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Abstract 
 
Eco-visualization technologies aim to trigger more environmental behaviors by providing 

feedback about the usage of key resources such as energy. However, the design of these 

technologies to encourage energy conservation has been mainly focused on individual 

behaviors in a household level. Addressing a different approach researchers at KTH have 

designed the housing cooperative app, a web application that provides feedback about the 

collective energy consumption of housing cooperatives in Stockholm, aiming to reduce the 

cooperative's collective energy use. 
 

By using a Research Through Design approach, this thesis explores how data visualization can 

support amateur energy work through the housing cooperative app. For this, I identified design 

problems in the data visualization elements of the app, which I aimed to solve by redesigning 

them; then, I conducted semi structured interviews with amateur energy workers, where they 

interacted with the application, to generate new insights about how data visualization can be 

used in an amateur work context.  
 

Through the interviews it was possible to obtain qualitative answers about the challenges of 

amateurs energy workers and the way data visualization could be used to address theses 

challenges and achieve their goals in an efficient way. The interviews was divided in 

Background, Amateur work, Comprehension and Usefulness of the data, and were supported 

by a walkthrough in the application presenting to users different scenarios and features in the 

application. 
 

Results showed the potential that data visualizations have to support amateur energy workers to 

overcome their main challenges and to identify the rewards of their work. In this thesis I discuss 

about this potential, and about design aspects that are important to consider when designing 

eco-visualization technologies in amateur energy context. 

 

 

 

 

 

 



 

Sammanfattning 
 
Ekovisualisering är en teknik vars syfte är att trigga ett miljömedvetet beteende genom att ge 

information om användning av viktiga resurser som energi. Hittills har dock de flesta lösningar 

som utvecklats riktat in sig på att uppmuntra en sänkt energiförbrukning hos enskilda hushåll. 

Forskare på KTH har provat en annan infallsvinkel genom att utveckla en app för 

bostadsrättsföreningar i Stockholm, med målet att sänka föreningens gemensamma 

energiförbrukning. 

 

I detta examensarbete undersöktes hur datavisualisering kan stödja icke-professionellt 

energiarbete vid användning av appen utvecklad för bostadsrättsföreningar. För att göra detta 

användes metoden research through design. Under arbetet identifierade jag problem i appens 

tidigare design och förbättrade visualiseringselementen. Efter detta utfördes en intervjustudie av 

semistrukturerad form med icke-professionella energiarbetare som informanter. Under dessa 

intervjuer interagerade informanterna med appen i ett försök att finna nya insikter om hur 

datavisualisering kan användas i en icke-professionel kontext. 

 

Intervjuerna var uppdelade i de tre kategorierna: bakgrund om informanten, icke-professionellt 

arbete samt förståelse och användbarhet av informationen i appen. Under intervjuerna utförde 

jag en demonstration av appen för att presentera de olika funktioner och scenarier jag ville 

utvärdera. Intervjuerna gav mig ett kvalitativt resultat med insikter om de hinder som upplevs av 

användargruppen, och hur datavisualisering kan användas för att åtgärda dessa.  

 

Resultaten visade att datavisualisering har potentialen att hjälpa utövare av icke-professionellt 

energiarbete. Detta görs genom att underlätta deras uppgifter, samt en ökad förståelse för de 

positiva konsekvenser det för med sig. Slutligen diskuterar jag potentialen av ekovisualisering, 

samt de designaspekter jag anser viktiga för utveckling i en icke-professionell kontext relaterat 

till energi. 
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Eco-Visualization for amateur energy work  

Introduction 
 

An efficient energy use is already a trend on the international agenda of politics and commerce. 

By using concepts from the area called “eco-visualization” to produce different representations 

of dynamic data, the field of Human Computer Interaction has tried to design technologies to 

encourage and provide feedback on individuals or group behaviors, aiming to reduce the 

environmental impact (Holmes, 2007; Pierce and Paulos, 2012).  

 

However, the focus of many of these technologies lies in changing households’ behaviors at the 

individual level and mostly about electricity use. This, is becoming a concern in the field due to 

the narrow scope of research which emphasizes the change of individual behaviors without 

considering bigger social realities, that may generate a better impact (Brynjarsdottir et al., 2012; 

Gaver et al., 2015; Hasselqvist et al., 2016). Moreover, there are some problems, such as high 

energy consumption for heating and hot water, that are part of practices that cannot be changed 

by individual households, instead they have to be managed on a building level (Hasselqvist et 

al., 2016). 

 

Addressing an alternative focus for energy feedback, a housing cooperative energy app was 

designed to stimulate and support housing cooperatives in Sweden to take actions that reduce 

the cooperative’s collective energy use. It was originally designed in cooperation between 

researchers from KTH (Royal Institute of Technology) and from the CIVIS1 project, a program 

co-founded by the European Commission to contribute to the design of a more sustainable and 

energy-optimized smart city.  

 

Everyone who buys an apartment in Sweden must join the local housing cooperative 

(bostadsrättsförening in swedish), which owns and manages the buildings, and among others 

responsibilities is in charge of the energy use. Tenants are members of the cooperative and 

annually a board who manage the building, is elected. In some cases, the board assigns energy 

                                                
1  https://app.civisproject.eu/. 
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managers that are exclusively in charge of energy related work, which as the rest of the 

members are volunteers and no specific skill or knowledge is required. 

 

For the purpose of this thesis, board members who among their responsibilities, are in charge of 

energy related work will be considered as amateur workers. Without being energy experts, they 

have an amateur knowledge of energy and their aim is to enhance the energy use in Housing 

Cooperatives (Hasselqvist et al., 2016). However, within the amateur managers there are 

different levels of knowledge about energy use: managers with little or no knowledge, managers 

who are just familiarized with the topic and managers with experience about energy use.  

  

In this sense, the housing cooperative app is a web application that helps housing cooperatives 

to share experiences and learn from the energy work of each other.  One of the main features, 

is the visualization of data about energy consumption of a specific housing cooperative, which 

can be compared with the average total consumption of the neighborhood or with their own 

consumption in different periods of time, as a way to support peer learning and to provide a way 

to follow-up the energy reduction. In order to increase the learning process in energy managers, 

energy data is also linked to energy actions made by cooperatives, which are one-time actions 

that provide a long term impact to improve energy efficiency. These energy actions can be of 

different types, from improvements on current energy system, such as changing the ventilation 

type in some common areas of the building, to bigger actions such as the installation of a new 

heat pump. 

1.1. Problem statement 

 

Technologies, within the human computer interaction field, that aim to change users’ behaviors 

about energy consumption, are mainly focused on households and not on amateur energy work. 

With this alternative focus, a first version of a housing cooperative app was developed with 

some of the basics features, however there is a rich ground for further exploration and 

improvements on the current design to increase users’ engagement and comprehension.  

 

Thus, this research aims to answer how can eco-visualization technologies support energy 

management in housing cooperatives? More specifically, I will explore how design can 
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support energy management from an amateur work perspective, by presenting energy related 

data in a comprehensible way for energy managers. 

 

The research will attempt to answer the question above, by evaluating the design of the housing 

cooperative app, including the design and implementation of improvements to support 

comprehension about energy use, in the context of amateur energy workers from housing 

cooperatives in Stockholm. 
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2. Background  

2.1. Eco Visualization 

2.1.1. Data Visualization 

Nowadays we are facing a time where information overload is the norm. Big amounts of 

information are overwhelming and it is only useful if we are capable of interpreting and deriving 

conclusions from it (Murray, 2013). The term visualization can refer to a graphical 

representation of data, used as an external tool for the mind to support decision making (Ware, 

2013). We obtain more information through vision than from any other sense combined and we 

can interpret meaningful conclusions from visual representations of data easier than from raw 

data  (Murray, 2013; Ware, 2013).  

 

According to Ware (2013), data visualization when it is correctly applied can bring several 

advantages. Among them, it allows an easy comprehension of big amounts of data, it allows to 

perceive patterns in the data that were not foreseen, and it supports the understanding of 

features of the data in a large and small level. The author also specifies different stages of the 

data visualization process. First the data is collected, then it is transformed to something easier 

to use, then the selected data is linked to a visual representation and finally, a stage where the 

users perceive the information by their perceptual and cognitive system. This thesis focuses on 

the stages where the data is transformed and linked to a visual representation. These stages 

are illustrated in Figure 2.1. 

.  

Figure 2.1. Data Visualization process (Ware, 2013). 
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According to Murray (2013), interactive data is an aspect that makes the process of data 

visualization stronger by making people explore the data for themselves. In many cases, 

different views are necessary to represent different perspectives of the same information, 

particularly when targeting different audiences. Moreover, different data may need different 

encodings or techniques to reveal interesting aspects about the data (Iliinsky, N. and Steele J., 

2013). 

  

It is important to take under consideration the aspects presented in this section to improve the 

data visualization process of the app, and support data comprehension.  

2.1.2. Eco-Visualization Technologies 

 

Environmental impact factors, such as energy and water consumption, are becoming common 

in the global awareness and a common target of research for the HCI community (Froehlich et 

al., 2010). As a result of this interest and by combining the practice of data visualization, 

technologies have been designed to try to reduce the environmental impact by motivating and 

providing feedback on user behaviors in different related domains including energy consumption 

(Holmes, 2007; Pierce and Paulos, 2012).  

 

In the field of HCI, these technologies belong to the area called “eco-visualization”, which based 

on data visualization principles, provides strategies for resource conservation that combine 

aesthetics, scientific information and user experience to produce different dynamic data 

representations (Holmes, 2007).  

 

Holmes (2007) defines Eco-visualization as an interdisciplinary topic, including in some cases 

knowledge from areas as responsive architecture, to integrate new technologies to architecture, 

media art, to incorporate digital art to promote principles of resource conservation, sustainable 

design, to create elements that support practices of resource conservation, and data 

visualization, to create visual representation of specific data, which is the focus of this thesis.  

 

The design of eco-visualization technologies to support the reduction of energy consumption, 

have been focused mainly in individual behaviors without considering bigger scopes such as 

community level (Brynjarsdottir et al., 2012; Gaver et al., 2015). Brynjarsdottir et al. (2012) 

mention how by focusing on individuals, these technologies limit the vision of sustainability by 
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framing the users as isolated elements from the complex social environment they live in. This 

represents a common problem with these technologies, because there are decisions that 

individuals cannot take, they depend on external factors, such as automated processes of the 

building or the way electricity is generated (Mose J et al., 2015). 

 

This research takes methods and concepts from the practice of eco-visualization. The 

application used in this research, tries to address the problems mentioned in this section by 

focusing in a more complex target than individuals: amateur energy workers.  

2.2.  Amateur work 

The word Amateur comes from Old French, meaning “love of” and is generally used to refer a 

person attached to a particular interest, study or science in a volunteer or non-professional way2. 

Amateur work can be situated between work and leisure and it was approached by HCI from a 

context of “computer supported cooperative work”, which suggest a collaborative nature 

(Bogdan C., 2003). Amateur workers are characterized for having a different incentive for work 

than professionals, for their flexibility of time due to other priorities of the amateur and for being 

driven by the challenge it presents (Bogdan, 2013; Bogdan, C. and Bowers, J., 2007). 

 

Addressing innovative ideas to achieve solutions to their challenges, being recognized by peers 

for these achievements, reviewing peer achievements and being able to evaluate how well their 

challenges are addressed, are fundamental aspects of working in an amateur level since they 

represent the reward in this work context (Hasselqvist, H. et al., 2015). Amateurs usually act in 

social groups and it is important to have ways to evolve in their work. For this, is necessary for 

amateurs to learn from experienced peers or professionals (Grinter R. 2005; Hasselqvist, H. et 

al., 2016).  

     

This thesis focuses on an amateur work context, more specifically in amateur energy workers 

from housing cooperatives in Stockholm. Housing cooperatives are associations with the aim of 

conveying occupancy rights in residential spaces with cooperative apartments in the building 

owned by the cooperative3. Annually a board is selected which manages the buildings and their 

maintenance. The maintenance costs are paid by the households in form of monthly fees. The 
                                                
2 Amateur. https://en.wikipedia.org/wiki/Amateur 
3 Cooperative housing international: http://www.housinginternational.coop/co-ops/sweden 
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energy use is one of the responsibilities of these boards and some have appointed a board 

member to exclusively attend energy related issues. The members in charge of these issues, 

energy managers, are considered Amateur Workers (Hasselqvist H. and Bogdan C., 2015).  

2.2.1. Amateur energy work in housing cooperatives  

     

The housing cooperatives’ board members are volunteers with no or very low economic 

compensation and they are not required to have any experience of energy management. 

Usually, in order to take actions for energy reduction, they rely on others in the housing 

cooperative or on energy professionals. Energy managers are considered amateur energy 

workers whose challenges of the energy related work are an important motivator.  To get 

information about the cooperative’s energy performance and for comparison purposes, amateur 

energy workers use the “energy declaration” which is a mandatory public document required by 

law, however, this declaration has to be updated only every ten years, making the data 

inaccurately.   

 

Housing cooperatives may differ from each other in terms of size (heated area and number of 

apartments), construction year and type of ventilation, being this last one the greater distinction 

factor. However, among the different housing cooperatives, energy managers have the same 

objectives. The goals and motivations of the energy managers are mainly related to 

sustainability and reducing the waste of energy, which represents their challenge (Hasselqvist 

H. and Bogdan C., 2015). Thus, they need to take energy actions that could help to reduce the 

housing cooperative’s energy consumption in order to address their challenge. As amateur 

workers, learning from peers is important, especially in short-term participation.  

 

This research aims to support amateur energy work in housing cooperatives, by presenting 

energy related data in a comprehensible way to analyse the best possible actions to accomplish 

their goals.  

2.3. The Housing Cooperative Energy App  

The Housing Cooperative App was designed to support housing cooperatives to reduce energy 

consumption. The app was designed as a result from the cooperation of researchers from KTH 



10 
 

 

(Royal Institute of Technology) with the CIVIS project, a project co-funded by the European 

Commission with the intention of helping with the design of more sustainable and energy 

oriented smart cities. The project aims to manage communities’ energy needs, support and 

negotiate energy services agreements and create awareness about environmental impacts from 

a collective energy use perspective (CIVIS Project, 2013).   

 

It is a web application that aims to support peer learning between energy managers from 

different housing cooperatives and over time within a cooperative, to motivate and help them to 

address energy actions challenges and give recognition from innovative energy related actions 

providing rewards from good work. A first version of the application was developed and is used 

by some amateur energy managers from Hammarby Sjöstad since the beginning of 2015. 

 

One of its features is to show an overview of the yearly and monthly energy performance of the 

housing cooperatives through a bar chart in terms of kWh/m2, where managers can compare 

how their own cooperatives is doing in relation to average performance of their neighborhood. 

The visualization of this information is divided into “heating & hot water” and “facilities 

electricity”, and the comparisons are done with the neighborhood average (Figure 2.1).  

 

Another way to evaluate how a cooperative is performing in comparison to others is by 

visualizing the year’s actual energy use based on heating and hot water used. This information 

is displayed as a number and as a color, red for high energy use to green for low energy use 

(Figure 2.2). This scale was designed to be similar to the information that is presented in the 

mandatory energy declarations.  
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Figure 2.2. Housing Cooperative app. Monthly overview of  

energy consumption compared to neighborhood average. 

  

Energy managers, can also visualize energy reduction actions that the housing cooperative has 

taken mapped to energy data (Figure 2.3). In this way, energy managers can learn from energy 

actions taken by their peers and can follow the results of their actions as part of their amateur 

challenge. Energy actions appear as numbers in the bar chart. 

 

The app also presents information about the cooperative that affects the energy performance, 

number of apartments, size in terms of heated area, the building’s construction year, and type of 

ventilation system in the building and additionally the number of energy actions that a 

cooperative has taken (see Figure 2.4).  

 

This thesis intends to answer the research question by modifying, adding new elements, and 

evaluating the design of the housing cooperative app, using a Research Through Design 

approach. 
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Figure 2.3 Housing Cooperative app. View with all the housing  

cooperatives registered in the application with their annual energy consumption.  
     

  
Figure 2.4 Housing Cooperative app. Energy actions mapped to energy data.  
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Figure 2.5 Housing Cooperative app. Information that impacts 

 the energy performance of housing cooperatives.  
 

 

2.4. Research Through Design      

The term design has been often more associated to HCI practice than HCI research and usually 

related to usability engineering. Zimmerman et al. (2007) mention how in recent years, design 

has found the way to be part of HCI Research and propose a model where the authors describe 

and encourage the importance of design within HCI research, by highlighting the advantages of 

the way of work of interaction designers.  The authors explain how this model contributes to not 

only HCI practice but also to HCI research. One of the most important advantages they mention, 

is the capacity designers have to tackle a complex problem by re-framing the problem, 

iteratively creating and critiquing design artifacts that have the goal of transform a current state 

to a preferred state, in order to eventually propose a solution. 

 

Research through Design (RtD) is a form of investigation that deals with the practice of design, 

referring to the design of artifacts, in order to generate new knowledge (Zimmerman et al 2010). 

In this approach, the researcher uses design thinking in a research context, to create artifacts 

that embody new knowledge, meaning that the knowledge is generated and also communicated 

through these artifacts (Zimmerman et al 2010). RtD does not offer a clear way to apply this 

approach and trying to address this Koskinen et al. (2011) introduce the term Constructive 

Design Research (CDR) as an enclosing activity, defined as  “Design research in which 
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construction – be it product, system, space, or media – takes center place and becomes the key 

means in constructing knowledge”.  

 

Often the outcome of this approach is a product or system prototype that allows to reflect on it 

from a usability perspective and also from an aesthetic, cultural and critical one (Gaver and 

Bowers 2012). In this study the outcome takes form in the Housing Cooperative App, a fully 

working prototype that amateurs could use and reflect on.  The amateurs could reflect on the 

data visualization aspects of the app and also in the way they manage energy consumption in 

their housing cooperative. The results from these reflections are in the Result and Analysis 

chapter of this thesis.      

 

This thesis uses a research through design approach, aiming to achieve the right solution by 

reframing the problem attempting to make the correct solution.  
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3. Method 
 

The method this thesis follows includes: Pre-study, Design, Evaluation and Reflection. Each of 

these phases includes different activities which will be later explained in this chapter. The figure 

3.1 shows a visual representation of the method. The process has a cycle between the Design, 

Evaluation and Reflection phases; with the purpose of iteratively enhance the design.  

 

 
Figure 3.1 Visual representation of the methodology followed in this thesis.  

 

The thesis starts with a Pre-study phase that consists of acquiring the necessary knowledge of 

relevant theory for this project, combined with a contextual study. This phase is followed by a 

Design phase where, by using the ideas and knowledge generated from the pre study a design 

artifact is created.  This artifact is then tested on target users on the Evaluation phase, and 

finally the results are analyzed and discussed in the Reflection phase. 

3.1.  Pre-study  

This phase consisted of the necessary preparation for this project. The activities of this phase 

can be divided in the acquirement of related knowledge, presented in the Background chapter, 
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framing of the target users, including their motivations and needs, and identification of the 

design problems on the housing cooperative energy app.  

 

For this phase, I had different meetings with researchers who have been involved in the 

development of the application. The idea of these meetings was to know about the users’ 

behaviors, technological aspects and the problems with the design. I also attended to a meeting 

where an energy manager was registered into the application, and had the opportunity to have a 

better understanding about his motivations and goals as an energy manager and his 

expectations of using of the application. 

3.1.1.  Current and preferred state 

The research through design approach this thesis followed, establishes the necessity of 

specifying the current and preferred state of the world, in order to evaluate the relevance of the 

proposed design, where the purpose of the design is to shift from the current state to the 

preferred state.   

3.1.2. Target users and design problems 

 

Targeting users consisted of identifying motivations, needs and language (i.e. specialized 

vocabulary, such as professional jargon). For identifying design problems, I only considered the 

ones related to data visualization that potentially affect the comprehension of that data.  

3.2. Design   

The Design phase consisted of the development of the prototype, which will include 

improvements of the current design, focusing on the way energy related data is presented in the 

application, based on the results of the Pre-study.  

 

The design of the solution was divided in two general activities, rapid prototyping, where some 

lo-fi mockups and concept sketches were created to be later implemented.  
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3.2.1. Rapid prototyping 

 

For this activity, some mockups and concept sketches were designed with informal and 

spontaneous user testing. The mockups were also shown to researchers from the project, who 

have also knowledge in the user-experience field, in order to get their feedback on the proposed 

design.    

3.2.2. Design Implementation  

 

After the rapid prototyping, the selected design was implemented. For this, was necessary a 

design that could be directly tested on target users with real data, in order to get relevant 

conclusions. This means that for the implementation, technical decisions have also to be 

considered, as the technology that suits better considering resources and implementation time. 

3.3. Evaluation 

 

The user evaluation phase of the project included different activities such as recruitment of the 

users, specifying the evaluation plan including the way to collect the information and doing the 

evaluations.  

 

This phase was done with 4 amateur workers who are responsible for energy issues in a 

housing cooperative and 1 expert user in the energy field  from a consulting company which 

among others services,  it provides assistance in the field of construction and management 

processes to housing cooperatives with main focus on energy and environment. 

 

3.3.1. User's Recruitment  

 

The recruitment of the users started by reaching out to members of housing cooperatives 

boards. For this, I first received help from researchers involved in the housing cooperative app 

project, who had already been in contact with some peoples who wanted to be part of the 
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application. However, we could only reach one user who had the time to collaborate. Since this 

particular user was already interested on using the application in his housing cooperative,  the 

meeting required some planning in advance, due to the registration process. Users, after 

agreeing on using the app, have to send certain information about the energy provider of the 

housing cooperative, information that is indispensable in order to get their energy consumption. 

After the information have been validated, users will receive an invitation code necessary for the 

actual registration on the app which will be possible only after being added manually to the 

database of the application.  

 

The next step was to find others board members through people who lived in a housing 

cooperative and helped me to reach their boards through email and other platforms with the 

following message: 

 
“Hi! 
I am a student at KTH, and I am writing a master thesis about supporting housing cooperatives 

(bostadsrättsföreningar) to reduce their collective energy use. The study proposes the use of a web 

application that helps visualize the cooperatives’ energy consumption. It also supports the sharing of 

"energy experiences" between housing cooperatives (for learning purposes and for getting tips). I am very 

interested in evaluating this web app/solution and I am looking for board members who are responsible 

for their cooperative’s energy use that I can interview. Currently the application is being tested in a 

number of buildings in mainly Hammarby Sjöstad. Please email me to rondon@kth.se and I will tell you 

more.” 

 

After receiving some emails from board members who were interested in being part of the 

study, we set up a meeting specifying place, date and time. The initial goal was to collect at 

least 5 board members from different housing cooperatives, who wanted to be registered in the 

application. However, getting people with the time and interest in being interviewed was a 

difficult task, becoming one of the main challenges of doing this study.  

3.3.2. Users Tests 

 

The users tests with amateur users included qualitative semi-structured interviews and a guided 

walkthrough in the Housing Cooperative App. The questions were based on four different parts: 

amateurs background, amateurs work in the housing cooperatives, data comprehension and 
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usefulness of the application (Appendix 3.1). The idea of structuring the interviews this way was 

to cover all the relevant areas for answering the research question of this thesis. For the case of 

the expert user, a simpler guideline for the interview was used (Appendix 3.3). 

 

The walkthrough consisted of exploring the different use cases getting users’ impressions about 

the comprehension and usefulness of the data presented, and also evaluating usability aspects 

of the app (Appendix 3.2). The guided walkthrough, also referred to as stakeholder walkthrough,  

is an evaluation method based on the cognitive walkthrough (CW) method but with a focus on 

end-users as informants, which aims to explore the usability and understandability of a system 

in an early stage of the development process (Haynes, S. and Kannampallil, T. ,2004 ; 

Hanington, B. and Martin, B., 2012). The walkthroughs were done individually and each user 

was guided through different use cases and asked to share what they were seeing to get 

feedback about the data they were presented with and how they would use it.  

 

Each evaluation was voice recorded and took around 1 hour. A complete guideline for the 

evaluation is in the Appendix 3. The evaluation intends to answer the research question about 

how can, the housing cooperative app, support energy management from an amateur 

perspective, by presenting energy related data in a comprehensible way for energy managers. 

3.4. Reflection 

 

This phase consisted of analysing the results obtained on the Evaluation phase. The main 

objective of the analysis is to try to answer the research question of this study. Moreover the 

reflection phase will also identify possible improvements that could be solved on a new iteration.  

 

For this phase, I followed a method suggested by Saunders, Lewis and Thornhill (2003:378) to 

analyse qualitative data, consisting in categorizing, unitizing data and recognizing relationships 

to analyze qualitative data: 

 

Categorization: the gathered data is divided into meaningful categories, which are derived from 

these data itself and from theory.  
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Unitizing data: units correspond to relevant parts of the data, which are to the adequate 

categories. 

 

Recognizing relationships: after the first two steps, and changing the initial categories if 

necessary, it will be possible to find key themes and patterns between them. 

 

Results: these relationships correspond to the essence to answer the initially stated research 

questions of the thesis. 

 

These analyses will be explained on the Analysis and Discussion chapter of this report.  
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4. Results 

4.1. Results from the pre-study 

These results represent the necessary input for the next step in the research. First it was 

determined the current and preferred state in accordance to the research through design 

method (Zimmerman et al., 2007): 

 

● Current state:  The Housing Cooperative App provides a way for energy amateur 

workers to visualize energy related data aiming to support their work in housing 

cooperatives. 

 

● Preferred state:  The Housing Cooperative App provides a comprehensible and 

useful way for energy amateur workers to visualize energy related data aiming to 

support their work in housing cooperatives. 

 

The pre-study consisted also in identifying users’ profiles, which correspond to users within an 

amateur energy work context, more specifically amateurs involved with the energy management 

in Housing Cooperatives in Stockholm. Their motivations and needs are presented in the 

section 2.3 of this thesis.  

 

Furthermore, the pre-study phase involved the identification of design problems in the housing 

cooperatives app, which led to make some important decisions for the design: 

 

● Add more comparisons options   

     

Fischer C. (2008) identified some characteristics that can make energy feedback more useful 

using a heuristic model from environmental psychology, being the inclusion of comparison one 

of these characteristics. These comparisons can be divided in historic and normative 

comparisons. Historic comparisons for example, allow to make a comparison between current 

and previous energy consumptions for a specific year, day, etc. While normative comparisons, 

allow comparing energy consumptions between different consumers who have similarities 

between each other.  
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Moreover, as mentioned in section 2.3, in an amateur context learning from peers and previous 

experiences is important for a better comprehension about energy consumption data. It 

supports users to easily identify potential improvements that can be done. However, the app is 

limited to provide historic comparisons with previous year consumption and neighborhood 

average (Figure 2.1).    

 

Users should be able to compare with a particular housing cooperative to understand actions 

that others have taken. Since housing cooperatives can differ from each other, it is also 

important for users to compare with a similar one. 

 

● Data dimensions 

 

The data used in the application includes different dimensions, for example energy consumption 

in terms of kWh per square meter, time in terms of months or years and energy actions. 

However, some of these dimensions are not easy to identify and understand. 

 

A data dimension that should be included is the weather normalization of the energy 

consumption, aiming to have a fairer comparison against previous year consumption. Weather 

normalized energy data represents the energy that the housing cooperative would have used 

with an average or “normal” outdoor temperature.  

 

● Visualize energy actions 

 

Energy actions, which represents one-time actions that provide a long term impact to improve 

energy efficiency, conform a different dimension of the data and it represents important 

information to learn not only from others housing cooperatives but also from previous member 

of the housing cooperative. However, the application does not provide an easy way to visualize 

when a particular action was taken, and so evaluate the impact of such action. 

4.2. Prototype Sketches 

 



23 
 

 

The results of this activity are several sketches that were refined according to spontaneous 

users testing and feedback from a researcher involved in this project. This section only includes 

the most relevant sketches with a description of the design, however a complete visualization of 

the sketches can be found on the Appendix 2. The sketches were made using Adobe InDesign4, 

a desktop software tool used to create layouts on the go. 

 

● Visualize energy consumption of a Housing Cooperative 

 

As a part of the Data Visualization process (section 2.1), is important to select the best format to 

link the data to a visual representation. For the feature where energy consumption can be 

visualized for a specific cooperative, it was decided to keep a similar visualization format. Bar 

and line graphs represent common and default visualizations which users are familiarized with 

and are suitable for continuous data over time. Moreover, combining these two types of formats 

gives a clear view of which values are lower or higher when comparing.  The figure 4.1 shows 

the design for this feature.  

 

In order to stress the comparison value, users can visualize in the graph a comparison between 

their own and a different housing cooperative. A label is included to easily identify what is being 

compared. The maximum and minimum values of each data serie are included inside the graph 

as an easy and direct reference of the represented values. Through the comparisons, users are 

able to review peer’s achievements and evaluate the way their challenges are being addressed 

which is important in an amateur context (section 2.2). 

 

                                                
4 Adobe InDesign CC. http://www.adobe.com/se/products/indesign.html  
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Figure 4.1 Visualizing energy consumption of an specific housing cooperative. 

 

A header is included to the energy actions list, at the end of the graph, to easily identify what the 

list represents (see Figure 4.1).  By clicking on an action, the moment when it was taken is 

displayed on the graph. This allows users to visualize the energy consumption before and after 

taking the action in order to evaluate its impact. 

 

This feature includes a way to visualize normalized data when comparing to previous year 

energy consumption for heating and hot water  (see Figure 4.2). The energy use for heating 

varies with the outdoor temperature and with normalized data is possible to view the energy use 

as if every month had a “normal” outdoor temperature. This, allows energy managers to easily  

see the impact of different energy actions on the building’s energy performance. 
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Info buttons were added in order to help users to understand the different data dimensions 

presented on the graph. By clicking these buttons a popup appears displaying information about 

what the data represents (see Appendix 2). 

 

 
Figure 4.2. Visualizing normalized data of energy consumption  

for heating and hot water 

 

 

● Visualize energy consumption of all Housing cooperatives.  

 

The list view displays the different housing cooperatives that are registered in the application 

and their energy consumption (see Figure 4.3). It includes a header indicating the type of data is 

presented (Energy Performance), with an info button to display information about what the data 

represents and how is collected.  

 

The list is ordered by energy performance, so users can quickly identify cooperatives with a low 

energy consumption. The types of ventilation were also added to each cooperative in the list. 

 

The view includes an option to search for a specific housing cooperative and filter the list 

according to specific criterias: type of ventilation and type of energy actions (See Appendix 2). A 

housing cooperative from the list can be selected to compare it with the user’s own cooperative 

(Figure 4.4). Once a cooperative is selected and compared, the users will visualize a graph 

comparing the monthly energy consumption of both cooperatives (Figure 4.1). 
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The aim of this view is to allow users to find similar housing cooperatives to compare with their 

own as a way to support peer learning and strengthen the data visualization process by making 

users to explore specific data for themselves (section 2.1). 

 
Figure 4.3.  Visualizing the list of housing cooperatives registered in the 

 application including information to identify similar housing cooperatives. 

 

 
 

Figure 4.4 Selecting a housing cooperative to compare to a  

different housing cooperative. 
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4.3. Design Implementation 

This activity consisted of the implementation of the sketches obtained from previous activity 

resulting in a fully functioning prototype involving several technologies. 

  

The prototype is based on the Ionic Framework5 which allows to build hybrid mobile applications 

by using web technologies. Hybrid applications make web applications, wrapped in containers 

for each mobile platform, to run on the phone as native. However, due to time limitations, the 

necessary adjustments to create the native applications were not considered as a part of this 

study and instead, the implemented prototype take the advantages of this framework to be used 

as a mobile-friendly web application.  

 

Ionic Framework is based on AngularJS6, which means that it benefits from this other framework 

to build a robust application based on a Model-View-Controller architecture.  

 

To get the energy data, the application uses a web service called Metry7. This service provides 

an API (Application Programming Interface) for accessing utility data from many different 

providers in Sweden. This service allows to get the energy data in an easier way than getting it 

directly from energy providers, since every provider uses different formats and to standardize it 

requires a lot of work. The service Metry, collects data directly from the supported utility 

companies by simply registering the customer detail provided by the energy company. To store 

information about the users and cooperative the application uses MongoDB8, an open source 

document oriented database. 

 

In order to get current and real data from already registered housing cooperatives, the 

application was deployed in a server in KTH9, so the users can access it from their laptops or 

smartphones.  

 

                                                
5 Ionic Framework: http://ionicframework.com/ 
6 AngularJS: https://angularjs.org/  
7 Metry: https://metry.io/en/  
8 MongoDb: https://docs.mongodb.com/  
9 http://civis.proj.kth.se/brf 
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4.4. Results from Evaluations 

 

The results include the most relevant aspects obtained by the interviews and observations 

during the walkthrough with users.  The following table (Table 1) contains information about the 

persons that participated in the study.  

 

 Amateur 1 Amateur 2 Amateur 3 Amateur 4 Expert 

Housing Cooperative 

location 
Nacka Bromma Nacka Lidingö -- 

Gender Male Male Male Male Male 

Age 41 56 42 55 38 

Years in the board 12 20 4 2 -- 

Energy knowledge Advanced Basic Medium Medium Expert 

 
Table 1. The participants in the evaluation phase.  

 

The different levels of energy knowledge, presented in the Table 1, it is based on the 

experience of each user in the field of energy, according to their academic and professional 

background and their experience as board members. 

 

The results from the amateurs’ evaluation are divided in four categories according to the way 

the interview was structured (Section 3.3); amateurs’ background, amateurs work in the housing 

cooperatives, comprehension and usefulness of the application. The results from the expert 

evaluation are divided in similar way with the following categories: background and 

comprehension and usefulness of the app. 

4.4.1. Amateurs evaluation 

Amateurs background  

 

The results showed the different levels of knowledge that the amateurs had about energy, which 

can be seen in the table 1. Neither their academic nor their professional backgrounds is directly 
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related to energy, however the ones with medium and advanced level, have been learning by 

their own since they took the responsibility of being in charge of the energy management in their 

housing cooperative. The amateur with advanced knowledge is the only one exclusively 

responsible of the energy management in his cooperative.   

 

The results also showed their motivations and goals, being the main one the reduction of energy 

consumption and its related cost.  The most experienced amateur had more specific goals than 

the rest, he said “I promised the board I would reduce the consumption to the half of the 

consumption at that time, six years ago” (Amateur 1). The rest of the amateurs only mentioned 

more general goals such as having a low consumption and decreasing the costs. 

 

All the amateurs said their interest about energy increased after they became part of the board, 

but the reasons they joined differs from each amateur. One of them said “when I realised the bfr 

was consuming a lot of energy and we were paying a lot of money, I wanted to do the things 

right but then I took it as a hobby and I started to learn more and more”(Amateur 1). Another 

said, “I felt that everybody has to collaborate in the association and it was my turn. At the 

beginning it was only for one year but it has been four already and I had to learn many things 

about energy and I have to admit, it’s not easy but it’s very, very interesting” (Amateur 3). 

 

The results showed that to identify a poor energy performance and to know how to improve it, is 

the biggest challenge to reach their goals.  Some of the amateurs said that sometimes it is 

difficult to convince the rest of the board to take some measures, specially if it involves a big 

investment. One of them said “what the rest of the styrelse [board] wants is to reduce costs, if 

they can’t see the revenue from an investment is hard to convince them” (Amateur 4). 

 

Amateur work in housing cooperatives 

The amateurs had different ways to achieve their goals. All of them said that the first way of 

identifying a poor or good energy performance is through the invoice from the utility providers 

and comparing to previous invoices. One of them said “I have an excel where I put the monthly 

consumption and I can there then compare to previous years” (Amateur 2). Other also said, “we 

are five associations in the area and every year we compare the consumption and the costs, so 
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we have a table with this. If we are consuming more than the rest we start asking, why? maybe 

they have a better contract with their supplier or something” (Amateur 4). 

 

Three of them have been in contacts with experts to do an evaluation of the energy systems 

and improving them. One said “these people from companies charge you for everything, I 

remember the first company I hired, sent me an invoice charging even the data collection which 

I basically gave them, is insane”(Amateur 1), he continued explaining how the companies take 

advantage of the lack of knowledge of the amateurs. Other said that “before hiring someone you 

have to hear different offers but is hard to know which is the better, even though the board 

usually choose the cheapest” (Amateur 3). One amateur also said that companies usually offer 

to reduce some percentage of the annual energy consumption, expecting that amateurs will not 

make a proper measurement of the data, considering aspects as outdoor temperature.  

Comprehension of the data 

In general, there was no major difficulty understanding the data. One of the amateurs mentioned 

“(the app) is really simple, if you don’t understand this you shouldn’t take the responsibility as a 

member of the board” (Amateur 4).  

 

Three of the amateurs agreed that the info buttons helped them to have a better comprehension 

of the data. When visualizing the average energy performance and the energy use in the graph, 

two amateurs asked about the source and collection of this data. They expressed the need of 

having more detailed information for a better understanding. One of them said “I need to know if 

this data is only from district heating or if it also contains input from some other meters. Are they 

using heating pumps? We use heating pumps and I would like to see that information” (Amateur 

1). 

 

Three of the amateurs were not completely clear about what energy actions represented. One 

of them asked,  “energy actions, what is that exactly? Are energy issues or actions to improve 

our consumption?” (Amateur 4). Other asked, “we changed our dryers some years ago, does it 

count?” (Amateur 2). 

 

All the amateurs were familiar with the term “weather normalization”. However, in order to fully 

understand what the normalized data represented, two amateurs used the info button. 
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Two amateurs had doubts about the comparison with the neighborhood average.  They asked 

among other things, which housing cooperatives are included and if those cooperatives were 

similar to theirs.  

 

Usefulness 

The results showed that all the amateurs would use the application to support, at some extent, 

their work as energy amateurs. The features they said would help them the most varies for each 

of them. For some, visualizing their own energy consumption and comparing to others is the 

most useful feature. Other amateur mentioned, “if we could see what others are doing, we 

would know what options we have. Last time we did something, was when we had an energy 

declaration and they had some suggestions for us, so we did it” (Amateur 2). 

 

Identifying a high consumption is easier when visualizing a graph rather than raw data. One 

amateur said “if I can see some figures showing that we have some high consumption, then 

maybe we will be paying more attention and try to improve that, it will increase our interest” 

(Amateur 4). One amateur also said that cooperatives with the most and least energy 

consumption would work as a reference to evaluate their own performance. While watching the 

list of cooperatives, one of them also added that being the last would encourage that 

cooperative to do something to improve, since as he said,  “nobody likes to be recognized for 

being the worst”. 

 

All the amateurs mentioned the importance of learning from others, two of them said that 

housing cooperatives usually have similar energy related problems, and knowing how others 

addressed those problems, can help amateurs to evaluate solutions for their own cooperatives.  

Three amateurs reflected over the impact of some energy actions taken by a housing 

cooperative, mentioning different possible reasons of such impact. 

 

Costs, was a recurrent term during the evaluations, two amateurs agreed that showing not only 

consumption but also costs, will help them to encourage the rest of the board’s members to take 

energy actions. Three amateurs said that they would use the app to show their work to the rest 

of the board. During the walkthrough several amateurs asked about the way the data is 

collected, one asked, “Where this data comes from?” (Amateur 4). 
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Amateurs also claimed that using the application would save them time. One said “Nowadays I 

have to process the data my own, and make some statistics and graph for each meeting with 

the styrelse [board], to show them the effects of what we have done ” (Amateur 1).  

 

Three amateurs considered it important to see their historical data using weather normalization 

to have a more reliable evaluation of their energy performance. Some of them also mentioned 

how they could use the application as a support to validate the work of hired companies, “if a 

company comes and offer you a 5 % of reduction in your energy use, then you can easily prove 

that.  No more cheating” (Amateur 1). 

 

4.4.2. Expert evaluation 

 

Background 

Among the amateurs that hire experts to help, are people with different levels of knowledge in 

the field of energy. But according to the expert, all of them require the system for the same 

reason, “they all want to reduce their consumption and costs”. 

 

Usefulness and understandability 

The expert said that for amateurs, it is important to see their consumption, even when they can 

see it through their invoices, in the application it is easier and faster to interpret. He also 

mentioned that the most attractive and useful for amateurs would be, “the comparison in 

general, the comparison with others and the previous year will stimulate them to improve their 

consumption”. 

 

He also explained the way members from the housing cooperatives would compare to a similar 

one, he said “before comparing the technical part is important to have global comparisons 

against the energy consumption of the association, to see which one consume more or less 

than yours. Then they would see other aspects like association size and finally you compare the 

technical aspects as heating systems and ventilation types.” According to him, this process is 

possible to follow in the application. 
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Trying to find similar housing cooperatives, the expert expressed the need of more detailed 

information. According to him, the amateur energy managers would take more advantage of this 

application if more details could be visualized. He said that “having more knowledge about how 

energy works is the key to reduce consumption”.  He emphasized the importance of letting the 

users to be clear of what is exactly being visualized to make them feel confident about the data. 

The expert expressed some scepticism about the origin of the data, asking questions about the 

process to collect it.   

 

He highlighted the importance of knowing what others are doing, especially for amateurs with  

low knowledge. He also remarked that visualizing actions in the graph allows to easily identify 

the impact of such actions. He added that even when the application could support the 

amateurs to learn and be encouraged to take energy actions, there is no guarantee they will 

reduce the energy consumption of the housing cooperatives. 

 

According to him, combining all the features from the application and knowing how to interpret 

the data is fundamental for amateurs to improve their energy work. He also said that not only 

amateurs could benefit from the application but also the companies that provide energy services 

to the housing cooperatives. It could help as a starting point for the companies to identify 

possible energy problems but moreover would show them the result of the companies’ work. 

 

4.4.3. Usability aspects  

 

The overall behavior and the feedback received from the users in terms of usability was very 

positive. The users were satisfied when using the application and they thought it was easy to 

learn how to use it.  

 

However, there were some aspects that revealed the efficiency and satisfaction of the prototype 

could be improved to allow users to perform task in a faster way. Some of these aspects were: 

 

● Bar graph: users had more difficulties trying to identify what the bar graph represent in 

comparison with the line bar. 
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● Comparison button:  not clear for users what the button represents. This occurred when 

visualising the graph and in the housing cooperatives list. 

 

● Weather normalization: there is no way to know the feature is possible unless users are 

in the correct view. 

 

● Visualising energy actions: users could not easily know how to visualize the energy 

actions in the graph without having to slide month by month until reaching the date an 

action was taken.  

 

● Visualising others housing cooperatives: from the housing cooperative list is not easy to 

identify how to visualize an specific cooperative.  

 

● Filtering the list: when the list of housing cooperatives is filtered, is not easy to identify 

which criterias have been applied on the filter.  
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5. Analysis 
 

The results of this study revealed interesting findings on how data visualization can have an 

important role to support the energy work of amateurs in housing cooperatives in Stockholm. 

This section deals with the knowledge generated from these findings addresses the research 

question. The main findings are: 

 

● Eco-visualization as a mean to overcome the challenges of amateur energy 

workers: 

 

For amateur energy workers in housing cooperatives, one of the most difficult tasks in their work 

is to understand the energy consumption in their community.  A visual representation of their 

energy consumption can address this challenge by allowing an easy reflection and interpretation 

of the data and thus, generating a significant conclusions.  

 

The study showed how the housing cooperative app could be used to perceive patterns in the 

energy data that they would not otherwise recognize from raw data obtained from their energy 

invoices. By using eco-visualization as a mean to transmit energy data, the application inspired 

new questions and promoted data exploration in amateurs. The comprehension of visual 

representation of energy data was supported by the use of info buttons, specially appreciated by 

amateurs with less knowledge in the energy field. 

 

However, the study revealed how users with more energy experience would need to visualize 

more data in the application in order to generate more meaningful interpretations and 

conclusions from their energy use and thus to fully address their challenges. This is discussed 

in more detail later in this chapter. 

 

The time that amateurs dedicate to their work in the housing cooperatives correspond to 

another challenge due to other priorities they have. The application provides visual 

representations of the energy consumption taking advantage of the human visual system to 

move in a fast way a big amount of information into our brain, making amateurs save time in the 

process of collecting and interpreting energy data. Instead, amateurs can use that time to 

decide and evaluate different energy actions and achieve their goals. 
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● Identifying rewards in an amateur context through the housing cooperative app: 

  

Trough data visualizations the application facilitates a way for energy managers to identify the 

results of their work, which represent one of the rewards in amateur work context. This is done 

in the application by identifying the impact of the energy actions facilitating and encouraging 

amateurs to reflect about it. 

 

Being recognized by peers in an amateur context represents also part of the amateurs’ rewards. 

By easily identifying the housing cooperative with the best energy performance, the application 

allows amateurs to acknowledge and reflect on their peers’ achievements. At the same time, the 

scenario of being recognized by peers as the housing cooperative with the worst energy 

consumption would motivate the housing cooperatives to evaluate their consumption aiming to 

improve. 

 

● Amateurs with more knowledge need to visualize more detailed data: 

 

The more experience an amateur has, the more details he needs to visualize in order to take 

more advantage of the housing cooperative app. Amateurs with more knowledge about energy 

management have more challenging and specific goals than the amateurs with a basic level of 

knowledge.  

 

The housing cooperative app only presents data related to the energy consumption that comes 

from the utility providers, however in several cases that data does not represent the entire 

consumption. Many housing cooperatives have installations such as heating pumps which 

generate their own energy from different sources depending of the type of heat pump (air, water 

or ground source), which allows to consume “free” energy. This information is important for 

amateurs to consider when evaluating the energy performance of an housing cooperative and 

moreover to evaluate the impact of energy actions that others have taken, however, this data is 

not present in the application. 

 

In this sense, this study showed how different views are necessary to represent different 

perspectives of the same data aiming to target each of the levels of knowledge amateurs energy 

workers can have.  
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● The value of comparisons through data visualization: 

 

One of the features amateurs considered more valuable is to visualize historic and normative 

comparisons. The comparisons with the consumption of previous years and months, and 

between different housing cooperatives, facilitate the evaluation of the amateur’s own work and 

the work of others, supporting the process of peer learning between amateur energy workers. 

The application provides a comprehensible way for amateurs to make these comparisons, and 

the visualization of this data through bar and line graph represented an efficient way to transmit 

the information. 

 

However, to derive a proper conclusion when comparing to others, the amateurs need to 

compare to housing cooperatives that share similar conditions. Based on the results of this 

study, finding a similar housing cooperative is not possible in every case. Even when the 

amateurs agreed that the presented data in indispensable (building year, size, ventilation types), 

in some cases is not enough; it is also necessary to have more data about other types of energy 

installations the housing cooperative might use. This was particularly stressed by more 

experienced amateurs.  

     

A similar argument explains how comparing to the average energy consumption of the 

neighborhood is useful for amateurs if it only includes similar housing cooperatives, otherwise it 

would not add any value to the amateur work. 

 

● An Interactive visualization empowers amateurs to explore data by themselves: 

 

Murray (2013) describes how interactive visualizations encourage people to explore the 

presented data, allowing to address such data to different audiences, those with a deep 

understanding of the data and those who are new in the subject of matter. Murray also 

describes how interactivity, by encouraging people to be more engaged with the data, increases 

their comprehension. 

 

Interactive elements raised the reasoning of amateurs when reflecting over the visual 

representation of the energy consumption. An interesting example is visualising energy actions 

in the graph, where amateurs could select an action and immediately see it in the graph, 
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encouraging them to reflect over the impact of such action and comparing to the impact of 

others actions. Another example is the selection of different data dimensions, which gave 

amateurs the possibility of choice increasing their reasoning about what to derive from each 

data dimension.  

 

● Eco visualization technologies need to be trustworthy: 

 

As established by Kirk (2016), one of the principles of good visualization design is “Good data 

visualization is trustworthy”. He exemplifies how a visualization that is not viewed as trustworthy 

will not reach its purpose.  Kirks describes the elements to create trustworthy data 

visualizations, consisting mainly in being transparent about the data presented and to use 

adequate data representation. In order to be transparent about the data is necessary to share 

as much information as necessary about the way the data is being handled. 

 

During the evaluation of the application, in order to create trust in some of the participants it was 

necessary to explain the way the data was being collected, the criteria used to represent the 

data and what calculations have been done to calculate some aspect of the data such as the 

weather normalization and neighborhood average. Thus, is necessary to provide this 

information through the application aiming to create a trustworthy visualization.  
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6. Discussion 

6.1. Research Question 

The main research question of this thesis is how can eco-visualizations technologies support 

energy management in housing cooperatives? and in an attempt to answer this question, this 

study explored how the housing cooperative app can be used to support energy amateur work 

in housing cooperatives, by using visual representations of energy data. In this chapter I will 

discuss some relevant aspects from the outcome of this study, trying to address the above 

question. 

      

The housing cooperative app is still in an early stage and more iterations need to be done to 

have a deeper exploration about the potential of data visualization. However, some initials 

thoughts and reflections are already driven by this study. Some of these thoughts will be 

discussed in this chapter.  

 

Previous studies have been mostly focused on using eco-visualizations technologies to change 

household’s behaviors in an individual context  (Brynjarsdottir et al., 2012; Gaver et al., 2015; 

Hasselqvist H. and Bogdan C., 2015).  However in this thesis is explored the impact of data 

visualization in a bigger social context than individual households. Even when this context is 

very specific to amateur energy management in housing cooperatives in Stockholm, I believe 

there are similar circumstances where data visualizations could have the same potential. For 

example, small commercial or academic buildings where the people in charge of the energy 

management are not necessarily experts in the field but they have an interest on it.  

 

Well designed data visualizations can be used to overcome one of the main challenges in 

amateur energy work: the lack of knowledge, by making environmental information to be visible 

and easier to understand. For this purpose, it is crucial to know the target users, their needs and 

behaviors, when designing a proper visual representation. One interesting aspect from this 

study is how the housing cooperative app could be used to support in a better extent the work of 

amateur energy workers with lower levels of knowledge while more experienced amateurs 

would require more data to fully take advantage of it. However, having the right representation is 

not the only aspect that makes a strong visualization, as discussed in the previous chapter, 
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adding interactivity and allowing to visualize useful comparisons enable the amateurs to have a 

more reflective position when exploring the data and thus enhances their understanding 

process.   

 
It is important to mention that in a RtD approach, a solution which embodies knowledge 

becomes stronger after further iterations. In this sense, in order to obtain stronger and more 

concrete findings, it is necessary further research and iterations in which a new design artifact is 

created based on the results of the evaluation and analysis phase, and including a more 

representative number of users during the evaluations. However, due to the timeframe in which 

this research project was done, and the difficulties to get energy managers for the evaluation 

phase, it was not possible to make several iterations, meaning that the obtained results cannot 

provide a solid answer to the original question of this research, but instead can be used as a 

base for further explorations. 

 

● Understanding the limits of Data visualizations 

 

As is mentioned in the section 2.1, the final stage in the process of data visualization is the 

perception of the data, which involves the perceptual and cognitive system of the user to 

interpret the visual representation of a data set (Ware, 2013). The way humans behave and how 

we make decisions is a complex process and so it is to use data visualization trying to address 

such complexity.  

 

In this study, data visualizations worked as a medium to communicate and facilitate, however 

what the final user does with the information does not depend on the visualization but on the 

individual. Using data visualization to help amateurs to easily identify the need of energy 

improvements and to evaluate options of how to do it, is no guarantee they will improve the 

energy consumption in the housing cooperatives, especially in a complex social context as 

theirs.  

 

The visualization could use the most efficient design choices to evoke interest in the amateur, 

could be built based on studies for specific targets and amateurs needs, and could represent 

data in a way that leads amateurs to evaluate the best decisions, but still would not assure 

amateurs are in the position to take action, for example some amateurs need to have the 

consent of the rest of the board or they simply do not have the time due to other priorities. By 
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using data visualizations, designers can have a total control over what is presented and have 

some influence over the user but cannot control the final result. 

6.2. Future Work 

● Adding different view perspectives 

 

This study revealed the necessity of presenting different representations of the data to target the 

different levels of knowledge that amateurs have. Even when they have the same motivations 

and have similar challenges, the level of knowledge determines the usefulness of the presented 

data. The more knowledge the more information needed. In this study is mentioned some of the 

details that more experienced amateurs would need, however a deeper research for each target 

group should be done to determine the information that needs to be visualized by each target.  

 

● Visualising costs within the housing cooperative app 

 

Costs represent a extrinsic value that have been usually used by eco-visualization technologies 

trying to improve sustainable practices, especially in a household context. As mentioned in 

previous chapters, the motivators for amateur energy workers are usually linked to the 

challenge it presents and sustainability aspects. However, that is not the case for all the 

members of the housing cooperatives for whom costs represent a main factor to consider when 

taking an energy action. For this reason part of the work of amateurs is to prove to other 

members the benefits of taking a particular action not just in terms of sustainability but also the 

financial benefits of it. Future iterations in the housing cooperative app should consider 

visualising energy costs aiming to support the collective decision-making structure of the boards 

in housing cooperatives.   

 

● Involving energy experts 

 

Future explorations of the application should include the involvement of energy consulting 

companies hired by the housing cooperatives, aiming to create an easy way to evaluate and 

follow up the work of these companies. Some of the most efficient energy actions involves the 

participation of an expert, and as expressed for some amateurs, the concern of being cheated 
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by a company due to the lack of knowledge of amateurs is a big obstacle in the process of 

deciding the most suitable action. Data visualization could support this not only by increasing 

the knowledge of the amateur but also by allowing the companies to present the progress and 

results of their work.  

 

This could be also beneficial for companies since several times they are hired to make an 

energy evaluation in the housing cooperatives and the application could work as a starting point 

for identifying energy related problems. 

 

 

● Notifications 

It is not interesting for amateurs to use the application in a regular basis, since the data only 

changes after long periods of time. Not getting any valuable information when accessing the 

application might lead amateurs to stop using it. Future research should evaluate the impact of 

adding a notification system to address this problem by notifying the moment any relevant 

change has occurred and can be visualized in the application, for example the application could 

notify the user when a new cooperative has joined or when an new energy action is added. 

6.3. Method critique  

A RtD approach does not offer a concrete beginning or end of a research, and its definition is 

presented with ambiguities generating different interpretations. However is important to have a 

reflective perspective during the process, be able to reframe the research questions, creating 

one or several artifacts and evaluate them with real users.   

 

RtD probably reaches the generation of more knowledge after several iterations, however due 

to the nature of this study and its timeframe limitations, only one iteration was reached. It is 

believed that, the researched topic has a rich ground for further iterations of the presented 

prototype.  

 

As stated by Zimmerman et al., it is important to consider the results not as “final” solution but 

as a solution that embodies insights and knowledge and might become in a stronger solution 

after further iterations. 
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Aiming to reach the preferred state, defined in section 2.5, is an important part of RtD approach 

as stressed by Zimmerman et al. However, I consider that the preferred state has to be seeing 

as a goal that not necessarily has to be completely achieved.  Aiming to reach that goal is what 

generates the valuable knowledge in this approach. In the case of this study, the current state 

has moved towards the preferred state without fully achieving it, but generating thoughts and 

knowledge about the potential of eco-visualizations to support amateur energy work. 

 
One big challenge in this thesis was to get participants to evaluate the application. A larger 
number of participants during the evaluation process might have resulted in more and better 
findings. 
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7. Conclusions 
 

This thesis has presented reflections around the design of the housing cooperative app as a tool 

to support the work of energy amateurs in housing cooperatives in Stockholm. With a focus on 

data visualization, this research explored how such field can be used to address the main 

challenges of amateur energy workers to achieve their goals in an efficient way. The research 

has been appreciated by the persons that participated in the evaluation phase of this study and 

the results, generated interesting ideas about how to use data visualizations in the mentioned 

context, revealing a rich ground for further exploration and iterations on the generated 

prototype. The outcome of this study does not conform a concrete and solid answer to how the 

housing cooperative app can be used to support energy amateur work in housing cooperatives, 

however it generated knowledge that can be used in further iterations aiming to reach the right 

solution.  
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Appendices 

Appendix 1: Prototype Sketches 

 

A. Popup to select comparisons when visualizing the energy consumption of a Housing 

Cooperatives.  
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B. List of housing cooperatives ordered by energy performance and with a select button to 

compare selection. 

    
 

C. List view with filter options. 
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D. Information displayed from some of the info buttons included in the application. 
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Appendix 3: Evaluation guideline 

Appendix 3.1: Interview guideline for amateur energy workers. 

 

Before the walkthrough 

 

Amateurs Background 

● What is your age? 

● How many years have you been in the board? (in total) 

● Which is your role on the board? For how long have you been in that role?  

● What is your main occupation? Do you have any previous experience within the energy 

field? 

● What motivated you to be part of the board?  

● Which are your goals as a member of the board?  

● Which do you consider are the main challenges to achieve those goals?  

● I’m writing a thesis about the Housing Cooperative energy app as a data visualization 

technology that aims to support energy reduction. Have you used any similar technology 

before?  

 

Amateurs work in housing cooperatives 

● How do you identify a possible energy related improvement? And how do you decide 

what actions to take to make such improvement?  

○ Has the housing cooperative bought some energy service for this? 

■ Suggestion: hiring some energy experts 

● After making an energy related improvement, do you do a follow up to such 

improvement? 

● Have you been in contact with other housing cooperatives to know what energy actions 

are they taking?  If so, how such information helped you?  

 

After the walkthrough 

 

Housing Cooperative energy app: understanding the data 
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● When you visualize the graph, what would you say the data in the graph represents? Is it 

easy to identify this?  

● How do you identify what is it being compared in the graph? Is it easy to identify? 

● When using the comparison option, is there any comparison choice hard to understand? 

● How energy actions are presented in the app? 

● Was there any difficulty identifying when the data is normalized? What would you 

say normalized data represents? 

● What information can you find in the list/map view?  

● Is it possible to identify a similar cooperative in that view? How would you do it?  

● In general, was there something hard to understand? 

● Would you be able to identify through the app if your housing cooperative has a good 

or poor energy performance? How would you do that? 

 

Housing Cooperative energy app: usefulness  

● Is it helpful to compare the energy performance of your housing cooperative with similar 

housing cooperatives? Why? 

● Is it possible to identify a similar housing cooperative?  Which other information would 

you add/need to accomplish this? 

● How can, visualizing energy actions in the graph help you? 

● Would the visualization of normalized data add any value to your work? How? 

● Do you think is it possible to identify energy improvements with the data presented in the 

app? How could you do it? 

● Which features do you consider is/are the most useful to accomplish your goals in the 

board? How can it help you? 

● Is there any feature in the app that doesn’t add any value to your work? 

● Is there something you would like to include/change in the app that can help you to 

accomplish your goals? 
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Appendix 3.2: Walkthrough guideline 

For each case use: 

● Do you easily identify what this data represents? 

● How would you use this information?  

 

● Visualizing own cooperative / other cooperative 

 

○ Visualize graph. 

○ Select different Categories: Facilities electricity, Heating and warm water. 

○ Select different granularities: Monthly, yearly. 

○ Select normalized data. 

○  Select different actions and visualize them on graph. 

○  Compare with the different comparison options. 

  

● Visualizing all the cooperatives 

 

○ Visualize color scale and energy performance values.  

○ Visualize types of ventilation for an specific cooperative. 

○ Go to a specific cooperative. 

○ Select filtering options trying to find similar cooperative. 

○ Select a cooperative and compare it with own cooperative. 
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Appendix 3.2: Expert Interview 

 

● What kind of services do you offer to the Housing cooperatives? 

● What are the motivations of the Housing Cooperatives to request your service?  

● Do you consider is possible with this solution to identify an energy related problem? If 

so, how? 

● How could the housing cooperatives take advantages of visualising and comparing 

to a similar housing cooperative? Is that possible with the application? 

● Which would you consider would be the most useful feature for the Housing 

Cooperatives to accomplish their goals? 

● Could this solution be beneficial for your work?  


