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Abstract
In order for companies to survive and advance in today’s competitive society, a massive amount of 
personal information from citizens is gathered. This thesis investigates how these digital footprints 
can be obtained and visualized to create awareness about personal actions and encourage change in 
behavior. In order to decide which data would be interesting and accessible, a map of possible 
application fields was generated and one single field was chosen for further study. The result is a 
business concept called the Open Supermarket, consisting of a number of ideas that utilize 
transparent information to tackle the problem of information asymmetry between the customer and 
the market. By providing tools that visualize information, the concept helps customers to make 
environmentally sustainable and healthy choices.

A multitude of visualization methods were researched and the combination of ambient visualization 
and ubiquitous computing was considered most e!cient for persuasive purposes. Three prototypes 
were developed under the Open Supermarket concept; a toy and a bag that react to food articles by 
RFID technology and a mobile phone software which is used for scanning barcodes and provides 
information related to the article. The prototypes have di"erent purposes: the toy and bag aid the 
consumers by filtering out vast amounts of information and focusing on ecology and health, the bag 
also adds new values to ecological products. The mobile phone software is an instrument for in-store 
third-party information.

The thesis was commissioned by the Interactive Institute Studio NVISION in Norrköping, a non-profit 
research facility which combines art, design and technology to create novel inventions. The work can 
be seen as a guide to future e"orts in the field of environmental science, ubiquitous computing and 
persuasive visualization.
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1.Introduction
Reclaim Your Data investigates how personal digital footprints can be obtained and visualized to 
create awareness and encourage sustainable behavior. It was initiated by the Interactive Institute 
Studio NVISION, and the given idea provides a very broad research field integrating many areas of 
research. This thesis intends to create a map of possible applications meant to serve as a guide to 
future work in the research field, and to develop one concept further. The thesis specializes in 
consumption data, ecology and health, resulting in a business concept called The Open Supermarket, 
enabling complete data transparency in supermarkets. By using everyday items as tools for 
information visualization (infovis), the concept seeks to increase awareness by adding new values to 
ecological products, thus enabling a more sustainable food consumption.

1.1. BACKGROUND
With an emerging information society, questions about data rights are born. The ever-growing access 
to information from networks and the digitalization process have rapidly reshaped the infrastructure of 
services, organizations and social behavior. It is possible to distinguish two major trends regarding the 
transparency of personal information. The first is that the nature of personal data on the internet is 
changing, making information far more transparent [1]. Secondly, organizations’ dependence on 
information is leading to an extensive gathering of personal information, closed to the public (see 
Data sources. 

In order to participate in today’s commerce and services, it is compulsory to have one’s actions 
surveilled. By using credit cards, mobile phones, internet and other digital media, a massive amount 
of information is stored in databases. Companies, organizations and authorities know where, when 
and what consumers shop, what their interests are, who they know and who they communicate with. 
By sharing this information, people’s lives become even more transparent by further analysis. Even 
though citizens constitute the origin of this valuable data source, the information is solely used for the 
benefit of companies. Nevertheless, the data could also provide a valuable information resource for 
people and lead to a changed behavior regarding consumption, health, economy and social 
networking. 

1.1.1. !e Interactive Institute 
This thesis was initiated by The Interactive Institute, a non-profit, experimental IT-research institute 
which creates novel innovations by combining art, design and technology. The aim of the institute is to 
develop interaction and communication between people and their society. Consisting of researchers 
from a variety of disciplines – artists, designers and engineers – it strives to create a multidisciplinary 
working environment where ideas and people can grow. The creation of the Interactive Institute 
originates in an initiative from the IT group of the Swedish Foundation for Strategic Research 
Institution. Along with several studios, the main o!ce is located in Kista outside of Stockholm and 
there are also studios in Piteå, Eskilstuna, Göteborg and Växjö. Norrköping is the youngest studio, 
opened in 2007 and incorporating around ten people. The studio is open for a broad range of 
activities, with visualization as a common theme.

1.2. OBJECTIVES 
The main objective was to investigate how digital footprints in today’s society can be obtained and 
visualized to encourage a changed user behavior. One part of the given task was to generate a map of 
possible application field, i.e. usable data sources, another was to delimit the project and specialize in 
an interesting application fields to investigate further. The focus was delimited to ecological food 
consumption to increase the public’s awareness by making ecologically-related information more 
transparent and by increasing the value of ecological food items.

1.3. PROBLEM OVERVIEW 
Information is necessary for organizations to handle competition. In economic theory, the term 
asymmetric information is described as when two parties of a transaction are not sharing the same set 
of information [2]. As companies and organizations gather data without sharing it, a situation of 

1



asymmetric information occurs between them and their customers. Information asymmetry can be 
seen as a problem and might lead to mistrust between the parties, whereby the informed party 
benefits at the expense of those with less information. Similarly, another problem is the more principle 
aspect that citizens have limited access to relevant information and the data they generate by 
participating in commerce.

Akerlof argues that a way of dealing with the companies’ information advantage is to equalize the 
information, i.e. making data more transparent. If the equalizing initiative is taken by the company, 
this is referred to as signaling. Otherwise, if information is revealed by the less informed party, it is 
called screening. Since relevant information is di!cult to access, signaling data for the benefit of 
customers can provide a new field of di"erentiation in the company competition. By enabling 
transparent information, companies could enjoy a greater trust. Another way of dealing with this 
problem is to invent external tools that enable customers to screen relevant information. Assuming 
that all gathered data can be accessed, the project investigates possible uses of signaling and 
screening in order to increase awareness.

Since the thesis is an exploratory project, it was di!cult to initially formulate questions to be 
investigated during the process. The following broad questions were raised:
Which digital footprints are being generated by Swedish citizens, and how can the data be reclaimed?
Which field of application is the most interesting to investigate further?

1.4. METHODOLOGY
No all-embracing methodology was utilized for the project. Instead, customized methods were 
employed for each project step. In the task description given by the clients, i.e. the Interactive 
Institute, there was an outline for the project. This outline describes three phases, where the first was 
background research and concept development (30 percent), the second was implementation (50 
percent) and the third was report writing (20 percent) (see fig. 1).

Implementation

• Background research 
and related projects

• Inventory of data sources
• Defining the application 

field

Background research and 
concept development

Report writing and 
documentation

• Data gathering and data analysis
• Visualization prototyping

• Thesis report 
• Internal report
• PR-material

Fig. 1. Initial project outline – the waterfall method

This approach is a sequential development model, or more commonly known as the waterfall method 
[3]. A positive e"ect of this model is the clarity it brings to the task, which will be undertaken in a 
structured way. However, once a step is completed, the rest of the project is dependent on the 
correctness of this step. Another di!culty is that a lot of development time usually is needed. 
Sequential models are suitable for very well-defined or trivial tasks [4] and therefore less suitable for 
complex tasks that require much research. Because of this criticism of the waterfall method, the 
strategy was modified. 

According to the current research about project management, it is appropriate to use an iterative 
development method, instead of a sequential one [5]. The basic idea behind an iterative process is that 
the project is developed through several reworks and deliveries in a cyclic manner. This way, the result 
will improve for each iteration, enabling continuous feedback from stakeholders and clients. This 
strategy would have been preferable for this kind of project, but due to time constraints – and the 
focus on ideas and concept development rather than implementation – a modified sequential method 
was chosen. Instead of starting a new phase after one is completed, the phases overlap in the 
modified method. This is referred to as concurrent engineering [3], or more informally as the sashimi 
model [6]. 

By letting the project phases overlap, it is possible to identify and correct problems without having 
major setbacks in the work progress. Early in the initial phase, it was decided to have a strong focus on 
the ideas and the concept development, since they will have a bigger novelty value than the 
implementation itself. Therefore, background research and concept development phases were given 
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more time. Also, an evaluation phase was included in the rearranged plan. Each phase was given its 
own methodology, where the most suitable one was chosen. Fig. 2 shows the rearranged project 
outline, according to the concurrent engineering method. 

Concept development

Background research 

Report writing and documentation

• Literature study
• Related work

• Thesis report 
• Internal report
• PR-material

• Workshop and interviews
• Defining the concept
• Refine concepts

Implementation

• Implement prototypes

Test and evaluation

• Concept evaluation
• Prototype testing 

Time

Project 
progress

Fig. 2. Rearranged project outline – concurrent engineering

1.4.1. Background research
While the initial problem was very wide, a literature study was performed to get an overview of the 
research field and to delimit the focus. Since the hypothesis and the clients’ requirements could not be 
arranged under one single research field, considering the combination of new and old areas, a variety 
of scientific papers, books and internet sources were used for the literature study. One part of the 
given task was to generate a map of possible application fields, i.e usable data sources. Another was to 
delimit the project and specialize in an interesting application field to investigate further. By letting the 
research co-exist with the concept development, it was possible to aim the research into fitting 
concepts of interest, finally delimiting the focus into one specific field. Because of the wide area of 
research, it was only possible to summarize related work after the project had been delimited into the 
specialization field.

1.4.2. Concept development
In order to get a feasible outcome of the concept development phase, a number of idea generating 
methods were employed. As mentioned previously, the background research and concept 
development phases were strongly connected. The first step towards both of these phases was an 
inspiration trip to Madrid in order to participate in a workshop (see 3.1.1. Inspiration). 

Brainstorming was used to define and structure ideas during the workshops. The father of the 
brainstorming method, Alex Osborne, allegedly said that it is easier to tone down a wild idea than to 
think up a new one. As formulated by Osborne [7], the idea of brainstorming is to gather a group of 
people and let them generate as many responses and solutions to a defined problem as possible. By 
accepting all solutions, regardless of how ridiculous they may seem at first, creativity is not blocked. 
Since it is not very likely that a perfect solution will come immediately, the ideas can be evaluated and 
combined afterwards. According to the method, an idea seeming totally awkward may turn out to be 
feasible with a slight modification. In this case a version of the brainstorming method was used [8]. To 
summarize the method, it consists of the following three steps: (1) Gather a group of people, (2) 
generate ideas without criticism or analysis, and finally (3) systemize the results to make them 
available for further use.
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Another method used in the concept development phase was in-depth interviews with experts. Preece 
et al refer to Fontana and Frey who state that there are three ways to make personal interviews: 
unstructured, structured and semi-structured. The unstructured approach means that the interviewer 
imposes little control over the interview process. Structured interviews are on the other side of the 
control spectrum, basing the interview on questions similar to those in a questionnaire. An 
unstructured interview is therefore suitable in an exploratory sense, while structured interviews are 
useful when the goals are clearly defined [5]. Since the interviews were conducted in the concept 
development phase, meaning the interview should be open to new ideas, unstructured and semi-
structured types of interviews were used.

Another task within the concept development was to delimit the scope and choose one concept to 
develop further. A way of finding the suitability of an idea according to requirements and goals is to 
make an a!nity-diagram. The diagram allows ideas to be organized and analyzed, making it a well-
fitting continuation after brainstorming sessions [8]. As a final step during the concept development 
phase, concepts were improved and refined. By having a second brainstorming session, this time 
focusing on the selected concept, it was possible to find new sub-concepts. 

1.4.3. Implementation
In the same way as background research and concept development phases were coupled, 
implementation and testing were dependent on each other. To be able to make user-centered 
prototypes, an iterative development strategy was chosen for the implementation phase, requiring 
simultaneous implementation and testing. Initially, the strategy was to construct low-fidelity 
prototypes, evaluate them, and thereafter increment the level of fidelity in an iterative process until the 
result met the clients’ requirements and user goals. However, according to Preece et al., low-fidelity 
prototypes are not applicable to evaluate ubiquitous computing applications. The advice given is to 
produce robust prototypes and conduct field studies to test the prototype in its real environment [5]. 

Since the prototypes are dependent on technology that has not been implemented yet, field studies 
were not possible to perform. Instead, high-fidelity prototypes were built at an early stage to overcome 
technical thresholds, and the prototypes were thereafter iterated during the learning process.

1.4.4. Test and evaluations
To be able to verify the resulting prototypes, a combination of di"erent evaluation methods were used. 
The usage of multiple methods for data gathering or evaluation is commonly known as triangulation 
[5]. Di"erent methods were chosen for the evaluation of the Open Supermarket concept and its 
prototypes. 

There are three primary techniques for evaluation: analytical evaluation, usability testing and field studies. 
Analytical evaluation includes various inspection and predictive models, without direct user 
involvement. Inspection models are often used on fully functional systems and require an expert role-
playing by the intended user and identifying possible design problems by a set of guidelines. Predictive 
models are used for testing specific aspects of an interface through analyzing the various physical and 
mental operations needed to perform the particular tasks. Analytical evaluations are often both quick 
and inexpensive, although they are always only predictions of user reactions. Usability testing#is an 
evaluation method for testing user interaction with a product in a controlled environment. Data is 
collected through a combination of methods, where the two key components are the actual test and 
the user satisfaction questionnaire which can be a user interview instead. The first component 
measures user performance on specific tasks, the second researches how the user actually feels about 
the product. The measurements used are generally time and numbers: time to complete a task, 
number and type of errors per task, number of users making a particular error, etc. The distinguishing 
feature of field studies is that they are done in a natural environment in order to understand how the 
product can mediate people’s activities. There are four prominent uses of field studies: help identify 
possibilities for new technology, establish the requirements for the design, facilitate the introduction of 
technology and evaluate the technology [5].

Preece et al. furthermore state that#field studies can be used for#testing ubiquitous computing and 
ambient displays. This method implies that a robust prototype is built and thereafter#placed in its real 
environment, where the evaluator#takes notes on#how the prototype is#experienced by the users. This 
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method would have been#highly suitable for the prototypes.#However the products did not fully 
function in their right environment due to technical limitations and lack of company cooperation. The 
methods chosen were instead an altered version of the analytical inspection model called heuristic 
evaluation [9] combined with usability testing, which was followed by semi-structured interviews [5]. 
The first one was chosen as an inexpensive and quick way of receiving feedback about the possible 
issues. The prototypes could#thereafter be improved before usability testing. 

The Open Supermarket concept was not possible to test through any of the methods mentioned 
before since it consist of a non-tangible idea. Instead users were interviewed with a structured method 
regarding the feasibility and usefulness of the concept.
 

1.4.5. Report writing
Since the evaluation phase contained both intense periods of interaction with users and less intense 
intervals while waiting for administrative response, the report was commenced during this phase. 
Initially, a structure was created and approved by the university tutors. The report was written by both 
authors, and the headlines were divided equally, individually filled with content and thereafter merged. 
A report for how to structure and linguistically produce a report was employed during the whole 
process for an increased understanding in formal report writing [10].

1.5. CLIENTS’ REQUIREMENTS   
In order to meet the expectations of the project’s clients, requirements were defined at an early stage 
(see table 1). Some of them were specified before the actual work process, whereas others were found 
and added during the process. It is important to make a distinction between clients’ requirements, 
and the requirements that apply to the specific concepts and prototypes. The latter are defined under 
concept development (see 3. Concept development). The clients’ requirements were organized 
according to the MoScOw methodology [5] in their respective priority level. All of the requirements and 
their priority level were set during discussions with the clients. 

According to Bell [4], requirements must be measurable. This proved di!cult considering the 
interdisciplinary context of art and technology which the project is a part of. Certain constraints, such 
as high artistic level, are of a subjective nature. Instead, the clients’ requirements have served a tool 
for task analysis, and to narrow down the scope.  

Table 1. A list of the clients’ requirements

Must have

Personal data The data should be generated by users.

New visualization The concept should not have been implemented before.

Artistic level The visualization should be of a high, artistic level and suitable for presentation in an exhibition 
or in a museum. 

Mobility The prototypes should be mobile.

Persuasive design The design should encourage changed behavior (see 2.5. Persuasive design).

Should have

Non-active users The visualization should preferably not require the user to actively take part in building a 
database by manually entering data. 

Casual visualization A use of casual visualization methods is preferable. This means that the data should be 
presented in an intuitive way, requiring no expert knowledge in data interpretation (see 2.4. 
Casual visualization).

Instant The visualization tool should preferably react instantly to interaction. This means that the user 
should receive the result after performing an action instead of when for example connecting to a 
website at home.
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1.6. RESTRICTIONS 
The primary focus of the thesis was initially to reclaim the digital footprints collected by companies. 
However this proved possible only in an external collaboration, which would have been both time-
consuming and diminishing the critical height of the concept. Network-based data collection would 
also have been a possibility but to engage an extensive number of users would have been too time and 
e"ort consuming. This limitation of data restricted the project into using test data.

The requirements restricted the data visualization from using stationary computer screens into 
experimenting with everyday objects. In many concepts, this limited the amount of data that could be 
visualized on screen in advanced computer visualizations to on/o" parameters. 

The users referred to in the objective (see 1.2. Objectives) are due to national retail chains and goods 
restricted to Swedish users and their personal data. A wider scope would have required a more 
thorough background research with international participants, which was not deemed necessary under 
the realm of the project. 

In the report, the developed concept and its prototypes rely heavily on an ecological score system as 
the information to visualize. This score system was never established, considering the authors’ 
insu!cient theoretical background in ecology. Instead, a fictitious score was employed. 

1.7. RELIABILITY OF SOURCES
The main references used in this thesis report are scientific articles, interviews, books and a variety of 
internet sources. A majority of the authors of the scientific articles are employed by universities and 
have been published in acclaimed journals, which increases their reliability as source material. The 
interviews were made with experts and facts given were examined in relation to written sources for 
accuracy. The most frequently employed books were written by Pär Ström [11] and Preece et al. [5], all 
experts in their respective areas. However, Pär Ström is a very political person with strong opinions 
and his descriptions of integrity threats sometimes seem slightly subjective, which was taken into 
consideration. The reliability of internet sources were examined according to Merkel’s rules of 
references [10]:
• Domain name: A URL containing “edu” might be more reliable than a “com” address.
• Author: A website with the name of an author is more reliable, especially if the person can be 

contacted or if the author is acclaimed within the area of knowledge.
• Objectivity: A website without a political angle is preferred.
• References: A website with references is more reliable.
• Appearance: A website with a more aesthetically appealing appearance and well-written language 

might be more reliable.
• Update: A website which is created or updated recently might be more reliable for current facts. 

All of the references to internet sources had authors that could be contacted. They were all quite 
recently updated, apart from the twelve year old website by The Society for Technical Communication 
[9] describing the severity rate of heuristic evaluation. However, this area is quite static and does not 
rely on recent discoveries and therefore the concern of the age was deemed unnecessary. The same 
was the case with other, less recent websites. Altogether, the references used in this report were 
considered reliable.

1.8. OUTLINE
This report is structured according to a formal, technical report [10]. The first chapter covers the 
introduction and the background of the project. The stakeholders of the projects are listed, together 
with the purpose, clients’ requirements and the methods used during the process. Some general 
questions regarding the theory of the thesis are asked, which are thereafter answered in the discussion 
(see 6. Discussion). 

The introduction chapter is followed by the background research, constituting the theoretical 
foundation of the report. All the investigated data sources are listed combined with novel visualization 
methods, which concludes with mentioning related work.
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The third chapter, concept development, describes the process of developing novel concepts. All the 
steps that directed the choice of the final concept are mentioned in order to display the procedure 
from the genesis of the first ideas to the final concept.

Parts of the chosen concept were thereafter implemented in tangible prototypes, which are further 
explained in the fourth chapter, named implementation. All the information describing the prototypes 
– from components and price to electrical circuits – are stated in order to simplify recreation of 
prototypes.

After the prototypes were implemented, they entailed a thorough evaluation which is explained in 
chapter five – Test and evaluation. The heuristic evaluation and the usability testing are explained in 
chronological order, except for the evaluation of the mobile phone software, which was tested 
separately by its developers and is mentioned last.

The discussion contains the authors’ own conclusions and suggestions. The relevance of the results is 
compared to the objectives and discussed. Furthermore, a multitude of concepts was developed 
during the concept phase and in order to describe them all in-depth, the report would have been both 
too extensive and very fragmented. Concepts related to Reclaim Your Data that are independent of the 
Open Supermarket are therefore briefly described in the end. Future improvements and directions for 
the Open Supermarket concept are also suggested. Finally, the list of the references used in this report 
are introduced in order of appearance according to the Vancouver system [10].   
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2.Background research
A comprehensive study was made in order to get insight into the research field and related areas. This 
was partly made through a literature study. After deciding which concept to take further, the literature 
study focused on related work, and to more thoroughly research the chosen area. Since the hypothesis 
does not fall under one single established science, possible data sources and their accessibility were 
explored, as well as possible application fields of interests. Another aim of the research was to see how 
the data could be analyzed. Since the current discussion on digital footprints is tightly coupled with 
integrity and data rights, the research also explored if the hypothesis should include an integrity 
aspect. Regarding the interdisciplinary context in which the project was conducted, the research also 
investigated related art and technology areas. This way the projects could benefit from the discourse of 
these established research areas. 

2.1. DATA SOURCES
Data is stored by a variety of di"erent companies, organizations and authorities with the general aim 
of either increasing sales or preventing terrorist activities. There are two ways of gathering the data: by 
letting users of the product manually enter data or by automatic collection [1]. The manual alternative 
places a burden on the user and therefore does not fulfill the clients’ requirements, since it requires 
the person to act before obtaining a result. The second method was therefore preferred, although it 
proved more di!cult. The solution is either to create a method to collect data or to use a set of test 
data. Since the thesis was focused on reclaiming personal data from third parties, test data was used 
for most concepts.

A vast number of data sources containing personal data can be used for infovis purposes since 
citizens generate digital data on several occasions every day. Since di"erent laws and standards apply 
in di"erent countries, only data generated by Swedish citizens were considered. Many studies that deal 
with digital footprints, such as the Swedish integrity representative Pär Ström’s book [11], are focused 
on data integrity. A problem with these kinds of studies is that they attempt to cover integrity threats 
from future technology or describe possible data analysis techniques which are not utilized to a larger 
extent. In order to make prototypes that can be made in a near future, this project strived to use 
present or near-future technology. Even though data generated by future technology could be very 
interesting to analyze and visualize, the project delimited its selection of data sources to the present.

During the research of data sources, it was possible to establish an order, ranging from easily 
accessed data to hidden and hardly accessed data (see Appendix E). It was found that if data is 
generated from the use of digital and interactive media such as computers or mobile phones, it is 
rather easy to gather. Data generated from participating in healthcare or other services was found to 
be more di!cult to access. 

2.1.1. Internet
A multitude of large commercial websites store information about visitor’s and customer’s browsing, 
search and frequency history, attention to advertisement and the homepage visited previously [11]. If a 
person purchases an item, the website also collects personal and financial information. All this 
information can either be stored in a company database or, more often, in a file on the visitor’s 
computer. This file, commonly called “cookie”, is read and updated the next time the person enters the 
website. The information in personal cookies can be obtained easily since it is stored on the visitor’s 
own computer.

Web bugs are images that are used by advertisement networks in either HTML emails or on websites 
to record IP address, URL of the webpage, time of viewing, type of browser and previously set cookie 
value. The images can be recognized in the source code since they are linked to a di"erent web server 
than the website visited. Advertisement networks are companies that distribute banners from other 
companies to their respective target market. By combining information retrieved from all companies 
included in the network, interests and lifestyles of internet users become apparent for the network and 
thus the advertisement is more e"ectively targeted. The information from networks can not be 
retrieved by the public, although web bugs can be used by researchers to collect data themselves.
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In accordance with a decision by the EU, internet providers are obliged to store details regarding 
internet connection, internet phone calls and emails (not content) for one year [12]. This information 
can not be obtained by the public, although the personal communication and internet connection can 
be recorded by home-produced software.

There is a number of social internet communities, such as Facebook or Myspace which know how, 
with whom and how often their visitors communicate. The sites also have detailed descriptions of 
books and music preferences, interests and all other information that the member decides to share. 
The information can be automatically obtained from the personal site or the sites in the visitor’s 
network through home-produced software. Another interesting social experiment was conducted at 
the Royal Institute of Technology (KTH) where the students’ laptop wifi logs were recorded. When 
analyzed, the data revealed intriguing information regarding friendship, commencing romances and 
uninteresting lecturers [11].  

There are many actors on internet with information about users. Email providers know who their users 
send emails to and how often [13]. The personal emailing information can be obtained automatically by 
home-produced software from a person’s computer, and the same goes for instant messages and IP 
phone communication data. Altogether, this can visualize a social pattern of the software user. Search 
engines also store information about their visitors’ browsing history and interests [13]. This 
information can also be obtained automatically by home-produced software.

2.1.2. Mobile phones
A switched on mobile phone emits constant electronic footprints and telecom companies have the 
opportunity to store information regarding the phone user’s vicinity to cell towers [11]. The public does 
not have access to this information. Commercial software exists where the location can be recorded 
through GPS or calculated by using the proximity to wifi connections [14]. GPS and wifi location data 
can be displayed for personal use in home-produced software. 

The EU nations have agreed that telecom companies must store information regarding all landline and 
mobile phone calls, the length of the calls, details (not content) of SMS and MMS messages and the 
geographical position of the phones [12]. This information is kept for one year [15] and is not publicly 
available. Less detailed information about phone calls can be gathered automatically from the telecom 
websites, although it is only updated within 24 hours. Home-produced phone software can also record 
this information, which can thereafter be visualized. 

Since mobile phones are constantly carried around they could be used for ubiquitously mapping social 
networks through proximity to other Bluetooth connections [11]. A study at MIT was also able to 
analyze the caller’s mood through voice evaluation [16]. 

Within a near future, mobile phones will most likely be a supplement for credit cards considering the 
current market penetration of mobile phones, combined with the expected growth of mobile 
commerce. A majority of mobile phones today have an embedded chip that can be utilized to store 
monetary value or provide secure authorization and identification. This, together with the built-in 
technique for communication which means no unnecessary card readers or point-of-sales terminals 
are required, makes it the ideal payment service provider. In Sweden, Finland, Japan and a dozen of 
other countries, mobile phone commerce, so called m-commerce, is already used in moderation [17]. 
Through home-produced software, one’s personal economic data could be visualized in the mobile 
phone display. This could furthermore be combined with for example location data or social 
networking data.

2.1.3. Consumption in physical stores
For many years, receipts with cash information were the only information given to customers after a 
purchase. This was preceded by barcodes and electronic tills which knew exactly what goods were sold 
in the store although the consumers were still anonymous. Nowadays, many companies have loyalty 
cards which connect the purchase information with specific consumers and enable customer profiles 
to be created through data mining. The information stored today is generally quantity and frequency of 
purchase, preferred products, location of store and personal data about the consumer. All this 
information is used to send targeted marketing material to customers and in the future it could form 
the basis for changing product price depending on the customer’s price sensitivity and payment 
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abilities. Another future scenario would for example be if supermarkets share customer data with 
insurance companies, enabling an increased premium for people with unhealthy eating habits [11]. 

Personal data can be obtained by law, although it takes a few weeks. This data is not given in digital 
form and the information is solely related to the product names and prices. This data can be 
visualized, although it requires much manual labor. Another approach is to use an open-source 
barcode website like Barcodepedia [18].

2.1.4. Tax administration
The tax administration stores data concerning present and past relatives, taxed income and total 
capital. The records are not available in digital form for free, although personal records can be 
obtained on paper and the records are open for public searches in the physical o!ces. Furthermore, 
the latest personal data can be purchased digitally by companies and organizations through “Statens 
Adress och Person-Register” (SPAR) although it is not available in digital form for the public [19].

2.1.5. Social Insurance O"ce
The Swedish Social Insurance O!ce stores information about parental benefits, housing and sickness 
allowance. Information regarding marriage, pension and income is also stored. A citizen can obtain 
personal information for free on paper [20]. 

2.1.6. Banks
Banks store information about time and place of credit card use, together with present and past 
financial situation. A bank customer can view personal online banking records by means of a PIN. This 
information can be obtained automatically without permission from or cooperation with the bank 
through home-produced software.
 

2.1.7. Insurance companies
Two insurance companies, British “Norwich Union” and American “Progressive”, have introduced 
adaptive insurance solutions, where the drivers’ geographical location, time and way of driving is 
recorded. The information constitutes the basis of an individual insurance fee that rewards safe 
drivers. In Sweden, the insurance company “Volvia/IF” has expressed interest in a similar insurance 
method connecting the driver data with the telematic system of modern cars, although only for 
company vehicles. For the public, a solution that sends information from the black box in the event of 
an accident has also been discussed while not implemented yet [21].  

2.1.8. Traveling
Digital traveling cards for public transports such as buses, trams, commuter trains and subways are 
becoming increasingly popular. The plastic card stores information regarding number of journeys/
cash left on the card and they can be technically designed in two ways: with or without traveler details. 
If the traveler's personal details are kept, such as social security number or customer number, 
geographical locations can be determined [21]. This is yet not implemented but the anonymous data is 
stored by many public transport companies today. The information can not be obtained although it 
can be recorded through for example the use of a mobile phone with GPS.

Regarding car tra!c, there are multiple ways of using technology to register activity. Speed cameras 
have software which can automatically decode registration numbers and therefore record the driver’s 
location. GPS can register location coordinates and velocity of vehicles and “black boxes” record the 
way the car was driven in case of an accident. Radio-Frequency Identification (RFID) tags might be 
used in the future to more accurately identify cars. Modern cars include telematic (long-distance 
transmission of computerized information), which makes it possible for the police to listen in on real-
time conversations inside the car. Most of this information is not available to the public although 
times and locations of cars passing tolls can be obtained by spouses and employers, according to Pär 
Ström [21]. Furthermore, the transponder connected to payment of tolls sends out a code which can 
be obtained by technically skilled people. This enables knowledge of times for a specific car at the 
place where the receiver is located. The information regarding location of the vehicle can be recorded 
through the use of a mobile phone in a home-produced software for infovis purposes.
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Airplane passengers traveling through the U.S. within a near future will be checked against the 
Passenger Name Records (PNR), which contains information given by passengers when booking the 
flights. The system, called Secure Flight, was cancelled in 2006 due to unresolved privacy issues, 
although it is due for implementation in 2010 according to the organization Electronic Privacy 
Information Center(EPIC) [22]. EPIC furthermore states that EU has signed an agreement with the US, 
where passenger information is shared between the nations. This information includes 19 fields of 
data, including name, contact data, payment details and itinerary information [22]. In a press release 
from 2007, the EU proposes to implement a system similar to Secure Flight to counter terrorist 
threats [23]. 

2.1.9. Medical records
Medical records contain extremely sensitive data regarding past diseases, medicine consumption and 
past accidents. These records can not yet be obtained by the public, although there have recently been 
plans to release them digitally [24].

2.1.10.Swedish National Defense Radio Establishment (FRA)
The Swedish National Defense Radio Establishment has the right to monitor all international radio 
tra!c crossing Swedish borders [25]. During 2007 a proposition was introduced which stated that FRA 
should be given access to monitoring all international data tra!c. Considering that some national 
internet tra!c passes through international servers this means constant surveillance of citizens. The 
proposition was suspended for one year [26], however it will be up for discussion again this year. The 
information gathered by FRA is not possible to obtain for the public, although home-produced 
software could record and visualize a person’s private communication.

2.1.11.Transatlantic conversations 
Echelon is a closed collaboration between the primary members, USA and UK, and the secondary 
members, Canada, New Zeeland and Australia, for international surveillance of all electronic 
communication such as phone calls, emails, faxes, radio communication and video conferences. The 
information is not gathered for military purposes according to an EU investigation [11]. The 
information can not be obtained by any private person and external nations have very sparse 
knowledge of the system. 

2.2. DATA ANALYSIS
Every data source itself can bring interesting results, however by combining data sources the 
companies, authorities and organizations become more intelligent. There is currently a proposal in 
Sweden to allow collaboration between databases from a multitude of authorities such as the Swedish 
Social Insurance O!ce, Swedish National Tax Board and Swedish Migration Board in order to 
decrease the number of frauds. Collaboration between a variety of computer sources could also be 
performed by researchers. Location data could be combined with health information, medical records 
with grocery shopping and credit card transactions with location data. This enables the creation of 
more intriguing infovis works.

2.3. FIELDS OF INTEREST
As the project outline stated, the gathered personal footprints can be analyzed for many purposes. 
Di"erent sources of data and how they can be used to add value were investigated. During the 
background research, the following areas turned out to be particularly suitable for personal data: 
integrity, ecology, health and social networking. 

2.3.1. Integrity
An area closely associated with digital footprints is integrity. Pär Ström argues that few people are 
actually aware of the extent that they are being monitored and where they leave digital footprints [11]. 
Casual infovis could be a tool to reveal how citizens are being monitored. Even though integrity is a 
topic of high relevance, the matter was only briefly considered as a direction of specialization, partly 
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because there is a substantial amount of existing organizations that work with data integrity, and partly 
because such a direction was not found to be constructive.

2.3.2. Ecology 
Despite the recent increase in media coverage about the correlation between consumption and 
environmental impact, only three percent of the average consumer’s grocery shopping is ecological 
[27]. According to Martin Saar, environmental project leader in the Stockholm municipality, food is the 
single most important aspect of environmental impact that can be a"ected by people’s daily actions 
(see Appendix A). Even though other types of consumption also have a significant impact on the 
environment, the study focused on food consumption due to daily consumption having an immediate 
impact on the market. Also, the authors’ interest in food and ecology influenced the decision to study 
the correlation between food consumption and the environment. In order to change consumption 
habits and find a target group to influence, the study on ecology began with investigating which people 
make aware choices.

Many articles have addressed the question of what common factors are shared by most ecological 
consumers. The report by the Swedish Consumer Agency [27] refers to Jakobsson and Fregidou-
Malama in that women are more interested in ecological groceries than men, older more than younger 
and people with a higher level of education more than those with lower. On the other hand, the report 
mentions Magnusson’s research, where younger consumers are more positive than older towards 
ecological consumption. 

A Danish report, also referred to by the Swedish Consumer Agency, claims that the ecological choices 
are a"ected by di"erent stages of life instead of demographical factors. These stages were referred to 
as sinkies (single, one income), dinkies (double income), parent with a young child and parent with 
children who have moved from home. The Swedish Consumer Agency’s report concludes that it is 
di!cult to position ecological consumers into a homogenous group based on age, sex, educational 
level or similar. Instead, the report mentions four segments of underlying motifs and driving forces 
regarding consumption of ecological goods: “the world improver”, “the price hunter”, “the self 
improver” and “the general improver” [27] (see fig 3). The general improver is a combination of the 
self improver and the world improver segments. This segment values ecological products, as long as 
they are as fresh-looking and tasty as non-ecological items. This also applies to the rest of the values 
belonging to this segment.

Transform self

Transform the world

Fig. 3. The four segments of consumers, who are attracted by different values [27].  

The self improver
Design
Trendy
Healthy
Nutritious
Fresh looking

The general improver
Ecological
Animal friendly
Short transportation
Ecological

The world improver
Short transportation
Animal friendly
Ecological
Free of pesticides

The price hunter
Price
Comfortability/vicinity
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The ecological communication channels have so far aimed their information towards the world 
improver segment, focusing on environmental and animal values. Today a large percentage of the 
ecological consumers therefore belong to this segment. In the survey made by the Swedish Consumer 
Agency, the interviewed consumers stated that they did not want to be associated with the general 
view of an ecological consumer who they considered being old-fashioned and skeptical towards new 
technology [27].

This implies the need for a change from environmental values towards the individual values of the self 
improver segment. By adding personal and direct incitements, both the self improver and the general 
improver would receive an increased value of ecological goods. For example these values could be 
health, happiness, beauty or “chicness”. In the report by the Swedish Environmental Protection 
Agency [28] which refers to a thesis by Cecilia Solér, who mentions that marketing strategies for 
ecological products ought to concentrate on the connection between the consumer, environment and 
single ecological products, instead of values like price, quality and function.

Today, ecological labeling disappears in a myriad of product taste, fresh appearance, price, low level of 
fat and sugar, special o"ers, brand, high fiber and other issues. To cope with this information overload, 
many consumers’ behaviors are a"ected by a “filter of consciousness” which depend on a variety of 
attributes. The following filters were noticed during a supermarket observation [27]:
• Health filter: The consumer is primarily searching for products with low levels of sugar and/or fat.
• Price filter: The consumer is primarily searching for products with the lowest price.
• Positive ecological filter: The consumer is primarily searching for ecological products.
• Negative ecological filter: Ecological products are not registered at all, regardless of favorable product 

placement or extensive marketing in the store. The person has already decided that ecological 
groceries are more expensive and sees no further value-adding attributes. 

While choosing to go further with The Open Supermarket concept, the primary objective has not been 
to develop a usable formula for counting ecological scores. Since the analysis process of investigating 
an article’s impact on the environment is very complicated, decisions about which products are 
preferable were excluded from this thesis. Instead the analysis ought to be performed by a third-party 
organization, which is something suggested both during the first workshop and in the report by the 
Swedish Consumer Agency [27]. In the latter, the Swedish Consumer Agency and National Food 
Administration are mentioned as sources for objective information, although there might be a 
problem regarding the lack of unanimous ecological messages from the di"erent authorities. Although 
no real ecological score was developed in the scope of the project, the following parameters and 
ecological information sources could be used in a future functional prototype:

a) A company register, holding relationships between corporations, could enable tracking of 
transactions from individual brand names back to multi-international corporations. This data can be 
matched with ethical ratings, and gives an idea of environmental standards of the companies. A 
Swedish website, BadBuster.com, is currently summarizing the existing ratings of large companies 
[29].

b) The carbon dioxide emissions produced during the manufacturing of a product could show another 
aspect of the environmental impact. A database developed by The Swedish Defense Research Agency 
and KTH exists which holds estimations of the CO2 discharge for a large number of articles and 
services [30].

c) A database consisting of ecological information, such as data about seasonal products in di"erent 
regions, could provide consumers with a valuable resource. Certain crops have to be grown in high 
energy consuming greenhouses in cold countries during winter, or imported from a distant source. It 
might be better to purchase these products during the local crop season.

d) The supermarket article directory holds information concerning country of origin, and the directory 
combined with the logistic systems could give a general idea of the transportation distances and the 
fuel used per kg of product. This is, however, not as significant as the energy used during food 
production. The article directory also shows classifications such as ecological and fair trade labeling, 
which are essential values.

2.3.3. Health 
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While interviewing Martin Saar (see Appendix A) and Christina Öhman (see Appendix B), it was found 
that there is a strong linkage between ecology and health. Öhman mentioned that The Open 
Supermarket idea was applicable to health as well as to ecology, and Saar emphasized that ecological 
food is usually more healthy since it is not pre-processed and due to the lack of additives and 
preservatives. Recently, Nilsson [31] clarified the negative impact on consumers’ health caused by 
industrial food. Nilsson claims that the food industry only strives to meet the laws about toxins, not 
actually being concerned with consumers’ health. Since many of these additives have not been 
thoroughly investigated and might have a negative impact on health, including being addictive, 
Nilsson hopes for an increased public awareness about the poor quality of processed food. Saar 
argued, when referring to Nilsson’s book, that food in general has critically diminished in quality over 
the last 15 years, partly due to longer transport distance. 

The scope clearly shows that health is a feasible aspect of data transparency and that there is a need 
for an increased awareness about the link between health and ecological food consumption. The 
Swedish Consumer Agency’s report states that critical personal aspects such as health have a 
persuasive impact on people’s behavior [27]. On top of the benefits of increasing health awareness, the 
linkage between health and ecology could also be an instrument in order to increase the awareness 
about ecology. 

2.3.4. Economy
Personal digital footprints could be gathered and analyzed to provide economic advice. In the web-
based Wesabe-community, members share tips and advice to make better financial decisions. Among 
many features, the members can get customized and detailed feedback on their expenses by 
uploading transactional data from their internet banks. Wesabe is an example of how digital footprints 
can be utilized to help people’s economic situation [32]. 

Even though banks may have detailed information about transactions, there is a problem with 
automatically mapping transactions to specific categories in home-produced software. In order to 
make an analysis about finances, receipt information is needed, which requires user input. New 
transaction methods do, however, provide ways to automatically retrieve receipt information. Internet 
commerce results in digital receipts, and the technique is increasingly being standardized. The 
Association for Retailing Technology Standards is introducing an XML-standard for digital receipt 
information [33], which will improve user control through digital storage. Another possibility of 
gathering digital receipt information is to use a mobile phone-based transaction technology. 

These new kinds of digital transaction technologies enable user-driven economic analysis and improve 
the possibilities of user awareness and control. However, the idea to combine economy with digital 
footprints has already been explored to a large extent by Wesabe and therefore the research about the 
possibilities of economy was limited.   

2.3.5. Social networking
Today, people are using plenty of technical equipment to communicate with each other: computers 
and mobile phones can be used for sending emails, IM-chatting, calling or playing games over internet 
or Bluetooth. All this communication tends to leave footprints that are possible to garner with home-
produced software monitoring communicative activities. These data could be used to visualize 
people’s way of communicating and change the way they interact with others. Communication data 
could also be combined with, for example, location data, which could lead to programs that let people 
leave digital messages in physical locations to be retrieved by other visitors.  

The personal data from social networking is highly accessible since it only requires programming 
knowledge to create the software instead of external cooperation with companies or organizations. 
This is both the advantage and disadvantage of this field of application – whereas the data can be 
obtained, there is also an extensive amount of visualization implemented in this area. Social 
networking was therefore found to be a very limited field of novel application.

2.4. CASUAL VISUALIZATION
“Casual infovis is the use of computer mediated tools to depict personally meaningful information in 
visual ways that support everyday users in both everyday work and non-work situation”, Pousman and 
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Stasko state [34, p.5]. In other words, casual infovis applications are aimed for everyday uses lacking 
the task focus that many expert systems deliver and instead concentrate on personal information. The 
majority of the products developed by the Interactive Institute are in fact casual visualizations which in 
its turn inspired the concept ideas in this thesis.

The previously mentioned report lists three di"erent types of infovis systems that can be defined as 
casual: ambient infovis, social infovis and artistic infovis. Ambient visualization provides abstract 
depictions of data, reducing user interaction for an increase in aesthetic emphasis. Exploring the exact 
data behind the changing representation is often beyond the capability of ambient infovis. Social 
infovis focuses on revealing social information, such as songs, images, bookmarks and news but also 
on displaying social processes, social networks and social situations. Artistic infovis aims at 
challenging preconceptions of what constitutes data and computer-mediated understanding. Since 
these systems may evoke curiosity, puzzlement or even frustration, they depart from merely being 
aesthetically pleasing or well-designed. In this regard, they di"er from ambient displays. Furthermore, 
artistic infovis systems are often designed to be ambiguous in their representation, which is not the 
case for classical infovis where there is normally merely one correct interpretation.

In the report, four di"erences between traditional infovis and casual infovis systems are noted:
• User population: Casual infovis is designed for a wide spectrum of users, instead of a purely 

professional clientele.
• Usage pattern: The system usage extends beyond work and focuses on other parts of life. 

Furthermore, it is intended for momentary and repeatable use over weeks and months, or 
contemplative use for a long moment in an art gallery.

• Data type: The data is often personally relevant instead of work-motivated.
• Insight: The insight given from a casual infovis system is less analytical and instead of a di"erent 

sort.

These four di"erences can be clearly seen in such causal infovis artifacts as the Interactive Institute 
Studio Power’s Flower Lamp (see 2.7. Related work) and the Interactive Institute Studio Växjö’s project 
stitching together, where sewing machines are used for displaying phone text messages on a large 
fabric [35]. 

2.4.1. Wearable computing
Wearable visualization is a type of casual infovis, which focuses on the use of small computers that 
can be continuously worn in clothes or fashion artifacts. The technology enables the representation of 
abstract data, which can be communicated to either the wearer self or to others. The merging of 
wearable visualization and fashion design is a recent trend. The projects often tend to move away from 
simple LCD or pixel-based displays toward LED lights, electroluminescent wire, thermo-chromatic 
inks, shape-changing materials such as shape memory alloys and inflatables. Unlike fashion, which#is 
ultimately decided by the wearer, wearable visualizations are determined by the preprogrammed 
instructions. Considering that the wearer loses a degree of control over the fashion, such a 
visualization is useful for persuasive purposes [36].

2.5. PERSUASIVE DESIGN
According to Vande Moere’s article [36], persuasive technology uses specific techniques to encourage 
a change in behavior, belief or attitude by providing personalized messages at moments when people 
are receptive. Persuasive applications increase human awareness, often by informing people of 
underlying attitudes and behaviors or by making important influential factors visible in an unobtrusive 
way. This makes for example sustainable living, energy conservation, water management, healthcare 
and social integration suitable areas for persuasive visualization. Persuasive design is of interest to the 
Interactive Institute and they are researching many of the areas mentioned above in order to change 
citizens’ behavior patterns. 

For the end user the information garnered from persuasive design depends on the simplicity of 
understanding the visualization. The application might irritate its user if it constantly delivers 
behavioral directions. To avoid this a well designed persuasive product ought to notify the user subtly. 
It is therefore best to combine persuasive design with ambient visualization, which is suited to 
aesthetically display real-time data with context dependency. 
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It is important that the information used in a persuasive application is correct. If the user doubts the 
reliability of the product the likelihood of a changed behavior decreases. This issue becomes even 
more crucial if the product visualizes personal data, e.g. health information or physiological sensor 
readings, considering the possible harmful behavioral changes that could be made. 

2.6. UBIQUITOUS AND PERVASIVE COMPUTING
Where the focus of casual visualization is aimed at everyday work and non-work situations, ubiquitous 
computing concerns information processing which has been thoroughly integrated into everyday 
objects and activities. By using small, inexpensive, robust networking devices distributed throughout 
everyday life, new possibilities open. Some examples of popular devices are mobile phones, 
televisions, wristwatches and toasters [37].

Ark et al. argue in their report that pervasive computing will become a necessary and invisible part of 
our lives, with an intuitive user interface. Furthermore, they see four major aspects of pervasive 
computing which appeals to the general population: the computing is spread throughout the 
environment, the users are mobile, information appliances are becoming increasingly available and 
communication is made easier between individuals, individuals and things, and between things. The 
report also mentions that devices will become more aware of its users, the users’ needs and goals, the 
position of the device and its surrounding through sensors. This awareness will create more 
intelligent-seeming devices, which are increasingly helpful to the users [37].  

2.7. RELATED WORK
Some artworks are based on personal data collection. Initially a general search for projects within the 
realm of health, social network, private economy and ecology was conducted. The overabundance of 
projects found inspired the authors to fine-tune the focus of the project on ecological supermarket 
consumption, a relatively new area which has rarely been depicted. The following artworks were 
instrumental in shaping the final concept. 

2.7.1. Ecology-related applications
Considering that sustainability has only recently become trendy [27] there are not many artworks 
exploring this area. Most of the existing projects are concerned with areas such as transportation and 
energy conservation, where data can be collected through sensors. One example of transportation 
measurement would be the TerraPass Flight Calculator [38], which allows the traveler to manually enter 
flight destinations and estimate the carbon dioxide byproduct from those flights. The flight calculator 
is a very practical and informative product without larger persuasive capabilities. A project that 
embraces persuasive design is STATIC!, by the The Interactive Institute Power Studio, which is very 
active in the area of casual visualization. One of the prototypes connected to STATIC! is the Flower 
Lamp, a light that reshapes depending on the energy used in the home. If little energy is consumed, 
the Flower Lamp will blossom [39]. 

English technicians have devised an intelligent trolley that alerts shoppers when unhealthy food items 
are placed inside it. Barcodes on foods with high levels of fat, sugar and salt trigger red warning lights 
on an interactive screen connected to the handlebar [40]. An Australian version of the shopping trolley 
has also been developed, with the possibility to download shopping lists or recipes, look up prices for 
scanned items and also alert the consumer of specials in each aisle [41]. The English version of the 
intelligent trolley is health-orientated and of interest for this thesis. The Australian trolley concept on 
the other hand seems to be designed to increase supermarket sales and improve customer service, 
which is not the key to this project. Both of the shopping trolleys require access to the supermarket 
product database. A way of procuring the data without company cooperation would be to use a 
community-based online barcode database, such as Barcodepedia [18]. Every visitor can contribute to 
the database or use the information for free. However Barcodepedia is quite limited and does not 
contain any Swedish products or tables for ecological information and so was not used in the project. 
The open source aspect of the Barcodepedia project was nonetheless very relevant to the thesis and 
this concept of openness was investigated further.

2.7.2. Ubiquitous applications
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Studying the electronic textile project REACH by the Interactive Institute Design Göteborg gave some 
interesting ideas about visualization tools. Their Environment patterns project consists of a sensor-
filled bag, which reacts to and reflects the environment by measuring sound levels, light intensity and 
the temperature. These data are visualized through strips of EL paper (see 4. Implementation) sewn 
into discrete steps on the side. REACH has also looked into clothing, for example in the project named 
Revealing patterns where a heat-sensitive pattern on a scarf reveals itself as the temperature increases 
[42]. Scarfs and bags are naturally not the only wearable computing objects. Leah Buechley, the 
founder of the Lilypad products (see 4. Implementation), has developed an electronic bracelet. The 
Beaded LED bracelet contains an accelerometer and a Bluetooth module for wireless communication 
[43].

A ubiquitous system does not necessarily have to be worn. MIT’s research team Counter Intelligence 
makes prototypes connected to the kitchen experience. Various displays with recommendations 
regarding ingredients and recipes have already been implemented and an intelligent fridge
has been conceptually developed. The fridge would form a ubiquitous environment by registering its 
content, expiry dates of food, dates of use, etc [44].

2.7.3. Mobile phone applications
Wearable computing is a way of developing prototypes that are mobile. Mobile phones obviously also 
fulfill this criterion and with suitable software can function as a tool for gathering extensive varieties of 
data, such as aspects of phone calls, Bluetooth data or location data. An MIT professor handed out 
one hundred Nokia phones to his students. The phones contained software which logged phone call 
data and the devices’ physical proximity to other phones. The social network models developed with 
these data were more accurate than those constructed from the subjects’ own diaries [16]. 

Instead of using the phone as a data collector, the Interactive Institute Power Studio utilizes the screen 
as an ambient display. The project VisualWattch analyzes the possibilities of increasing energy 
e!ciency by informing the user about the electrical status in the home via the mobile phone [45].

Mobile phones can be used for more than energy and social network awareness. In France a company 
has developed a mobile phone software package called CodeOnline, which enables people to scan 
barcodes in shops and receive information concerning the product. The information is contributed by 
the shop itself and functions primarily as a marketing channel instead of a tool for increased 
awareness [46].

2.7.4. Children-related applications
Mobile phones and shopping trolleys are most often used by adults instead of children. Sometimes 
though, it might be more e"ective to aim the information towards the communicative target group 
instead of the user target group [27]. This is the method used by the Interactive Institute Power Studio 
when they developed the mobile phone game Power Agent, which has the ability to communicate with 
a person’s household energy meter [39]. In the game the character receives energy-related 
assignments and the combination of real data with the game’s fictional world creates new possibilities 
for persuasive design. According to an article in Ny Teknik, one test family managed to decrease their 
energy consumption by 34 percent [47]. 

Sometimes children are also the user target group instead of simply the communicative target group. 
One example of this is the Nintendo Pocket Pikachu, which is a pedometer combined with a virtual pet 
that encourages children to exercise [5].
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3.Concept development 
The concept development consisted of (1) workshops and interviews to generate ideas and concepts, 
(2) a procedure to define which concept to develop, and (3) a phase to develop the chosen concept 
further. Two brainstorming-sessions were performed, where the first one generated ideas on the 
Reclaim Your Data-theme, and the other one explored and developed the chosen concept further, i.e. 
the Open Supermarket. 

3.1. IDEA-GENERATING PROCEDURES
Many ideas were developed during the background research. The thorough research process gave 
insight to what had been done in the area and many concept ideas were formulated after reading 
articles related to similar types of visualizations. Furthermore, there are plenty of blogs and internet 
sites summarizing artworks regarding infovis and ambient displays [48-49] which were also used for 
inspiration. Even at this early stage, ecology was of high interest since search for related work also 
concluded that the ecological area had the least amount of art projects connected to it. 

The resulting notes from the authors idea-generating phase were arranged according to the customer 
requirements. After deciding to use a test data-set instead of real data from third parties the 
brainstorming process became much more successful. During the discussions and brainstorming, the 
following questions were addressed: What will the concept focus on – health, ecology, private 
economy or social networks, how will the concept di"er from existing concepts and how should the 
data be visualized?

The result from these questions di"ered substantially depending on the concept. Ecology was the 
preferred area of work, considering how society has focused on environmental sustainability in recent 
years. By using new technology, for example RFID, and searching the internet for art ideas regarding 
personal data, concepts were designed to improve on existing works. Regarding data visualization, 
ambient displays were thought to best satisfy the customer requirements. 

3.1.1. Inspiration
To receive inspiration from infovis experts and students, one week was spent in Spain at the Visualizar 
project, arranged by Medialab-Prado [50]. The department is aimed towards the research, production 
and dissemination of digital culture and of the area where art, science, technology and society 
intersect. Visualizar is an open research project concerning theory, tools and e-strategy of infovis.

There were altogether approximately sixty students and artists participating during the two weeks of 
lectures and workshops. Most had a background in either art, interactive design or technology and the 
common factor was an immense interest in infovis. There were around ten lecturers per day and their 
background di"ered substantially. Some were still design or technology students, others were 
professors in statistics or infovis. 

The week commenced with two days of lectures, social activities and workshop introductions. The 
authors were only able to participate during the second day of the lectures and the first five days of the 
workshops. Eric joined a project named TweetPad [51], which focused on displaying mini-blog 
messages in an esthetic way. Jenny participated in a project named Mail Garden: Human Centered Data 
View [52] which visualized all communication data stored on a Macintosh computer.

During the seminars and workshop, the authors introduced the idea of Reclaim Your Data to a 
multitude of artists, and received valuable feedback. Among the lectures, two were particularly linked 
to the thesis:

Mark Hansen’s, associate professor of statistics at UCLA, lecture concerned novel data collection 
methods. Hansen advocates methods where the users of the system are the data collectors or where 
sensors automatically collect data, called sensor-logging or slogging. Since data collection in infovis is 
di!cult, this was a welcomed idea in the thesis where for example supermarket customers can build 
their own Wikipedia-like database over articles [53]. 
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Marcela A Gonzaléz, a London art student, spoke about information tools for ethical consumption and 
the problems with British supermarket shopping. In the summary she concluded that in order to 
become an ethical consumer, the following was needed [54]: 
• A single source of relevant and comprehensive information
• A balance of positive and negative articles concerning the ethical#brand names
• An easily accessible way of receiving the information
• Info adjusted to the user’s need
• A variety of access points for the information

The substantial amount of information confuses the supermarket shoppers, according to Gonzaléz. 
This corresponds with the report by the Swedish Consumer Agency. Gonzaléz conclusions shaped the 
ecological supermarket concept further, moving it towards an information filter.

3.1.2. Interviews with experts
To gain further information in the areas of interest – ecology, infovis and art – two experts in these 
sectors were interviewed. 

Participants. Martin Saar, the project leader of the governmental concept Konsumera Smartare 
(Consume Smarter), was interviewed on the subject of ecology. He was chosen due to his extensive 
knowledge in ecological questions, regarding such areas as energy, transportation and food 
production, which he gained from twenty years of work related to environmental issues. 

Christina Öhman, strategic developer at the Interactive Institute Power Studio, was interviewed about 
the work process from conceiving the idea to prototyping a new product. She has worked for many 
years within the art scene and also been the director of Interactive Institute Studio Power. 

Procedure. The interviews were conducted according to Preece’s instructions [5]. They initially began 
with an introduction of the Reclaim Your Data thesis and the possible directions of the work. To make 
the interviewees more comfortable with speaking, warm-up sessions were conducted with easy, 
general questions unrelated to the interview subjects. These were instead discussed during the main 
sessions and the transcripts of the interviews can be found in Appendix A and B. During the 
interviews, a semi-structured method with open questions was used. This method, which included 
prewritten questions in a non-strict order, was decided upon since there was only one interview per 
area of research. A more structured method could have been used if there had been more interviews 
per subject, in order to better compare the answers and gather statistical information. The interviewer 
gathered notes during the main sessions, and these were turned into text immediately after the 
sessions ended.

Results. Before the interview with Saar, the scope of the project was very broadly defined. Afterwards, 
the thesis was refocused in the direction of environment, health and economy. Saar also argued for the 
necessity of a changed behavior regarding supermarket shopping, which inspired the further 
orientation of the project. Furthermore, he gave information regarding the development of an 
ecological score system, which before his interview would have had a larger focus on transportation 
discharge instead of amount of energy during food production.  

Öhman’s interview was focused on art projects and she argued for the risk of reduced artistic and 
conceptual level by adapting to many people’s opinions in the beginning of the project. Instead, she 
recommended usability testing after the prototypes are implemented. This procedure was also 
implemented with the thesis prototypes in accordance with her information. She also argued for 
making desirable products. 

3.1.3. Workshop 1  
The purpose of the first workshop, conducted on the 26th November, was to discuss general ideas 
about the concept of reclaiming data. No specific direction was chosen, although the prevalence of 
ecological issues in the Swedish media meant ecology was more discussed than for example health, 
economy and social areas. The workshop mainly consisted of a brainstorming-session.

Participants. According to the report by the Swedish Consumer Agency [27], age, sex and educational 
level make little di"erence regarding ecological consumption. The above mentioned report refers to a 
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Danish article that investigates the importance of stages in life on consumption and therefore these 
stages where in focus when choosing participants for the first workshop. Altogether twenty students 
were invited and the ideal number of participants according to the idea-consultant bureau Think Inc. 
lies between six and twelve people [55]. However, some participants rescheduled the day of the 
workshop and only four people had the opportunity to participate. The following took part in the first 
workshop:
SR is a female student in a relationship and a mother of one.  
AN is a male, single student with no children. 
MA is a female student in a relationship with no children. 
JF is a male student in a relationship with no children.

Think Inc. also mentions that two people are sometimes preferred to lead the workshop [55], where 
one is the cheerleader who does the talking, while the other is the data-capturer who takes notes. The 
authors therefore divided the two positions between themselves.

Procedure. Initially the participants received a short introduction of the master thesis. The di"erent 
focus areas – health, social networking, economy or ecology – were also introduced. The customer 
requirements were not discussed in order to allow for more ideas during the discussions. After a short 
introduction of the participants, the group discussed the subjects and the authors only directed the 
thinking process with some relevant questions.   

Results. The discussions quickly became focused on ecological supermarket shopping. One person 
mentioned that it would be very di!cult to create an objective ecological score system, considering the 
multitude of parameters. They also argued that even if a family buys a majority of ecological food, the 
amount purchased matters and ought to be represented in the score system. 

The group wished for a development of existing supermarket information channels and paper receipts 
were mentioned as one possible way of reaching non-technical consumers. A suggestion was to mark 
the five purchases that were most in need of modification on the receipt, with a reason for their low 
ecological score and suggestions for better alternatives. This way a large number of non-ecological 
purchases does not result in a long, admonishing receipt and a miserable customer. 

An extension to the supermarkets’ customer webpages with environmental focus was also suggested, 
perhaps combined with a sheet of personal statistics in the supermarket customer magazine. The 
group also introduced the idea of a digital pet, where the on-screen object could react to the 
consumer’s ecological purchases. A substantial amount of ecological purchases during the day would 
result in an aesthetically pleasing and delighting object, with less pleasing results in the case of many 
non-ecological products being purchased.

3.2. DEFINING THE CONCEPT
When an appropriate amount of ideas had been defined, the next step was to organize and choose one 
idea to develop further. An a!nity-diagram was employed for prioritizing among the ideas (see table 
2) that had been generated during the concept development phase [8]. The majority of these ideas 
were discontinued and left out of the a!nity-diagram since they were found to either be slightly 
unconnected to the thesis, or already implemented to some extent.

Stakeholders, such as clients and the authors of this project, were gathered to fill out the a!nity-
diagram. By mapping the clients’ requirements to the individual ideas and discussing the relationship 
between them, each idea was given a summarized score. Two ideas were found to have the highest 
possible score: measuring transportation in mobile phones and the succeeding feedback by digital 
pet/dynamic club card, which consisted of two ideas evaluated together due to their similarities. Many 
of the ideas in the a!nity-diagram were connected to the idea of the Open Supermarket, which also 
was the case for the succeeding feedback idea. Since the Open Supermarket provided the possibility of 
combining several ideas into one focal concept, it was chosen to be developed further. Other reasons 
for working with food consumption were the scalability and the prevalence of the issue. Saar claims 
further that food is the single most important aspect of environmental impact which can be a"ected 
by people’s daily actions (see Appendix A).

Another important choice made during this phase was to employ prototype data in order to focus all 
e"ort on the conceptual height of the concepts instead of devoting hours on gathering real data. By 

20



creating prototypes, the concept received a more tangible approach, which can be employed to 
convince companies and organizations to cooperate and share nonfictional data in the future. 
Moreover, the topic of ecology was a common interest among the stakeholders and the ideas of the 
Open Supermarket could easily be adjusted to promote other fields of interest than ecology, such as 
health. It was also found that food and ecology were two rather unexplored areas within the art 
community, which also contributed to the decision.

Table 2. Affinity-diagram used to chose concept [8].

Field of 
interest

Prototype name Personal 
data

High artistic 
level

Mobile Ambient 
visualization

Non-active 
users

Instant SUM

Ecology 
(TOS)

Community 
consumption

0 1 0 1 1 0 3

Ecology 
(TOS)

Succeeding 
feedback by 
digital pet / 
dynamic club 
card

1 1 1 1 1 1 6

Ecology 
(TOS)

Succeeding 
feedback from 
customer receipt

1 0 0 0 1 1 3

Ecology 
(TOS)

Succeeding 
feedback from 
company website

1 0 0 0 0 0 1

Ecology 
(TOS)

Preceding 
feedback by 
barcode 
reading / 
ambient trolley

0 1 1 1 1 1 5

Economy / 
ecology

Using personal 
transaction from 
bank

1 1 1 1 0 1 5

Health / 
ecology

Measuring 
transportation 
with mobile 
phones

1 1 1 1 1 1 6

In the a!nity-diagram, all the clients’ requirements are stated in the header and the names of the 
prototyped are written in the second column. Two of the clients’ requirements, new visualization and 
persuasive design, were omitted from the diagram, since they were reached by all the prototypes. 
Furthermore, the concept could not have been realized if it was not a novel, persuasive visualization 
since this is the essence of the products developed by the Interactive Institute.    

3.3. REFINING THE CONCEPT
During the initial phase, a multitude of concepts were developed (see 6.4. Future work of Reclaim Your 
Data). Since there was not enough time to implement all of them, one specific concept – the Open 
Supermarket – was further explored. The Open Supermarket is a supermarket concept, where the word 
“Open” refers to the article information and the personal data being transparent. This will increase 
consumer awareness and encourage a change of shopping behavior. The concept was developed 
further through the use of a second brainstorming session.

3.3.1. Workshop 2
The aim of the second workshop was to discuss the concept, which has been focused on ecological 
supermarket shopping. The date for the discussions was set to the 14th January 2008.

Participants. During the second workshop, ten students were invited although only four people were 
able to participate on the chosen date. Out of them, two people had already participated in the first 
workshop and the other two were new to the concept.
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NR is a female, single student with no children
AB is a female student in a relationship with no children
MA is a female student in a relationship with no children. 
JF is a male student in a relationship with no children.

Procedure. The group received an introduction to the project and a complete list of the customer 
requirements. The focus on ecology and supermarket shopping was also introduced. The participants 
then formulated ideas individually, which were attached to the wall and discussed (see fig. 4). The 
authors grouped these ideas into suitable categories. The whole workshop session was recorded with 
a film camera to be used for further reviewing. Afterwards, the previously considered but not yet 
implemented prototypes were introduced with photographs showcasing the ideas. 

Fig. 4. Arrangement of ideas from workshop 2.

Results. During the workshop one person mentioned the need for a more substantial feeling of 
glamour regarding ecology. She suggested that this could be obtained by using a display, situated in 
the shop entrance or on the shopping trolleys. The display would react by for example lighting up 
when the customer purchases ecological products. Another idea was to modify the sound of the 
European Article Number (EAN) reader depending on the ecological score of the product.

The need for more trendy-looking ecological products was also mentioned, with a suggestion of more 
pleasant and appealing product packaging, suitable for both ecological products and for the Swedish 
kitchen. Furthermore, one person suggested that the ecological score could be counted in amount of 
globes, carbon dioxide during production and kilometer of transportation distance.

The group was very focused on practical ideas, suggesting modified supermarket banking interest 
rates to reward ecological purchases were suggested, although concern was expressed over the 
simplicity of cheating the system by purchasing non-environmental products from a di"erent chain or 
without swiping the loyalty card. 

One of the participants remarked that she felt that the supermarket was a very stressful environment 
and that the information therefore needed to be kept as simple as possible. Colors and sound were 
preferred instead of long text-based messages.

The problem regarding the ecological score system was once more mentioned. An ecological system 
would be di!cult to implement without involving a third-party organization since the supermarket 
would probably be biased towards its own brand. Similarly, a scoring system might alter the 
relationship between the supermarket and producers. Therefore a third-party organization is needed.  

The brainstorming team mentioned that the workshop introduction could have suggested the 
possibility of artworks so that the discussions could have had a more innovative and less practical 
focus.

3.4. THE OPEN SUPERMARKET
The resulting concept – The Open Supermarket – embodies the hypothesis of Reclaim Your Data and 
data transparency. In order to become an open supermarket, two conceptual components must be 
adopted: firstly, the supermarket has to implement tools that communicate information related to 
articles or consumers’ behavior, and secondly, these tools should support sustainable shopping in 
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means of ecology and health. During the transformation towards intelligent article management, 
enhanced supply chains and data warehouses, the gathering and analysis of information have become 
crucial requirements for supermarkets. The technological transformation enables companies to 
enhance their management, but also to provide better customer service. 

Many sub-concepts and ideas can be developed within the realms of this concept. The common 
thread is data transparency and the support for ecology or health. Three ideas within the Open 
Supermarket were prototyped (see 4. Implementation): (1) a children’s toy which reacts to the 
ecological score of articles, (2) a bag which reacts to the ecological score of articles and the 
summarized purchase and (3) mobile phone software which scans barcodes and visualizes the result 
on the display.

(1) The toy, a concept that was prototyped as a teddy bear, is a way to increase the knowledge about 
the correlation between food consumption and environmental impact. The idea is that kids can let the 
teddy bear hug articles in the store, whereby the toy gives ambient feedback about the ecological score 
of the food item. By using the toy, children and parents can receive feedback on which articles are 
preferable in comparison to others. This way, children can establish a relationship to good and bad 
purchases. Also, if the teddy bear has knowledge that two articles are to be compared, it can give 
information about which article is preferred. Regardless if a pervasive computing toy is the most 
informative tool to teach kids about ecology, it provides a playful interaction that conveys information. 
Moreover, the toy may start a discussion within the family about conditions for sustainability and 
therefore increase awareness. The toy could naturally also be modified to support a more healthy food 
consumption.

(2) The bag is a design that aims to increase ecological awareness through fashion. If a lot of 
ecological food is purchased, the bag will change into a more aesthetic appearance. During the 
shopping session, including the transportation to and from the shop, the customer will be able to 
show their surroundings that they care for the environment. Another feature is an immediate reaction 
to the articles placed within it, similar to that of the toy. 

Both the bag and the toy use RFID which is an automatic identification method where data is 
transmitted over the air in response to interrogation by an RFID reader. Among the advantages over 
other identification methods, RFID requires no line-of-sight contact with reader, nor any precise 
positioning and the readers can scan tags at rates of hundreds per second. These characteristics make 
them highly appealing for use in point-of-sales terminals, which in the near future may be able to 
instantly scan passing shopping carts [56].

The equipment consists of two parts: a reader with an antenna for receiving and transmitting the 
signal, and a microchip designed for wireless data transmission. There are three categories of tags: 
active, semi-passive and passive. The active and semi-passive tags require an internal power source 
while the passive uses the electricity emitted from the requests sent by the reader to transmit the data 
[56]. 

Today, RFID is used for a wide variety of disciplines, such as company identification cards, pet tags, 
digital cards for public transportation and in warehouse packages for supply-chain management [57]. 
Juels states in his research survey that advocates of RFID predict the technology to become a 
successor of the optical barcode on consumer products, with the advantage of unique identification 
and the lack of requirement for human intervention during scanning [56]. GS1, the organization 
dedicated for design and implementation of global standards, predicted it will take between five to ten 
years for RFID tagging to be utilized for individual items [58]. 

(3) The third prototype is mobile phone software that works as an external information channel within 
the supermarket. By using the software, customers can obtain detailed information about articles in 
the store. This information can range from a simple ecological score, to seasonal food, means of 
transportation or nutritional data. The software identifies the article by photographing the barcode and 
the preferred information is returned from databases. 

The barcode is the present universal technique for marking and reading retail goods. There are many 
versions of barcodes and the EAN was used in this prototype. The technique stems from the original 
12-digit Universal Product Code (UPC) system developed in the USA which is still in use. The barcodes 
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consists of a number of vertical lines with varying width and distances to surrounding lines depending 
on the number that is covered within. There are also lines displaying the beginning, middle and end of 
the barcode [59]. 

In the EAN-system, the three initial numbers of the code represent the country of origin giving the 
software the possibility to inform the user if the scanned article is locally produced. However, this 
information is not as relevant as other ecological information and there is therefore a need for the 
code to be matched to a database. 

The ideas possible within the Open Supermarket range from very pragmatic, such as a web-tool, to 
purely conceptual such as art installations. During the development, many ideas for sub-concepts 
were explored. An idea that was introduced during the brainstorming-sessions was to connect 
information in the supermarket with devises in the home, such a kitchen equipment. This idea, 
sometimes referred to as the Intelligent Kitchen (see 2.7. Related work), could together with the Open 
Supermarket form a powerful tool to control the environmental impact on food consumption. Another 
idea considered was an intelligent shopping trolley that would react to its content and use force 
feedback while going to shelves in the store containing unhealthy or unethical food. While exploring 
these kinds of ideas, some of them turned out to already exist to some extent (see 2.7. Related work). 
Therefore the ideas that had a greater novelty value were chosen to be prototyped. On top of the 
prototypes, some e"ort was put into exploring the general Open Supermarket idea. 

Something that also was discussed during the brainstorming-sessions was to develop the content of 
the supermarkets’ customer websites. Since the supermarkets have a great knowledge of customers’ 
shopping behavior, this information could be used to inform customers about their environmental 
impact, compare the customers’ purchases with others of similar taste or economic conditions and 
give suggestions about ecological food and recipes, combine purchase data with health and nutritional 
information. Such an idea contradicted the clients’ requirements in more than one way and the web-
based tool was therefore not implemented during this work. 

A more artistic idea was to make a collective ecological receipt as an art installation within the store. 
The consumers would this way be able to see the present status and see how the environmental 
impact of shopping change with time and seasons. The artwork could also be used for an 
environmental community-based competition where neighborhoods compete in low carbon dioxide 
discharge or similar areas. This idea could boost media coverage and start discussions about the 
environment. Since the authors of this article did not have access to purchase information, the artwork 
would use prototype data, which was the reason that the artwork was not realized in a working 
prototype. Two of the client’s requirements were also mobility of the prototype and personal data, 
neither of which would have been acquired with this idea.

A significant reason for choosing to develop the Open Supermarket concept further was its adherence 
to the problems of asymmetric information (see 1.3. Problem Overview). Many of the sub-concepts 
and prototypes are tools that counteract asymmetric information with the two information-equalizing 
techniques screening and signaling. By enabling these kind of tools, the information gap between the 
supermarkets and the consumers would be equalized, which in today’s strong competition might form 
a new kind of di"erentiation. Also, if the information exchange between the store and customer would 
be more honest, a new field of mutual benefit could be established. For instance, customers could 
actively prompt the stores for good o"ers, where the feedback would benefit both the customer with 
better o"ers and the store with detailed information. As the Open Supermarket concept can be aimed 
at both ecology and health, it could also contain an economic aspect of cutting down excessive 
spending. However, this idea is not very likely to be approved by supermarkets which is why this also 
should be implemented by a third-party organization. 

All the suggested prototypes that have yet not been developed are described in the chapter 6.3. Future 
work of the Open Supermarket. 
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4.Implementation 
During the implementation phase an iterative method was used. The project commenced with a 
simple version of the final product, which through a number of iterations evolved into a more complex 
product. High-fidelity prototypes were used from an early stage, since they had a secondary purpose of 
showing what was technically possible to assemble. Furthermore, prototypes simplified user testing 
and allowed for modification before the final implementation. 

4.1. IMPLEMENTATION OF ECOLOGICAL SCORE SYSTEM
To implement a fully working ecological score system would require both an extensive environmental 
knowledge and a technique for comparing di"erent food products with each other. Since these areas 
are outside the authors’ expertise, a very simple ecological score system was implemented for a few 
test products. This score system was used for the two more ambient visualizations, i.e. the teddy bear 
and the bag, and purely considered the ecological label of the product. An ecologically labeled product 
was deemed good, otherwise bad in this simple system. 

The mobile phone software was based on a combination of scores from the carbon dioxide discharge 
related to the type of food [30], the ecological labels of the product, extinct products and Badbuster 
score [29] [59]. The intervals of carbon dioxide amount was calculated with the knowledge of one 
person’s average food and beverage consumption per year, which equals 800 kg [60]. Furthermore, the 
average person in the world currently produces four tons of carbon dioxide emissions per year. In 
order to stabilize the climate of the world, climatologists recommend that the average man reduces 
the over-all emissions to around 1.7 tons [61]. These facts are taken into account when calculating the 
good, average and bad amounts of carbon dioxide. If a food item is extinct, it substantially decreases 
the total value, while an ecologically labeled product increases the total value drastically. The full range 
of the summarized value is divided into the three categories good, average and bad depending on the 
total value of the issues mentioned above. The system is developed by the students of the course 
TNIU21 and can be fully examined in the program code [62].   

4.2. ELECTRONIC COMPONENTS
In order to develop electronic high-fidelity prototypes, a multitude of electronic components were 
used. Most of them are described in table 3 although the most common ones, such as light-emitting 
diodes and wire or tools used during the production, have been omitted. 
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Table 3. Schedule over electronic components used during the project.

Component Description Illustration of component

Arduino To communicate between a computer and physical hardware like 
lights, motors and other actuators, a micro-controller can be used. The 
micro-controller is a small computer mounted on a chip with a read-
write memory for data storage. It is frequently used in automatically 
controlled products and devices such as o!ce machines, appliances, 
power tools and toys [63].

In all of the prototypes, the open-source module Arduino (see fig. 5) 
was used due to the comprehensive documentation and active forums 
[64]. The Arduino is especially favored in the art community 
considering its straight-forward usage and easy coding. The module is 
also cross-platform, meaning it works well on Windows, Mac and 
Linux computers.

The micro-controller on the board, ATmega168, can be programmed 
using the Arduino programming language based on Wiring, or C/C++. 
The micro-controller has 13 digital pins, where six allow PWM (pulse-
width modulation) output and six analog inputs. There are four power 
pins, labeled 5V, Gnd, GND and 9V. The board can be connected via 
USB cable or Bluetooth to a computer program and can also work as a 
stand-alone device powered by batteries. 

In the Open Supermarket prototypes, the Arduino NG and Arduino 
Bluetooth (BT) were used. Since the Arduino only has two hardware 
ports, there was a problem reading information from both an RFID 
reader and a Processing program simultaneously. The solution was to 
connect two main boards (Arduino NG and Lilypad Arduino) in series 
via analogue ports, which gave access to two additional hardware 
ports.

Fig. 5. An Arduino NG board with an 
ATmega168 micro-controller.

Lilypad set The Lilypad Arduino (see fig. 6) is a set of sewable, washable and 
wearable electronic components aimed at creating interactive fashion 
[65]. In the toy prototype a Lilypad buzzer and two tri-color LEDs are 
used. 

The Lilypad Arduino main board consist of an ATmega168V. It can 
communicate with a computer via an Arduino, working both as a USB/
Serial connection by disconnecting the micro-controller, and as a 
power supply. The Lilypad buzzer is connected to the main board via 
two input/output pins. It creates di"erent vibrations based on the 
frequency output. The Lilypad tri-color LED board can output any color 
via the three channels, by connecting the R/G/B pins to ground. 

The Lilypad technology was used since it consists of cheap and 
conveniently sized products aimed at the textile market.  

Fig. 6. The Lilypad Arduino main 
board, tri-color LED and the buzzer.     

Parallax 
RFID 
Reader

The Parallax RFID Reader Module (see fig. 7) reads passive RFID 
transponder tags from a distance of approximately three inches. 
Among other things, it can be used for access control, automatic 
identification, robotics, navigation, inventory tracking, payment 
systems, and car immobilization. It communicates on a baud rate of 
2400 bps through four pins (VCC, ENABLE, SOUT and GND) 
connected to an Arduino board, which also works as a power supply 
[66].

The reader works exclusively with EM Microelectronics Marin SA 
EM4100 family of read-only transponder tags. When the tag is read, a 
character code consisting of ten bytes is sent to the Arduino. The code 
can then be connected to a database to convey relevant information 
concerning the tagged artifact.

There are many producers of RFID readers and the Parallax was 
chosen due to its moderate price and its extensive use in the Arduino 
community.

Fig. 7. Parallax RFID reader is 
connected via serial pins to the 
Arduino.
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Electro-
luminescen
t (EL)

EL is a thin and flexible light source (see fig. 8), produced as thread, 
strips and paper shapes of di"erent sizes [67]. The light source has 
many uses, e.g. in displays, toys and advertising. Since it needs AC, 
which can not be applied through a battery, a DC inverter was used. 

The EL products were chosen because they serve as an uncommon 
way of representing data. By altering the voltage and frequency, the 
intensity, clarity and color of the light source can be modified. 

Fig. 8. Electroluminescent strips and 
papers can be dimmed, disabled or lit 
on command.

BSP 75 – 
Smart 
power 
switch

To change between the di"erent circuits of the EL paper, smart power 
switches were connected to an Arduino main board. The output of the 
micro-controller can control the switches. The switches functions 
much better than normal transistors, which were initally used. The 
smaller transistors were leaking electricity due to too high current and 
the larger ones needed more voltage than the Arduino could provide in 
order to function. 

In fig. 9, pin 1 stands for INPUT, DRAIN can be found on pin 2 and 
SOURCE on pin 3 and 4. When a current flows from INPUT to 
SOURCE, it allows for a much larger potential di"erence between 
SOURCE and DRAIN to flow. 

Fig. 9. The BSP 75 can enable or 
disable the electrical flow through the 
system.

Power 
resistors

The dimming of the EL paper was implemented through a variety of 
resistors. Since general resistors become incredibly hot when used in a 
circuit with much current and voltage, power resistors were used (see 
fig. 10). These have a ceramic coating which decreases the 
temperature. With a resistance of one hundred ohms, the components 
could be combined into a large variety of resistance.  

Fig. 10. Resistors where used to dim 
the EL paper.

4.3. PROTOTYPES
As stated in the background (see 1.1. Background), the thesis had two primary tasks: the main one was 
to develop one or several concepts and the optional was to build one or several prototypes belonging 
to the chosen concept. To accomplish physical items instead of purely theoretical, three prototypes 
belonging to the Open Supermarket concept were produced. These were an electronic shopping bag, 
an electronic toy and mobile phone software.

The developed prototypes do not fully meet the clients’ requirements due to technical constraints 
caused by the use of amateur components such as the Arduino. If the prototypes were realized in a 
market product, these constraints would be overcome. Furthermore, some ideas were not 
implemented by reason of insu!cient technical knowledge, such as an animated desktop in the phone 
software. In the comparison between the clients’ requirements and the prototypes, these constraints 
are overlooked and the prototypes are evaluated according to their ideas instead of their final 
implementation. 

4.3.1. Bag prototype
Considering the clients’ requirements, the authors early discussed wearable electronics as a mean of 
fulfillment. A shopping bag involves a multitude of positive characteristics compared to other 
pervasive visualization products. It is unisex and can therefore target a larger market, unlike for 
example a tie or a necklace which is aimed towards specific genders. A bag can be used during all 
seasons and since it is worn outside the clothes, it can be displayed during transportation to and from 
the supermarket, unlike a wallet or a t-shirt. The bag can also be seen by both the wearer and 
passersby, which would not be the case with items such as a hat or rucksack. Bags are also deeply 
connected to the act of purchasing food, especially since ecologically-minded people sometimes tend 
to reuse fabric bags instead of buying single-use plastic bags. Finally, a bag is inexpensive to produce, 
both as a prototype and as final, mass-produced products.  
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The bag was prototyped three times with di"erent actuators and input data in order to gain technical 
knowledge. The first prototype was an economy bag with six LEDs, which switched o" when the wearer 
withdrew money from the bank account through a wifi connection with the online bank. The direct 
connection with the online banking records was, however, never implemented due to the authors’ 
limited programming knowledge. Instead, a text file was uploaded to a website without any connection 
to a real bank, thereby modifying the actuators. This bag was implemented in order to gain basic 
knowledge in programming micro-controllers and to utilize electronic components. Since the 
prototype was independent of the Open Supermarket concept, it will not be described further in this 
report. 

The second iteration consisted of a wool bag with a matrix of LEDs on the side. The LEDs were 
adjusted with a micro-controller connected to a MAX7219 chip. The wool was purchased in a vintage 
shop and therefore deemed ecological. However, the chip never worked as intended and the LEDs 
were switched on regardless of the instructions from the controller. This prototype increased the 
authors’ knowledge in di"erent programming languages, such as C, although it was not developed 
further due to the technical issues. 

The third prototype was sewn by Elin Engström, a student at Borås Textilhögskola (see fig. 18, 
Appendix F). It is made out of a vintage shirt, bag and bed sheet, which rendered the material 
ecological. One side of the bag is covered by an A4 of EL paper, which can be dimmed to di"erent 
levels of light intensities or disabled according to the ecological score of the food products, which is 
read by RFID (see fig. 21, Appendix G). The electrical components, such as the battery and the DC 
inverter, are placed in the lowest point of the bag, with a second bottom above that can be unfastened 
with a zipper. The RFID reader is placed in a pocket on the side of the bag and all the wires are placed 
between the lining and the outside fabric.   

The bag is used by the wearer during the whole food shopping process; from the trip to the shop to 
the journey home. When the food items have been purchased, they are scanned by the RFID reader 
while being packed inside the bag (see fig. 11 and 12). The actuator displays the ecological score of 
every individual product and shortly after approximately fifteen seconds, the micro-controller 
calculates the sum of the ecological score. The result is displayed by the EL paper when the wearer 
returns home with the purchases of the day.

Fig. 11. RFID reading prototype bag with EL paper scanning an ethical product.

Fig. 12. RFID reading prototype bag with EL paper scanning an unethical product.

28



The bag targets both women and men with its unisex design and size. Since the bag rewards the 
personal ecological food consumption of the wearer, it is suitable that the wearer is shopping for the 
personal household. Furthermore, this prototype contains technology, which might intimidate people 
with low technical self-confidence. Instead, the bag is aimed towards early adopters with a fascination 
for new trends regarding clothes and accessories. 

The prototypes were compared to the initial client requirements, which can be seen in table 4. All the 
requirements that could be evaluated were fulfilled by the third bag prototype. The persuasive aspect 
was di!cult to assess, considering this is a feeling invoked in the wearer. This requirement was 
therefore left to the usability testing.

Table 4. Client requirement fulfillment regarding RFID bag prototype.

Must have Result

Personal data The data is generated by the user during the packing session and is reflecting the personal 
purchases.

New visualization The ecological data and the EL paper has most likely been used before, although not in 
combination.

Artistic level Since wearable visualization and ecology are two recent trends, this prototype will most likely 
interest museums and exhibitions.

Mobility The prototype is mobile.

Persuasive design This must be tested by users.

Should have Result

Non-active users Considering that the bag needs to be packed in any case, no additional activity is requested.

Casual visualization The prototype requires no expert knowledge.

Instant The prototype reacts instantly.

Ambient displays are generally not suitable for visualizing a multitude of data, which is also the 
limitation of this prototype. There are only a few levels of intensity di"erences that can be perceived by 
the human eye and even less in an outside environment during the light parts of the day. This could be 
modified in a future development where the EL paper can be cut into smaller strips, giving the 
visualization an increased amount of discreet steps.#Furthermore, the prototype will not take into 
account if the wearer purchases an excessive amount of food items. The bag will instead normalize the 
total ecological score with number of articles purchased and reward a larger percentage of ecological 
food. The reward might become unjust though, since the wearer can simply choose not to scan less 
ecological items. This will be a question of morale and can be overcome by better technical 
components, whereby the antenna of the RFID reader can surround the top of the bag which will make 
packing without scanning more di!cult. Another limitation is the impossibility of excluding a 
previously packed item from the visualization. This problem was not prioritized since one of the main 
goals was a casual and ambient visualization which would not be achieved with a number of physical 
buttons or actions required to return a product. The bag also delivers information after the purchase 
has been performed, which might create frustration for users who find out that some of the assumed-
to-be ecological products were in fact the opposite. The products could, though, be packed and 
scanned during the shopping process, unpacked at the cash register and therefore packed again for 
users who are interested in using the bag as an ecological information filter.

4.3.2. Teddy bear prototype
Whereas the bag appeals to an audience of food shoppers, the toy (see fig. 19, Appendix F) attracts a 
younger audience which acts as an e"ective medium to influence the actual target market, i.e. the 
parents. The choice of an animal was due to the antropomorphical considerations, which motivates 
the children into performing an action [5]. The bear is also unisex, unlike for example a Barbie doll, and 
therefore appeals to a wider market. 
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The technology inside the bear consists of a micro-controller connected to an RFID reader, two tri-
color LEDs and a buzzer (see fig. 22, Appendix G). The actuators are used for modifying eye color and 
simulating a heartbeat (see fig. 13 and 14). After an ecological food item is scanned, the normally 
yellow eyes light up in green and the heartbeat changes, although it still sounds like a heartbeat. A 
non-ecological food product on the other hand modifies the eyes into a red light and the heartbeat 
becomes faster and sounds more robotic. At times when the family is shopping, the child would bring 
the bear and place it in front of RFID tagged food items. The codes of the items are compared to an 
article database of codes, which are pointers to the names of the products and their ecological scores. 
The eyes and heartbeat of the bear display the score and the reaction causes the child to persuade the 
parents to purchase or resist a product. A health score could also be implemented, which would give 
parents a larger incentive to purchase the toy. The toy could also be sold in combination with a story 
book about ecology with embedded RFID tags in order to communicate the message of food and 
sustainability in a playful manner. 

The teddy bear initially consisted of an Arduino BT, working parallel with a Lilypad main board, which 
could connect to a mobile phone and thereby reach the internet. Since this technical solution made 
the prototype more sensitive, less mobile and more dependent on the surrounding environment, the 
two cooperating micro-controllers were replaced by one single Lilypad main board. The Lilypad has a 
small product database in memory, which is suitable for exhibition purposes although not as a final 
technical solution in a mass-produced product, due to the di!culties of updating the database 
automatically without internet access. 

Fig. 13. The teddy bear prototype scanning an ethical product.

Fig. 14. The teddy bear prototype scanning an unethical product.

The target market for the toy prototype is both girls and boys from the age of three to ten. This age 
span is the same as the Swedish toy shop “BR Leksaker” has placed on its mechanical toy animals, 
which are similar although without persuasive features [68].

The prototypes were compared to the initial client requirements, which can be seen in table 5. Most of 
the requirements were fulfilled by the toy prototype, although the data is not actually personal since it 
is not purchased but evaluated. However, the essence of the clients’ requirement was that the data 
should not belong to a whole community since it would make the prototype less persuasive. This is 
not the case and the prototype therefore fulfills the requirement. Furthermore, the toy requires active 
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users since the child will actively scan products. The requirement of non-active users is focused on the 
actual target market though. Therefore, the prototype was accepted according to the requirements.

Table 5. Clients’ requirement fulfillment regarding the teddy bear prototype.

Must have Result

Personal data The data is neither personal nor belongs to a large community. 

New visualization The data has not been used before in combination with a electronic toy.

Artistic level Since ecology is a recent trend, this prototype will most likely interest museums and exhibitions.

Mobility The prototype is mobile.

Persuasive design This must be tested by users.

Should have Result

Non-active users The bear requires activity.

Casual visualization The prototype requires no expert knowledge.

Instant The prototype reacts instantly.

As with the bag, the teddy bear su"ers from visualization limitations regarding the amount of 
information that can be displayed through the actuators. In a future version, further actuators could be 
added, such as heat, modification of fur or speech components. The bear does not completely fulfill 
the requirements as it is currently implemented. The solution could be, for example, to make it handle 
personal data, through a collaboration with a supermarket where the shopping information is sent to 
the bear after the loyalty card is swiped. 

4.3.3. Mobile phone so#ware prototype 
Both the toy and the bag prototypes are ambient visualizations with the possibility of showing the 
ecological score in a few discreet steps. The mobile phone software on the other hand consist of much 
more information: carbon dioxide levels, environmental score obtained from the Badbuster website, 
and information regarding animal extinction and ecological labels (see fig. 20, Appendix F). The 
software contains two types of visualization: an individual product and a summarizing visualization: 

The individual visualization uses the product barcode to evaluate the ecological score of the product. 
The barcode contains the registered country code of the producer, a product number and a control 
number. By using the phone camera, the software translates the barcode to a code which is transfered 
via internet to a database where it acts as a pointer to product name, producer and ecological 
information. The name of the producer and the ecological information is returned to the mobile 
phone. The name of the producer is thereafter sent to the Badbuster site where the ecological points 
are returned to the mobile phone. The ecological information is visualized in four slowly moving orbs 
surrounding a large, summarizing orb. A green orb means that the value is within acceptable limits, 
yellow means semi-acceptable, and red means unacceptable. More details are available for the viewer 
when the “Details” menu is pressed. In the settings, the viewer can change so that the information is 
purely textual or discarding sound and vibration.
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Fig. 15. The program scans barcodes and visualizes the result on the mobile phone display.

The second visualization method does not involve barcodes. Instead, the information is obtained from 
the supermarkets. After the consumer has swiped the loyalty card through the supermarket card 
reader, the product names are sent to the software. All the information regarding the purchases, such 
as carbon dioxide levels, ecological labels and food products which are approaching extinction, is 
returned from the article database. The product names are also sent to the Badbuster website and 
their ecological score is returned. Finally, the information is visualized on the display as three-color 
orbs and the last visualization also becomes an animated phone desktop, which acts as a constant 
reminder. Instead of orbs, the visualization could resemble a digital pet where objects in the animal’s 
surrounding represents di"erent values, such as seasonal crops, locally produced goods or health 
values.  

Fig. 16. When the loyalty card is swiped, the purchases are visualized on the mobile phone display. 

The program targets both genders equally and like the bag prototype, it is aimed towards users who 
consume for their own household. The software also requires a certain amount of technical self-
confidence and an interest in new technology.

The phone software fully complies with the clients’ requirements. The individual visualization is 
lacking in a few requirements, although the implementation of the summarized versions makes the 
software acceptable according to all the clients’ requirements.  
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Table 6. Client requirement fulfillment regarding mobile phone software.

Must have Result

Personal data The total visualization is personal.

New visualization The ecological data, which is not connected to a company, is new.

Artistic level Since ecology is a recent trend, this prototype will most likely interest museums and exhibitions.

Mobility The prototype is mobile.

Persuasive design This must be tested by users.

Should have Result

Non-active users The total visualization does not require active users.

Casual visualization The prototype requires no expert knowledge.

Instant The prototype reacts instantly.

Although the idea belonged to the authors, they were not the producers of the software. It was instead 
constructed by 21 BSc students in the Integrated Engineering Project course (TNIU21) at Linköping 
University. The authors acted as project customers, which rendered the following responsibilities:
• Introducing the concept of the Open Supermarket and the barcode scanning idea.  
• Steering the project in a suitable direction. 
• Meeting the students twice a week; once for demonstrating the terminated sprint and once for 

deciding the actions during the next sprint.
• Setting the importance factors on the tasks of each sprint, which acted as the ground for decisions 

and prioritization for the development team.

During the six weeks of the course, the idea was presented in steps where the barcode scanning 
function was researched and developed as a primary goal and the rest of the features as secondary 
goals. Not all the requirements and suggestions from the authors were possible to implement. The 
idea of an animated desktop evolved rather late and was therefore not implemented although 
researched. However, since the initial choice of programming language (Java) was unable to provide 
support for an animated desktop, the developed software needed to be fully reprogrammed in Adobe’s 
language Actionscript in order to function. Due to time and knowledge constraints and licensing 
issues, this was not implemented by the students. Furthermore, the total visualization was not 
implemented fully, since no supermarket collaboration was initiated. Instead, the data is uploaded in a 
text file through a website and thereafter transfered to the mobile phone. Due to battery constraints, 
the phone can not constantly examine the website for new files. The user therefore has to commence 
the summarizing visualization software by choosing an ID number for a text file which initiates the 
information transfer. Finally, the Badbuster website [29] consists of information regarding the 
environmental impact of companies such as Proctor & Gamble instead of brand names like Gillette. 
The mother companies therefore have to be derived from the brand names, which could most likely be 
implemented easily with a database or a search on, for example, Wikipedia. No free database was 
found though, and Wikipedia constantly changes its source code in order to complicate automatic 
information collection. In the phone software, the extractions of the mother companies are therefore 
manually entered in a table of the database.

4.4. COST AND MATERIAL
The cost of the prototype material is described below, although the actual price for mass-produced 
products would most likely be much less due to cheaper production and components cost.

4.4.1. Bag prototype
Second hand fabric from St Erikshjälpen, 40 SEK.
EL demo set from Thinlight, 1125 SEK.
3 x smart power switches (BSP75) from Vasa Elektronikcenter AB, 51 SEK
Parallax RFID Reader, 362 SEK
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Second-hand brass accessories from Myrornas, 90 SEK
Other brass accessories from Handa, 59 SEK
Insulation material from Väsklagret, 70 SEK
Zipper from Borås Textilhögskola, 0 SEK
Second-hand sheet as lining, 0 SEK
Total cost for bag: 1797 SEK

4.4.2. Teddy bear prototype
Teddy bear from BR-Leksaker, 159 SEK. 
Eyes from Domino Färg & Hobby, 14.50 SEK.
Lilypad Arduino main board from Sparkfun, 123 SEK ($19.95).
2 x Lilypad tri-color LEDs from Sparkfun, 98 SEK ($15.90).
Parallax RFID Reader from Elfa, 362 SEK
Lilypad buzzer from Sparkfun, 49 SEK ($7.95)
Plastic heart from Mique, 2 SEK.
Total cost for teddy bear prototype: 807.50 SEK

4.4.3. Mobile phone so#ware
A Sony Ericsson phone with Java support (preferably K810i or K800i) from OnO!, 3390 SEK.
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5.Test and evaluation 
In the report by Manko" et al. [69], the authors state that the majority of ambient#displays#are never 
evaluated, or only#quickly improved with few details from informal feedback. The focus has#instead 
been on technology and design innovations.#This focus also immensely influences this thesis, 
although the need for user input was recognized. Therefore, the three main evaluation approaches – 
analytical evaluation, usability testing and#field studies – were researched further. Field studies were 
not deemed suitable for the Open Supermarket prototypes since RFID tags are yet#not a standard in 
supermarkets. The mobile phone prototype could have been tested by this model,#but#it would have 
required a much more extensive#article database. Instead, the methods used were an adapted heuristic 
evaluation combined with usability testing.
#

5.1. HEURISTIC EVALUATION
Heuristic evaluation is a type of analytical evaluation, based on common-sense knowledge and 
usability guidelines. The method was originally developed for screen-based applications but has 
nowadays been adapted to evaluate for example web-based products, mobile devices and 
computerized toys [5].#
#
The goals of the heuristic evaluation were to identify the more obvious errors and make the necessary 
changes before involving users. This action was performed in order for the usability testers not to get 
distracted by obvious problems and get them to focus on emotional issues. 

Participants. In heuristic evaluations, experts are testing the system instead of expected product users. 
“Expert” refers to people with knowledge in the evaluated area of research. Manko" et al. state in their 
article [69] that the ideal number of evaluators lies between three and five experts. These will find 
approximately 40 to 60 percent of the usability errors and an increase in evaluators will merely lead to 
a moderate increase in found errors. The following experts participated in the heuristic evaluation, 
which took place on March 26th:
JC is a 26 year old female.
EG is a 26 year old male.
CR is a 27 year old male.
CE is a 25 year old male.
 
Procedure. Since Nielsen's original heuristics mainly apply to evaluation of screen-based software, such 
as webpages, a modified heuristic method developed by Manko" et al. [69] was used. The heuristics 
are less focused on practical issues and instead concentrated on the aesthetics and invoked feeling. In 
table 7, the heuristics are listed.

Table 7. The modified heuristics according to Mankoff et al. [69]. 

Heuristics Description

Useful and relevant information The information should be useful and relevant to the users in the intended setting. 

“Peripherality” of display The display should be unobtrusive and remain so unless it requires the user’s 
attention. User should be able to easily monitor the display.

Match between design of ambient 
display and environments

One should notice an ambient display because of a change in the data it is 
presenting and not because its design clashes with its environment.

Su!cient information design The display should be designed to convey “just enough” information. Too much 
information cramps the display, and too little makes the display less useful.

Consistent and intuitive mapping Ambient displays should add minimal cognitive load. Cognitive load may be higher 
when users must remember what states or changes in the display mean. The display 
should be intuitive.

Easy transition to more in-depth 
information

If the display o"ers multi-leveled information, the display should make it easy and 
quick for users to find out more detailed information.
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Visibility of state An ambient display should make the states of the system noticeable. The transition 
from one state to another should be easily perceptible.

Aesthetic and pleasing design The display should be pleasing when it is placed in the intended setting.

 

The evaluation was performed in three stages:#briefing session, evaluation period and debriefing 
session. During the first session, the experts were told what to evaluate. In the second period, the 
experts spent ten minutes independently inspecting the prototypes while using the heuristics for 
guidance. They were also given two tasks to do, which were the following:
Task 1: Fill the RFID bag with products and find out which are ecologically good or bad.
Task 2: Use the teddy bear on three products.

The experts took notes of the discovered errors during the whole evaluation phase. During the third 
session, the experts came together to discuss their findings, prioritize the problems and suggest 
solutions. 

Results. The results from the heuristic evaluation were recorded in table 8, where recommendations 
were made and the severity of the problems stated. The severity was divided into the following five-
point rating scale [70]:
1. A cosmetic problem which will not a"ect the usability of the system. Fixing this if possible.
2. A minor problem which users can easily work around. Fixing this has low priority.
3. A medium-sized problem which makes users stumble but quickly adapt to it. Fixing has medium 

priority.
4. A major problem which gives users di!culty but is possible to work around. Fixing this should be 

mandatory.
5. A catastrophic problem which renders the users unable to perform their work. Fixing this is 

mandatory.

The authors also added a zero for errors which had a solution that could be implemented in the future 
but was not necessary at this stage. 

Table 8. The results from the heuristic evaluations.

No Description Heuristic Name of 
prototype

Recommendation Found by Severity

JC EG CR CE JC EG CR CE

1 The blue eye 
color is 
unnatural. 

Peripherality 
of display

Toy Make the eyes white instead. 
Find a toy that looks crazy and 
therefore matches the eyes.

X 2 2

2 The meaning of 
the heart is 
ambiguous.

“Peripherality” 
of display

Toy Change the heartbeat into one 
strong beat for good food item 
and an intense continuous beat 
for bad ones.

X 3 3 4 4

3 Insu!cient 
amount of 
information

Su!cient 
information 
design

Toy Make a variety of toys for 
di"erent segments in the retail 
store e.g. a dolphin for fish or a 
monkey for fruit. Combine with 
a freely distributed mobile 
phone application or a website 
with additional information.

X 0 0 0 0

4 The orange state 
of the eyes is 
ambiguous.

Consistent 
and intuitive 
mapping.

Toy Make no variation for goods 
outside the database.

2 1 2 2
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5 Insu!cient 
amount of 
information

Su!cient 
information 
design

Bag Cutting the strips into discreet 
steps, which would also make 
an equalizer e"ect possible.
Combine with a freely 
distributed mobile phone 
application, or a website, with 
additional information.

X 1 0 0 1

6 The light is not 
visible for the 
wearer since it is 
on the side of 
the bag.

“Peripherality” 
of display 

Bag Placing the light source in the 
handles.

X 0 0 0 0

The first error of the toy was stated by two of the experts and involved a modification of the eye color, 
which could be performed before the usability testing. The alternative solution, to substitute the bear 
with a more crazy-looking animal, was not implemented due to economic constraints. The suggested 
heartbeat modification was conducted, whereby the beat was altered to a fast but natural beat for good 
items and a stressful a and unnatural beat for bad. The mobile phone application could not be realized 
due to lack of time, although this would be a preferred method for revealing the underlying ecological 
information. The di"erentiation through a variety of toy animals was also a much appreciated 
suggestion, however not possible to realize on account of economy and time limitations. The orange 
state of the eyes representing unrecognized food item was removed since the experts considered it 
ambiguous.    

The bag su"ered from a similar information problem as the toy prototype where all the experts 
considered the information being very sparse. This would once more be rectified by mobile phone 
software or a company website with additional product information. Another suggestion was to cut the 
paper into strips and make multiple discreet steps. One expert was concerned with losing the ambient 
display by making an excessive amount of information levels. These steps were not fulfilled due to lack 
of time, although it was implemented in a minor test with a successful result. The last comment 
involved the light being positioned on the side of the bag and therefore not being visible to the wearer. 
One suggestion was to place it in the handles instead which was not feasible with the existing 
electronic components due to fragile technology.

5.2. USABILITY TESTING
Usability testing is an evaluation method for gathering empirical data by observing users as they 
interact with the developed prototype. An iterative process where testing is followed by improvement 
is often used where the goal is to produce an application of easy use with appropriate functionality. 
Compared to other observational techniques, usability testing is inexpensive and generates quick 
results. However, due to the artificial test situation of a laboratory environment and the instructed 
tasks, there is no guarantee that the application will be a success in practice. Test users might also 
alter their behavior since they are aware of being observed [70]. In the case of the Open Supermarket 
prototypes though, it was not possible to test the prototypes in a real scenario due to the present 
unavailability of RFID tagged retailing goods.

The goals of the user evaluation can be divided into usability goals and user experience goals where 
the first ones are functional and the latter ones are related to the experience of using the prototype [5]. 
Some of the usability goals were not relevant to the prototypes due to the limited technological 
components. If the prototypes were developed on a larger scale in a factory, the components would be 
smaller and less sensitive. Therefore the authors deemed practical questions, such as the issue of 
children swallowing toy parts or too heavy food products destroying the fabric of the bag, irrelevant.

The general procedure of developing usability goals is to survey the expected users in interviews or 
field studies. In the case of this concept, the needs of the users were defined according to the Swedish 
Consumer Agency’s report and also from the workshops. No user interviews regarding goals were 
performed because the futuristic and artistic aspect of the concept and its prototypes might collide 
with the pragmatic mind of an average user. An interviewed shopper might not understand how a 
persuasive bag can contribute to his or her food shopping until a prototype can be thoroughly 
evaluated. Furthermore, Christina Öhman argued during the expert interview (see Appendix B) that 
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average users are not suitable as a target group for new concepts. This viewpoint is also taken by 
Norman [71, p.97], where he states that an iterative, human-centered approach works well for 
behavioral1  design, but is not necessarily appropriate for either the visceral2  or the reflective3 side: 
“When it comes to these levels, the iterative method is design by compromise, by committee, and by 
consensus. This guarantees a result that is safe and e"ective, but invariably dull”. Therefore user 
testing was performed with fully functional prototypes instead of mock-ups throughout the process.  
Due to the di"erence between the two prototypes, they were usability tested separately. 

5.2.1. Evaluation of the toy
The objective of usability testing is to see how potential users interact with the product. Accordingly 
the test user group consisted of children. Preece et al. state that children react di"erently from adults 
during data gathering sessions. A formal interview situation is unlikely to yield a useful result and 
children have a tendency to perform in front of a video camera. Furthermore, images and 
conversations are more suitable for younger children of pre-reading or early reading age, hence the 
data gathering must not rely on written instructions or questionnaires [5]. 

In Markopoulos and Bekker’s report [72], the authors mention a few characteristics for younger 
participants. Some children may for example not be accustomed to speaking up to adults and 
therefore may be less likely to report usability problems. Another incorrect outcome might be the 
result of children naming problems to please the evaluator or becoming influenced by others such as 
fellow children, parents and teachers. Furthermore, children’s level of extroversion skills di"ers 
substantially, and the report refers to a study by Hanna et al. which confirmed that girls between the 
age of 9-11 were more verbose than boys. Since the participants in the evaluation of the toy were 
approximately six years old, gender was not considered an issue. In order to counter the influence by 
fellow children, the test group was kept small.

Participants. Preece et al. refer to Dumas and Redish when they state that 5-12 users is an acceptable 
number to test in a usability study, although quick feedback can be obtained from only two or three 
users [5]. Since the first prototype is aimed towards children, twelve participants were chosen from a 
local kindergarden. The ages were approximately around five to six years old and both genders were 
equally represented. The twelve children were divided into two groups, containing six children each.

Procedure. After an introduction of the prototypes, the users were asked to complete the following 
tasks:
Task 1: Use the teddy bear on an ecological product.
Task 2: Use the teddy bear on an non-ecological product.
Task 3: Use the teddy bear on a randomly chosen product without examining the eyes for visual feedback.

Observations in the natural environment of the prototype were not possible, instead the children were 
interviewed in their everyday kindergarden environment together with a caretaker in order to increase 
the feeling of safety and encourage discussion.  
#
Each interview question was initially reviewed by a pre-school teacher in order to create questions 
understandable for children. The two food items were two identical milk cartons with preprogrammed 
RFID tags. The participants were asked to speak aloud while performing the tasks, and one of the 
authors took notes meanwhile. The tests were not recorded on film due to lack of parents’ consent; 
however the participants were tape-recorded. After the tasks were performed, the users were 
interviewed in order to evaluate the user experience goals. One of the authors interviewed, while the 
other took notes and asked additional questions. The questions were formulated in simplified 
language for children. 

Results. The goal of the following usability testing was to identify the user experience of the prototypes. 
The feeling invoked in the test person when using the product was especially in focus, considering the 
prototypes#were supposed to#be persuasive and lead to a changed behavior.#
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3 Reflective level is the contemplating layer of the brain.



Table 9 contains the general usability characteristics [5] which have been modified to become adjusted 
to the prototype. The goals are stated according to the S.M.A.R.T. principle, meaning they are specific, 
measurable, achievable, realistic and time-based [4]. The results from the questionnaires and 
observations are stated in the third column.

Table 9. Usability goals for the toy.

Usability characteristics Teddy bear goals Results

E"ectiveness: How well 
does the prototype do what 
it is supposed to do?

80 percent of the users must manage to read 
a food item within one minute.
100 percent of the users must understand if 
the tested food item is good or bad.

100 percent managed to read a food item 
within the stated time. 
100 percent understood if the food item was 
good or bad. This number was lower, 
approximately 66 percent, when only judging 
by the altered heart rhythm.

E!cient: How well does the 
prototype support the user 
in carrying out the task?

The user will not have to read a food item 
more than twice before receiving a reaction.

Di!cult to judge due to the food item not 
having an illustration on the outside of where 
to scan. This goal was therefore abandoned.

Safety: How well does the 
prototype protect the user 
from dangerous conditions 
and undesirable situations?

Not relevant, since any issues with the 
technical components are due to the toy 
being a prototype.

Not evaluated.

Utility: Does the prototype 
provide the right kind of 
functionality for the user to 
do what they need or want 
to do?

100 percent will understand the message 
from the prototype after one explanation.

100 percent understood the ecological 
message from the bear. 

Learnability: How easy is 
the prototype to learn to 
use?

100 percent must understand how to use the 
prototype after the second try.
80 percent of the users must have learnt if a 
food item is good or bad after using the 
prototype once.

100 percent understood how to use the 
prototype for the first time after being shown 
once.
100 percent understood which food items 
were good or bad after using the prototype 
once.

Memorability: How easy is 
the prototype to remember 
how to use?

Not relevant, since the prototype does not 
have many functions.

Not evaluated.

The participants understood how to use the prototype after one demonstration by the evaluators and 
everyone managed to initiate a reaction from the bear. The goal of only reading the food items no 
more than twice was neglected, considering the short reach of the RFID reader would be a non-
existing issue in a mass-produced product. Furthermore, future food packaging would most likely be 
consistent with the placement of the tag and inform the user by printed messages. All of the 
participants understood the ecological status of a food item, mainly from visual examination of the 
eyes. During the introduction, the reaction of the bear was shown combined with a short lecture on 
ecological food items in supermarkets. Without any explanation from the evaluators, the participants 
understood that the green eyes meant an ecological product and red eyes non-ecological product.

One of the discussions during the heuristic evaluation concerned the heartbeat being highly important 
to translate into information since the eyes are turned away from the child during the scanning 
process. The heartbeat was therefore tested separately, where the children closed their eyes and 
utilized their hands in order to feel the ecological status of the food items. 66 percent of the children 
interpreted the heartbeat correctly. Moreover, most of the children used the heartbeat as an indicator 
for a successful scanning procedure during the first test and then turned the bear and examined the 
eyes for a result. This came naturally and the concern during the heuristic evaluation was therefore 
overstated.

The usability goals (see table 10) are more concerned about the practical issues, while the user 
experience goals cover the subjective qualities of how the system feels to a user [5]. Since the final 
product is supposed to appeal to the user’s feelings, these questions (see Appendix C) were deemed 
more important than the usability goals.
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Table 10. User experience goals for the toy.

Experience characteristics Teddy bear goals Results

Aesthetically pleasing 100 percent of the users must find the 
aesthetics of the actuators (e.g. LEDs for 
eyes) non-frightening.
80 percent of the users must feel that a good 
food item leads to a more pleasing aesthetics 
of the prototype.

100 percent of the users found the aesthetics 
non-frightening.
100 percent of the users found that the bear 
looked more kind when reacting to a good 
food item. 

Enjoyable 80 percent of the users will find the prototype 
enjoyable to use on food items.
80 percent of the users must find it enjoyable 
to bring to a supermarket.

100 percent of the users found the prototype 
enjoyable to use on food items.
50 percent of the users found the prototype 
enjoyable to use in a supermarket.

Persuasive 80 percent of the users must feel that a good 
food item is more pleasing for the family to 
purchase.

100 percent of the users found that a good 
food item would be more pleasing for the 
family to purchase.

The participants were asked if they would enjoy playing with the bear and all of them were very keen to 
show their interest. Furthermore, they all found the heart enjoyable, or “rumbling” as one girl stated in 
a positive voice. All of the participants found the bear friendly, except for when the eyes turned red. 
This inspired one girl to announce that “The bear does not look friendly with red eyes, this is 
something attributed to evil people”. When asked if the prototype appeared friendly or evil in its 
normal, yellow-eyed state, the girl became very unsure. Another girl said “What weird eyes he has” as a 
first comment. Finally, a boy mentioned “When it lights up in green, it is saying ‘let us buy this one’”. 
The participants were not frightened by the bear and all of them agreed that the green color created 
the most friendly appearance.

The children were also asked if the bear could reveal the ecological status of food items in a di"erent 
manner, for example speech. The participants did not express an interest in speech actuators, and one 
girl instead mentioned that a di"erent or even dynamically modified color on the full toy would be 
nice. However she was apprehensive regarding whether this was preferred above the existing 
functions.

All the goals were fulfilled but one, where one of the participants in the first test group mentioned that 
“Yes, it would be enjoyable to play with in the supermarket, although I might lose it”. She also stated 
that her parents did not allow her to bring toys. This made the rest of the group members more 
apprehensive to the idea. In the second group, all the participants were very dedicated to the idea and 
one boy even stated “That would be great, so that one could see what is good or bad”. They all 
preferred their parents to choose the good food item rather than the bad.

5.2.2. Evaluation of bag
For the second usability testing, the user group consisted of students which lead to a slightly di"erent 
procedure and method in comparison to testing the toy. 

Participants. The bag prototype is aimed towards trendy people belonging to the self-improve segment. 
However it is not possible to derive these user characteristics through short interviews. Therefore 
students from a variety of backgrounds and technological experience were chosen due to their 
availability.  

Procedure. After an introduction of the prototype, the users were asked to complete the following tasks:
Task 1: Pack the bag with an ecological product.
Task 2: Pack the bag with a non-ecological product.

Since observations in the natural environment of the prototype were not possible, the participants 
were asked to imagine being inside a supermarket during the test.
#
Each task was initially reviewed by colleagues and a pilot test was conducted with four potential users 
to test the evaluation. The users were asked to speak aloud while performing the two tasks, and one of 
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the authors took notes meanwhile. The tests were not recorded on film since this could alter the 
behavior of the participants. Instead they were tape-recorded during the interviews following the 
usability testing. One of the authors interviewed, while the other one took notes and asked additional 
questions. Arhippainen and Tähti [73] state that it is of high importance that the interview questions 
are very simple so that the interviewee can understand them easily. Instead of for example asking “Did 
the context of use a"ect the experiences that arose with the user of the application”, the question 
might be rewritten to “How did you feel about this test situation?”

Results. As table 11 indicates, the usability goals for the bag were fulfilled. The only identified issue is 
that some participants experienced di!culties with registering the article while packing the bag. Be 
that as it may, a future working product can use an RFID antenna that enclose the opening of bag, 
ensuring a more robust reading. 

Table 11. Usability goals for the bag.

Usability characteristics RFID bag goals Results

E"ectiveness: How well 
does the prototype do what 
it is supposed to do?

80 percent of the users must manage to read 
a food product within 1 minute.
60 percent of the users must understand if 
the tested food product is good or bad.
60 percent of the users must understand if 
the full shopping bag contains good or bad 
products.

87.5 percent of the users managed to read a 
food product within 1 minute.
100 percent of the users understood that a 
long signal meant a good product after the 
initial explanation.
100 percent of the users understood that a 
short signal meant a bag product after the 
initial explanation.

E!cient: How well does the 
prototype support the user 
in carrying out the task?

The user will not have to read a product 
more than twice before getting a reaction.

Due to the inexpensive technical 
components, the users sometimes had to 
read more than twice. This would be 
corrected in a market product.

Safety: How well does the 
prototype protect the user 
from dangerous conditions 
and undesirable situations?

Not relevant, since any unsafe issues with 
the technical components are due to the 
product being a prototype.

Not relevant.

Utility: Does the prototype 
provide the right kind of 
functionality for the user to 
do what they need or want 
to do?

80 percent of the users must find the 
visualization possible to translate into 
product information after one explanation.

100 percent understood the visualization 
after the initial explanation.

Learnability: How easy is 
the prototype to learn to 
use?

100 percent must understand how to use the 
prototype after the second try.

100 percent understood how to use the 
prototype after the initial test. 

Memorability: How easy is 
the prototype to remember 
how to use?

Not relevant, since the product has a minor 
number of functions which increases the 
di!culty of testing memorability.

Not relevant.

The user experience goals also show that the bag have the potential to be a working design. Although 
the final purpose of the toy and bag were similar, the techniques and feelings evoked in the users di"er 
considerably. Therefore, the user experience goals are dissimilar to the first evaluation. The user 
experience questions were focused around the subjects of satisfaction and simplicity of use (see 
Appendix D), persuasive and unobtrusive visualization and an aesthetically pleasing function of the 
bag. To encourage the participants to consider their feelings to a higher degree, they had to rate their 
user experiences from one to seven. The rating system is called semantic di!erential [5] and the answer 
is shown in fig. 17. 
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Not feeling satisfied when buying a good product

Feeling satisfied when buying a bad product

Di!cult to use

More pleasing when unlit

Di!cult to tell if good product

Di!cult to tell if bad product

Obtrusive design

Feeling satisfied when buying a good product

Not feeling satisfied when buying a bad product

Easy to use

More pleasing when lit

Easy to tell if good product

Easy to tell if bad product

Unobtrusive design

Not like to own the bag Like to own the bag

26 year old male, very comfortable with technology

34 year old male, very comfortable with technology

22 year old male, very comfortable with technology

21 year old female, not comfortable with technology

24 year old female, not comfortable with technology

24 year old female, comfortable with technology

19 year old male, very comfortable with technology

16 year old female, very comfortable with technology

Fig. 17. User experience goals for the bag.

The shaded area of the scale denotes the goals for the user experience testing. As the result shows, 
most subjects of the testing received positive feedback. The user experience testing confirms the 
di!culties of telling if a scanned product is good or bad without preceding knowledge about the 
representation. Furthermore, three participants stated that they were nearly equally satisfied with a 
negative response as a positive response. This is most likely due to the similarities of the 
representations and could be improved in a future version by for example not giving feedback on bad 
products. 

During the usability testing of the bag, a substantial amount of valuable feedback was provided by the 
participants. The general participant was very positive about the bag and acknowledged great potential 
in the concept. Many participants would like to have a more distinct communication regarding 
positive and negative feedback from the bag, which could be improved with little e"ort. Some 
participants pointed out that the average layman will not understand the communication. Especially 
the summarizing visualization seems di!cult to interpret. Nevertheless, some interviewees 
announced that the bag can be a mean for spontaneous discussions about sustainability with other 
consumers or passersby.

It became evident that many interviewees were more interested in the concept of filtering information 
rather than receiving information. One participant was not interested in the environmental aspect but 
was very enthusiastic about the bag’s potential for communicating health and economic advice. 
Furthermore, some pointed out that the target market for this product might want to access more 
detailed information. If more extensive information could be obtained from a web service, the concept 
would be more attractive.

A common objection to the prototype was that the summarizing visualization is unnecessary, since 
the content of the bag already is known – a point of view often found jointly with the opinion that the 
information only has value for the user. However, this opinion changed when the concept was 
thoroughly explained since the bag might be thought of as a symbol of awareness more than just a 
tool that convey information. Furthermore, a bag that could visualize databases by choice would lose 
its persuasive abilities since observers will not understand the information. Someone introduced a 
representation without immediate reaction. The bag’s appearance would instead eventually evolve into 
something positive or negative. This way, the bag could be part of a competition or a campaign, with a 
slogan like “Make your eco-bag green!”. 

During the usability testing the participants were asked if they would like the bag to communicate the 
ecological information in any other way. The most common idea for visualization concerned a color 
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representation where red and green would denote negative and positive responses respectively. Other 
points of views were that the bag could react with sound e"ects, speech or vibration.

5.3. EVALUATION OF MOBILE PHONE SOFTWARE
The mobile phone software was both developed and evaluated by the course students during the six 
weeks of the project. The development team made the choice of what methods to use and the 
background of participants independent of the authors. This is the reason why the usability questions 
of the phone software do not correlate with the usability questions of the bag and toy. The full text 
regarding the evaluation procedure can be found in the course report [59] although a summary follows 
below.

During the implementation process, the students were using the Scrum method [59] where the work is 
divided into time periods called “sprints”. Generally a sprint lasts for around a month, however since 
the course measured approximately six weeks, one sprint was scheduled for seven days instead. 
During the process, both an analytical expert evaluation and usability testing were performed.

Participants. During the first sprint, an email was sent out to a number of students at Linköping 
University. Seven people with a variety of educational backgrounds were altogether chosen as usability 
testers and some of them participated more than once.  

Procedure. The usability testing was commenced during the second sprint, where four of the 
participants were interviewed and made to produce low-fidelity prototypes of a suitable interface. 
These interviews were used to define the usability goals (see 6.1. Results). In the third sprint, three 
participants evaluated the program and were also asked to fill out an experience questionnaire 
afterwards. Twelve team members were also used as experts in a heuristic evaluation. During sprints 
four and five, no usability testing was performed although six experts evaluated the software with a 
heuristic method. In the last sprint, four participants usability tested the program.

Results. The results during the sprints are shown in table 12. Each of the usability goals 1-3 were 
measured on a scale from one to seven where the team deemed five or more a successful result. For 
the last usability goal, the scale went from 0 to 100 percent where a result exceeding 80 percent was 
deemed a favorable outcome. 

During the test with the final prototype, three out of the four usability goals were fulfilled. However the 
program was not regarded fast and flexible enough, which was most likely due to the slow connection 
with the Badbuster website [29] and the database server. 

Table 12. The usability testers were satisfied with three out of four usability goals.

SPRINT / 
USABILITY 
GOALS

Goal 1: The user should 
experience the program 
as easy to use and 
understand

Goal 2: The user should 
experience the program 
as aesthetically 
appealing

Goal 3: The user should 
experience the program 
as fast and flexible to 
use

Goal 4: The user should 
not have to ask for help 
on how to use the 
program.

Sprint 3 5.50 6.00 6.00 100 percent

Sprint 4 5.80 5.80 6.00 60 percent

Sprint 6 5.75 5.50 4.50 100 percent
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6.Discussion
The thesis proves that the suggested idea, to combine casual visualization with goals of awareness 
and sustainability, provides a constructive area of research. Both the aspect of correlation between 
food, ecology and health and the aspect of present and future possibilities of transparent information 
constitute independent areas of research that could lead to innovations helping people in their 
everyday lives. This thesis has focused on the combination of these two aspects, which also has been 
found to be feasible. The authors of this report believe that it is possible – with the aid of for example 
the suggested prototypes – to make people more aware of the impact of their food consumption. The 
authors also believe that a high transparency of user and product information can be a feasible mean 
of di"erentiation, which would make companies more competitive and user-oriented.

At the present, there are some constraints that disable elements of the Open Supermarket concept to 
be implemented within a near future. In order to overcome these constraints, more research is 
needed. The implementation of the developed prototypes does however show that the technology is 
possible and the evaluation shows that the interaction between users and the tools is constructive. 
Therefore, this chapter will also give some suggestions for future work.

6.1. RESULTS
The results from the prototype evaluations shows that the designs convey information in an intuitive 
manner. Being prototypes developed with few iterations, they display the potential of future research 
and development within the area. From the usability testing of the toy, it was evident that children 
want to use it and intuitively understand the communicated information. Further testing and 
development with such a toy could of course fine-tune the idea and make the information more clear 
or detailed. While testing concepts with children it should be kept in mind that the participants are 
easily influenced by each other. For instance, when a girl stated that she could not bring the teddy bear 
to the supermarket, for fear of losing it, the rest of the children within the group suddenly adopted the 
girl’s point of view. If a child on the other hand is alone with a teacher or the evaluators, they are less 
inclined to speak up. This is one problem with testing concepts with a junior test group. Consequently, 
great care and notice should be taken when conducting tests about the causality between what 
children say and how these statements change the opinions in the group. This was considered during 
the usability testing. However, a more substantial number of participants, perhaps from a wider age 
span, is highly recommended for future evaluation of the prototypes.

The evaluation of the bag indicate that the concept is appealing. Especially, the bag seemed to start 
spontaneous conversations during the testing and many became involved in a discussion of how to 
improve and increase the value of the concept. It became evident that there are some shortcomings of 
the current prototype and that the concept has great potential for future exploration. Two 
straightforward improvements are that a future version should contain more robust technology and 
the visualization should provide detailed information through actuators such as color LEDs. 

During the course of the thesis, the subject of transparent information as a mean of di"erentiation 
was briefly explored. This question has to be more thoroughly explored in order to state a definite 
answer. As mentioned in the problem overview (1.3. Problem overview), the theory of asymmetric 
information is applicable to the problem with hidden information in the supermarkets. The suggested 
prototypes are embracing the proposed solution – screening and signaling – of information 
asymmetry. If the toy and bag would have access to the supermarket’s database information through a 
direct Wi-Fi-connection, the supermarket would use signaling to resolve the asymmetry. Similarly, a 
mobile phone application using an open-community based database would use screening to manage 
the information problem. The strong connection between the internet and information screening and 
signaling [74] also supports that suggested tools within the Open Supermarket can be used to resolve 
information asymmetry. Pervasive techniques used in the prototypes can also add a more immediate 
dimension to information screening and signaling, so that information can be accessed in the store 
rather than from the use of a computer. 

Some recent events indicate a tendency that companies are making information more transparent. A 
well-known example is McDonald’s, which after medial exposure is providing an extensive amount of 
nutritional information, including references to food allergy through various media [75]. The authors of 
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this article believe that providing information of this kind is the straightforward way to strengthen the 
trademark, increase the trust and handle inaccurate information. Accordingly, the food industry could 
take the same precaution as McDonald’s to deal with detrimental exposure. The Swedish television 
show Review Mission (Uppdrag granskning) [76] received medial attention when criticizing the meat 
industry’s impact on the environment. A counter-reaction from the supermarkets could be to become 
more open with this information, which could pressurize food-manufacturers into paying attention to 
environmental issues. 

A survey from the Swedish Consumers’ Association [77] shows that food consumers value more than 
the price of the product. Health, origin, environment and ethics are also important issues when 
choosing what food to buy. The survey states that 70 percent want to choose food with a health aspect, 
but only 33 percent say that they find this information in the supermarket. Even less people are 
satisfied with environmental information, where only 18 percent state that they know where to find 
information about the environmental impact of the food article. This surveys also support that 
signaling and screening could function as means of di"erentiation, providing customers with the 
desired information. 

6.2. ISSUES AND SOLUTIONS
During the course of the thesis, a number of issues a"ecting the outcome were discovered. A main 
issue was the interdisciplinary nature of the project. Being a thesis conducted at a technical faculty 
integrating views from other discourses such as design, art and economy, the problem formulation 
can not solely rely on a technological level. Regarding the project from a technical point of view, it 
might be considered that the thesis lack technical depth. Adding a user-centered concept development 
process and evaluation, the problem swiftly becomes more complex. The project also explores the 
market value of the concept, forcing the research to define the novelty value of the concept and 
prototypes in a business context. Other significant points of view are design and art, requiring 
aesthetic level and novelty value in art. The combination of these di"erent approaches made it di!cult 
to decide direction at an early stage, and all features had to be combined in order to satisfy the clients’ 
requirements. An easy way out could have been to focus on one of these aspects. Within the project 
definition, the research could have explored suitable technology, tune the ideas into feasible business 
concepts, focus on usability studies and iterative development or working with the concepts from an 
art and design perspective. However, embracing only one view would make it di!cult to meet the 
clients’ requirements. For instance, developing the concepts with a business approach would have 
collided with the user-centered and social philosophy of the Interactive Institute. The triangulation of 
research areas was therefore suitable for this type of pioneering project and the authors of this article 
believe that the interdisciplinary approach is well-suited and needed for exploratory projects. The 
interdisciplinary approach is forming a base to conduct further in-depth studies in the specific fields.

Another crucial problem was to get access to real user data. It was noticed at an early stage that it 
would consume too much time to access real data in order to conduct an exploratory project. Instead, 
test sets were used in order to focus all e"orts on concept development and prototype 
implementation.  Instead, prototypes were made as demonstrators which can display the concept to 
potential partners with access to relevant data, and thus facilitate for future e"orts on information 
gathering. An additional reason for working with test data instead of initiating a company 
collaboration was that the project might have diminished in critical height.

The idea of the Open Supermarket concept can include tools and products that assist people in 
avoiding excessive consumption. Tackling this problem with new products to be produces and bought, 
might be thought of as a moral paradox. One party of the debate of globalization might say that 
consumption is a major threat to the environment, and that the western world is based on over-
consumption. Another party might insist that production and consumption are the keys to wealth, and 
that trading is the straightforward way to counteract poverty. The authors of this article do not intend 
to choose side in this debate, but to provide tools that clarify information. 

A known limitation of the work is that the authors have little knowledge about ecology, climate and 
health. Someone with great insight in these areas might find the use of nomenclature and facts to be 
incorrect. Knowing about these possible inaccuracies, the authors insist that future work should use 
and benefit from current research in these areas. 
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While reveiwing the course of the project, some limitations can be mentioned about the process. As 
stated in the chapter of methodology (see 1.4. Methodology), an iterative method would have been 
preferred for developing the prototypes. The concepts might also benefit from an iterative 
development with user and expert groups providing feedback. Being an exploratory project, concurrent 
engineering was deemed a suitable solution. Future work and development could however be 
conducted with an iterative method. 

Another limitation of the process was the implementation of the workshops. The authors should have 
been more prepared to get the most out of the brainstorming sessions by strongly defining the 
problem formulation and the goals of each session. The first workshop should have been conducted 
freely on the topic of Reclaim Your Data, without suggesting any field of application limiting the 
discussions, whereas the second should have been completely focused on the chosen direction. The 
main explanation for this early environmental focus was the interview with Martin Saar (see Appendix 
A), which also a"ected the general direction of work. During the workshops, it was discovered that 
many of the participants suggested the same ideas earlier generated by the authors. A reason for this 
could be that the group might have been too homogenous. Moreover, the decision process of defining 
which concept to explore further could have been more structured. As mentioned previously, there was 
a strong focus on working with environmental issues. Especially the a!nity-diagram did not work as a 
single decision point, but was a"ected by other rational and emotional biases. The workshops, 
interviews and inspirational activities did not generate all of the ideas. Instead, many ideas were 
formed during the background research by association.

One of the strategies within the Open Supermarket was to develop fashionable items that appeal to 
people’s emotions (see 2.3.2. Ecology). A problem that might occur with this strategy is that the quick 
change of trends might render an Open Supermarket product unfashionable shortly after being 
introduced. Bearing this in mind, the products should be designed to be part of a larger general trend 
of ideas promoting sustainability. If the products can be part of a lifestyle and become useful tools 
rather than just statements, they are more likely to have a longer life-cycle trend-wise. According to the 
Intergovernmental Panel on Climate Change (IPCC) [78], there is a high agreement and medium 
evidence that changes in lifestyle and behavior patterns can contribute to climate change mitigation. 
However, the report acknowledges the need for further research about the e"ects of people’s lifestyle. 
This thesis can be seen as an introduction into this area.

The most di!cult requirement to meet was that the concepts should not have been implemented 
before. Many ideas that were being explored were abandoned after discovering similar existing work. It 
became evident that many ideas are being re-used in the worlds of art and business. During the 
process, the aim was changed from creating a totally new concept into transforming existing ideas to 
fit new fields of application, and thereby creating novelty. 

6.3. FUTURE WORK OF THE OPEN SUPERMARKET
The Open Supermarket has a great potential to be further explored. Since the project has been 
interdisciplinary, there are many approaches that can be investigated. A natural continuation of the 
concept would be to use this report as a basis and to develop new prototypes within the Open 
Supermarket iteratively, with feedback from both users, the market and reference groups with 
knowledge in environmental sciences, health and other areas. Each of these approaches could form a 
course of action. Since one single approach would not comply to all of the clients’ requirements, a new 
project definition should be formulated in order to be able to focus on details. Since the developed 
products are so far only prototypes, they would not function in a real environment. One of the more 
important future works would be to implement robust prototypes which rely on real information. 
Instead of using a home-produced ecological score system or depend on the Swedish Consumer 
Agency to develop a third-party system, Badbuster.com could be utilized to a greater extent. To receive 
data from a food article database would also necessitate a supermarket collaboration or a 
Barcodepedia-like [18] idea. After the prototypes have been made functional in a real environment, they 
also must be marketed and released to the public. 

There are plenty of economic aspect that are yet to be evaluated regarding the concept. An analyze of 
strength, weaknesses, opportunities and threats (SWOT) could be performed, combined with a 
thorough benchmarking among other companies. A survey among existing supermarket employees 
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could be accomplished to examine the opportunities of a more transparent chain of stores. A refined 
business concept could be developed in collaboration with the major Swedish supermarket chains. 

The prototypes are mainly directed towards the art world in order to create a discussion concerning 
problems such as hidden information in supermarkets. An important future aspect of work would 
therefore be to find suitable national and international forums for exhibition, which has been 
moderately investigated during the thesis. A suggestion in the clients’ thesis outline was that the 
project resulted in an article, which could not be done due to time constraints. In a continuation of the 
Open Supermarket, this would be prioritized and used in order to increase the chances of invitations 
to forums.

These prototypes also have a potential to be further developed. The toy could be transformed into an 
appearance that conveys more information or holds additional actuators. Similarly, more features 
could be added to the bag. During the thesis, other means of pervasive techniques for visualizing 
information were discussed. An idea was that the handle of the bag could dynamically change shape. 
This way an unethical shopping session would result in a longer handle, making the bag more 
strenuous to carry home. Another idea was a handle with an embedded thermo-system, that can 
reward the owner with a heated handle. Additionally, the bag could be inflatable and change shape due 
to its content. The human predilection for consistent patterns could be focus upon in this prototype, 
where high ecological score would lead to a bag with a more harmonic appearance.

In addition to the three tangible prototypes that were developed, there are plenty more that reached 
the idea phase. Out of a business perspective, the interest rate of the supermarket bank could be 
modified and discounts given according to the accumulated ecological score. However, there is a 
problem if consumers are purchasing their non-ecological products elsewhere. From a practical 
perspective, the ecological score could also be written on the supermarket receipts, on shelf labels for 
every product and visualized on customers’ personal part of the supermarket website. The latter could 
also be made into an animated computer desktop which becomes a constant reminder. 

There are plenty more pervasive ideas, where for example the sound of the EAN scanner could be 
modified depending on the product purchased, combined with a dynamic appearance on the loyalty 
card. The appearance of the card reader could also be modified depending on the accumulated 
ecological score, and the shopping trolleys or baskets could react to the products placed inside. The 
supermarket also stores information concerning their customers’ current addresses, which could be 
used to calculate and visualize the environmental score for the whole neighborhood. This would 
generate a sense of pride or competition and encourage citizens to change their consumption habits. 

By means of sound, the ecological score of articles could be made known to consumers. When the 
consumer walks past RFID tagged products, the ecological score could be transferred into notes that 
are played via the mobile phone into the person’s headphones. Finally, when the consumer uses the 
loyalty card, the ecological points of the individual articles could be transferred and create a more 
enjoyable tune for an ecologically aware consumer. 

A tangible prototype, which is a continuation of the previous bag prototypes, was partly produced 
although abandon due to time constraints. The bag was supposed to react to both health and 
ecological aspects. When the bag was packed, the health status of the food items could be displayed 
with LEDs. The health pattern could never become symmetrical and pleasing unless the food was also 
ecological. By appealing to consumers’ more immense individual interest instead of the world-saving 
aspect of ecological food, the bag was aimed towards creating awareness. 

6.4. FUTURE WORK OF RECLAIM YOUR DATA
The Open Supermarket was neither the first nor the last concept to evolve and there are still many 
ideas to be explored within the realm of the Reclaim Your Data definition. This could be achieved 
through further brainstorming sessions based on combining di"erent data sources. The concepts that 
belonged to the Reclaim Your Data definition and were independent from the Open Supermarket 
concept are mentioned below. For an overview, see Appendix E. A primary goal of future development 
regarding Reclaim Your Data could be to develop these into prototypes.

6.4.1.Measuring transportation with mobile phones
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Mobile phones are devices that most people constantly keep in close vicinity and it therefore acts as 
the perfect personal data collector. To have a GPS (Global Positioning System) in mobile phones, or a 
Bluetooth GPS complement, is becoming increasingly common. This combination opens up 
possibilities for both health and ecologically related visualizations.

Products for measuring personal walking distance already exists, which utilize the above mentioned 
instruments. A similar concept would be to let the mobile phone register the person’s velocity and 
acceleration and thereafter suggest what means of transportation was used. At the end of the day/
week/year, the product user could get a summary over locations, itineraries, amount of calories used 
and amount of carbon dioxide released. Furthermore, the software could give suggestions of increased 
walking or cycling from a health perspective, or promote trains instead of airplanes as an ecological 
advice.

This concept was not explored further, due to the similarities with existing programs from Wayfinder 
and Telia. Also, GPS coordinates di"er by some meters outdoors and are hard to read indoors, which 
increases the measurement di!culties.
 

6.4.2. Social network with mobile phones
There are plenty of popular social networking sites [79] on the Internet where members leave a 
substantial amount of personal information. This information could be automatically transfered to 
mobile phone software and compared to other phones via Bluetooth. When two members with similar 
profiles pass each other, the mobile phones could react by making a noise, vibrate or use the display. 
By doing this, the technology introduces new possibilities to initiate spontaneous conversation 
between strangers and thereby alter communication in today’s society.

This concept was not explored further due to the substantial amount of art work in this area.  

6.4.3. Internet community concerning medical advice 
Medical records are yet not available in a digital form, though this might change within a near future 
[24]. The records could be used as background material for a community website where people 
discuss diseases, symptoms and cures. This could mean that the patient could more easily learn 
about the nature of the sickness and give suggestions that could help today’s stressed doctors in their 
work. Also, doctors could be employed by the website for a more serious approach.

This concept was not explored further since it was developed very late in the process. Also, it would 
most likely not be of a high artistic level nor involve a new visualization method. It could be mobile by 
using a wireless Internet connection via the mobile phones, but in the general state it is developed for 
computer screens and therefore does not comply with the requirement concerning mobility. It also 
requires very active users to build up a community and benefit from networking e"ects.

6.4.4. Art installation concerning integrity
Integrity is a fundamental aspect of reclaiming personal data. One interesting concept for an integrity 
exhibition could be to display a number of computer screens on a wall which are communicating with 
a fingerprint scanner and a camera. There could also be sensors in the ceiling to register the positions 
of museum visitors. In the installation, the visitor could leave a fingerprint and take photographs of 
iris, face and ear shape. These photographs would then be displayed on the screens. When no person 
has used the system for some time, the screens would show photographs of staring eyes. A sensor in 
the ceiling records whether a visitor is standing in front of a specific screen and if so, the projected 
eyes will focus on the person. Another idea would be to use the ear photographs and let the program 
listen for sounds and rotate the screens towards the closest visitor.

The screens could also change from eyes to showing personal consumer information taken from 
companies and organizations. Since most personal data demand the user’s signature or consent by 
other means, only prototyped data would be used.

This concept was not chosen due to the lack of personal data. Also, the screens and camera would 
require a static setting, which would not satisfy the requirements. Finally, the concept is lacking 
persuasive design since it does not encourage any change of behavior.
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Appendix A – Interview with Martin Saar
Interview with Martin Saar, the project leader for “Konsumera Smartare” (“Consume Smarter”), a project 
initiated by the Stockholm municipality to work against greenhouse gases. The interview was conducted on 
the 28th of November 2007, in the governmental environmental administration o"ce [80].

What is your opinion of the Open Supermarket idea?
My project “Konsumera Smartare” (“Consume Smarter”) also wanted to automate the transfer of 
receipt information. However, this was not considered possible at the present time. Even if it would 
have been, our focus was to generate knowledge about consumers’ environmental impact from food 
consumption.

Why food?
Food is the single most important aspect of environmental impact that can be a"ected by people’s 
daily actions. Approximately 25 percent of the total amount of greenhouse gases discharge is 
generated by the food industry. If you want to quickly alter the amount of discharge, food consumption 
is the straightforward starting point. 

Would you say that environment is the most interesting aspect of the Reclaim Your Data thesis?
Something that is equally interesting, and tightly coupled with ecology, is health. By relating the 
consumption habits to health, customers will receive facts that surely will change their actions in the 
stores. Pre-processed and raw food have critically diminished in quality over the last 15 years, partly 
due to longer transportation. Today, a lot of food contains an overdose of preservatives and thickening 
additives, contributing to the modern detrimental life-style.

Another interesting aspect is economy. Consumption has gradually moved from needs towards 
satisfying desires and defining yourself. This means that also economical awareness is closely 
entangled with the environment; if you shop only what you need, you will automatically help the 
environment. 

Is it possible to make a distinction between preferable and non-preferable purchases?
There are a number of important aspects of consumption and environment. It is not enough to state 
that some types of articles are preferable. It is instead relevant to evaluate the article and the value of it 
in comparison to how it a"ects the environment.

Which are the parameters that should be taken into account?
There are di"erent kinds of valid aspects for di"erent kinds of articles. Let fish serve as an example, 
where biological multitude is the most important aspect. If you go further in classification, certain 
categories of fish have certain issues that need to be evaluated. One issue, which applies for salmon, 
is deep sea trolling. This fishing technique does not only remove the fish, but also the whole habitat 
with other species, plants and protection for spawning. The fishing industry has to be subsidized with 
diesel to perform this kind of fishing, and the impact on the environment is terrible. Planted salmon is 
therefore much better than the deep sea trolled one, but there are other kinds of fish and techniques of 
fishing that are more preferable. 

Many kinds of articles have these special issues that has to be dealt with, in order to make a thorough 
distinction between preferable and non-preferable. Another thing that also should not be neglected is 
that some classes of food are more preferable than others. For instance, vegetables are much more 
ecological than meat, no matter what kind of meat or where the vegetables are produced. 

How does import and cargo distance a!ect the environment?
Swedish food, and local food in general, is to be preferred over imported food. However, Swedish 
products are quite rare since we have exported most of our industry to other countries. These 
countries have a more energy consuming food production, why Swedish products are to be preferred 
over imported. 

Other important aspects are time and geography. Since it takes little time to transport articles between 
continents, we consume more imported food and we consider it completely normal to eat food from 
all over the world. However, many people believe that the discharge of green house gases from 
transportation is the most important aspect. Instead, the growing and processing of food stand for a 



much bigger impact on our environment. The energy consumption of the food energy is 80 percent 
based on fossil fuels, and therefore food is the single most resource demanding industry in the world. 
Indirectly, it exceeds the flight industry. The most energy demanding part is the growing of the food, 
where fertilizers constitute the biggest part. Another important part is the processing of food.

What is your opinion of environmental labels such as KRAV?
The Swedish KRAV label is excellent, and takes both ecology and climate into account even though 
ecology is emphasized. Some international labels are also good, while others are not. This multitude 
of labels constitute a trust problem for people who are not environmentally aware.

Anything you would like to add?
To make your project rewarding, focus the score system on aspects such as locally produced, seasonal 
and ecologically labeled products, and add special cases for some types of food such as fish. Instead 
of trying to totally rearrange people’s consumption, it is easier to propose a set of rules that are easy. A 
guiding point of view is that even people that are ecological nightmares can make a di"erence by 
making some simple choices. To sometimes buy vegetables instead of meat is a good rule for 
instance. This kind of strategy has a rewarding impact on changed behavior.

Even though it is interesting to have a large set of data to analyze, I do not think lots of data applies for 
the general shopper. Another profitable aspect of your project is that health is easily combined with 
ecology and your ideas.

Finally, the most important thing is to help people make aware choices. It is human that you 
sometimes want to eat food that is bad for the environment such as meat, or bad for your health, such 
as snacks. As long as you are aware of what you are eating, and what impact it has on the environment 
and your health, something good will come out of it.



Appendix B – Interview with Christina 
Öhman
Interview with Christina Öhman, who works with strategic development at Interactive Institute Power 
Studio. The interview was conducted on the 28th of November 2007 in the Power o"ce, Eskilstuna [39].

If we can not receive data from companies and organizations, what should we do?
Since your project is dealing with the future, I see no problem that you are using prototype data. By for 
example using your mobile phone as a wallet, you will eventually get digital power over your receipts. 
The digitalization of our society imply that your ideas are realistic in a near future. 

Do you think that users would like detailed or simple information?
I think that the information should be simple at a first glance, but that detailed information should be 
an option. Information is more e"ective if it will convey a feeling of the data, rather than an exact 
measurement. However, some people like detailed information, and that should not be di!cult to add 
as an option in an application.

What is your recommendation for an idea process?
In our projects, we try to model and draw our prototypes at an early stage. Perhaps we use personas 
and try to see how the design fits di"erent situations. Try to model how information is born and how it 
is transfered and modified before it reaches the user. For instance, let a mother be one of our 
personas. Ask yourself when she is ready to receive information. Does she want to be informed when 
she logs onto her computer, or when she hangs o" her coat?

Try to use a designer somewhere in the process. Artists and designers have the advantage of being 
familiar with the practical world, and does therefore have a natural relationship to constructing 
prototypes and designs.

Usability tests are also very useful, and is something the Power Studio has used a lot. But if you 
conduct usability tests, it is crucial that the users know what the test is about. Tests should be self-
instructive, or you have to instruct them well before the test.

A course of action could look like this. Summarize all of your concepts so far. Make an a!nity 
diagram, and use criteria like artistic level, easy/cheap/time e"ective to implement, interactive etc. The 
concepts that you do not take further should simply be regarded as undeveloped. Have some critical 
evaluations during the process, where you honestly take all pros and cons into account. You should 
also try to produce nice visualizations of your concepts, since you will have to convince people about 
your ideas.

Which artistic and technical level should we aim for?
Something that is very important is to be aware that everyone you will meet will have an opinion about 
your project. As a designer and concept developer, you need to have an ability to not listen too much. 
Listen and learn, but do not let critics make your innovations too conventional or too smoothed-out. 
People that try to adjust to everyone will end up with an innovation that is lacking in conceptual or 
artistic level.

Aim very high instead and make something that is appreciated by intellectuals. Also, use nice designs 
and do not worry if your product ends up very expensive or exclusive. Remember that your future 
prototypes can be turned into a more conventional and commercial product, fitting the crowd. In other 
words, do not turn to the average people, since they do not adopt new concepts very well.

We are interested in developing an idea called the Open Supermarket, which I explained over email. 
What is your opinion of this idea?
I think it is a good idea to use mobile phones, since it is our ever present media, and therefore our 
most ambient display.

Anything you would like to add?



I also think that your ideas apply for health. I would go for ecology and focus on that, but you could 
also prototype the usage for health. Finally, once again, aim high and make your inventions desirable.



Appendix C – Interview questions for the 
toy prototype
1. Age and gender.

------------------------------------------------------------
2. What do the green and red eyes mean?

------------------------------------------------------------
3. Does the bear look friendly?

------------------------------------------------------------
4. Does the bear look more friendly with green or red eyes?

------------------------------------------------------------
5. Does anyone think that the bear does not look friendly?

------------------------------------------------------------
6. Does it look friendly with yellow eyes?

------------------------------------------------------------
7. What do you think of the heart?

------------------------------------------------------------
8. Would you like the bear to speak with a voice to you?

------------------------------------------------------------
9. Would you like the bear to tell you in any other way what is good or bad in a supermarket?

------------------------------------------------------------
10. Would you enjoy playing with the bear?

------------------------------------------------------------
11. Would you enjoy playing with the bear in a supermarket?

------------------------------------------------------------
12. Which one of the products would you like your parents to give you? 



Appendix D – Interview questions for the 
bag prototype
1. Age and gender?

------------------------------------------------------------
2. Do you feel comfortable using new technology?
 1 2 3 4 5 6 7
Not comfortable with new technology Comfortable with new technology

------------------------------------------------------------
3. Are you accustomed to using technology?
 1 2 3 4 5 6 7
Not accustomed to technology Accustomed to technology

------------------------------------------------------------
4. Do you feel satisfied by placing a good product in the bag?
 1 2 3 4 5 6 7
Not satisfied when buying good Satisfied when buying good

------------------------------------------------------------
5. Do you feel satisfied by placing a bad product in the bag?
 1 2 3 4 5 6 7
Not satisfied when buying bad Satisfied when buying bad

------------------------------------------------------------
6. Do you feel that the bag is easy to use?
 1 2 3 4 5 6 7
Di!cult to use Easy to use

------------------------------------------------------------
7. Do you think that the bag is more aesthetically pleasing when it lights up?
 1 2 3 4 5 6 7
Nicer when not lit Nicer when lit

------------------------------------------------------------
8. Do you think it is easy to know if a product is good?
 1 2 3 4 5 6 7
Di!cult telling good Easy telling good

------------------------------------------------------------
9. Do you think it is easy to know if a product is bad?
 1 2 3 4 5 6 7
Di!cult telling bad Easy telling bad

------------------------------------------------------------
10. Is the bag obtrusive when it lights up?
 1 2 3 4 5 6 7
Obtrusive Unobtrusive

------------------------------------------------------------
11. Would you like to own a bag with this function?
 1 2 3 4 5 6 7
Not like to own Like to own

------------------------------------------------------------
Would you like the bag to communicate through any other actuator than the lamp?



Appendix E – Map of data sources
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Appendix F – Final versions of prototypes

Fig. 18. Photo of the third bag prototype. Fig. 19. Photo of the toy prototype.

Fig. 20. Screenshot from final mobile phone software, viewed in emulator.



Appendix G – Circuit diagrams

Fig. 21. Circuit diagram over RFID bag prototype.

Fig. 22. Circuit diagram over teddy bear prototype.
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