household 

participates as member of its borough. The sum of all the households electricity production in a 

borough is presented to the general public. Thereafter, the sum of all the boroughs represents the 

total amount of electricity produced in the city. With this, I aim to investigate, first and foremost, 

the valuable competitiveness that might arise while comparing boroughs and, second, the feeling 
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of being part of great achievements, that the whole city is capable of. Since households are 

anonymous, in the sense that no third party can connect results to its source on its lowest level, 

privacy issues are expected to be diminished. Moreover, the public level presents more general 

topics to the large audience, such as global warming and air pollution. While being part of the 

whole, general matters of concern such as air pollution seem manageable thus reducing the 

feeling of insolence that might affect individual households while addressing such large topics 

by themselves.  

For the purposes of this prototype, and given the limitations, while developing this project, 

namely restricted development time and lack of essential technologies, the system simulates data 

by mimicking household electricity generation and calculating the amounts on the different 

levels. Also, electricity production itself is a result, but the motivation behind it remains the main 

subject of this investigation. While a household produces electricity, that does not necessarily 

mean that it automatically gets out of scope of this research. On the contrary, the motivation to 

improve their performance and benefit the society overall is essential. Therefore, we can assume 

that only the technical means for data gathering remains, unfortunately, out of reach for this 

project.  

4.2. Information representation and complexity 

As stated before, information is the most valuable attribute in the system for the users. But the 

data in its raw form might be too complex to be interpreted by non-professionals. The main 

metric used in the system is kWh, that is the total electricity transmitted over period of time. 

Assuming the user is familiar with the numbers and can make basic conclusions out of it, it still 

remains challenging to link that information to more abstract issues with high priority, such as 

electricity bill reduction or environment contamination prevention. Therefore, a more concrete 

and visually apprehensive links need to be established, where the numbers, representing the 

amount of electricity produced live is associated with textual and graphical based relevant 

information. 
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Rosen and Purinton (2004) conclude that adopting minimalistic approach with eye-catching 

graphical illustrations appears to be effective. The goal should not be information overload with 

information which might overburden the user and rise intolerance towards the content of the web 

page. Therefore, the information representation is divided into two main segments - graphical 

representation and short textual one (ill. 2). Both are present after web page load, so no 

additional interaction is required to access the information. Furthermore, each of them is 

interlinked with the main source, the energy produced in kWh, and is constantly updated over 

predefined period of time. 

 
Illustration 2. Landing page. Graphical and textual information representation 

4.2.1. The scene 

To derive a bigger meaning, an overall rural setting is present with visually appealing high-

quality scenic graphics that take the span of the whole visible page. Thus, the attention of user is 

dragged to entire scene, not only to separated parts of the page. On contrary, the text is blended 

in the context, which from one side transfers part of the weight from the text to the scene, and 

from another side, gives a slice of mystery behind the scene, which purposefully is to engage the 

user in exploring more. The scene is divided logically into three levels for the prototype, and 

more levels might be considered for future releases. Each of the levels represents the amount of 

electricity produced equivalent to the facility electricity consumption. The first level includes a 
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house, the second level, a school, and the third level - a hospital. Also, the levels are set within 

their own context with visible source of electricity production, e.g. the house/s with the PV 

installation on the rooftop. The shift between the levels is dynamic and animated and represents 

camera angle change by zooming in and out or tilting to left or right. Therefore, it might be 

considered as steps, or achievements that the community is to make.  

An interesting feature is the day/night shifts of the scene, which follows the real local daytime. 

Electricity generation with PV installations vary dramatically during day or night, and for better 

understanding of those variations in the numbers a day to night, and vice versa, shifts have been 

implemented. For testing purposes, the shifts appear slightly fast in the prototype, but in real 

product, it will follow the real local time. Ill. 3 shows the differences in the scene during the day 

and the night. Presumingly, the amount of generated electricity during the night is slightly lower 

than it is during the day, therefore, the numbers significantly drop. 

 
Illustration 3. Day/Night shifts 
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4.2.2. The division by boroughs 

The prototype testing takes places in Oslo, Norway and results are thereafter associated with that 

region. Whereas simulating the electricity production for the whole city is rather straightforward 

task, the division of the latter proved to be challenging. By dividing the city into regions, I intend 

to achieve better engagement in region based shared goals and stronger sense of competitiveness 

that may occur while competing between the different regions. Hence, two considerations are 

taken into account - firstly, and more importantly, official regulations while dividing the city into 

boroughs and the inner sense of loyalty that households might have to their regions. Where it is 

hard to measure to which community the households have preferences to, an official division of 

the city into fifteen boroughs exists (ill. 4). Therefore, the electricity production and 

representation has been logically divided into fifteen regions, and each household is supposed to 

represent the borough it belongs to. 

Illustration 4. Division by boroughs 
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As mentioned above, the boroughs are the bottom public layer in the system, meaning that 

information associated by the borough and presented by its behalf is accessible to the wide 

audience. Therefore, borough electricity contribution is the summed electricity production of all 

its participants, updated in real time. Hence, the total production is based on the sum of boroughs 

contribution. As such, individual households are able to compare their combined effort with 

other boroughs and establish a shared goal. Moreover, different kind of prizes and achievements 

can be presented to the top boroughs who contribute most to the overall city production. In the 

same manner, to those who do not manage to achieve their goals, additional incentives can be 

presented which assumingly will trigger strong enough motivation to eventually turn into action. 

As an open society, transparency of the information and the decisions are very important in order 

to establish better trust and engagement. Although it might be risky since some regions might be 

negatively affected by their poor representation, it also might have encouraging effect. 

Nevertheless, it might be worth acknowledging the splendid performance of some regions and 

stimulating more the relatively poor performance of other. 

4.2.3. Authentication and profile 

As previously stated, the system has a public and private space. If a household is to participate in 

contributing the society by producing power through the system, an authentication is required. 

This way vulnerable information is protected and available only to the authorized parties. The 

authentication is standard to the web systems and happens after providing valid email and 

password. In order to obtain those credentials, the user is required to register in the system. The 

registration process itself is quite straightforward, it requires the user to enter its email after 

which a confirmation letter is sent to its recipient. This is extra layer of security intended to 

provide additional protection to the profiles and the information in them. After confirmation, the 

user is redirected to back to the system where he is required to enter the additional fields, 

including address, borough, etc. The full map of the registration process is shown on fig 3.  
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Email Confirmation 
letter 

Additional 
fields: 
- Address 
- Borough 

- etc... 

Account 
Registration 

The profile dashboard page itself represents the already known landing page with few changes 

and additions. The production numbers are now related to the individual household, not to the 

overall city production. In addition, the user can provide goals, or achievements that the 

household aims to accomplish. This note is always available upon authentication and can be used 

as a reminder of the set individual goal. The textual based information is also referred to the 

individual household production, thus making it unique to each household. Therefore, it can be 

used as a motivational factor for better performance.  

4.3. Technology 

One of the main sources of information for the current investigation is the web based system, 

which gives meaning to the “raw” data generated by the appliances. To accomplish that, the 

system collects, analyzes and stores data inputted by the devices from the client side, in the 

wider sense in this research, the solar panels. While the data in its primary state is presented as 

numbers, it predisposes to very shallow understanding of how big of an impact it has on our lives 

and surrounding environment. Therefore, the system transmutes the numbers into more 

apprehensive and understandable form of visual representation and textual explanations. 

While some might question the complexity of the system and its necessity, it is generally good 

idea to keep in mind few things. First, the system is on its early stage of development, and the 

current version is a basic prototype with limited functionalities. All the capabilities of the system 

are not in the scope of this research, therefore they are left out for future considerations. Being 

said that, the prototype covers only the top layer (fig. 4) and therefore all explanations should be 

referenced to it. To avoid variations in the analysis, no visual or content changes are applied after 

the test period commences. Second, the technical parameters and the visual representations are 

Figure 3. Account registration process 
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very much dependent on the understanding, skills, and capabilities of the researcher. Thereafter, 

the prototype is limited not only in its scope but in its selected technologies of realization. 

Suggestions on how can be the prototype improved are made at the end of this section. 

To understand better how the system works, we can divide it to system architecture and code 

base. In the following subsections, I will explain in detail the different architectural, design or 

code choices made throughout the development process. Moreover, I will pay special attention to 

what are the premises and the alternatives and what conclusions led the researcher to choose one 

solution over another. 

4.3.1. Flow of the system 

The system is divided logically into two main abstraction layers - collection and storage of data, 

and presentation of the information to the end users (fig. 4). This division is due to researchers 

understanding as developer on data collection and visualization. While data collection remains 

questionable and out of scope of this project, information visualization, also referred as the 

system, is the main source of information for this research, therefore the prototype is limited 

only to data visualization in the system. 

Data collection is where the “raw” data is obtained from the devices across the households. Each 

of the household, part of the system is provided with a device for data collection which overtime 

simultaneously and automatically collects and transfers information over the network to the main 

server.  Each household is identified by the device, hereby the device identification number 

(device ID), which gives anonymity and higher data protection.  

The device ID has many purposes since it is the link connecting the system, as a completely 

anonymous storage, to the individual households. It represents household’s production rates and 

every detail related to it. An example of device ID can be considered the following:  

● OS FR 0726A72N1238 - where the first two characters represent the area where the 

system operates, in this case, Oslo, the second two represent the borough, Frogner, in 
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which the device is registered, and the last eight characters are unique for each of the 

households. 

A very important and rather sensitive aspect of the system is the server. This is where the 

database is initialized and linked to the visual representation. While the server is not in the scope 

of this research, it demands attention because of its central role in the flow. Nevertheless, 

technical specifications and server software are yet to be discussed, and decisions towards it 

should be made after deeper investigation. 

As already mentioned, the server is the real provider of information for the prototype, but since it 

is not yet implemented and the information is randomly generated, decisions towards 

visualization of the information are made in consideration of time and attained skills rather than 

demands from the server. This should be addressed accordingly in future development. 

 

Figure 4. Data flow in the system 
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4.3.2. Information visualization 

Although the server side, from data collection to storage, is essential for the system, for non-

specialists the data gains value only after it is presented to the user for evaluation. Hence, only 

when we give meaning to the numbers. Thus, I came with the idea of a web application that is 

easy to use and most importantly, it gives vast and yet understandable meaning to the numbers of 

produced energy. A web application in this project is web based system accessible through 

desktop and mobile browsers. Therefore, all the content is easily reachable, dynamic and with 

long lifespan. Furthermore, with the technological advancements in the recent years, it can be 

argued that information tracking and asynchronous seamless access from variety of devices is 

necessity for a technology to meet the high demands of the user.  Hence, accessibility is critical 

factor while taking design decisions. As it may follow, real-time updates are the feature that 

increases the value of the information dramatically. While cumbersome for more system, it is 

essential that we have access to statistical information for the current moment. This leads to 

dynamical change of the information over the whole system since punctuality is paramount 

advantage of the project. What makes information distribution throughout web application a 

long-term asset is the continuity of the data flow through the lifespan of the project. Moreover, 

the information is archived over a time period for future reference and analysis, thus bringing the 

possibility of comparison and improvements. Altogether, visual representation with a web 

application is proclaimed to be the probable choice in this project, but I do not exclude the 

possibility of being proven otherwise after future tests and analysis. If so, additional 

modifications will be applied accordingly. 

Additionally, choices regarding technology prove to have rather an invisible impact, but yet very 

significant. I give that to the limited understanding of the ordinary user on the complexity and 

the value that each of the technology brings to the final product. Familiarity with the 

technologies is essential while working in a time limited project. Limited understanding leads to 

either of these two variations - the developer can compensate by dropping the quality of the 

product and making it a lot riskier for future failures and eventually downtime, which leads to 

unsatisfied and disappointed users, or the project can be trimmed from less prioritized 
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functionalities which will cut the scope of the project and make it less informative. Another, less 

descriptive and arguable hard to measure choice is combination of those late two, which implies 

high flexibility on choices made throughout the development process. I decided to go with the 

latter one since I had limited understanding of backend technologies and the time constraints 

imply higher flexibility to achieve better results. Thus, the choice of technology lays entirely on 

researchers' (in this case, developers') preferences. While now the deadlines appear manageable, 

a new void is opened since the system diverges from its natural route of development. 

Fortunately, it makes no difference to the end user because of the lately mentioned limited 

understanding of how the prototype works. 

Wrapping what has been said so far, the prototype ends up as generic web system with a back-

end, which is the server-side application that retrieves and modifies the information so the front-

end can display it. Not unusual, yet few enhancements are considered. The back-end takes 

advantage of Python scripting language and uses one if its most acknowledged frameworks, 

according to its community, Django. From another side front-end uses Angularjs, a framework 

developed and maintained by Google Inc. and its open-source communities which have very 

high expectations for the future. Based on my experience as developer the combination of those 

technologies is not widely accepted among developers since Angularjs is a web API oriented 

framework and takes advantage of asynchronous requests, while Django is designed as standard 

server generated web content. I will deepen into those two abstractions and what serves in the 

prototype application in more general sense. 

4.3.3. Back-end implementation 

In software development back-end is defined as data access layer, meaning that it provides the 

necessary access to the resources stored in the database. It runs on the server machines and 

therefore remains invisible for the end client, meaning that local machines by no means can 

access or modify code without authorization and third-party programs. Thus back-end is 

considered as the "secured" link between the raw information in the data stores and what is 

rendered on our devices. The back-end is not related to a specific programming language, which 

makes it flexible and eases the development process. Therefore, a vast number of programming 



44 

 

languages exist and developers are allowed to choose a language based on requirements, but 

mostly on their preferences. Some of the most popular ones are Java, Python, PHP, and C, each 

of which offers similar, yet notably different characteristics and specifications. 

As part of a web system, the prototype application requires a back-end which will provide the 

necessary resources for content visualization. While many alternatives exist, Python remains the 

natural choice for the current version of the prototype mainly because: 

● It is widespread and well known with strong community and detailed documentation; 

● Numerous modules exist which allows effective and seamless development; 

● Researcher’s shallow familiarity with the programming language; 

The above reasons can be summarized by the fact that at the time of the development Python was 

the most time effective route towards a working prototype. Furthermore, in combination with 

one of its most acknowledged frameworks, Django, it became a recognizable asset to the project 

since it holds many possibilities for future upgrades.  

Python and Django 

Python is a modern programming language that supports object-oriented, functional, and 

imperative programming styles. It is ideal for the beginner because of its readability and ease of 

use. (Kelly, 2016) It is fast and scalable and lets you work quickly and integrate systems more 

effectively.  Some of its philosophical principles according to Zen of Python (Zen of Python, 

Wikipedia, 2017), a document of 20 principles that influence the design of Python, are: 

● Explicit is better than implicit; 

● Simple is better than complex; 

● Readability counts; 

In the case of this prototype development, the latter two are very valid, because of the time 

framed development and little to none knowledge of the programming language before the 

development process began. However, following what has been said, Python as a clean solution 

is rarely used like any other "raw" solution, it consumes enormous amount of time to develop a 
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full-fledged solution with the current standards of secure and functionally adequate system. 

Thus, most developers rely on generic pieces of software "designed to support the development 

of web applications including web services, web resources, and web APIs” (Web framework, 

Wikipedia, 2017), also known as web frameworks. This project relies on Django as a web 

framework, but other frameworks might be considered in future. Further discussion on the matter 

can be found in the “Improvement goals” section. 

Django is one of the most popular Python frameworks with big community and detailed 

documentation, a necessary feature in this case. The official website describes it as “a high-level 

Python Web framework that encourages rapid development and clean, pragmatic design. Built 

by experienced developers, it takes care of much of the hassle of Web development, so you can 

focus on writing your app without needing to reinvent the wheel.” (Django, 2017). It is shipped 

with ready-to-implement web components such as authentication, content management, database 

integration and many other common features. As such, it noticeably cuts down the development 

time and widens the prototype functionalities, thus allowing delivery and testing of more 

complete system for more accurate feedbacks for analysis and conclusions. 

4.3.4. Front-end implementation 

Whereas the back-end takes care of retrieving and processing the data from the databases, the 

front-end is responsible for receiving and visualizing it in most convenient way. Nowadays the 

information presentation may occur in several devices, starting from smart TVs to smart 

watches, therefore front-end development is fundamental abstraction of the web development. 

Yet, it remains challenging mainly because of the ever-changing requirements and technologies, 

which makes it difficult to keep up with. Main technologies used while designing and coding the 

presentation of the web systems is the combination of HTML, CSS, and JavaScript, each of 

which has logically separated functions of rendering, styling and adding dynamism. As 

discussed, I apply two ways of representing information: textual and layout cartoon 

representation, with which I aim to give meaning to ever shifting numbers. Thus I consider 

dynamism and styling as key factors in my design, in which every detail has its purpose and 

meaning in the context. 
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As per usual, numerous web frameworks exist in help of the developer, though not all of them 

are applicable in the current situation since they require time-consuming investigations. 

However, there is familiarity with a very powerful framework, named Angularjs and its 

extension Angular Material, which allows rapid development of modern, visually contemporary 

design of Google Inc. products. 

Angular Material 

When it comes to web technologies, it is hard to compete with those offered by Google, mostly 

because of the attention they get and, therefore, the improvements that are constantly applied. 

Regardless, what they offer with Angular Material is visually appealing and, yet easy to 

implement, thus making it a valuable asset. Moreover, as the name implies it consists of 

Angularjs and Material Design, both supported owned and supported by Google. Angularjs is an 

extraordinary JavaScript framework which allows dynamic render of views. Thereby it is 

especially used in single page applications (SPA) to which we will come back soon. The benefits 

of using Angular Material can be summarized to: 

● Visually appealing components; 

● Large community and documentation; 

● Easy to modify and implement; 

● Long support and constant improvements; 

● Researchers familiarity with the framework; 

Additionally, the components are reusable in different cases in terms of architectural and flow 

changes. While currently, the web pages are static, meaning that the content is generated on the 

server and rendered when the page loads, in future the content might be loaded dynamically, as 

per user actions. Actually, this is where the power of Angularjs lies and this is how the system 

should behave in future. 

Whereas the current combination of back-end and front-end technologies delivers a satisfactory 

prototype, it has still a long way to go if the project is to be realized by its full potential. 



47 

 

Architectural and flow changes might be considered for greater interactivity and dynamic flow of 

data throughout the application. 

4.3.5. Improvement goals and vision for the future 

Currently, the prototype behaves as static web system, but it is not meant to be. The main reason 

to go with static web pages is simplicity and time. One of the main improvement goals concerns 

architectural and flow changes by transiting from static to dynamic, SPA web system. This will 

dramatically improve the system since there will be clear separation between the application 

programming interface (API) and the client. It is achieved by creating endpoints on the server to 

access the requested data throughout the network via web requests. Main benefits in such 

approach can be listed as: 

● Dynamic render of content per user action; 

● One endpoint for many clients, including different type of devices; 

● Faster rendering since no additional information is processed other than requested; 

Creating a web API will benefit the system enormously, since the information is meant to be 

spread out across the different devices, including computers, tablets, smartphones and so on. 

This is due to one endpoint concept, which is careless on what type of device tries to reach the 

data as long as it is permitted. That means that one server-side application will serve many 

clients, reducing development, maintenance and support efforts and costs.  

Another improvement goal concerns the design and the content. Whereas the current design 

offers rather playful vision with cartoon, explaining the impact and the benefits of producing 

energy, it has room for many improvements. The meaning that the design conveys can be made 

more implicit so that it will engage the user more or less by interactivity.  Following that 

thought, important future task is to achieve better balance between what information the user 

receives from the behavior of the system and from its content. 

Nevertheless, while it is important to be aware of the opportunities of the system for 

improvements, it still remains hard for the researcher to comprehend all of them without external 

advice and help. Therefore, the improvements mentioned here can vary from what will be done 
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in future due to the constantly changing character of the technologies used and the competence 

of the developers. However, a very valuable source of information for further improvements is 

the user feedback on the testing session which will be held accordingly. Both professional and 

non-professional opinions can be considered as sources for inspiration and relevant design fixes. 

Even though the prototype might not reach the goals, I have primarily set it can be still used as 

source of learning and inspiration for future live system development. 

V. Research Methods 

Motivating users while interacting with computer interface is uncanny task. It may involve how 

people interpret the information, the scale of impression it makes to them or simply the human 

curiosity which may trigger follow up investigations on the matter. Whatever the case might be it 

remains challenging to measure and analyze. How to measure the degree of motivation that the 

user might receive while browsing through a web system? Emotions are particularly challenging 

to measure (Isbister et al. 2006) in human-computer interaction (HCI). Isbister et al. outlines a 

very common problem - the lack of instruments to measure self-affection while users interact 

with computer interfaces. Indeed, questionnaires and interviews can be informative, but they 

imply interpreting information to gain actual data to measure, which might divert from what 

exactly the user has experienced. Lazar et al. (2010) lists a number of cases in which the 

measurements might seem odd and warns that there is not a perfect data-collection method or a 

perfect data-collection effort. Which brings us back on the question how to understand which 

incentives generate what kind of emotions? People divert from each other and it might be 

challenging to find the touching points in which households can receive enough information to 

actually get engaged in the project. 

Another issue, which is related to the motivational factors is the information representation. 

Which tools and design choices will engage the user by bringing the most valuable information 

to him? What is the right amount of information and how it should be presented? How to know 

what type of information is relevant to the society? It might be safe to say that information 

representation is vital, from one side good presentation can trigger curiosity and further 



49 

 

investigations while poor presentation can cause lack of interest and anxiety towards the 

technologies. 

With this research, I intend to investigate the motivational factors and incentives for further 

investigations from the household owners by presenting detailed data on usage and impact in 

most visually appealing and comprehensive way through modern web technologies. For that 

purpose, a high-fidelity prototype (Dumas and Fox, 2007) will be built and tested with 

household owners. A combination of different methods will be used, mainly accenting on 

usability testing and interviews as a most convenient way of testing and reporting interactive 

digitized prototype. The aim is to get a better impression on the effect of digitally representing 

data, understanding and usefulness of the data and the impact it has on individuals. 

5.1. Methods 

As pointed out earlier, this topic is admittedly difficult to investigate due to its complexity and 

variations. Essential to the project remains the information conveyed automatically from 

autonomous web system to its end users. Thereafter, a detailed and rather simplistic prototype is 

built. Evaluating the prototype is also considered part of the study, since the prototype itself, 

along with future complete versions, will be considered as a tool to increase awareness towards 

the benefits of micro-generation, and more specifically - PV co-provision. Therefore, a 

combination of usability testing and interviews are considered best choice in this case. Although 

there might be some incompatibility between those methods, arguably they have also many 

similarities which will inevitably benefit the research process. 

To understand better why those choices were made, I shall give descriptive information about the 

two methods and the benefits I intend to draw from each of them while accenting on the key 

moments. Although I consider that other research methods might be befitting as well, the chosen 

two are of most importance due to their relevance to the project. A very detailed description of 

the methods is given by Lazar et al. (2010) who gives a list and portrays in details variety of 

research methods used in human-computer interaction. 
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5.1.1. Usability testing 

Lewis (2006) describes usability testing as representative users attempting representative tasks in 

representative environments on early prototypes of computer interfaces. It may include paper 

based prototype, but preferably digitized prototypes are used due to its ability to interact with. 

Schusteritsch et al. (2007) mention that interfaces are often tested on laptops and desktop, but it 

may take place on any other type of device including tablets, smartphones, and recently smart 

watches. Initially, usability testing aims to improve the interface by receiving feedback before 

the actual release of the system. Thus, some authors claim that usability testing is rather part of 

the engineering than researching (Wixon, 2003). One of its most valuable benefits is the 

flexibility that it implies, it may employ research hypothesis that is being investigated, or it may 

simply try to improve interface without actual publications. Furthermore, it can be synchronized 

with other research methods to achieve greater results. 

Lazar et al. (p. 256, 2010) defines three types of usability testing - expert based, automated and 

user based testing. Expert based usability testing involves professionals in IT who give more 

objective feedback and are able to find flaws and improvement goals which might be otherwise 

hidden for the general auditory. Although very comprehensive, it has its downsides as well, since 

experts tend to miss obvious flaws from user perspective due to their inability to look beyond 

their professional competence. Hence, the expert should be familiar with the use case, design 

strategies and best practices relevant in the time of the investigation. Automated testing is based 

on software which performs predefined tasks and outputs report. It is not applicable in every case 

due to its complexity and inability to give insights, therefore not employed in this research. The 

user based testing is the most conventional one accepted by the large audience of researchers. It 

involves the expected users of the system, non-professionals, and can be applied during the 

entire lifespan of the prototyping and testing, but preferably it should be tested as close to the 

beginning as possible because of easiness to apply changes and cost efficiency. Rubin and 

Chisnell in Lazar et al. (2010) argue that those who develop the interface should not be the one 

to test it since the creators of the interface are likely to be supportive of their work, and not very 

open to suggestions.  
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A downside of the approach is a rather limited number of accepted users testing the prototype. 

Whereas some authors conclude that five is the key number of users (Virzi, 1992), other argue 

that the number of users to test the system should vary depending on the tasks, their complexity, 

and scope (Lindgaard and Chattratichart, 2007). Therefore, it is accepted that the number of 

users to test the interface should be 7±2, although it is still debatable. Otherwise, other details 

like locations and settings, in which the testing takes place, are not crucial. The researcher can be 

flexible in these terms as long as it remains convenient for the user. In addition, necessary 

equipment should be arranged, including devices on which the testing will take place.  

Measurements can vary, but the most common one is task and time performance, as well as user 

satisfaction. Task and time performance are not relevant to this project since the prototype does 

not aim to measure either of those characteristics. User satisfaction might be hard to measure due 

to its ambiguity, but it remains crucial for this investigation. Tools, such as surveys and 

interviews might be adopted to measure user satisfaction. Other than that, data analysis is similar 

to any other type of research, with some small differences in interpretation and application of the 

analyzed data. Due to the relatively small sample of my investigation I have decided to conduct 

qualitative data analysis by finding common structures and themes from qualitative data, or in 

other words, ideas and meanings that repeatedly arise during the interview (Lazar et al., pp. 208, 

2010) 

5.1.2. Interviews 

A powerful tool as it may be, interviews offer a way to explore what otherwise might remain 

hidden in an indirect, broad conversation such as questionnaires. It might come extremely handy 

when investigating emotions and affections, due to its ability to make sense of and create follow 

up questions on the spot, while those emotions are at their peak. Lazar et al. (p.178, 2010) 

explain that in with the opportunity to talk and encouraging questions, interviews can generate 

ideas and share insights which might be otherwise lost. Thus, interviews are a very good tool 

with high flexibility that can bring a first impression unaltered value based on expectations and 

emotions. A topic that remains critical to the investigated area. 
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While interviews vary from simple to, in most cases, very complex, based on the answers of the 

respondents, it is always a good idea to consider preparations before engaging in it. Arguably, it 

implies good understanding and confidence in one's knowledge on the matter, due to the 

ambiguous character of the interviews that can lead to many unscripted variations. In the 

literature, such type of interviews is known as unstructured or semi-structured, and are 

considerably used when a deeper understanding is required in terms of design requirements, 

critical comments and other insights (Lazar et al., pp.190, 2010). If able to follow up, questions 

are based on interviewees comments, which gives the opportunity to explore in broad and 

insightful manner the discussed subject, thus leading to areas that might remain unexplored 

otherwise. While very effective in most cases, it requires ability to establish a level of trust in the 

connection between the interviewer and interviewee to an extent, which will allow the 

respondent to open up for new ideas and more importantly, share them. Otherwise, the 

interviewer may can take advantage of the structured type interview, which implies predefined 

questions to which he sticks to. A downside of that approach is the inability to extend the 

conversed subject by asking relevant questions on the spot. Regardless, both approaches require 

sensible amount of preparations, either listing down questions or, simply, getting comfortable 

and gathering confidence. 

A very important and straightforward benefit of the interview is the two-way communication. 

This is specifically important while investigating technology and its application in everyday life. 

From one side, the interviewee might feel the need to receive introduction or explanation on the 

purpose of the technology, and from another, the interviewee has the opportunity to ask the 

respondent to engage in the technology and express opinion while using it. This allows shallow 

thoughts to be brought to light, which otherwise might be overlooked at. Also, the researcher 

will be able to observe the behavior of the user, thus bringing valuable information which in 

many cases remains out of scope. Thereafter, the interview can be combined with other methods, 

such as ethnography, or in this case, usability testing. 

An important aspect of the interview is the recording, either it is taking notes or audio, video 

recording. Broad interviews, where the interviewee is dominant and gives deep and meaningful 
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information, are especially important to be recorded since those recordings are able to reproduce 

the exact same words said during the sessions regardless of how much time has passed. Notes are 

not so intrusive, but they are somewhat limited since the researcher in most cases can write down 

only, if possible, the key aspects of what has been said, without covering every possibility. 

Regardless, notes can be very valuable, since its underlines the important moments of the 

conversation, and what has been most impactful during the sessions, while other types of 

recordings might not give the exact same impressions. Furthermore, it implies analysis as soon 

as possible, since impressions tend to divert in time and what has been meaningful at the moment 

might lose its effect in time if not recorded properly. Audio recording might solve that issue 

since it covers in full sense all that has been said with the exact words, but it fails to take into 

account the context in which thoughts have been expressed, therefore, it is essential to transcribe 

and analyze as soon as possible after the interview sessions. A downside is that it might create 

more official atmosphere, where the interviewee might rethink what he wants to say and express 

in words which might have been otherwise different. This is undesired effect that is hard to be 

covered, but admittingly, it might not be the case with all interviewee. As it may be, the 

researcher should obtain informed consent from the user. In broader sense, the video recording is 

similar, although, during the analysis all behavioral signs are captures. Hence, the downside 

might be even greater in this case. The ability to adapt to different situations, align with 

interviewees mood and desires can be considered a key characteristic of the interviewer. 

Whereas on the same subject, interviews can bring different information and perspectives, to 

which the research might benefit greatly. 

After the data has been collected, it needs to be analyzed accordingly, so to be able to drive 

conclusions out of it. The literature provided by Lazar et al. (pp. 208, 2010) gives place to two 

types of analysis models - content analysis and analysis based on categories. Content analysis is 

based on repetitiveness of words, phrases, co-occurrence that indicate the importance of the 

expressed meaning. This implies interpretations and assumptions on what the interviewee finds 

important and why (Robson in Lazar et al., 2010). Categorization is another way of analyzing 

data from interviews. Based on what has been said, the researcher might decide to define general 
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categories based on what has been said and what is regarded as important. While losing the 

individual impact of what has been said, we gather more general meaning to draw conclusions 

from.  

5.2. Setting and proceedings 

While deciding on the methods is based on the literature review and personal assessment, 

conducting them requires a great deal of preparations. Since the interview sessions are tightly 

connected to the tested subject, the prototype, I decided that it is of best interest to the research if 

both sessions, testing, and interviews, are held one after the other. Thus the first impression and 

the fresh information will be kept and conveyed during the interview sessions. Nevertheless, 

while it hides its corresponding risks, such as getting bored or tired due to the long sessions, the 

combined sessions are expected to give the equivalent value in the form of data for analysis.  

The necessary arrangements for both sessions include gathering the minimum number of 

interviewees, setting up the environment and conducting the testing along with the interviews. 

Each session is held one per day due to the longitudinal characteristic of the sessions and the 

necessary adjustments required for the next sessions. 

For the purpose of simplification, due to the roles that user take during the sessions, more 

specifically as testers and interviewees, both terms will be used in reference to their role 

throughout the entire sessions. 

5.2.1. Interviewees 

Decisions towards the interviewees are based on, first, the nature of the project, i.e. web based 

system, and second, the methods to be used. While the number of interviewees is unspecified 

when it comes to standalone interviews, it is recommended to have 5±2 in usability testing, as 

stated in its corresponding section above. Therefore, I made a choice to conduct the sessions 

with five users with non-technical background and two IT professionals. Hence, expectations 

include insights both on overall impression and impactfulness of the system, as well as necessary 

technical improvements that might otherwise remain undiscovered to untrained eye. 
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Furthermore, few requirements are considered while choosing users for testing and interviews. 

Firstly, and arguably with the highest priority to the project, are users that are householders. Due 

to the nature of the project, a possibility to install and take advantage of PV system installation is 

required for the user to be able to evaluate and express more insightful concerns towards the 

researched area, as they might see it as near future possibility. This includes property owners of 

different type, ranging from cabins to houses and apartments. Furthermore, the type of the 

household might raise concerns towards the complexity of actually installing the PV panels and 

contributing, since some households might not have the liberty to decide on their own, or might 

not have the necessary arrangements to do so.  

Additionally, it is important to test and interview users with different demographic 

characteristics, including age, professional background, social status, and gender. By doing so, a 

better targeting strategy can be developed, which will potentially pick the interest of those who 

otherwise might remain out of scope. While the prototype does not offer full-fledged features, a 

more comprehensive understanding might be established on future development aspects or 

concerns that will potentially improve the connection between the user and the system, and 

therefore raise awareness towards environmental issues and improve contribution to the society 

in the form of electricity power to the main grid. Also, users with IT background are expected to 

give more punctual input on missing or uncertain technical features. Since the technical side is 

the basis of the investigation it might be worth investigating potential misleading or not so well-

designed components. 

In general, the weight is on quality of the feedback, not on quantity, therefore a more selective 

approach is opted. Interviewees are selected from the area of Oslo, where the testing is due, and 

the project is designed for. Interviewees are picked after a brief explanation on the researched 

subject and the selecting period ends as soon as the necessary number of testers are reached. Two 

of the participants, that are the IT specialists, are remotely familiar with my work since we share 

the same workspace in the IT industry. Thus, I consider the fact that their answers might be 

biased and that will be addressed accordingly if necessary. The other participants were recruited 
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based on recommendations from friends and co-workers and by no means are familiar with me 

or my work. Table 2 represents briefly the characteristics of the selected people. 

Person 1 

40-50 years old. Owns a business that provides on-demand services. Lives in a house in 

Oslo and owns an Electrical Vehicle. Interested in general in technology that will make 

his everyday life more comfortable and efficient. 

Person 2 

20-30 years old. Lives in an apartment in Oslo. Works as a front-end developer in an IT 

company. Interested in producing electricity if the apartment block community allows 

it. 

Person 3 

30-40 years old. Shares a house and its common space with one other family. Interested 

in electricity production as a tool to save on electricity bills. In general, finds it hard to 

find common ground with the other family on shared subjects. 

Person 4 

20-30 years old. Works as back-end developer in a startup company. Lives in an 

apartment and is interested in environmental problems and cost saving strategies for the 

household. Considers buying a house which will eventually allow him to take advantage 

of PV installation. 

Person 5 

20-30 years old. Lives in an apartment in Oslo city center and works in a café. 

Genuinely interested in environment preservation and would consider any possible 

opportunity to help. 

Person 6 

50-60 years old. Lives in a house in the suburbia. Generally concerned about the 

environment and cost saving opportunities. For some time considers installing PV 

panels. 

Person 7 

30-40 years old. Lives in an apartment alone. Cares about the environment but does not 

think he can provide solution to any of the problems. Would consider cost saving 

opportunities on electricity bills. 

Table 2. Recruited interviewees 
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5.2.2. Environment settings and preparations for the sessions 

Planning and preparing for the sessions is always a good idea. Although the interviews are 

planned as non-structured, a short list of guiding questions might come handy in case the 

conversations go to dead end. Furthermore, as Lazar et al. (pp. 192, 2010) points out, a good 

way of preparing is conducting pilot interviews with friends, colleagues, and family. Thus 

doubtful or unclear questions are being trimmed out, and more confidence is gathered, which 

might be crucial during the long sessions. Additionally, since every session is held in the days 

forward after the previous one, it allows me to rethink strategies as well as outline improvement 

points both in the guiding question and my behavior. Therefore, each next interview is expected 

to give more and more valuable data for analysis, although it might not be the case every time.  

One of my top priorities in the preparations is the comfort of my interview subjects. This 

includes appropriate venue and time for the sessions, often chosen from the interviewees and 

therefore might differ in each case, familiar technologies, with which the user will be able to 

seamlessly interact, beverages and snacks, appliances such as pens, pencils, and paper, etc. 

Comfort is created according to user preferences, whether they feel like approaching the case a 

bit differently or just feel the necessity of adjusting some settings, hence me, as a researcher and 

interviewer, should find the fastest and easiest way to comply with their wishes. Thinking it 

through on what and how can be changed will prove effective in a demanding situation. 

Lazar et al. (p 197, 2010) are very specific about a specific scenario when a technology 

malfunctions or internet connection is lost, or any other technological means that might block the 

session. He outlines the importance of having a backup, a reserve of technological means that 

can overtake the role of the main technology seamlessly. Since the project is very much 

dependent only on a laptop with installed environment to run the system, it takes little to none 

effort to switch the computers and proceed further with the sessions. Thus, the system is made 

available on two divert computers as a precaution. 

Aside from preparations that are user centric, plans on how to conduct the interview are vital. 

Recordings in different forms can fill the gaps and form data basis for future analysis. Therefore, 
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preparations include audio recording setup and notes. The inappropriate and inadequate 

preparation of transcripts from audio recordings can delay or negatively affect the analysis 

process (McLellan et al., 2003). Hence, adequate preparations of recording and transcribing 

means are important for the completeness of the information, as well as its validity. 

Nevertheless, it depends on the user if they will approve the use of audio recordings in their 

presence and in case they do not, then notes should be taken with full conscious and with 

minimum interruptions for the analysis to be punctual and complete. No matter the case, privacy 

of personal data and anonymity should be taken seriously and the user has to be informed for the 

amount, purpose, and application of the collected data. Additionally, consent with in depth 

information about the use of the audio recordings is to be presented to users' knowledge so that 

no unexpected issues can arise from the use of the information. 

While all the preparations and plans are viable, the sessions are not reserved from unpredicted 

situations. It is important to react adequately and take note of the cause and the possible solutions 

for future reference in the next sessions. Attaining confidence might be the key to solving such 

situations, since, arguably, the connection between the interviewer and interviewee is primarily 

based on verbal communication, but on conduct as well. Hence, proper behavior is crucial to 

fruitful communication. 

5.2.3. Conduct of the testing and interview sessions 

The sessions took place in rooms provided by business and startup community in Oslo city 

center. Despite that all of the testers were offered to pick a place based on their preferences, none 

of them came with actual place of their convenience, hence, after short presentation, it was 

decided to proceed with the selected location. The building itself is modern business center with 

large and refreshing rooms. It is designed with glass walls in every room, which, from one side 

allows the sunlight to penetrate in the room and provide excellent atmosphere, but from another, 

it raised a concern towards the possible confusion or disapproval that might arise due to the 

anxious life in the open office space. Henceforth, a room facing one of the few outer walls was 

selected, which allowed the interviewees to back the lively life office setting behind them and 

concentrate on the tasks from the sessions. 
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The sessions started with brief introduction on what is the purpose of the meeting and what is 

going to be the structure. My intention was to keep the information about the purpose and 

qualities of the system to minimum, for the testing to be as close to the reality as possible, which 

would allow me to gather unaltered data based on first impressions after enacting with the 

system. While keeping that in mind, the testers were informed about the general purpose of the 

investigation, i.e. being part of a university research, as well as privacy policies, including 

consent allowing audio recordings during the sessions. Additionally, the interviewees were 

explicitly informed that the gathered data would be kept anonymous and no direct or indirect 

connection to them will be stated without their approval. Six of the seven agreed with the 

consent, while the last one expressed discomfort from the audio recording, therefore, during that 

session, only notes were taken. After, the testers were granted access to the system and were 

allowed to interact with it without interruptions. As soon as they felt no need to proceed to 

explore the system, the interviews started and took on average 1:15 hours and resulted in total of 

1:30 hours on average for each session.  

The beginning of the interviews consisted of introductory questions where interviewees were 

asked about their age, social status and profession. Followed up with question predisposing to 

open conversation, which involved the type of the property they own or rent and their ability to 

install and take advantage of alternative energy sources, such as PV cells. "Where do you live? Is 

it a house?" are typical starting questions from which a conversation was built on. In general, 

every other question was built up on top of interviewees answers, which created relaxed 

atmosphere where thoughts and impressions were discussed. More or less the questions and 

discussions involved both sides, where the testers expressed their troubles interacting with the 

system and asked operational questions as well as followed up their thoughts with solutions of a 

different kind. In two of the sessions, there was a need to rely on some of the previously listed 

questions, due to conversations going to dubious directions or inability to build on received 

answers. When and how to end the sessions depended on the situation and the intense of the 

conversations, but overall, they ended when the interviewee visually seemed tired and started 

losing interest in conversing more on the subject.  
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In addition to the mentioned structure and type of questions, the two IT specialists were asked to 

express opinion on the technical side of the system as well. All of them were eager to evaluate 

and make suggestions for improvements, as well as pointing out design benefits and flows. 

Although it took time from the main subject of the sessions, that is evaluation of the system from 

non-technical perspective and the impact it has on its users, it was an intriguing conversation for 

both sides. Lastly, the interviewees were thanked for their contribution in the research and were 

promised to receive updates on the progress for those who showed interest in following up the 

project. 

VI. Analysis 

Analyzing data can be cumbersome task, especially when a combination of two methods, namely 

interviews and usability testing, is used to gather the data. While usability testing prioritizes on 

discovering and fixing flaws in the system, interview analysis tries to generate an accurate 

representation of interviewee responses and identify important ideas that repeatedly arise during 

an interview. (Lazar et al., 2010). Various techniques can be found relevant, though Lazar 

outlines two most common while approaching qualitative data analysis - content analysis and 

categorization of interviewees answers. Content analysis tries to dig deeper into the meaning that 

the respondent puts behind words and aims to provide additional understanding. On the other 

hand, categorization systematizes the response for better articulation. Categories can be pre-

defined or based on interpretations of the gathered information. Assuming that both techniques 

are not mutually exclusive, a categorized analysis with insightful interpretations of meanings is 

adopted. Table 3 demonstrates the division of the categories based on most repetitive ideas and 

criteria. Each category is named according to the general meaning that it implies and comes with 

a description of key moments associated with the category. As Lazar et al. (pp. 207, 2010) 

outline the more open ended the questions are, the more complex the analysis becomes. 

Nevertheless, it appears that respondents can identify key points of interests while interacting 

with the system, thus providing systematic data that can be categorized. Two factors are 

considered responsible for that - first, the availability of the system as a research subject 

throughout the whole interviews directs the thoughts of the interviewees to more subject related 



61 

 

answers, and second, the initial introduction of the system gives a chance to build up more 

specific expectations on the conversation that is to be held. 

In addition to the interviews, the testing sessions give a chance to observe users' behavior while 

interacting with the system. While the usability testing is not meant to take long, it is still 

valuable source of information. Overall the users show eagerness to discover the system in the 

beginning, while reflecting on the dynamic content, followed by paced overview of the pages to 

be followed and authorization process. Good indications are the often-positive verbal 

expressions while referring to the dynamicity of the content, such as "Wow, nice." This shows 

that the system gives relatively good first impression and the playfulness of the design is 

regarded as positive touch. Furthermore, the users tend to spend less time on each view. This 

might be due to relatively short textual content, which requires less time in scanning the view 

and adds simplicity to the page. 

A moment of hesitation was observed when the user was required to fill in information about 

boroughs during profile registration. Double check was required to determine to which borough 

the filled in address belongs to, which brought to unexpected anxiety. While some of the users 

had a clue on the borough, other had to check with third party applications, such as google maps. 

This is already a sign that users might not be so familiar with regulations affecting the division of 

the city to boroughs, thus making them unable to relate themselves to a borough. Edge cases 

such as user living close to the border of a borough might cause additional uncertainty, which 

implies the need for better division and clarification on which address belongs to which borough. 

Hence it might be a good idea to overthrow the initial division boroughs and adopt other social 

unit in next versions of the system, such as neighborhoods.  

Category Description 

Cost efficiency 
Return of investment (ROI) overtime 

opportunities. 

Environmental concerns Local environmental concerns over global; The 

ability to visualize concerns and understand how 
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they relate to their efforts 

Shared responsibility 
Type of accommodation has strong influence on 

how decisions that affect common space are made 

Competition 

Strong emphasis on competing sides. Household 

should feel part of the competing sides to elevate 

the desire to contribute 

Goals 
Self-assigned goal driven achievements to 

improve motivation 

Introduction to the system 

Unclear first impression. Additional 

improvements are required to introduce the 

system to the user 

More detailed information 

Information in the form of short sentences appear 

to be insufficient, thus a good approach is to link 

those motivational texts to internal or external 

sources 

Design flaws and suggestions 

Suggestions on improvements on key design 

flaws, including interface and code. Better user 

experience. 

Table 3. Categories 

In this section, I will analyze the information gathered from the interviews. For that purpose, 

categories based on most reoccurring meanings will be defined and analyzed. In addition to the 

categories based on data gathered from interviews with ordinary users, a last category 

concerning design flaws spotted from IT specialists is added. Thus, information from different 

perspective is gathered which allows more in depth, yet broad investigation. 
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6.1. Cost efficiency 

As it may be, 6 out of all 7 participants prioritized cost efficiency as dominant factor that will 

affect their decisions. The system itself shows performance calculations regarding cost savings, 

which was noted by the participants as positive feature. While admittedly the initial investment 

might be high, it is not considered as blocking issue as long as the return of investment will be 

due in reasonable amount of time.  

"I do not consider the invested money as waste or lost, as long as the 

investment I make returned within the next couple of years, and after that, I 

can only benefit from it. (the PV installation)" 

This brings up one crucial question: How much potential does Norway has in harvesting solar 

energy? Good et al. (2014) investigates the potential of PV and thermal installation on office 

building in Trondheim, central Norway. While they point out that the solar radiation in Norway 

is no different than any other European country, the geographical position affects the way the 

radiation is distributed throughout the year. Specifically, during the summer when the days 

appear long and the solar energy production is at its peak, and vice versa, during the winter when 

the nights are longer which results in poor performance of the PV installations. Good et al. 

(2014) also outlines the possibility of combining thermal installations with PV, which will result 

in efficient way of heating the facilities during the yet cold days in autumn and spring. They also 

point out the benefits of storing or transiting electricity to the main grid. 

Additionally, a suggestion has been made in which an apartment block would make joint effort 

to integrate large PV installation to benefit the entire building and its residents. Although it may 

sound optimistic, it requires agreement from each household which, as noted by the participant, 

is extremely challenging due to the equally shared high investment and inability or lack of desire 

to take part in the project. Nevertheless, the participant admitted that it is possible as long as they 

find an initiator and strong support. 



64 

 

One of the motivational texts (ill. 5) points out the possibility to generate electricity as well as 

heat as an option discussed in PV cogeneration section. Two participants spotted that opportunity 

which raised additional questions and discussion on the matter. The participants were eager to 

explore the subject more since the climate in Norway demands heating of the houses in long 

periods of the year and PV cogeneration gives the chance to cut down electricity and heating 

bills by generating both energies simultaneously. While the system and the text presented did 

trigger a motivation to explore and discover more on PV cogeneration, it failed to provide more 

information to follow up those feelings, which admittedly should be investigated as improvement 

goal for future releases. 

Another interesting possibility pointed out by one of the participants is the opportunity to use PV 

installations and stored electricity to charge electric vehicles (EVs). Norway is the world leader 

in plug-in EVs per capita (Rodionova, 2017; Hutt, 2017) which opens a lot of opportunities to 

integrate PV generated electricity with EVs. Leading innovative companies in development and 

distribution of EVs and supporting appliances have already manifested programs that include PV 

installation along with the EV offers. (Tesla, 2017). Products on the market include solar roofs, 

PV panels, storage systems, each of which can be adopted to charge with EV. Expectations after 

utilization of such technologies include electricity bill reduction and positive effects on 

greenhouse gases pollution. 

In spite the general knowledge of PV cost reducing capabilities, it remains challenging to make 

estimations on ROI. Many factors might influence the performance of the PV installation, 

including geographical location, shading during the day, weather conditions and so on. The 

answer that the user is looking for is not in the capabilities of the current version of the system, 

Illustration 5. Text showing PV cogeneration opportunity 
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but suggestions and improvements in that regards are considered in the corresponding section 

below. 

6.2. Environmental concerns 

Environmental problems are wide subject, with complex solutions taken primarily on national 

level that have long lifespan and distant results. Maybe that is why it feels a bit abstract to many 

people, yet it remains a subject of conversation and attention. A participant, who was asked if he 

is concerned about the environmental issues today, laid down his thoughts about the 

environmental problems like this: 

"No… Well, yes, I am concerned about it. I just don't see how my efforts will 

help to solve those problems..." 

People seem not convinced on the effects of their individual efforts toward environmental 

preservation. The state often alarms with rising environmental issues with reports on the positive 

or negative tendencies affecting the environment, reflecting on the joint preservation effort of the 

society. Might be that the problem is in the many, while the results are shown as joint effort of 

the community or the nation, the individual efforts might seem insignificant, thus putting those 

urgent environmental problems to the back of people’s minds. Furthermore, the concept of who 

is to blame, the individual people or the institutions, remains obscure. Fahlquist (2009) analyses 

the factors that might prevent individuals to be more environmentally friendly, thus questioning 

the recent arising notion that individuals are more to blame. She argues that individuals with 

capacity to be environmentally friendly should be kept responsible for some of the damage done 

to the environment based on their actions, or lack of actions. Nevertheless, individuals who do 

not feel responsible seem to neglect the problem, asserting their concerns but not taking actions 

based on the motive to help the environment. 

Additionally, the problem with the visibility of the environmental issues on local level remains. 

While most stressed out problems are repeatedly alarmed for, those problems that are locally 

distributed are often not put on the radar. Miljødirektoratet (2013) in Norway alarms that 

hydropower has negative influence on the wildlife near the rivers by destroying the habitats to 



66 

 

many animals and plants. These issues have been shortly presented in the web system in the form 

of motivational text. While shown and mentioned to the participants, their answer was as simple 

as "I did not know about that," which was usually followed up by further short discussion on the 

matter. The problem seemed to get more personal, since it concerns their own country and is 

result of the actions taken from the state and its citizens, therefore, their interest in contributing 

to preserve and better the situation increases.  

6.3. Shared responsibility 

While the participants expressed their affinity towards the project and their increased desire to 

contribute the society, as well as for better personal satisfaction, 3 out of all reported that it is 

notably challenging to apply the changes due to the type of the facility that they live in. 

Participants living in remote houses, where one household is responsible for the entire property 

seem not to be affected by it, but on the other hand, those living in apartment buildings or shared 

type houses find it difficult to achieve. One of the participants reported: 

“We live in a big house type building with one other family. Whenever it comes 

to decisions affecting the common area, we need to talk with them and make 

decisions. And I have to say, very often it is hard to find a common ground.” 

Presumingly the more parties involved, the harder the decision becomes. Hence, after some time, 

the lack of decisions might drop the motivation of those who are interested in the idea of 

installing PV and generating electricity. Therefore, for those living in a shared type of facility, it 

is important to have common goals and interests. Different systems can be adopted by the shared 

buildings for the process of decision making, and participants report that in order for such a 

project to take place in their building it needs to be approved by a representative from every 

household affected by the decision. And additionally, it might require permission from the 

government and other authorities, if such required. Which indeed can be very challenging and 

complex task. Nevertheless, the participants concluded that the system, with little improvements, 

can be beneficial for their facility since it provides information about generated electricity, cost 
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savings, and impact on the environment. One of them got even further, suggesting the possibility 

to compete with neighboring buildings for the amount of electricity generated. 

Problems, such as the ones imposed in the previous section seem to be invalid when it comes to 

remote houses with one owner. Participants report that their setting, in general, allows PV 

installation. Although admitting that the system picked up their interest with the different 

possibilities of self-improvement and contribution to the society, one of the participants 

questioned the efficiency of his possible PV installation, since, as he noted - "my house is mostly 

in the shade because of the hills and the trees around it." What he requires is calculations on how 

much his PV installation would approximately generate, based on which the household would 

take decision. And no matter how fascinated and motivated the participant was after interacting 

with the system, PV installation seemed unreasonable based on the amount of the investment that 

it requires. 

6.4. Competition 

Besides the textually based motivation triggers, the system introduces a basis for comparison and 

competition between the boroughs, which represent different areas of the city divided by the 

state regulations. While five of the participants do get the feeling of competition which 

reportedly is expected to motivate them to perform better, they also do share different opinions 

on how big should the competing sides be, in terms of size of the community and number of 

households involved, as well as feeling of loyalty to the community. Boroughs appear to be too 

large and unknown in terms of its members, none of the participants were aware of how big their 

borough is, and even some of them had to double check to which borough they belong to. Thus 

the feeling of loyalty to a community as large as borough is diminished. 

Two competing levels are discussed as better motivational triggers - a smaller local communities 

to which each household might be loyal to and city based competition, where two probable cities 

are competing to achieve better results. Small communities tend to distribute motivation better 

since they are able to keep a form of familiarity and loyalty between their members. As one of 

the participants reported:  
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"We know how good the neighboring community is in keeping the green fields, 

the gardens, the playgrounds… and we often try to best them by making 

prettier gardens and better-equipped playgrounds. I think that it is possible 

that this system will keep the motivation high if it shows statistics in 

performance… on how much electricity we produce and they produce." 

To be able to compete, an easily understandable basis for comparison should be presented. Also, 

there should be a feeling of rivalry, that is absent in the case of boroughs. It might be more 

likable that close communities would share similar goals, thus making them rival in who does it 

better and achieves better results. Besides small communities, participants tend to have stronger 

connection with the city. It appears that an unspoken rivalry might exist between similar cities 

where each of them tries to perform better than the other. If the system is applied in such cities, 

enough data might be gathered and conversed regularly in public reports which will set the basis 

for competition and desire for better performance. 

In addition to the city level competition, there a suggestion was made that a national level 

competition would have stronger influence on its citizens and might be better call for action. 

While a question has been risen on how good Norway performs with solar energy utilization, a 

comparison has been made with Germany that showed an overwhelming gap in their 

performance. In 2016 Germany took third place in cumulative solar power energy production 

while Norway was positioned 36th (PVPS, 2016) and the information that in general Germany 

performs a lot better than Norway caused a desire to perform better and increase the pace to 

reach the level of other better-performing countries. As one of the participants outlined - "I did 

not know that we are doing so bad, and now I think that a lot more needs to be done to reach the 

level of other countries.” 

6.5. Goals 

An overall good impression was made from the goal based performance, where each individual 

household can set its own goals within a time limit. The goals functionality (ill. 6) in general is 

discussed as reminder on what a household's expectations are compared to the reality. This 
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reminder is considered self-motivational, since it outlines the difference between the desired and 

the current state, thus triggering emotions dissatisfaction and desire to persuade the settled goal. 

“I like the idea of setting goals based on my own abilities. This way I can 

control my own wishes and avoid the disappointment of not reaching other 

people goals.” 

Self-proclaimed goals seem to have positive effect on the user since it tends to lower the risk of 

frustrating him by not meeting otherwise extensively challenging goals presented by second or 

third parties. Hence, the notion of "control" over the expectations is promoted which leads to 

better comfort and use of the system. Furthermore, as discussed in the previous chapters, the 

performance is highly dependent on the conditions in which the PV installation operates. Thus it 

might be a good idea to give the dynamics of each household to set its own goals. To keep the 

motivation always on its peak and perform better than the previous time span, a participant 

suggested to make recommendations in the beginning of each cycle on what the goal could be. 

Illustration 6. Goals 
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In general, different types of goals were discussed, but what connects them is the motivation 

behind it. Participants have different incentives behind their actions, so the goals are respectively 

aligned to those motivations. Cost efficiency appears most often in the discussions since it is 

easy to measure and the results are comprehensible and visible in users' daily life. Higher savings 

from electricity bills is priority to all of the participants, which is partly because none of them 

could come up with a reasonable idea of what another goal they might have. Environmental 

goals are hard to measure since the impact of a single household is hard to be traced back to its 

actual influence on the environment.  

6.6. Introduction to the system 

The system itself is designed to be simple, and yet informative by bringing the most valuable 

information to users' attention with textual and illustrative components. Although the participants 

do appreciate the simplicity of the system, they outlined that it is hard to understand the meaning 

behind the illustrations while they concentrate on the numbers representing the amount of 

electricity produced in kWh. While browsing through the pages, the testers report that they do 

get the feeling that there is a meaning behind scenery change, but it remains challenging for them 

to make the connection. One of the participants put it like this: 

"I do like the layout change, and I can see that the text is changing as well, the 

same goes for the numbers. It makes little sense to me why does that happen. I 

can make the connection between the text and the numbers since the text itself 

shows that it's based on the numbers, but I cannot say the same for the layout 

at first. Now when I think about it, it (the scenery) changes according to the 

value of the numbers, but it was not obvious for me." 

It appears that for the untrained mind it is nearly impossible to understand the meaning behind 

the scenery within reasonable time limit. The motivation itself is partly influenced by the overall 

understanding of the meaning put behind each of the component in the system and the 

connection between them. If that connection remains hidden for the user, then the information 

might be considered partly lost and, therefore, the motivational triggers could not be so effective. 
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The textual based information contains hints or references that connect it to the amount of 

generated electricity, but apparently, it is not so obvious for the scenery. Although the scenery is 

not prioritized as main information giver, it's purpose and connection to other components 

should be clear. 

Additionally, the about page is reported to be poor. While it was explained that the current 

version of the system is just a prototype and thus it does not contain the full-fledged functionality 

and content of the real system, the amount of information presented in the about view is 

unsatisfactory. Further, it was offered to create additional functionality of a wizard type, that will 

show and guide the user through the system and provide description. Though that was not my 

initial intent, since I want it to be intuitive as much as possible, I do recognize that additional 

improvements should be considered. Such improvements are considered in the respective 

section.  

6.7. More detailed information 

It was argued before that the main purpose of the system is to provide more information with less 

text. Therefore, a decision has been made to combine different types of information giving 

components, including textual and illustration based. While the text is kept in its minimum, two 

participants in specific suggested that more information should be presented in order for them to 

get the better "picture" and understand what and why is this system trying to achieve. Currently, 

the numbers are explained with the text in one or two sentences, which supposedly gives the 

necessary information to trigger behavior changes. Though it was suggested that an illustration 

or animation based information, such as iconography, would bring better understanding on the 

effects of the produced electricity since it will allow the users to better visualize the situation. 

One of the participants expressed her concerns about the negative environmental effect of the 

hydro plant which affects the wildlife around the rivers and water streams. Although she 

understands what are the consequences, she is unable to picture them. Thus, she gave an example 

of her recent experiences, where a marketing advertisement to promote reduced meat 

consumption compares visually a pollution that a production of a burger causes with a traffic jam 

of 25 km of cars. As reported, this picture and comparison have a striking effect on her and her 
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way of behaving as a consumer that leads to dramatic changes, since she is able to picture the 

situation. Hence, her suggestion consists of converting the textual based information, which is 

relatively challenging to imagine, to animation and illustration based information. As she puts it: 

“You have to see something suffering to feel compassion.”  

A good idea as it might be, though it affects only the negative effect of consumption and 

production of electricity from power plants. It is hard to illustrate other motivational factors such 

as cost efficiency or competition since the result usually affects only individual households or 

communities and is not within the interest of the society in general. Further, this opportunity is 

investigated in the improvements section. 

Another opportunity is to extend the textual information, which was also part of the discussions 

and suggestions, although the participants that were suggesting it realized that it might not be a 

perfect fit within the current way of displaying the content. In that sense, more information 

might mean a slight shift in the balance of the information carriers, while currently a relative 

balance is found between the three components, the produced number of electricity, the text that 

represents the result of that production and the scenery, based on design decisions made in 

previous stages of the development. Additional opportunities exist that are discussed in this 

chapter. 

6.8. Design flaws and improvement suggestions 

In the process of investigation several design flaws were discovered and discussed, as well as 

few improvement points were outlined. While the IT specialists concentrated more on technical 

sides such as glitches and bugs, the non-IT professionals gave valuable input on improvements in 

design based on the users are approached, and motivations are triggered. Up until now, I have 

outlined few suggestions made by the participants, and now I will discuss in more detail what 

exact improvements might bring more value to the system. 

Overall the IT professionals were quite positive about the system. However, they did point out 

few mistakes that are good to be fixed if the system was going to live. One quite big 
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improvement is in the code base and involves replacing the Django framework with API type of 

system that provides endpoints for access to the information. This way the system would be 

accessible with any type of device without additional modifications. Further, a good impression 

made the use of angular material presented in the technology chapter, though it was argued that 

the use of an extensive framework when the components are ignored or completely overridden 

might not be a good idea. Instead, a suggestion was made to build a styling that is clean of 

unused code and take advantage of standalone Angularjs. Both improvements will be considered 

for future releases of the system. 

Furthermore, participants made suggestions on improvements on the design, including typeface, 

animations of the day/night shifts and weather conditions. Although weather condition was 

considered before, it remained as future possibility due to the large amount of work that it 

requires. Full animation to the day/night shifts is considered to bring more mobility to the system 

and make it more attractive. Typeface improvements include more outlined texts with increased 

font sizes that will make the text more readable. This last improvement was considered in the 

development stage, but a decision has been made for the text to blend in the background picture, 

which was expected to bring equal distribution of the attention in the different content forms. 

In general, more attention needs to be put in the way the first impression of the system is 

handled. While each component conveys its meaning, based on the feedback from the 

participants, it does not make much sense unless they inform themselves better on the purpose of 

the system. Up until now, few suggestions have been discussed, including more detailed 

information on the about page and wizard that will point out and explain the main component. 

Hence, based on the feedback from another participant, who suggested the need for better 

explanation of the numbers by using animations and iconography, it might be a good idea to 

combine text and animations and tell a user story. Examples may include striking, and urgent 

environmental pollution problems explained in short animations and further influenced by the 

production of the electricity from the society. Another possibility is to give more explanations by 

referencing to more details and sources that explain each case and problem. Those sources might 

be internal and external. Although these are just suggestions collected and combined from the 
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feedbacks from the participants, it is worth noting that a number of other combinations might be 

made based on those notes and other. 

Before I introduced you to an issue connected to the way the user is mapped to its borough. A 

borough appears to be not so effective when it comes to loyalty and decisions made for the good 

of borough and better performance. Thus a better way of mapping the users should be 

considered, which preliminary might include an interactive map that will allow each user will 

decide on his own. Such maps could be very effective since it represents a visualization of a 

textual content, which as discussed in the previous paragraphs, is expected to be more 

informative and appealing.  

As stated before, cost efficiency seems to be the trigger that has most influence on the 

participants. The system provides the very basic information on cost savings, such as comparison 

between this month and previous months as well as, if the user has settled cost saving goals, 

which is the case in the prototype. In addition to that, it the participants suggested tools for 

analysis, metrics, and graphs, which will inform the user on cost savings and will define a better 

strategy to achieve set goals. As per the feedbacks, such tools might include graphs representing 

cost savings in selected time periods compared to average savings in households around the city 

(fig. 5) and other. 

 

Figure 5. Example of statistics in cost savings 
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VII. Discussion 

The system brings up shallow motivational factors that are expected to trigger call for an action 

within its users, that is to show deeper interest in contributing the society and the environment by 

adopting smart grid tendencies and technologies. As literature shows, motivation can be indeed 

very complex, it might not persist in time, and it might be affected by the current condition of its 

host. The direction of the motivation is defined by the purpose of the system and the meaning 

that it conveys to its users. While some users might be limited by extrinsic factors, such as 

inability to devote time and money to follow up their motivation, others find their motivation 

strong enough to explore more and learn. The system intentional design is to give enough critical 

information to trigger behavioral change that is impactful and consistent in time. Therefore, it is 

critical to assess the first impression that the system makes and its ability to keep the interest and 

motivation with its supportive tools. Additionally, the design choices, including system interface 

and information representation, are vital for the information to have most influential effect on 

users’ behavior and bring up known and unknown concerns that are within the subjects of 

interests to the user. As main contribution tools, the PV panels are investigated and proposed to 

the wide public including the testers throughout this investigation. By the combination of 

usability testing and interviews, I am able to receive critics and suggestions for improvements 

goals that could be considered for investigations and releases of the project. In general, the 

investigation supports the claim that people can get motivated enough to learn more and 

contribute the society by generating electricity with PV installations, as long as they have tools 

to operate with and receive critical information updates based on their area of interests. 

About 95% of the electricity in Norway comes from hydropower (NVE, 2017) which is 

renewable source of energy. Despite that, it remains a threat to the wildlife around the water 

sources, therefore new potential more harmless electricity sources should be harnessed and 

utilized based on the development of new technologies in the area. That being said, such 

information along with other harmful consequences of the current energy sources remain rather 

hidden for the wide audience, restricting them in their motivation to take action. While people 

are constantly reminded about environmental issues that are indirectly connected to their daily 
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life, more close, local problems appear to have better effect on peoples’ motivation. As the 

research shows, participants were rather careless, or rather powerless, on global issues that are 

put on light often by governments and international organizations and summits, while local 

issues, that directly involves them as a source of solution, empowers them to actually take 

actions. Therefore, local issues could be used as more influential triggers that will remind 

citizens about their inevitable and needed contribution that will lead to better, more 

environmentally friendly solutions to those problems. 

To allow communities and households to actually contribute the society and the environment by 

producing electricity, the necessary infrastructure needs to be built. Smart Grid is the umbrella 

term that generalizes the technologies used in the network to adequately respond to demand in 

electricity. While those technologies give their input to the overall performance of the grid, they 

are mostly for monitoring and not for notable contribution to better society. Photovoltaic panels 

have been adopted on large primarily in western countries and Japan. Although Norway has the 

potential to generate large amounts of electricity with PV, especially in the summer season, until 

recent years there were not many notable projects involving the technology. PV panels provide 

the necessary technology for a society to go smart in terms of energy utilization. Furthermore, 

due to the generally low temperatures in the country, the PV performance is considered even 

higher and in combination with cogeneration technology both electricity and heat could be 

utilized. An opportunity rather unchecked from the ordinary household, yet very attractive as 

noted throughout this investigation. 

All being said, information remains centric, both as a solution to demanding issues in the society, 

related to electricity production and as a motivational trigger that might come as a solution to 

some of those issues and might prove beneficial to its members. Hence the investigated system 

gathers and distributes that information to its end users with the known intent of enforcing them 

into taking actions. Two are the desired possible outcomes after interacting with the system, first, 

the user to get interested enough to dig deeper in the presented problems and beneficial factors 

and, second, if the system manages to accumulate enough motivation for the user to invest time 

and finances, then to provide enough data for him to keep his motivation as high as possible for 
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as long as possible. For that, different strategies and design choices have been adopted, which 

outcome is discussed further in this section. 

7.1. Motivational triggers 

In general, three forms of incentives are adopted in the system to provoke behavioral changes, 

those are previous and current accomplishments that can be community and individual based, 

electricity bill reduction as a result of improved cost efficiency and environmental concerns of 

different type. All of them are presented via textual based components and are supported by the 

illustrations and more details. By analyzing the responses from the participants during the 

investigation, I was able to group the incentives in prime and supportive. The prime incentive is 

mainly cost efficiency opportunities and is valid to most users. Cost efficiency affects the user 

directly in the form of money savings, that is the main driver for behavioral change in many 

spheres. Users tend to consider changes and invest in the future if they are convinced that it will 

benefit them in long term.  While Norway’s standards are one of the highest in the world 

(Business Insider, 2016) investments in PV panels by a household seems manageable. Hence the 

level of conviction that the motivational components should bring to a modern Norwegian 

household is presumingly achievable given that the cost is justified throughout time. 

Furthermore, the investigation showed that the participants are not deeply concerned about the 

investment costs, but they expect that their investment will meet their expectations. Westskog et 

al. (2015) investigate how information regarding energy saving strategies affect households in 

Norway and outlines that presented information is effective when addressing cost efficiency 

directly since energy saving measurements tend to be "ordinary" for the households, and hence, 

fails to initiate long lasting motivation. In addition, primarily incentive could be the current 

amount of generated electricity by the households, since it triggers desire for an individual to be 

part of the whole and make contributions to the society. The supportive incentive is mainly the 

environmental concerns that each of the participants claims to be interested in, but not as much 

as to invest large amount of money in a technology that might provide no visible solution to the 

problems. While the participants note the importance of solving those issues, global issues 

appear to be rather concerns of the government, than to each citizen of the state. This is less valid 
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with sensible local issues or striking environmental issues that affect our daily life and that the 

user can visualize and understand.   

Keeping up the motivation in those who have already decided to take part in the system and have 

installed PV panels to generate electricity is the step followed by a successful introduction to the 

system and achievement on its purpose. To be able to keep the interest, as participants point out, 

it's vital to have analytic tools for comparison. Graphs, charts, tables and another form of 

statistical analysis conveys information on individual and community performance and allows 

the user to always keep track on incoming concerns that demand attention by the masses. 

Furthermore, a good way to keep up the motivation is to regularly report on effects that the joint 

community effort might have on the environment. Thus, the individual efforts can be justified 

and bring satisfaction to an even wider extent. The motivation is often lost because of 

inconsistency or inability in result reporting, and as the investigation shows, the users want to be 

kept informed of the amount of good deed that has been done to the environment. It will be part 

of another investigation on how to keep track on issues and regularly update with visible positive 

effects that the user can assess. 

Competition appears to be a strong motivation to those who feel that they are part of the 

competing sides. Although the system partly fails to achieve that, due to the inability of the users 

to identify themselves as part of any of the boroughs, it is a strong tool that needs to be taken 

advantage of. Users do accept the competition as their personal mission, to achieve better results 

for their own community, or on larger scale, the city, but they also appreciate the fact that their 

achievements are being recognized. Therefore additional gamification elements could be 

adopted, such as achievement trophies, rankings, and stars (Blohm and Leimeister, 2013). While 

this might be risky for those who will eventually end on the bottom of the rank list, it is 

potentially a strong stimulus for those who aim at performing better and achieve better rankings. 

The feeling of rivalry, either historically supported or new, is yet another strong emotion that 

enforces the competing sides to perform better. Kilduff (2014) in his theory supports the notion 

that performance between rival individuals is often better than between those that have little to 

no interest in each other’s motivation. Hence, other tools could be examined to extend the desire 
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to compete with other individuals or communities in electricity production, which will possibly 

have strong beneficial effect on the overall performance. 

Additionally, a motivation to some participants is the desire to adopt beneficial technologies, 

such as PV installations, and achieve better comfort and satisfaction. Five respondents showed 

genuine interest in the technology, the ability to provide different type of energy, electricity and 

heat, and to own, monitor and control that with apps and other web technologies. Although that 

motivation, standalone, does not appear to be enough for a behavioral change, it is yet a good 

incentive to keep up the motivation. Nevertheless, reportedly decisions as impactful and big as 

installation of PV in a household is taken with the approval of all its members and therefore it is 

hard to validate technology as a household motivation. 

7.2. Asserting the information 

Design decisions made on behalf of this system are information oriented, meaning that all 

decisions regarding the system interface and type of data used are made according to the 

perception of how the information will be more impactful and have better influence on its 

viewer. To be compact, precise and straight to the point, as pointed out before, three main 

components are adopted to display information and convey meaning. Those are the ever-

updating amount of electricity produced based on households' contribution, the textual based 

motivational component that tries to explain the amount of produced electricity currently and 

historically, and the illustration based layout that shifts according to the amount of currently 

generated electricity. While some tend to be more efficient, other appear not so explanatory and 

understandable but are still required for the whole story to attain meaning. I will further discuss 

each component individually by outlining its strengths and weaknesses based on the analysis and 

the literature. 

As it is accepted by the electricity engineering, electricity is measured in watts (W) or while in 

large amounts, in kilowatt-hour (kWh) and is presented in numbers. Presumingly, it is indeed 

very hard for a non-electrician to get meaning out of those numbers, and even for them, it might 

be challenging to connect to different concerns expressed in this research. Although the numbers 
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cannot be translated into meaning by the general public, it plays essential function in the system, 

since all of its content is connected to the current and previous amount of generated energy. 

Furthermore, numbers give good basis for measurement and comparison with previous periods, 

if accepted by the society, those numbers can trigger satisfaction if new peaks are reached and 

vice versa, people might get disappointed by seeing poor performance. Users tend to pay 

attention to dramatic shifts in numbers if they go up or down out of the ordinary and therefore it 

is more likely that they will take action to perform even better or get out of the poor performance 

status. The amount of generated electricity slightly differs from a household to a community or 

the city, since the community and the city amounts are based on joint effort from the households. 

While dramatic changes in the amount of produced electricity are unlikely for the household, the 

participants are still interested in following up those numbers since they better associate them 

with their own use. Therefore, while hard to understand the meaning behind the generated 

amount of electricity, it is still vital to have it presented in the system. Future releases and 

investigation should pay more attention on how to present those numbers in a more 

understandable way, that an ordinary user can derive conclusion without the need of additional 

education. 

The text, which is central in the design as well as the amount, is the main conveyor of meaning 

used in the system. It consists of small sentences that represent small or large environmental 

concerns, cost efficiency results and other impactful texts. For the purpose of being always 

adequate, it is automatically generated based on the numbers, although reportedly it is hard to 

connect the text to the numbers by the users. That is mostly because the majority of the texts are 

summarizing or explanatory purpose. For the households' dashboard view, the text appears to 

make more sense, since it is directly connected to the numbers of generated electricity. It is 

worth noting that users wish to see the results of their individual contribution to environmental 

issues, which as noted before, is a feature that will be assessed and investigated in future releases 

of the system. Although descriptive, short texts cannot be full in the meaning they want to 

deliver to its reader. Therefore it is essential for the system to adopt more illustrations showing 

uprising issues and the effect that the PV generated electricity has on them. That can be achieved 
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with iconography, or it can be implemented within the rich illustrated layout of the system, 

demonstrating the levels of achievements based as well on the amount of electricity generated. 

While designing the system, a lot of meaning has been put in the layout, within its illustration 

and it has been an investigation point during the testing sessions. The illustrations appear to have 

positive effect on the user, but other than that it is hard for them to connect it again to the amount 

of generated electricity. By design, the layout has three levels shifting back and forth based on 

the value in kWh, that is to better visualize how much electricity is used and for what it is 

enough (ill. 7). More levels could be considered if the system is to go live since the initial intent 

was for it to follow 24-hour time span and therefore, more levels can be presented to add greater 

dynamics. If the illustrations are to adopt and visualize current environmental concerns they 

might indeed be used as motivational triggers by carrying more meaning than a short text can 

express and be more impactful and straight to the topic. That has yet to be assessed and 

employed in the design as an improvement. 

The layout dynamics adds playfulness to the design and distributes the contribution to levels or 

achievements, thus adopting elements of gamification. Although unexplored by the users to its 

full extent, the gamified elements are central in the design, since it is used as additional 

motivational trigger. Probable improvements include adding trophies and keeping records that 

will be used as a reminder for the user. The analysis shows that the users are interested in 

performing better and achieving better results, therefore gamification can be adopted in a better 

way and extended with additional elements. Design wise it is worth exploring more gamified 

elements that will lead to better engagement with the system. 
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7.3. Call for an action 

As noted at the beginning of this section, the system tries to achieve two results, first is giving 

critical information to the masses and second is to empower them to learn more on the matter 

and, ultimately, consider investments in PV electricity generators. The results of this 

investigation indicate that people are interested in exploring more, both on the possibility of 

investing in PV installation and in educating themselves better on urgent environmental concerns 

affected by conventional electricity generation methods. While the participants appear to have 

general knowledge on environmental concerns, they do not associate themselves with possible 

solution source. PV generation is mainly evaluated from the perspective of cost efficiency and is 

very remotely connected as a solution to major environmental issues. In spite that, it appears 

more manageable to demonstrate visible effects on the environment while addressing joint 

community efforts due to its larger scale and potentially wider impact on related environmental 

issues. In addition, participants point out the possibility localizing their efforts towards 

improvements within their local premises. One of them assumed the opportunity to utilize the 

generated electricity in their common area, by providing light to the street and garden between 

the blocks of their residency. Thus, the possibility to keep up the motivation and aim for better 

production result increases, since community members are able to see and evaluate their efforts.  

After giving the most valuable information with all the possibilities, high motivated users tend to 

take further steps and investigate possibilities to generate electricity by investing in technologies 

such as PV panels. This is considered the point where the user considers decision on whether he 

is interested enough to invest or not, although, admittedly decisions as big as that are thought of 

Illustration 7. The three levels in the layout 
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long time and taken after careful evaluations and discussions. During the investigation, a couple 

of respondents were eager to learn prices of the technology and its validity throughout time. This 

is a positive indication that the tested web system is able to achieve results and motivate its users 

enough to follow up with desire to explore more.   

For better results, it is essential for the system to trace the contribution to an issue and report 

back with positive results back to the user. Thus, a feeling of satisfaction will be triggered that 

supposedly will keep the motivation high to perform even better. Users report that their interest 

in generating electricity is tightly connected to the effects of it, and not only to its monetary 

value that is widely known by the PV technology adopters. It might be indeed very hard to assess 

individual efforts and its impact on the environment, but joint could be manageable. As pointed 

out before, this is considered an improvement point that is recommended to be investigated more 

and implemented in future versions of the system. 

7.4. General results from the research 

In general, the findings follow the discussed literature and therefore, my expectations. 

Motivation proves to be indeed challenging subject within this research since the researched 

system promotes motivational triggers that try to affect as many people as possible by 

generalizing concepts and issues and presenting them to individual users. Photovoltaic panels 

and the ability to generate electricity and make different use out of it, to have control over the 

process and feel satisfaction of one's contribution appear to be the key moments. A web system, 

such as the one investigated, with interactive and playful interface that does not demand much of 

the time from the user perspective, but yet manages to deliver the minimum critical information, 

is rather successful approach to engage the user in profound goals such as environmental 

preservation. Society goals can be purposefully intertwined with individual incentives, thus be 

beneficial to each cause that the system tends to support. Additionally, future application of the 

system might allow statistical analysis and better utilization of resources based on demand 

response smart network to handle electricity distribution on local and national level.  
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While the system does not manage to cover every desirable functionality in its current state, it 

indicates that households get better motivation to contribute the society by taking advantage of 

PV technologies and generate electricity to distribute through the network or for personal use 

when they have enough critical information to trigger those motivations and control over the 

process with regular reports, feedbacks and other statistical tools. Future investigations might 

uncover in more details how those motivations can be personalized for each household and what 

kind of tools could be used to sustain the motivation throughout time. 

VIII. Conclusion 

As a strong alternative to the conventional energy sources, the renewable energy sources have 

been adopted on even greater scale in the recent years by a number of countries worldwide. This 

tendency is observed as well in Europe, where in 2015 there has been about 17% increase in use 

of renewable energy, where eleven countries already meet the goals set for 2020 that is 20% of 

gross energy consumption (Eurostat, 2017). In addition to the state regulatory efforts in 

achieving better energy utilization, promoting the communities to take more active role in energy 

production might be the key to an ultimate smart self-supplying electricity network. Various 

technological advancements in local energy production, such as photovoltaic panels, become 

more accessible to an ordinary household by day, empowering them to contribute to 

environmental issues that require greater efforts than they are able to get today. While 

households may see in PVs a possibility to change their electricity costs ratio, this investigation 

implies that there remains a startling gap between the current and the necessary amount of 

critical information predisposing households to electricity generation technology adoption. 

It is hard to evaluate a sole technology as a solution to a critical problem, no matter how smart it 

is. The only smart component in these technologies are the people who use it. (Honebein et al., 

2011). Therefore people should receive admittedly more attention when it comes to strategies in 

technology adoption by receiving incentives of a different kind. Thus my intention with this 

system was to investigate motivational triggers in the form of information that will trigger a 

behavioral change in the household from a passive consumers to active producers of electricity. 
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To investigate motivational factors, a high-fidelity prototype has been developed with the 

purpose of introducing critical information to its users that might eventually will foster their 

intention of taking advantage of PV installation and generate electricity. Furthermore, a 

combination of research methods, including usability testing and interviews have been adopted 

in interactive sessions with seven testers. The sessions included up to fifteen minutes of testing 

and interacting with the system followed by an unstructured, open-ended interview. Based on 

extensive notes and with the support of audio recordings, an analysis has been made where the 

main focus has been put on user’s understanding of the content, possible motivational triggers 

and improvement points of the system.  

My investigation showed that while the system manages to provide general information about 

electricity production and the effects of it, it remains open to improvements on how critical 

information is asserted to make greater impact and provoke the user to investigate more on the 

possibility to obtain and use such technology, and ultimately, take advantage of it. Cost 

efficiency and environmental issues remain major factors of concerns by the participants, but it is 

hard to evaluate if one is strong enough motivational factor without the other.  In particular, 

environmental issues in most cases appear too distant for the user to rely on it as the main driver 

of his actions. Furthermore, while the information is arranged in three main components, namely 

the numbers that represent the amount of currently generated electricity, the notes that give 

meaning to the numbers and the dynamically shifting layout, the feedback from the users 

indicate that illustrations and animations are better suited to convey crucial information, 

especially while referring to environmental issues, due to the critical impact of the illustrated 

scenes and the participants ability to better associate themselves with the problem. Overall 

participants tend to get interested in PV installations and electricity generation if they find deep 

enough meaning for them in the information that is presented.  

Additionally, the system tries to take advantage and adopt gamified elements like competition 

and comparison between two, or more units. While the results show that performance 

comparison is considered as strong motivational trigger, it requires a feeling of belonging and 

loyalty to the unit, that the household is part of. Therefore, a better division of the area of 
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application of the system needs to be developed in future, that may, for example, include 

dynamic or predefined creation and assignment to a unit. Nevertheless, this adds additional 

complexity to the system and raises questions regarding the fairness in the competition, since 

dynamic assignment could lead to nonproportional distribution of the efforts, also who and how 

will govern those units as well as how they will be visualized in the system. 

Based on the opportunity to test the system at the beginning of each session, the users were able 

to make a number of improvement suggestions that should be taken into account if this or similar 

type of investigations are to be held in future. Firstly, it is important for the participant to be able 

to assess his own and his community's performance based on different reporting tools such as 

charts, graphs or tables. This creates a better comfort for the user since he is able to seamlessly 

and unobstructedly receive information and reflect on his efforts, and a sense of control and 

ownership over the technology. Furthermore, more explanations based on illustrations and 

animations need to be adopted, since they bring straightforward, broad and impactful meaning to 

the user. It allows them to visualize the conditions that the information tries to bring forth. 

Nevertheless, it yet remains a challenge to adopt the most crucial information for the general 

masses and present it in most understandable and influential way that will eventually improve 

electricity distribution networks and benefits issues related to conventional way of electricity 

production.  
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