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Abstract 
This report describes a master’s thesis project in industrial design engineering at Luleå 
University of Technology (LTU), conducted on behalf of the Computer Science Division 
at LTU. As part of the European research project COMPEIT, the objective of this thesis 
project was to design and build a working product prototype that can convey a presence 
between remote locations. Studies of related projects have been conducted along with frame-
works for tangible interactions, ambient displays, and strategies on mediating relatedness. 
Moreover, theories of communication, emotions, and Internet emotions have been examined 
together with theories of form, user-experience design, and emotional design. Backcasting 
and experience prototyping have been the overall strategy for the project’s scenario-based 
design process. Furthermore, design workshops for generating ideas have been conducted 
with user tests that examine the possibility of transmitting emotions by using light and color 
animations. The outcome differed depending on the emotional animation, but the result 
showed a potential to channel emotions using light animations. Based on the said research 
and user tests, a model on how to design for conveying a presence has been proposed. This 
model describes how awareness and presence relate to implicit and explicit communication 
along with abstract and concrete information. The final result of this project is a functional 
prototype of “Tangiball,” which consists of two intelligent lamps combined with a web 
application. The lamps are equipped with a microcontroller, a small video camera, a micro-
phone, and two LED units, each consisting of several individually controllable NeoPixels, 
allowing Tangiball to  show light and color animations. The lamps are equipped with Wi-Fi, 
enabling Internet communication. The web application consists of four functions: conveying 
presence by recording video at one location and visualizing it abstractly using light and color 
at another, sending pre made emotional light and color animations to the lamps, creating 
custom light and color animations, and visualizing different Internet  feeds on the lamps. 
Finally, the outcome of the project is discussed, and recommendations for future work are 
given.

KEYWORDS: Tangiball, ubiquitous computing, tangible interaction, experience proto-
typing, conveying presence, industrial design engineering, emotional design, user experience



Sammanfattning
Denna rapport beskriver ett examensarbete i teknisk design vid Luleå Tekniska Universitet 
(LTU), som genomfördes på uppdrag av avdelningen för datavetenskap vid LTU. Projektet 
är en del i det Europeiska forskningsprojektet COMPEIT och målet var att utforma och 
bygga en fungerande prototyp av en produkt som kan förmedla närvaro över geografis-
ka avstånd. Studier av liknande projekt har utförts och riktlinjer för ”tangible interaction”, 
och ”ambient displays” har studerats, tillsammans med strategier för att förmedla närvaro. 
Teorier om kommunikation, känslor och känslor på Internet har granskats tillsammans med 
teorier om form, design för användarupplevelse och emotionell design. Backcasting och ”ex-
perience prototyping” har varit den övergripande strategin för projektets scenariobaserade 
designprocess. Workshops har genomförts för att generera idéer och användartester har gjorts 
för att utforska möjligheten att förmedla känslor med hjälp av ljus-och färg animationer. 
Resultatet varierade beroende på animation och känsla, men studien visade en potential för 
att förmedla känslor med hjälp av ljusanimationer. En modell, baserad på studerade teorier 
och användartester, för hur man designar för att förmedla en närvaro beskrivs. Modellen 
beskriver hur medvetenhet och närvaro avser implicit och explicit kommunikation samt ab-
strakt och konkret information. Det slutliga resultatet av projektet är en fungerande prototyp 
av Tangiball, som består av två intelligenta lampor kombinerat med en webbapplikation. 
Lamporna är utrustade med mikrokontroller, videokamera, mikrofon, och två LED- enheter 
som vardera består av ett flertal individuellt kontrollerbara Neopixels, som gör Tangiball 
kapabel att visa ljus-och färg animationer. Lamporna är utrustade med Wi-Fi vilket möjlig-
gör internetkommunikation. Webbapplikationen består av fyra funktioner; Förmedling av 
närvaro genom att spela in video på en plats och visualisera det abstrakt med hjälp av ljus och 
färg på en annan, skicka förprogrammerade känsloanimationer bestående av ljus och färg till 
lamporna, skapa egna ljus och färg animationer, samt att visualisera olika internetflöden på 
lamporna. Slutligen diskuteras projekts resultat och rekommendationer för vidare arbete ges.

NYCKELORD: Tangiball, ubiquitous computing, tangible interaction, experience proto-
typing, conveying presence, industrial design engineering, emotional design, user experience
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1 Introduction 
Tangible Interaction is a master thesis project for an exam in industrial design engineering 
that has been executed in collaboration with the Division of Computer Science at the Luleå 
University of Technology. The purpose of the project is to develop a product that can medi-
ate social presence over a geographical distance. The project is part of the research project 
COMPEIT, whose purpose is to create interactive, personal, and shared media experience 
on the Internet. The thesis’s scope is 30 credits, and the thesis was conducted for 20 weeks 
between January and June of 2014. This chapter provides an introduction to the report of the 
project, including a description of the project incentives, stakeholders, objects and aims, proj-
ect scope, as well as an outline of the report with a brief description of how to read the report.

1.1 Project incentives
The digital media industry is undergoing a 
profound transformation where the tradi-
tional distribution channels are replaced by 
an Internet-based distribution. This change 
is predicted to lead to a tough competition 
mainly from overseas players. In order to 
meet the fierce competition it is important 
to develop new competitive tools, products 
and systems that can contribute to increased 
user experience. (Nefs et al., 2014)

COMPEIT (Connected Media and Presence 
from the European Institute of Technology) 
is an EU-funded research project whose goal 
is to offer innovative and competitive tools 
for the digital media industry in Europe, by 
adding capacity for an increased sense of pres-
ence. The Department of Computer Science, 
(SRT) at Luleå University is involved in this 
project. One of their tasks in the project is 
to develop techniques to promote the use 
of “tangibles for interaction” which means 
smart, physical tangible objects that can be 
used for interaction over the Internet.

I ( Johan Larsson) was introduced to the com-
puter science professor Peter Parnes, through 
a mentoring program. Peter expressed that 
there was a great need for design expertise 
in the COMPEIT project. We both saw that 
collaboration between Computer Science 

and Industrial Design Engineering could 
be very beneficial and that there was a high 
potential to develop a successful product by 
utilizing the combination of design skills 
and Computer science expertise.

As a result of this discussion, this thesis 
project was initiated. In collaboration with 
Jimmy Nyström and Nicklas Nyström, PhD 
Students active in the COMPEIT project at 
the university, I set out to develop a product 
that could convey a sense of presence over a 
geographical distance, in order to contribute 
to a richer social experience and a sense of 
togetherness.

1.2 Project stakeholders
The end users of the product to be devel-
oped in this project will be everyday people, 
mainly in Europe, with a need for convey-
ing a sense of presence at a distance. In this 
project, the focus has been on the home 
environment; therefore the end-users consist 
of families and single households, and more 
specific early adopters due to the novelty of 
this type of product. 

Even though the main focus has been on 
private settings, many of the needs and com-
munication patterns are believed to be sim-
ilar in both professional settings and within 
healthcare. This suggests that the people in 
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a professional environment and healthcare 
settings can be seen as additional segments of 
the population that can utilize this concept; 
hence they are seen as secondary user groups.

The client for the project is Peter Parnes, pro-
fessor at the Computer Science Department 
at Luleå University. Besides being a profes-
sor, Peter is also an entrepreneur and he has 
expressed an interest in commercializing the 
concept.

Since the project is conducted in conjunction 
with the EU project COMPEIT, they are 
also affected by the work and the results will 
be included in this project. The COMPEIT 
project is targeting Europe’s media industry; 
hence they are also affected by the results of 
this project. 

The Department of  Business Administration, 
Technology and Social Sciences at Luleå 
University of Technology is also a stake-
holder, as this is a thesis for a master degree 
in Industrial Design Engineering.

1.3 Project objectives and aims
The purpose of this project was to develop 
a product, based on current or upcoming 
technology that can convey and communi-
cate a sense of being together when the users 
are at different locations. The product should 
contribute to a richer social experience as 
well as an increased sense of presence. 

The goal has been to make a working proto-
type of a product, in collaboration with the 
Team ( Jimmy Nyström, Nicklas Nyström, 
and Peter Parnes), which could be used to 
demonstrate and sell the concept to external 
players. My role was to design the user expe-
rience and the physical part of the product 
while the team’s role was to assist with pro-
gramming and the digital part of the con-
cept. 

The following research questions have dic-
tated the overall direction and goal of this 
Master Thesis, functioning as a point of 
departure and a guideline throughout the 
project: 
• How do you sense a social presence and have 

a shared experience when being geographically 
separated?

• How can the feeling of social presence be por-
trayed and communicated by the design of a 
product?

• How do you design natural and intuitive 
interaction between people at a distance, by 
utilizing a tangible interaction?

1.4 Project scope
Since this is a thesis in the area of Industrial 
Design Engineering no theories and meth-
ods about programming have been explored, 
even though these are necessary for a suc-
cessful result. The project has been executed 
in the collaboration with computer scientists 
with far more knowledge in this area. Hence 
all programming and theories are left to them 
and therefore lies outside of the scope of this 
thesis. This project had an exploratory char-
acter and the focus has been to look for new 
conceptual solutions, therefore, all questions 
regarding production costs and methods for 
manufacturing are outside the project scope.

This project has been exploring how addi-
tive manufacturing can be used as a tool in 
the early stages of product development and 
prototyping. Also, the client of the project 
expressed a requirement to be able to recreate 
and manufacture prototypes of the product 
without any additional expertise, machines 
or craftsmanship. For these two reasons, 
additive manufacturing has been chosen as 
the production method of the prototype. 
This method and the specific machine used 
(Ultimaker 2) for manufacturing have put 
size and material limits on the design of the 
product. 
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1.5 Thesis outline
In this report, the master thesis project 
“Tangiball - Designing a product for con-
veying presence”, is described in its full 
implementation. The basic report structure 
is chronological, and the best understanding 
of the complete project is given when the 
report is read from start to finish. However, 
it must not be read from cover to cover to be 
understood, the chapters give the reader the 
opportunity to focus on particular interest.

The first chapter introduces the project with 
a background information including, project 
incentives, stakeholders, as well as aims and 
objectives, and the project scope.

The second chapter describes the project’s 
context with a description of ubiquitous 
computing, tangible interaction. Also, related 
works are presented, and the COMPEIT 
project is introduced.

The third chapter presents the theoretical 
framework of the project. It includes an 
introduction to relevant design methods and 
disciplines, as well as theoretical background 
on communication, emotions, and related-
ness. 

The fourth chapter describes the project 
methods and implementation.

In the fifth chapter, the results from the sec-
ondary research and user tests are presented. 

Chapter six presents the results of the con-
cept development, including early concepts 
and prototypes.

Chapter seven presents the final concept 
Tangiball, which consist of a system with 
two physical devices combined with a web 
application.

Chapter eight includes the discussion where 
the result is positioned. The project’s out-
come and process are evaluated, and also 
a recommendation for future work is pro-
vided.

In the ninth and final chapter the research 
questions are answered and the project is 
concluded 
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2 Context
This chapter provides a description of the context in which the project has taken place. 
First a brief historical background is given, describing the factors leading up to the current 
state of ubiquitous computing and tangible interaction. Then follows a short description of 
the technology that the project is based upon including the microcontroller Arduino and 
3D-printing technology. Related projects are presented and finally the need for design in 
ubiquitous computing is described.

2.1 Ubiquitous computing 
This project is within the field of ubiquitous 
computing; hence a brief description of this 
concept is given. The history starts with 
visions, established in the early nineties that 
the computers should exist in our world run-
ning in the background, instead of us living 
in the world of computers.

Kuniavsky (2010) define Ubiquitous com-
puting as: “The practice of embedding infor-
mation processing and network communi-
cation into everyday, human environments 
to continuously provide services, informa-
tion, and communication.” (p.4) In his 1991 
Scientific American article, “The Computer 
for the 21 st Century”, Mark Weiser provides 
a description, using the metaphor of writing 
that is perhaps easier to grasp:

The most profound technologies are those that 
disappear. They weave themselves into the fabric 
of everyday life until they are indistinguishable 
from it. Consider writing, perhaps the first infor-
mation technology. The ability to represent spo-
ken language symbolically for long-term storage 
freed information from the limits of individual 
memory. Today this technology is ubiquitous in 
industrialized countries. Not only do books, 
magazines and newspapers convey written in-
formation, but also so do street signs, billboards, 
shop signs and even graffiti. Candy wrappers are 
covered in writing. The constant background 
presence of these products of “literacy technol-
ogy” does not require active attention, but the 
information to be transmitted is ready for use at a 
glance. It is difficult to imagine modern life oth-
erwise. (Weiser 1991; p3)

Weiser (1991) had a vision that the comput-
ers would exist in the human world without 
barriers to personal interactions, offering 
transparent communication. In 1991, he 
wrote that even the most powerful por-
table computers, with access to the world-
wide web, focuses on a single box, forcing 
all of our attention on the computer screen, 
instead of allowing the computer to fade into 
the background. Even though this was writ-
ten in 1991, it still holds true 23 years later. 

The last twenty years of computer and net-
work technology can be compared to the 
early days of steam power, when at first huge 
steam engines ran textile mills and pumped 
water between canal locks. With time, the 
steam engines got smaller and became more 
efficient, which lead to more extensive use of 
them, powering trains, machines in work-
places, as well as personal carriages. In the 
same way, as computers shrink and become 
cheaper, they are getting integrated into 
more places and contexts than ever before. 
We are at the beginning of a new era where 
computation and data communication are 
embedded in, and spread throughout our 
entire surroundings. (Kuniavsky 2010) 

There are many different names to describe 
what I, throughout this thesis, refer to 
as ubiquitous computing. According to 
Kuniavsky (2010), each name comes from 
different contexts, describing slightly dif-
ferent aspects of what is virtually the same 
thing. These names are: 
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• Ubiquitous computing
• Physical computing
• Pervasive computing
• Ambient intelligence 
• Internet of things 

Weiser (1991) predicted in 1991 that there 
were three main technologies required for 
successful ubiquitous computing: cheap, 
low-power computers, software for ubiq-
uitous applications and a network that ties 
them all together. In 2000, the information 
technology, the networks, and the technical 
understanding among developers, designers, 
and entrepreneurs were all available. In 2005, 
a range of industry factors enabled develop-
ment of products close to what Weiser envi-
sioned in 1991. After almost two decades of 
anticipation, the era of ubiquitous comput-
ing had begun. (Kuniavsky, 2010)

2.2 Tangible Interaction 
In order to utilize the possibilities and free-
dom that ubiquitous computing provides, 
the product being developed in this project is 
based on tangible interaction. This creates a 
freer and more natural interaction and com-
munication, removing the limits that a tra-
ditional computer interface has. Therefore 
follows a description of Tangible Interaction 
and its context.

The Traditional computer interaction con-
sists of a Graphic User Interface (GUI), a 
mouse, and a keyboard. This interaction pales 
in comparison to the rich and multi-sensory 
way that we interact with the physical world. 
(Ishii and Ullmer, 1997)

In 1995, Fitzmaurice and Buxton (1995) pre-
sented a concept of Graspable User Interface, 
called Bricks, with physical artifacts (bricks) 
functioning as input devices that allowed for 
direct control of virtual objects. 

Inspired by Bricks, amongst others, Ishii and 
Ullmer (1997) wanted to show ways to move 
beyond the traditional computer interac-
tion. They believed that the use of graspable 
objects combined with ambient media would 
lead to a richer experience of digital infor-
mation. In order to make computing truly 
invisible and ubiquitous, they introduced a 
new Human Computer Interaction (HCI) 
termed “Tangible User Interfaces”(TUI), 
augmenting the physical world by connect-
ing digital information to everyday physical 
objects. According to Sheridan and Bryan-
Kinns (2008) tangible interaction is moving 
into real-world applications in homes, work-
places, public places and learning environ-
ments. Also the research on tangible inter-
action has increased. According to Nyström, 
Nyström, and Parnes (2014) Tangible user 
interfaces is a field of research that recently 
has gained more widespread adoption.
  
2.3 Maker culture
In recent years, tools that were previously 
only available to commercial or academic 
organizations have become affordable and 
accessible for individuals. This has led to an 
emerging technology-based do-it-yourself 
culture called Maker Culture. Affordable 
3D printers along with online sharing for 
designs have encouraged individuals to 
create their own jewelry, models and cus-
tom-made components. In addition open 
source software, freely available web services 
for communication, low cost single-board 
computers, and sensors have encouraged 
an extensive experimentation with smart 
products that interact with the real world. 
Some examples are clothing with embedded 
sensors, air pollution monitors and simple 
robots. (Sharples et al. 2013) Maker culture 
is relevant for this thesis since it has been one 
of the driving forces for the development of 
the technology of 3D printers and micro-
controllers utilized in this project. 
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Arduino is an open-source, programma-
ble microcontroller (figure 1) for electron-
ics that can be connected to a wide range 
of sensors and actuators, for example lights, 
speakers, and motors. The Arduino can 
sense the environment by receiving input 
from sensors, as well as affect its surround-
ings by controlling actuators such as lights 
and motors. This gives great possibilities to 
create interactive objects and environments. 
The microcontroller can be connected to the 
Internet, which allows for remote control via 
a web browser and interactions with other 
devices. (Arduino, 2014).

2.5 Additive manufacturing
3D printing technology has been used 
throughout this project, both as a means to 
make quick prototypes for evaluation, as well 
as for the production of the final model for 
presentation. Here follows a brief introduc-
tion to the 3D printing technology, includ-
ing a prediction of its future.

In recent years 3D printers have become 
more available and affordable, much thanks 

to the company MakerBot Industries estab-
lished in 2009. They have pushed the idea 
of openness by offering products that do 
not need any technical expertise and their 
printers are selling in the range of $1,500 to 
$3,000, making it affordable for the general 
public to own 3D printers. In addition there 
are websites, including Thingiverse that offer 
source files to download and print out with-
out requiring any design skills.  ( Johnson et 
al., 2013)

Johnson et al. (2013) predicts that we will 
see an increased use of 3D printers over the 
next four to five years, both in arts, design, 
manufacturing and educational purposes. 

2.6 Related work
Here an overview of related works are pre-
sented, describing concepts or products with 
the aim to convey a sense of social presence 
and communicating emotions when geo-
graphically separated. These projects have 
functioned as a source of inspiration pro-
viding valuable insight that has been carried 
into this thesis project.
  
2.6.1 Sifteo Cubes
Sifteo Cubes are an interactive game system 
consisting of cubes that communicate with 
each other wirelessly, inspired by Legos and 
Domino tiles. The cubes have a small screen 
on one side and a tangible interaction. They 
can sense if another cube is positioned next 
to them and the input is based on gestures 
such as; tilt, flip, shake and press. (Sifteo, 
2014)

2.6.2 Sphero
Sphero is a remote-controlled robotic ball 
used mainly for fun and games. It is con-
trolled via a smartphone or a tablet. Sphero 
can be driven in speeds up to seven feet per 
second, glow in different colors and is water-
proof. It can be used to play tabletop and 

Figure 1 Arduino Yun

2.4 Arduino
The technology in the product being devel-
oped is based upon a microcontroller named 
Arduino and here follows a brief explanation 
of this technology.
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multiplayer games as well as functioning as a 
controller for on screen gameplay along with 
a number of other games and learning appli-
cations both for iOS and Android. (Orbotix, 
2014)

2.6.3 Clyde
Clyde is an intelligent, Arduino-compatible, 
desk lamp designed by Fabule as a part of 
a startup accelerator located in Shenzhen. 
Clyde consists of a multi-colored ambient 
light, a bright desk lamp with bendable 
legs, which allow for a variety of options 
for mounting and positioning. Since Clyde 
is Arduino-compatible, it is possible to cus-
tomize the behavior of the lamp. In addition, 
the legs are hollow and can be fitted with 
different sensors that allow for further possi-
bilities for modification. (Fabule, 2014)

2.6.4 LumiTouch
Lumitouch is a system consisting of a pair of 
interactive picture frames that allows for the 
user to send light signals between the frames, 
when geographically separated, using an 
Internet connection. (Chang et al., 2001) 
Chang et al. (2001) aimed to augment the 
symbolic value of a picture frame of a loved 
one by adding a subtle real-time communi-
cation link in the form of light signals.

During user testing Chang et al. (2001) 
observed that many users created their own 
abstracted language with agreed upon mes-
sages and meanings by using different inten-
sities, colors and pulses. Chang et al. (2001) 
argues that there is a potential problem with 
this kind of interaction where one user is 
actively communicating and the other one 
more passively perceives the messages. The 
person transmitting the messages might feel 
anxious and expect the other user to respond.

2.6.5 Cubble
Cubble consists of a mobile app and a home 
device that provides continuous, bidirec-
tional and private channel for couples via 
heat, vibration and light. The user can 
create messages using an app for their smart-
phone or by the home device.  (Kowalski, 
Loehmann and Hausen, 2013)

Kowalski, Loehmann and Hausen (2013) 
describes three approaches for people in 
long distance relationships to feel connected 
despite the geographical distance; dedicated 
objects, common communication channels 
and mobile applications (apps). They created 
Cubble as a hybrid approach in order to com-
bine the advantages of the three approaches 
for couples to keep connected. (Kowalski, 
Loehmann and Hausen, 2013)

Kowalski, Loehmann and Hausen’s (2013) 
studies show that users preferred the use of a 
hybrid approach using both the mobile and 
home device. Furthermore all couples in 
Kowalski, Loehmann and Hausen’s (2013) 
studies color-coded their messages without 
any correlation between the couples. The 
messages ranged from inside jokes to inti-
mate actions. Cubble thermal feature was 
used to enhance video communication with 
additional element of closeness.

2.6.6 Casablanca
The Casablanca project investigated commu-
nication and technology in the home. The 
multidisciplinary team created and evaluated 
prototypes in the home environment as well 
as conduced in-depth field studies over a 
multi year effort. The aim was to investigate 
how computing will affect household com-
munications, as well as looking into what 
new forms of communications the consumer 
will desire in order to find unmet needs. 
(Hindus et al., 2001)
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From the early testing of their prototypes 
Hindus et al. (2001) concluded that:
• Simple brief and expressive interactions 

such as handwritten notes are really 
effective means of communication in the 
home environment.

• Due to the importance of appearance in 
homes, prototypes intended for the home 
environment have higher demands on 
appearance and level of finish than pro-
totypes for the office environment.

• Audio and video are desirable by the 
users.

Hindus et al. (2001) conducted 16 in-depth 
home interviews with subjects in the San 
Francisco area as well as over 35 home visits 
in six different American cities. In addition 
to the home visits’ qualitative interviews and 
observations, quantitative and demographic 
analyses were developed. From these studies 
the following conclusions were drawn:

• Households are displays that the house-
hold members use to imprint their iden-
tities upon.

• Households are sanctuaries, a private 
place where people can get away from 
the pressure of work to rest and play.

• Family life is the household priority, and 
people are concerned primarily with 
other members of the household, sec-
ondary by family members outside the 
home and thirdly they are concerned 
with friends and other relationships.

• Women are the household’s main com-
municators.

• The telephone is not good enough, 
talking in person is preferred.

Hindus et al. (2001) concludes that homes 
are unique as a design domain and empha-
sizes that paying attention to appearance, 
adult women and family life are paramount 
when designing for the home environment. 

Hindus et al (2001) studies show that con-
sumers wanted social communication 
devices with the following attributes:
• Simple to operate, fun to use and low in 

cost. 
• Helping users to monitor the kids and 

keep in touch with loved ones.
• Respect privacy and not adding new 

obligations.
• Offering multiple modes of communica-

tion and enough information.

From the Casablanca project Hindus et al. 
(2001) yields the following design guidelines:

• Express just enough meaning, but not 
too much. The value of perceived sim-
plicity, need for enough information and 
expressiveness need to be respected.

• Social interaction should not be imposed 
on users. Users need to be allowed to 
fulfill their existing social obligations 
without adding new ones. Users already 
feel an obligation to keep in touch and 
therefore added communication can be 
seen as extra responsibilities.

• Homes are a distinct domain with dif-
ferent priorities and concerns from the 
workplace.

2.6.7 Summary of related work
Here follows a summary of the related works 
that have been discussed and how they relate 
to this thesis project.  Before conclusions 
are drawn from the related works studied in 
this thesis, some conclusions are presented 
from the paper “All You Need Is Love” by 
Hassenzahl et al. (2012) in which they have 
performed a study of 92 publications cov-
ering 143 different artifacts. These artifacts 
were designed to create and mediate relat-
edness for people living apart, primarily 
couples in long distance relationships. Even 
though couples in long distance relationships 
are not the primary target users for this thesis 
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project, the study is highly relevant since this 
project focuses on people in close relation-
ships who know each other well. Therefore 
a majority of the communication and the 
motives behind it are believed to be very 
similar. Hassenzahl et al. (2012) argues that 
the focus of most of today’s available tech-
nologies is on the transmission of explicit 
information, neglecting the subtle and emo-
tional communication that is important for 
close relationships. 

According to Hassenzahl et al. (2012) the 
high mobility of people today as well as the 
increasing amount of people living apart 
suggests good market opportunities, how-
ever manufacturers are hesitant. In their 
study, Hassenzahl et al. (2012) only found 
five products and two online services focus-
ing on connecting geographically separated 
individuals in a more subtle way than the 
technologies available today such as; web-
cams, email and smartphones. Hassenzahl et 
al. (2012) implies that this problem has been 
acknowledged by research in Interaction 
Design, Experience Design and Human-
Computer Interaction. They have shown a 
growing interest in developing technologies 
designed to mediate a feeling of relatedness 
and connectedness that goes beyond explicit 
verbal communication.

One can argue that all the related products 
studied in this thesis have a simple design 
with a limited amount of possible interac-
tions. This coincides with the guidelines 
concluded during the Casablanca (Hindus et 
al., 2001) project suggesting that a product 
should have perceived simplicity. My con-
clusion is that these products are single in 
function, yet allow for the user to be cre-
ative and use the products in a variety of 
different ways. By downloading different 
software, Sifteo Cubes, Sphero and Clyde 
allows for different ways to play with or use 

them.  In addition the sensors on Clyde can 
be replaced, giving more possibilities. These 
products are not designed with the purpose 
to convey a presence and communicate with 
each other over geographical distances, but 
they are still interesting to this project since 
they can be seen as ubiquitous computing 
products with a tangible interaction. 

LumiTouch, Cubble and the products devel-
oped during the Casablanca project are more 
directly similar to the product being devel-
oped in this thesis project. Their purpose 
is to convey a sense of presence and com-
municate with loved ones. One conclusion 
that can be made from the LumiTouch and 
Cubble projects are that there seems to be a 
need from the user to be able to create their 
own abstracted language. The need for an 
abstract language is supported by Hindus et 
al. (2001) that suggest that a product should 
express just enough meaning – not too much. 

2.7 The need for design
Even though the vision for ubiquitous com-
puting has been around since the early nine-
ties, the complexity of the technology has 
limited the design of embedded systems to 
electrical engineers and computer scientist at 
the research departments at the universities. 

Throughout the nineties, the challenge of 
just getting the parts to work together has 
been so huge that there has been no consid-
eration of the user experience (Kuniavsky, 
2010). Since there were no previous devices, 
most of the products that were developed 
represented a new class of devices. The lack 
of incremental evolution in the product 
development meant that the user experience 
had to start from scratch for each new proj-
ect. This made the products hard to explain 
to the consumer market and, therefore, this 
technology did not reach its commercial 
potential (Kuniavsky, 2010).     
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Parallel to the research based development, 
industrial designers, toy designers and car 
designers started to incorporate informa-
tion technology in the products they were 
designing. (Kuniavsky, 2010)  
The success of smartphones has moved net-
worked products beyond the laptop com-
puter, and intelligent connected toys have 
shown that interesting behaviors can be 
achieved with little computing power. This 
has made the technology, the manufacturers 
and the consumer ready for ubiquitous com-
puter experience design. (Kuniavsky, 2010)  

The COMPEIT project consists of mainly 
actors from computer science with the excep-
tion of a couple of architects. One might 
argue that this gives a somewhat single fac-
eted view and there is a risk that the concepts 
being developed might focus too much on 
the technology aspects and not enough on 
the users experience. A designer’s perspec-
tive provides a fresh set of eyes putting the 
user needs first, seeing the technology devel-
opment as secondary to the user experience.
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3 Theoretical Framework
This chapter presents and summarizes the research that has been used throughout this proj-
ect. First a description of the master program in Industrial Design Engineering at LTU is 
provided, followed by a discussion on how the competence gained from the program relates 
to this project, and then follows a presentation of the theoretical framework that has been 
used in thesis project.

3.1 Industrial Design Engineering
Industrial Design Engineering at Luleå 
University of Technology (LTU) is a master 
program combining engineering design 
with industrial design. This combination 
provides methods and tools, together with 
knowledge, to handle the entire product 
developing chain, from discovering needs 
through detailed design and prototyping to 
the recycling of the parts and materials. The 
program aims to provide a solid foundation 
for creating innovative human centered 
products that are well designed from a tech-
nical standpoint. The interaction between 
people and technology is characteristic for 
the program, and it has a significant focus on 
economic, social, and ecological sustainable 
design. 

The interaction between people and technol-
ogy is paramount for creating and develop-
ing future products. This master thesis proj-
ect is conducted as part of the COMPEIT 
project that aims to provide solutions for 
the future of media consumption and web 
based communication. In order to design 
successful products, services, and systems, a 
human centered approach with a focus on 
the human machine interaction is important. 
The COMPEIT project, however, is tech-
nology driven, mainly consisting of com-
puter scientists, arguably lacking a human 
centered focus. For this reason, the Industrial 
Design skill set and user-centered perspec-
tive provides a valuable contribution to this 
project. 

This master thesis project incorporates multi-
ple design challenges well suited for the skill 
set, methods and knowledge of an Industrial 
Design Engineer. The project lies at the 
outer border of the Industrial Design field 
requiring the traditional design processes to 
be pushed searching for methods and gain-
ing a deeper knowledge within interaction 
design and user experience design. 

The product being developed consists of 
both a tangible part as well as a digital part, 
requiring several layers of design each with 
its own design challenges. The first layer 
consists of designing a service that should 
satisfy the user’s needs. The second level is 
design of the interaction with the product, 
and the third level is the physical product 
incorporating product understanding, aes-
thetics, ergonomics, as well as the commu-
nicative aspects of the product.

3.2 User Experience Design
According to Buxton (2010), design and 
architecture are in a time of change. The 
reason for this change is that microelectron-
ics and telecommunications are incorporated 
into designs. Also, software applications are 
being embedded into devices that have freed 
themselves from the anchor of the traditional 
stationary PC. The user interface and user 
experience of these devices are, according to 
Buxton (2010), as much a part of the physical 
device and context as the software.

Buxton (2010) argues that even though these 
trends create great opportunities, they also 
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create major challenges as how to develop 
products. According to Buxton (2010), cur-
rent design approaches are not even sufficient 
for today’s software and technology prod-
ucts, and even less so for the design of future 
products.

Kuniavsky (2010) argues that fast evolving 
technology and changes in social patterns 
have made it hard to identify the best design 
practices. It is unclear what skills are needed 
for designing ubiquitous computing prod-
ucts, since they incorporate hardware, soft-
ware and services.  (Kuniavsky, 2010)

According to Kuniavsky (2010) the design 
of smart things (ubiquitous computing prod-
ucts) requires the design of:

• The physical object
• The software interface of the product
• The hardware interface
• How the product interacts with other 

devices over the network

To describe the different levels of ubiqui-
tous computing user experience, Kuniavsky 
(2010) proposes a model (based on Garrett’s 
Elements of User Experience) named sim-
plified planes of user experience (figure 2). 
Each plane of this model describes a different 
layer of the user experience as follows:

Surface – The surface brings all the elements 
together visually: What will the product 
look like?

Skeleton – The skeleton makes the structure 
more concrete: What components enable 
people to use the product or service?

Structure – The structure provides a form to 
the scope: How will the different pieces fit 
together and behave?

Scope – The scope transforms the strategy 
into requirements: What features have to be 
included?

Strategy – The strategy is the point of depar-
ture: What does the user want, what do we 
want to get out of the product or service?

All the different layers of design have to 
work together and have the same design 
language. For this reason, it is important to 
turn the eyes to the user and the design of 
the user experience. Kuniavsky defines user 
experience as:

The user experience is the totality of end users’ per-
ception as they interact with a product or service. 
These perceptions include effectiveness (how good 
is the result?), efficiency (how fast or cheap is it?), 
emotional satisfaction (how good does it feel?), and 
the quality of the relationship with the entity that 
created the product or service (what expectation 
does it create for subsequent interactions?) (p.14, 

2010)  

In addition to the different levels of user 
experience, Kuniavsky (2010) suggests that 

c
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Strategy

Figure 2 Planes of user experience 
based on (Kuniavsky, 2010)
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the design of the ubiquitous computing user 
experience design incorporate a wide range 
of design disciplines, including:

• Identity design
• Interface design
• Industrial design
• Interaction design
• Information design
• Service design
• Information architecture

In this thesis project, all the different levels of 
user experience have been considered, each 
level requiring different design methods. 
The model of simplified planes of user expe-
rience has been used to structure the design 
process and find suitable design methods for 
each level. Also, the different design disci-
plines mentioned have assisted the design 
work, methods from the different design 
disciplines have been paired with the differ-
ent levels in order to create a good overall 
user experience. In addition, the model of 
simplified planes has been combined with 
the A.C.T model (3.10) to get the emotional 
aspect into all the levels of the user experi-
ence. 

Service avatars are a concept describing dif-
ferent devices, functioning as touch-points 
that carry out a service. In order to explain 
the concept of service avatars, Kuniavsky, 
uses money as a metaphor in the following 
example:

What is money? Is it the paper in your pocket? Is 
it a signed check? Is it an entry in a spreadsheet? Is 
it an encrypted packet transmitted by a credit card 
processing terminal to a cascade of electronic de-
vices, leading to the subtraction of a number from 
an entry in a database and the addition of a number 
to an entry in a database elsewhere? The answer of 
course is that money is all of the above. (2010; p99)

Kuniavsky (2010) suggests that, whether 
using an ATM, doing a bank service online, 

or talking to somebody at the bank, it still 
refers to the same money. The concept of 
money is an underlying service and its phys-
ical elements, such as coins, bills, and credit 
cards can be seen as service avatars. 

The idea of service avatars has been utilized 
in this thesis project in order to identify 
the different components carrying out the 
underlying service. The idea of the concept 
being developed is that it would only consist 
of two different avatars; a stationary device 
and a mobile device (a smart phone appli-
cation), and, therefore, the idea of avatars 
might seem excessive. However, as stated by 
Kuniavsky (2010) it is important to have a 
design consistency and a unified user expe-
rience across the different avatars. Also, the 
avatar concept has proven valuable in order 
to decide what functions to allocate to each 
device.
 
According to Kuniavsky (2010) it is hard 
to introduce multiple new and unfamiliar 
elements and that it is difficult enough to 
explain a single major new idea. The concept 
of conveying presence over a geographic dis-
tance is rather abstract and most likely diffi-
cult to present to the end user. It might be 
difficult for the user to see a need for a prod-
uct conveying presence in an ambient way. 
Therefore, the function and product must be 
easy to understand and have a clear function. 

In order to explain a new experience with 
several new concepts, all the individual fea-
tures have to be explained as well as how 
all the features interact. (Kuniavsky 2010) 
Kuniavsky (2010) suggests that, in order not 
to confuse or scare people, the design should 
remove functionality that does not signifi-
cantly differentiate the product from the 
competition. A way of doing this is to iden-
tify core features, and secondary features, 
and choose the most relevant among these.
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Identifying the core features of the product 
in the project has been quite challenging, 
but nevertheless highly important. To be 
able to limit the product to its key features 
has been highly important in order to create 
a successful product. The idea of conveying 
presence is believed to be rather difficult to 
grasp for the end user; therefore, it has been 
important to package it in clear way that is 
easy to understand.

3.3 Experience Prototyping
Today design is often about complex and 
dynamic interactions with converging of 
hardware and software, spaces and services. 
This results in hybrid devices that have an 
integrated, holistic experience set in a bigger 
context. This unknown terrain requires 
new design approaches and specific consid-
erations. For example, it requires a designer 
to think of designing the experience of light 
instead of thinking about it as designing 
the physical lamp itself. In order to meet 
this demand Fulton and Buchenau (2000) 
suggest that the designer need to focus on 
“exploring by doing” and actively experi-
ence the subtle differences between different 
design solutions.

Fulton and Buchenau (2000) describe 
Experience prototyping as “a form of pro-
totyping that enables the design team’s 
members, users and clients to gain first-
hand appreciation of existing or future con-
ditions through active engagement with 
prototypes”. Prototypes are a representa-
tion; sketches and models at various levels, 
of a design made before the final artifact 
or product exists, created to inform the 
design process and support design decisions.  
Experience depends on perception of mul-
tiple sensory qualities and is a highly sub-
jective, dynamic and complex phenomenon. 
Even the experience of simple artifacts exists 
in a dynamic relationship with other objects, 

places and people. Also, people’s experiences 
change over time when influenced by a vari-
ation of circumstantial factors. (Fulton and 
Buchenau, 2000)

Fulton and Buchenau (2000) have iden-
tified three different kinds of activities in 
the design and development process where 
experience prototyping is valuable:

• Understanding existing user experience 
and context

• Exploring and evaluating design ideas
• Communicating ideas to an audience

3.3.1 Understanding existing user experiences
At this stage in the design process, experi-
ence prototyping is applied to show context 
as well as to identify problems and design 
opportunities. The aim is to achieve an 
accurate simulation of an existing experi-
ence, which cannot be experienced directly.

According to Fulton and Buchenau (2000) 
the important questions to ask in this stage 
are: what are the physical, sensory, social, 
cognitive and contextual factors we must 
consider in the design process? What is the 
essence of the existing user experience? 
What are essential factors that our design 
should preserve?

3.3.2 Exploring and Evaluating Design Ideas
According to Fulton and Buchenau (2000), 
the main reason for experience prototyping 
to assess and explore design ideas is to help 
the design team to make more informed 
decisions and get a better direction in the 
development of the tangible components 
that creates the user experience. Experience 
prototyping is also useful in searching for 
new possibilities for solutions. (Fulton and 
Buchenau, 2000) Fulton and Buchenau 
(2000) suggest that at this stage of the process 
the specific artifacts, elements and functions 
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making up the user experience are already 
determined. With experience prototypes of 
these objects and their interactive behavior, 
the designer can evaluate a range of ideas 
and, through iterations refine the user expe-
rience. 

3.3.3 Communicating Ideas
Fulton and Buchenau (2000) suggest that 
experience prototyping let the user or client 
get an understanding of the subjective value 
of a design idea by directly experiencing it. 
Usually the objective behind this is to per-
suade users, clients or colleagues that, for 
example, the wrong design direction has 
been chosen or that an idea is compelling.

3.4 Design
The design work in this thesis project is 
based mainly on the experience and knowl-
edge gained during my five years of studying 
industrial design engineering. The scope of 
the underlying design theories and principles 

learned during these five years is too exten-
sive to incorporate in this thesis. For this 
reason only a selection of the most relevant 
theories and principles are provided in this 
chapter.

3.4.1 Formgiving
Derived from the Swedish word form-
givning, Akner-Koler defines formgiving 
as, “the conceptual and perceptual process of 
developing the product gestalt into a phys-
ical form, as an integrated aesthetic process 
within the industrial design process” (2007, 
p2) 

Akner-Koler (2007) presents an aesthetic 
taxonomy of form in five levels (figure 3) 
that defines the fundamental three-dimen-
sional aesthetic concepts of form divided 
into properties, movements, relationships, 
organizations, and intentions. The first level, 
elements and their properties, of the aes-
thetic classification is fairly straightforward 

Figure 3 Five levels aesthetic taxonomy of form in space, adopted from (Akner-Koler 2007)

I II III IV V

I. Elements and their properties
Four basic elements
Dimensions of elements
Proportions
3-D primary geometric volumes

II. Movements and forces
Indirect perception
Axis
Energy
Curves

III. Relationships
Order: dominant, subdominant, subordinate
Axial relationships and forces in relationship
Evolution of Form

IV. Organization
3-D spatial matrix
Organizational framework
Balance
Orientation

V: Intention
Individual sensitivity
Expression/impression
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consisting of the basic form elements of line, 
plane, volume and space, and the primary 
geometric volumes and their proportion. 
Therefor this level is not discussed any fur-
ther in this thesis. 

3.4.2 Movements and Forces
The second level, movements and forces, is 
more interesting to this thesis. According 
to Hannah (2002), the axis is the imagined 
line passing through the longest dimension 
of the form. The axis is the strongest move-
ment within the form and positions the form 
in space. Hannah (2002) suggests that there 
should be a tension between the axes in 
order to create an increased awareness and a 
vibrating relationship between the volumes. 

3.4.3 Visual Relationships
The dominant, subdominant, subordinate 
relationship (figure 4) has been important 
in the design process of this thesis project. 
According to Hannah (2002), it is highly 
significant to vary the proportion in design 
in order to create a form that is interesting. 
In her class called The Structure for Visual 
Relationships, Rowena Reed Kostellow 
described form and volume by dividing a 
form into different sub elements and their 

Figure 4 Visual hierarchy

relationship (Hannah, 2002). The relation-
ships between these different elements form 
a hierarchy consisting of a dominant, a sub-
dominant and a subordinate element. 

The dominant volume is the largest element, 
and it should be the most interesting and 
most dramatic of the volumes in the form, 
and also it should be in the most dominant 
position (Hannah, 2002). The subdominant 
volume should complement the dominant 
volume and create an interesting relation-
ship to it. The subordinate volume should 
contribute to the three-dimensionality and 
should complement the other two volumes. 
The subordinate volume should tie the other 
two volumes together and complete the unit 
(Hannah, 2002).

The relationship between the dominant, 
subdominant and subordinate is a way to 
assess and get an understanding of abstract 
form. However, it is significant to consider 
the relationship and proportions between 
the different elements making up a design. 
Because the product being developed is not 
derived from any current product, it has been 
challenging to create a suitable and pleasing 
form. It has been difficult to identify different 

Subordinate

Dominant

Subdominant
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form elements that require ergonomic and 
functional considerations. For this reason the 
relationship between axis and abstract vol-
umes has been significant in the formgiving 
work. All aspects of the aesthetic taxonomy 
of form is significant to designing a pleasing 
product, and it has been used as a model to 
structure and support the design work of the 
physical part of the concept. For this thesis 
the most important levels have been the 
relationships and axis, therefore there is no 
further discussion of the other levels of the 
taxonomy.

3.4.4 The Gestalt Principles
According to Akner-Koler (2007) the con-
cept of Gestalt is fundamental for the form-
giving process and the understanding of 
aesthetics in design. The concept of Gestalt 
originates from the German language and 
refers to how the human mind understands 
objects as a whole through the interdepen-
dency of the individual parts, implying that 
the whole is more than just the sum of the 
parts. (Akner-Koler, 2007) 

According to Warell (2001) the perception 
of gestalts is pushed by the human mind’s 
effort to create order and simplicity in what 
we see. A number of widely accepted gestalt 
principles exists and here follows a brief 
description of these principles as described 
by Warell (2001):

The ability to distinguish groupings and pat-
terns in visual compositions is based on three 
factors:

• The proximity factor – The gestalt is 
clearer the closer objects are located to 
each other.

• The similarity factor – Gestalts are created 
by objects that has the same properties.

• The rule of good continuation – Our ability 
to group objects into a curve or contour.

The other gestalt principles, as described by 
Warell (2001) are:

• The symmetry factor – We detect symme-
try in objects, even when they are sym-
metrically distorted.

• The geometric rule - Allows us to find geo-
metric forms easier than irregular forms.

• The rule of relative size - The greater the 
difference is, in relative size, between 
two objects the more likely they are to 
be seen as two separate figures.

• The rule of surroundedness - A figure is 
easier to perceive if it is surrounded by 
another figure.

• The rule of orientation – Figures that are 
easier to perceive if they are oriented 
away from the vertical or horizontal 
plane.

• The rule of figure and ground – This rule 
describes our tendency to see one part 
of an image as a figure or object and the 
remainder of the image to be the back-
ground. This rule is based on the four 
previously mentioned gestalt principles.

• The inclusion factor -  Lines are more easily 
seen as a whole if they enclose an area.

• The factor of common movement – Elements 
that appear to be moving in a similar 
manner are perceived as a gestalt

• The experience factor – Gestalts are per-
ceived based on past experience of simi-
lar gestalts and previous learning.

Akner-Koler (2007) suggests that the gestalt 
principles mainly apply to 2-D pattern rec-
ognition and that physical 3-D perception 
incorporates a much more complex and 
embodied experience than 2-D pattern rec-
ognition. However, Akner-Koler (2007) 
indicates that the idea of gestalt is also appli-
cable to three-dimensional aesthetic rea-
soning. The gestalt principles have been an 
underlying support throughout the design 
process. Even though they have mainly been 
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applied in the two-dimensional design of the 
graphical interface they have also aided the 
design of the physical device.

3.4.5 Anthropomorphic Form
Lidwell, Holden, and Butler (2010) suggest 
that humans are inclined to identify certain 
forms and patterns as human-like, especially 
forms and proportions similar to face and 
body proportions. According to Lidwell, 
Holden, and Butler (2010), this phenomenon 
can effectively be used in design to create 
a positive emotional tone for interactions. 
Lidwell, Holden, and Butler (2010) suggest 
that abstract anthropomorphic forms are 
more aesthetically pleasing than realistic 
depictions, which often decreases the appeal. 
Feminine body proportions are associated to 
sexuality and vitality, round anthropomor-
phic forms give baby-like associations, and 
angular forms are perceived as masculine 
and aggressive. Anthropomorphic forms and 
their associations are relevant to this thesis 
project since the product being developed 
aims to convey a human presence and there-
fore should also elicit human associations.

3.4.6 Mapping
Lidwell, Holden, and Butler (2010) describes 
mapping as the relationship between con-
trols and their effects, where good mapping 
is when the effect corresponds to the expec-
tation. According to Lidwell, Holden, and 
Butler (2010), good mapping is a function 
of similarity of layout, similarity of behav-
ior and similarity of meaning, making the 
effect of the control predictable, and there-
fore also easy to use. For example: similarity 
of layout is when the layout of the controls 
on a stovetop corresponds to the position-
ing of the burners, similarity in behavior is 
when turning the steering wheel right turns 
the car right, similarity of meaning is when 
an emergency shut-off button is colored red, 
since most people associate red with stop. 

Lidwell, Holden, and Butler (2010) suggest 
designing controls so that their behavior and 
location corresponds to the behavior and 
layout of the device being controlled, and 
also, simple relationships between the con-
trols and the effect works best.  In order to 
create a product that is intuitive and easy to 
use, mapping has been utilized in the design 
and especially in the relationship between 
the controls on the web application and the 
physical device.

3.5 Color
The product being developed in this project 
utilizes colors as a form of communication; 
therefore theories of colors and how they 
are perceived are significant for this thesis.  
According to Holtzschue (2011) colors can 
function as a visual expression of emotion or 
mood and have the capability to alter behav-
ior, and influence moods. Holtzschue (2011) 
suggests that colors can be chosen to have a 
stimulating or calming effect. High intensity 
colors and strong contrasts convey drama and 
action, and soft colors with a gentle contrast 
communicate tranquility. However, accord-
ing to Lidwell, Holden, and Butler (2010)
there is no evidence supporting that colors 
have a general effect on mood and that there 
is no universal symbolism for colors since 
different cultures attach different mean-
ings to colors. Lidwell, Holden, and Butler 
(2010) suggest that the meaning of colors 
and color combinations should be verified 
with the intended target group before used 
in a design. In order to make designs more 
interesting visually and aesthetically pleasing 
Lidwell, Holden, and Butler (2010) suggest 
the following guidelines regarding the use of 
colors in design:

• Use color conservatively – The color palette 
should be limited to about five colors, 
since this is approximately what the eye 
is able to process at one glance.
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• Color combinations – By using adjacent 
color, complementary colors, or combi-
nations found in nature, aesthetic color 
combinations can be achieved.

• Saturation – Saturated colors should be 
used when the aim is to attract attention, 
and desaturated colors should be used  
when the objective is performance and 
efficiency. In general desaturated bright 
colors are seen as friendly and profes-
sional, while desaturated and dark colors 
are seen as professional and serious. 
Saturated colors are experienced as more 
dynamic and exciting.

The color theories have been used when 
designing the graphical interface of the web 
application and the design of the physical 
device, as well as when designing the light 
and color messages incorporated in the final 
concept. Symbolism and meaning of colors 
have influenced the design of the light and 
color messages, however, since the meanings 
of colors are quite speculative and personal 
these theories are not discussed in this thesis. 

3.6 Human Interface Guidelines
The product being developed in this thesis 
project includes a web application that func-
tions as the product’s main control. The 
design of the application’s interface is mainly 
based on knowledge and experience gained 
during my five years of studying indus-
trial design engineering, and three years of 
media technology studies in upper secondary 
school. In addition to this knowledge and 
experience, the design of the web applica-
tion has been supported by the theories  of 
form and colors presented in chapter 3.4 and 
3.5 as well as Apple’s iOS Human Interface 
Guidelines that are presented in this chapter. 

Apple (2014) suggests that the aim of the user 
interface should be to help the user under-
stand and interact with the content without 

competing with it. The interface should 
provide clarity and ensure that the content 
is paramount by having legible text, precise 
icons and subtle and suitable adornments. 
Apple (2014) recommends that the most 
important content and functionality should 
be clear and easy to interact with. Some ways 
of doing this are:

• Give each of the interactive element suf-
ficient spacing.

• Place the main items in the upper half of 
the screen.

• Use visual weight to indicate the rela-
tive importance of onscreen elements; 
large items appear more important than 
smaller ones.

• Use plenty of negative space to make 
important content more understandable 
and noticeable. 

• Keep the interface consistent by making 
elements that have similar functions look 
similar.

• Let color simplify the interface, by using 
a key color as a strong visual indicator 
and avoid letting color distract the users.

• Use a single font throughout the app.

Apple (2014) also recommends that the 
interface should be consistent both with iOS 
standards and with itself, paying attention to 
the standards that people already know and 
are comfortable with.

According to Apple (2014) every app needs a 
beautiful icon since it is common for people 
to base their first opinions of the application 
on the look of the app icon. Apple (2014) 
suggests to keep the following things in 
mind when designing an app icon:

• The app icon is an important aspect of 
the brand image and is an opportunity 
to build an emotional connection with 
the users.
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• The icon should look good independent 
of size and background.

• Use imagery that people will recognize.
• Embrace simplicity.
• Find a single element that captures the 

essence of the app and express it in a 
simple, unique shape.

• The icon should be an abstract interpre-
tation of the main idea of the application.

Apple’s iOS Human Interface Guidelines 
presented in this chapter are in line with the 
theories of form presented in chapter 3.4 as 
well as the design framework being taught at 
the department of industrial design at Luleå 
University of Technology. The guidelines 
advocate a simple and purposeful design as 
well as following standards and paradigms 
that the users already understand in order to 
create a good user experience.

3.7 Communication
The main function of the product being 
developed is communication, although in a 
more ambient and implicit way. In order to 
develop a successful product, it is, therefore, 
important to understand the basis of com-
munication. 

Berlo (1961) defines communication as a 
process where two or more people send mes-
sages to each other, showing how they affect 
each other, perceive themselves and the sit-
uation, and also what content they put into 
their messages.

According to Nilsson and Waldemarson 
(2007), communication is not copying or 
imprinting of ideas. People do not send 
thoughts or ideas to other people, but rather 
signs or messages that consist of symbols 
of these ideas. Nilsson and Waldemarson 
(2007) argue that the most important aspect 
of communication is that the sender and 
the receiver give the same meaning to the 

message. The receiver is not passive; rather 
he or she can pick and chose between the 
messages and actively construct their own 
meaning into what they see, hear and expe-
rience.

Nilsson and Waldemarson (2007) explain 
the reasons and needs behind communica-
tion putting them into four categories:

• Physiological needs (reproduction, food, 
shelter)

• Psychological needs (identity, confirma-
tion, security)

• Relationship needs (belonging, close-
ness, status)

• Societal needs (power, adaptation, 
knowledge exchange)

From these four categories of communica-
tion the two that are relevant for this thesis 
project are psychological needs and relation-
ship needs, especially the relationship needs 
with the need of belonging and closeness. 

Nilsson and Waldemarson (2007) define 
the four categories of communication as the 
functions of communication. The functions 
of interaction are what is done with the com-
munication and what consequences this leads 
up to. The purpose and need of the interac-
tion are what is wished to achieve with the 
communication (Nilsson and Waldemarson, 
2007). 

Communication consists of information, 
impact, thought, emotion and confirmation; 
people show how they experience and react 
upon the person with whom they are commu-
nicating (Nilsson and Waldemarson, 2007). 
According to Nilsson and Waldemarson 
(2007) Communication is a tool for contact, 
transmission of ideas, influence and develop-
ment. The effect from this tool depends on 
how it is used.
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3.8 Emotions
Our emotions guide every decision we 
make as well as direct our focus and percep-
tion. Presence is very much connected to 
our perception, thus also to our emotions. 
For this reason, it is important to have an 
understanding of our emotions and explore 
a model that structures this understanding. 
Russel (1980) describes a model that presents 
the  interrelationships of emotions in a spatial 
model consisting of a circle (figure 5). Most 
psychologists describe affect as a number of 
dimensions that are placed in the circle in 
the following way: pleasure (0°), excitement 
(45°), arousal (90°), distress (135°), displea-
sure (180°), depression (225°), sleepiness 
(270°) and relaxation (315°). This model 
provides a structure and representation for 
affective experience. (Russel,1980)

Emotion is a term often referring to differ-
ent responses and what is usually referred to 
as emotion or emotions are, in fact, a range 
of different mental and physical states. All 
of these states influence our attention, our 
behavior, how we express ourselves, and 
how we make decisions. (Van Gorp and 
Adams, 2012)

According to Van Gorp and Adams (2012), 
the experience of emotions can be described 
by the combination of the two dimensions 
value and arousal (figure 6). Van Gorp and 
Adams (2012) suggest that value is based on 
pain and pleasure and is comprised of  con-
scious or unconscious judgments of good 
and bad. Arousal, on the other hand, is the 
physiological dimension of emotions. It 
determines how intensely the experience of 
feeling pain or pleasure is. A high level of 
mental and physical stimulation enhances 
the value of an experience. Van Gorp and 
Adams (2012) describes the relationship 
between emotions by combining the two 
dimensions of arousal and value (figure 7).

Figure 6 Affect states: Value/Arousal
Adapted from (Van Gorp and Adams, 2012)
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Figure 5 Affect concepts in circular order, inspired by Russel 
(1980)

Figure 7 Affect states: Value/Arousal
Adapted from (Van Gorp and Adams, 2012)
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The two models for structuring emotions 
combined have functioned as a good model 
for understanding the concept of emotion. 
This understanding is relevant since emo-
tions are an important aspect of  commu-
nication, hence also for conveying presence. 
Also, the two models for emotions were used 
as a base for creating and evaluating emo-
tional messages for the product being devel-
oped.

3.9 Emotions on  the Internet
In today’s brief text-based communication, it 
is difficult to convey subtle underlying emo-
tional tone in the same way as face-to-face 
communication. In a longer more descrip-
tive text, such as a letter or a novel, the writer 
can depict a particular underlying mood or 
emotional meaning by writing an elaborate 
description so the receiver can understand 
the subtle meanings by the context. For this 
reason emotion icons (emoticons) are now 
frequently used to give an emotional context 
to the short text based communications of 
today. 

A study by Derks, Bos and Grumbkow 
(2007), shows that by the use of emoticons the 
expression of emotions in computer medi-
ated communication is similar to the expres-
sion of emotions in face-to-face communi-
cation. The study also shows that emoticons 
are used more in a socio-emotional context 
than in task-oriented contexts. Derks, Bos 
and Grumbkow (2007) indicates that this 
might be related to the social norm in soci-
ety, where it is more appropriate to commu-
nicate emotions with friends and family than 
in work situations. The study by Lo (2008) 
on nonverbal communication of emoticons 
also shows that emoticons perform nonver-
bal communication functions. They allow 
the communication receivers to understand 
the level and direction of emotion, attitude, 
and attention expression. (Lo, 2008)

Emotions on Internet and emoticons are 
relevant for this thesis project since emo-
tions are believed to be an important factor 
to convey a sense of presence and to have a 
shared experience. Therefore, it is interest-
ing to investigate the parallels between the 
use of emoticons and face to face commu-
nication. 

3.10 Design for emotions
Humans are social creatures, naturally 
equipped to interact with others. This 
interaction is highly dependent on the abil-
ity to understand another person’s mood. 
Throughout millions of years, the ability to 
read others has become a part of human her-
itage. As a result of this inherent ability to 
read others, humans readily recognize other 
people’s emotional states, as well as the emo-
tional state of anything that is at all life-like. 
(Norman, 2007) 

Humans identify emotions in products and 
assign personality to them based on aesthetic 
properties like, color, visual form, voice, 
gender and language. Once people per-
ceive that an emotion has been expressed, 
the response to the display of emotion is 
automatic and natural. It does not matter 
whether the emotion has been perceived 
from a person or a product (Fogg, 2002).

The phenomena that humans perceive and 
react to emotions from people and products 
in a similar way is supported from both Fogg 
(2002), and Norman (2007). In addition Van 
Gorp and Adams (2012), suggest that people 
respond to products quite similar to how 
they respond to other people. Even a simple 
interface of a screen with text, prompts sim-
ilar response as another person would elicit. 

Van Gorp and Adams (2012) introduced 
the A.C.T (Attract, Converse, and Transact) 
(figure 8) model. This model is a framework 
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describing how to design useful, usable, and 
desirable experiences that create a relation-
ship to the product. According to Van Gorp 
and Adams (2012), this model provides a way 
of thinking about the design of a product 
that mimics human relationships.

The A.C.T model is an aid to understand 
both the user’s requirements and the way that 
the product interacts with the user to meet 
those needs. Van Gorp and Adams (2012) 
suggest first to get to know the user and then 
define the specific goals of the product being 
designed, and the personality that best ful-
fills those goals. Finally the product should 
be designed with this personality in mind in 
the following three aspects:

Attract – The aesthetics of the product

Converse – How the product behaves and 
interacts, and whether the product meets the 
user’s standards.

Transact – The attribution of the personality 
communicated through the qualities of the 
aesthetics and interaction.

Since one of the goals for the product being 
designed is, to convey a human presence, it 
is necessary to consider the emotional aspect 
of the product. Both because emotions are 
an important aspect of human communi-
cation and because the product should be 
designed in a way so that it conveys a human 
presence. The A.C.T model has been used 
in combination with the simplified planes of 
user experience in order to create a unified 
user experience that carries and communi-
cates the same product personality through 
all layers of the product.

3.11 Framework for relatedness
In their study, Hassenzahl et al. (2012) have 
identified six strategies to create and mediate 
the feeling of relatedness, these are: 

• Awareness
• Expressivity
• Physicalness
• Gift giving
• Joint action 
• Memories

Even though the main focus of the work 
of Hassenzahl et al. (2012) was on couples 
in long distant relationships, it is significant 
for this thesis project. Their study of a large 
number of related products and artifacts are a 
valuable source of input to this thesis project. 

The categorization of strategies provides a 
good framework and model for designing 
the product. The categories that are most 
relevant for this thesis project are awareness, 
expressivity and joint action. 

The category of physicalness is worth men-
tioning since it is important in close rela-
tionships; however this is not the main focus 
of this thesis project. Physicalness is mainly 
limited to couples and immediate family, 
therefore; it has not been a focus in this thesis. 

Attract
Aesthetics

Desirable

Ideal Product
Relationship

Desirable
Usable
Useful

Transact
Function

Useful

Converse
Interaction

Usable

Figure 8 A.C.T Model, adapted from Van Gorp and Adams 
(2012)
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In addition, there have already been several 
attempts, with a varied success, to create 
devices for physical communication, making 
it less interesting for this thesis.

To have shared memories is important in 
order to feel a relatedness and connection. 
However, I believe it is too great of a chal-
lenge trying to create a device that can 
portray this. Therefore, this category is not 
investigated in this thesis project. 

The action of gift giving is interesting, and 
it would be interesting to investigate the 
possibilities to give digital gifts, but this 
has not been a focus of this thesis. For this 
reason, there is no deeper explanation of this 
strategy in this master thesis. Here follows 
a description of the three strategies that are 
relevant for this thesis.

3.11.1 Awareness
Awareness is the “state of knowing about the 
environment in which you exist; about your 
surroundings, and the presence of others”. 
(Wisneski et al. 1998, p24) Hassenzahl et 
al. (2012) explain the awareness strategy as 
creating a sense of cognitive awareness by 
sharing information about current moods 
and activities, often in an implicit and ambi-
ent way. Hassenzahl et al. (2012) suggest 
that many concepts focusing on awareness 
addresses implicit communication. They 
provide the following example to explain 
this concept in real life:

Imagine that you are sitting at your desk in the 
living room, while your spouse is playing with the 
children in the backyard. You oversee the back 
yard. You hear your loved ones laughing and gig-
gling. This can create a feeling of relatedness, with-
out direct communication and without the need to 
interrupt your current activity. (p4. 2012)

Hassenzahl et al. (2012) further differentiate 
between three sub strategies of awareness:

Presence – This strategy consists of artifacts 
(often tied to one particular person) that 
convey a sense of presence without pro-
viding an active communication. This can 
be described as a tangible extension to the 
availability status feature common in online 
instant messaging service.

Activity – The activity sub strategy aims to 
give a shared knowledge, about daily activ-
ities without explicitly asking for this infor-
mation. Sharing information about mundane 
activities and routines provides the comfort 
of knowing that the other person is well.

Mood – The sub strategy of mood attempts to 
give information about the emotional state 
of the other person.

Hassenzahl et al. (2012) suggest the follow-
ing key requirements when designing for 
awareness:
• Reciprocal self-disclosure
• Ambiguity
• Counteraction against idealization

I agree with the key design requirements. 
A lot of our communication in real life is 
ambiguous and can be interpreted in differ-
ent ways. I think this aspect of communica-
tion is important even when communication 
is over a distance. In order to create a suc-
cessful product for communication aware-
ness, I believe that it is vital to be able to 
convey the subtle signals that all too often 
are lost when using the current communica-
tion tools. The strategies for communicating 
awareness are of high relevance to this thesis 
project, since the main aim of the project is 
to develop a product that can portray pres-
ence. However, I think it is important to dif-
ferentiate between awareness and presence. 
Being aware of another person is neverthe-
less a prerequisite for feeling that person’s 
presence. 
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3.11.2 Expressivity
Hassenzahl et al. (2012) describes expressiv-
ity as the communication of affection and 
emotion, and argues that this is essential to 
close relationships.  According to Hassenzahl 
et al. (2012), this strategy encompasses spon-
taneous, playful, and stimulating acts of 
communication. The artifacts utilizing this 
strategy allow partners to express their emo-
tions and feelings in many different ways, 
including developing their own language.  
Hassenzahl et al. (2012) divides the strategy 
of expressivitiy into two substrategies:

• On-off – This encompasses artifacts that 
send simple on-off signals to express 
affection. An example is an object with a 
light that starts glowing when the person 
at the other end is pressing a button 

• Symbols – This strategy is about partners 
being able to make their own messages 
and symbols in order to create their own 
emotional language.

Hassenzahl et al. (2012). propose the follow-
ing key requirements when designing for 
expressivity:

• Enriched expression of emotions
• Reciprocity
• Integration in daily routines
• Open to interpretation
• Phatic communication

According to Hassenzahl et al. (2012) reci-
procity is an important aspect of expressivity. 
Hassenzahl et al. (2012) suggests that people 
expect others to respond to their messages 
in a similar way as their own input. I agree 
with this and believe that it is important to 
know if the other person received the mes-
sage, when they received it. It might be really 
frustrating to send a message without getting 
a response, or at least some sort of feedback 
showing that the other person has seen it.

3.11.3 Joint action 
According to Hassenzahl et al. (2012), the 
artifacts in utilizing this strategy are allowed 
to carry out an action together that normally 
requires being at the same place. Hassenzahl 
et al. (2012) differ between two different sub 
strategies: 

New routines – This strategy creates new rou-
tines that the partners can carry out together 
when distant

Established routines- This strategy lets partners 
carry out their already established routines, 
when being geographically separated.

To feel connected I think it is important to 
do things together and knowing that the 
other person is doing the same action at the 
same time can give a sense of togetherness. 

3.12 Tangible interaction framework 
Hornecker and Buur (2006) believe that we 
have a very limited understanding of the 
human interaction with the digitally aug-
mented physical environment.

There are three main viewpoints on tan-
gible interfaces. One data-centered view, 
derived from HCI and Computer Science; 
an expressive-movement-centered view 
pursued in Industrial Design and Product 
Design; and a space-centered view from 
Arts and Architecture (Hornecker and Buur, 
2006). 

In order to better understand the user expe-
rience of tangible interaction, Hornecker 
and Buur (2006) presented a framework 
structured around four themes (figure 9): 

Tangible Manipulation - the material represen-
tation that is physically manipulated in tan-
gible interaction.
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Spatial Interaction – the fact that tangible 
interaction occurs by movement in space 
since the tangible interaction is embedded in 
real space.

Embodied Facilitation – how the group behav-
ior is affected by the configuration of mate-
rial objects and space.

Expressive Representation - The expressiveness 
and legibility of the material and the digital 
representation employed by tangible interac-
tion.

This framework is relevant for this thesis 
project because the product being developed 
utilizes a tangible interaction. The frame-
work, with its four different categories, has 
aided the design process by providing a way 
of structuring the concept of tangible inter-
action.

3.13 Evaluation of Ambient Displays
Kuniavsky (2010) suggests two guidelines to 
decide how much to augment when design-
ing a user experience. These guidelines are:

• Balance added functionality with lost 
control

• Maintain the core qualities of the expe-
rience

The suggestion on augmentation and guide-
lines presented by Kuniavsky, mainly focuses 
on augmenting current products. Even 
though the product being developed cannot 
be seen as a current product that is aug-
mented with smart features, these guidelines 
should be taken into consideration. 

The guidelines for augmentation of dec-
orative purposes is more relevant for this 
project than the augmentation of function. 

Tangible Interaction
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Figure 9 Framework for tangible interaction, inspired by Hornecker and Buur (2006) 
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Even though the main function of the 
product being designed is communication 
and not decoration. Kuniavsky (2010) sug-
gests that an augmentation for decorative 
purposes could be as important to the user 
experience as a functional augmentation.  
Aesthetic expressiveness is a key property of 
information processing and many mundane 
objects get more exciting by light and sound 
behavior. In order for decorations to take full 
advantage of augmentation, it should display 
decorative behavior that changes in response 
to an input or data received from a network. 
A growing form of ubiquitous decorations 
is ambient displays. (Kuniavsky, 2010)The 
guidelines for augmentation for decoration 
purposes and especially ambient displays, is 
relevant for this thesis because the product 
being designed could be seen as an ambient 
display that displays another person’s pres-
ence.

Mankoff et al. (2003) presents a technique 
for evaluating ambient displays in regard to 
usability and effectiveness. Through their 
study they have defined a set of heuristics as 
follows:

Sufficient information design – The display must 
convey the “just enough” information. If 
too much information is shown, the display 
becomes cramped, and not enough informa-
tion makes the display less useful.

Consistent and intuitive mapping – The cogni-
tive load added by ambient displays should 
be as little as possible, and the display should 
be intuitive.

Match between system and real world – The 
display should utilize natural language that 
is familiar to the user. The display should 
follow the conventions of the real world, dis-
playing information in a natural and logical 
order.

Visibility of state - The states of the system 
should be noticeable on the display. It should 
be easy to notice the transition from one 
state to another. 

Aesthetic and pleasing design - The display 
should fit its intended setting in a beautiful 
way. 

Useful and relevant information – The infor-
mation on the display should be useful and 
relevant to the users, and  its context.

Visibility of system status - The system should 
always give appropriate feedback and keep 
the users informed about what is going on.

User control and freedom – The system should 
be forgiving to use and have a clear way back 
from unwanted states without adding an 
extended dialogue. The system should have 
undo and redo features.

Easy transition - It should be easy to move 
into more detailed information if the display 
offers multiple levels of information.

“Peripherally” of display - The display should 
be unobtrusive to the user, unless it requires 
the user’s attention. It should be easy to 
monitor the display.

Even though these guidelines are aimed at 
display in a more traditional sense, they are 
still useful for the product being developed. 
The guidelines have functioned as a sup-
port in the design process providing input 
into the design requirements of the product. 
Also, these guidelines have been one of the 
inputs into the model to convey a presence 
presented in chapter 5.1.
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4.1 Process
Even though the field of ubiquitous com-
puting user experience has been around for 
twenty years, it still lacks a general agreed-
upon process. There are very few standard 
components and no clear definitions on 
where the boundaries of ubiquitous com-
puting lie, not even what to call it is agreed 
upon. (Kuniavsky, 2010)

Since this thesis project has been conducted 
in such an ambiguous field that is still very 
young and lacking an established framework, 
it has been a great challenge to find a suitable 
design process. In addition the project itself 
has been of an exploratory nature, making 
it even more difficult to follow any form of 
well-defined linear process. 

Initially I made an attempt to structure the 
project according to a linear model, start-
ing with user studies, followed by ideation, 
conceptualization, detail development and 

4 Method and Implementation
This chapter describes the method and implementation of the project. First the overall pro-
cess of the project is presented, followed by project planning. Then follows a description of 
the methods used during each phase of the implementation of this thesis project. Finally the 
reliability and validity of the methods are discussed

finally production. To cope with the ambig-
uous nature of the project my tactics were 
to use modern design methods developed for 
dealing with uncertainty. Even though I had 
chosen appropriate design methods to use, I 
struggled to make progress and realized that 
I had to change my game plan. I realized that 
the problem was not in my tactics and meth-
ods, but rather the problem was my over-
all strategy. I had attempted to mold design 
methods, aimed for complex and dynamic 
interactions, into a linear model unsuited for 
this unknown terrain.

4.1.1 Backcasting
In strategic development for sustainability 
a method called backcasting (figure 10) is 
commonly used. It is a strategy that starts 
with imagining a successful outcome in the 
future, followed by the question: “what do 
we need to do today to reach that successful 
outcome?” (The Natural Step Canada, 2014) 
Backcasting originated in the 1970s to 
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1. Imagine a successful future
2. Move back to the present
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Figure 10 Backcasting. Adopted from (The Natural Step Canada, 2014)
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evaluate energy efficiency and alternative 
energy systems (Robinson, 2003). Today the 
concept is mainly used in sustainable devel-
opment instead of forecasting, since fore-
casting has the tendency to present a narrow 
range of options, limiting the creativity as 
well as project todays problems into the 
future (The Natural Step Canada, 2014).

The current project has been utilizing a 
backcasting strategy where an image of a 
successful future has been imagined and 
described in different scenarios. These sce-
narios have been compared to the current 
state, and from that a plan of the necessary 
steps have been made. 

The backcasting strategy has been combined 
with experience prototyping, using embod-
iments of ideas and concepts throughout the 
whole project.

4.1.2 Experience prototyping
Experience prototyping (chapter 4.4.2) has 
been utilized through this thesis project as 
stated by Fulton and Buchenau: “By the term 
Experience Prototype we mean to empha-
size the experiential aspect of whatever rep-
resentations are needed to successfully (re)
live or convey an experience with a product, 
space or system.”(2000 p.2)

In conclusion the process in this project is 
based on a backcasting strategy, imagining 
a successful future. The tool to find a way 
towards this successful future has been expe-
rience prototyping, used both as a method 
and an overall strategy. 

The process has been inspired by the design 
circle/spiral, presented by Boghard, et al. 
(2008), using an iterative approach with a 
constant evaluation and reflection followed 
by a refinement of the prototypes and ideas.

4.2 Project planning
Johannesson, Persson and Pettersson (2004) 
define a project as an activity that has a spe-
cific and defined goal, is conducted during 
a specific time frame, has a predetermined 
resource input and is conducted according to 
specific methods. 

Johannesson, Persson and Pettersson (2004) 
suggest that the first step in a project should 
be to define the goal and that it should be 
clear what the project aims to achieve. 
Secondly, the project’s start and end have to 
be defined. Thirdly, a framework for per-
sonal and financial resources should be set 
up, and finally, a project plan established. 

The project planning of this thesis project 
has followed the suggestions of Johannesson, 
Persson and Pettersson. In addition, a tool 
called MethodKit has been used as an aid to 
map out, structure, and plan the project.

4.2.1 MethodKit
MethodKit for projects (figure 11) is a plan-
ning tool that consists of a deck of 53 illus-
trated cards, each showing an important 
aspect to keep in mind when working with 
a project. The cards can be seen as a flexi-
ble checklist showing icons of the projects’s 
key  aspects in order to quickly gain an over-
view of the project (Idea Society, 2014). In 
addition there is a printable A3 canvas with 
the key aspects of a project, functioning as a 
complement to the stack of cards. 

I used the MethodKit as a tangible aid, 
allowing for a more flexible way of planning 
as well as providing me with a good over-
view of the project’s key aspects. I started by 
going through the deck of cards, picking out 
the ones that were relevant for this project 
and laid them out on a table. Then I system-
atically worked through each aspect, writing 
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4.2.3 Gannt chart
To get a better overview of the project’s 
time plan, a Gantt-chart was made, showing 
each phase of the thesis project and its design 
methods, as well as project milestones and 
deadlines. (Appendix II)

4.2.4 An agile approach to planning 
The process of planning, especially using the 
MethodKit, was helpful and gave a better 
understanding and structure of the project. 
However the ambiguous nature of this thesis 
project made it difficult to follow the linear 
time plan and a traditional project plan. The 
plan functioned more as an obstacle than an 
aid to carry the project forward. Therefore I 
deviated from the project plan and changed 
to a more dynamic iterative method of plan-
ning. This planning consisted of short-term 
weekly goals, frequent deadlines and presen-
tation combined with a continuous reflection 
and evaluation, learning from my mistakes 
in order to make constant improvements. 

4.3 Literature review
Literature studies are often performed to 
gather background information for a project 
or study (Bohgard, et al., 2008). According 
to Bohgard, et al. (2008) the purpose of lit-
erature studies might be to describe the cur-
rent state of knowledge or to gather infor-
mation in a specific domain. 

In this project, the initial literature study 
focused on gaining an understanding of the 
project’s context as well as finding suitable 
methods to execute the project. In the initial 
phase of the literature review, the aim was 
to find similar projects in order to see what 
kinds of methods and processes had been used 
in other projects as well as gaining an under-
standing of the field. Parallel to the search 
for similar projects and products, different 
design methods were reviewed to help plan 
and execute the project. At first the literature 

questions, thoughts, and plans on post-it 
notes that I clustered around the correspond-
ing card (figure 12). I then summarized this 
onto the A3 canvas (appendix I).

4.2.2 Project plan
Based on what was gathered on the 
MethodKit’s A3 canvas, a project plan was 
developed, describing the project incentives, 
research questions, project stakeholders, 
objectives and aims, project scope, as well as 
a plan for execution, including relevant lit-
erature to review, and what design methods 
to use during each phase of the project. The 
project plan also included a time plan, project 
milestones, a project budget, an overview of 
the project organization, and finally, a plan 
for the project communication.

Figure 11 MethodKit

Figure 12 MethodKit clustering
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study was broad and explorative, but as the 
project moved forward the literature studies 
got more focused on specific topics. In the 
early stage of the project it proved to be very 
difficult to find relevant articles discussing 
similar projects. The reason for this was that 
it took a lot of time to get a good enough 
understanding of the field to know what to 
search for. As the project moved along and 
a better understanding of the domain was 
gained, it became easier to find significant 
research articles. 

Google scholar was used as the primary 
source to find relevant literature, especially 
to find related work and investigate what rel-
evant research and development within the 
area that have been performed before this 
thesis. Once an interesting article was found, 
other works from the same authors were 
explored as well as the sources for the articles 
and articles citing these articles. The criteria 
to select research articles were mainly the 
number of citations for the article, also work 
from well-known researchers and research 
institutions were prioritized. In addition to 
Google scholar several books were studied, 
mainly to get support in the design process 
and find proper design methods.

4.4 Idea development
Here follows a description on how the first 
phase of the project was conducted. This ini-
tial part of the project aimed to imagine and 
envision a plausible and desirable future of 
the concept.

4.4.1 Scenarios
Nardi (1992) describes a scenario as: “a set of 
users, a work context, and a set of tasks that 
users perform or want to perform”. Nardi 
(1992) also indicates that a scenario sketches 
out how future technologies can help users 
do the things they want to do. 

Nardi (1992) suggests that scenarios are espe-
cially valuable in the beginning of a project 
and less so as the project moves forward and 
prototypes of the technology start to emerge. 
Design is then better guided by empirical 
studies and the use of prototypes. 

At the beginning of this thesis project sce-
narios have been guiding the design process. 
Initially two scenarios (appendix III) were 
written, one focusing on the home environ-
ment and the other on the office setting.

Bødker (2000) suggests that open-ended 
scenarios, in the same way as open-ended 
interviews, produce broad and conceptual 
answers, whereas closed scenarios usually 
give more specific and detailed answers. 
The two scenarios were quite open-ended, 
triggering conceptual ideas and answers. To 
give a more specific and detailed image of 
the concept a fictional press release (appen-
dix IV) of the product being developed was 
written. This fictional press release proved 
to be a powerful tool, prompting to give 
answers to important questions such as: what 
problem is the design solving, how is this 
problem going to be solved and for whom 
is the design intended. The strength of this 
method is that it forces the designer to think 
of these important aspects before a product 
is being developed, from a users perspective, 
giving it a good focus right from the start.

This fictional press release is very much like 
a real press release, summarizing the core of 
the “news”, which in this case is the product 
being designed. The press release starts with 
a headline or a title, consisting of a product 
name that is supposed to make the intended 
user understand the concept. The title is fol-
lowed by a subtitle, consisting of one sentence 
that explains who the intended users are and 
how they benefit from the product. This is 
followed by a short and concise summary of 
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the concept, a description of the problem, an 
explanation on how the product solves this 
problem, and finally the whole concept is 
wrapped up in a few sentences.

According to Bødker (2000), scenarios serve 
the double purpose of producing the deci-
sions made in the design situation, and also 
to function as a vehicle for communication 
between the participants. It is through the 
joint experience of constructing and explor-
ing a scenario about the thinking and com-
munication in design. The scenarios and the 
fictional press release were presented for the 
team and have functioned as a guide and 
base for ideas and discussions through the 
development process.  Bødker (2000) pro-
poses three main reasons for using scenarios 
in design:

• To present and situate solutions
• To illustrate alternative solutions
• To identify potential problems

The two scenarios accompanied by the press 
release were used to present and situate 
solutions for the participants in the second 
workshop (4.4.3 Design Workshops) of this 
project. The scenarios gave the participants 
an image of the project’s vision as well as an 
explanation of the context in which the con-
cept exists. 

Based on the insights and observations from 
the workshops, three new scenarios (appen-
dix V) were written to illustrate alternative 
solutions as well as to identify potential 
problems. These three scenarios were more 
specific than the previous two and each of 
them were focusing on an intended target 
user, in contrast to the initial two scenarios 
that were based more upon an environment 
and setting.  The three new scenarios were 
constructed in order to cover the whole spec-
trum of ideas and problem areas, identified 

in the two first workshops. Each scenario 
is portraying unique relationships between 
different people, each scenario is probing 
in a different direction trying to cover and 
explore a wide range of possible solutions 
and ideas. Each of the three scenarios was 
transformed into conceptual posters, con-
sisting of a story board, a moodboard, and 
a concept sketch.The three scenarios were: 

• The Svenssons - portraying the busy 
life of a family of four from the eyes of 
the shift-working Mom in the family, 
Kerstin. (figure 13)

• Fredrik and Hedvig - describing a trendy, 
hard-working couple running their own 
business. (figure 14)

• Jonas, Mom and Grandpa - depicting a 
chronically ill, often hospitalized, young 
boy and the close relationship to his 
granddad. (figure 15)

According to Bødker (2000) scenarios are 
very little by themselves; they should consist 
of selective stories that stage user actions with 
a future artifact. Scenarios characterize the 
reflection over situation, problems or solu-
tions and help the designer to take actions 
such as prototypes or simulations. 

4.4.2 Experience prototyping
The idea of Fulton and Buchenau (2000) 
that the designer needs to focus on “explor-
ing by doing” and actively experience the 
different design solutions, has been adopted 
throughout this project. Prototypes of dif-
ferent levels have been used both in work-
shops with users, within the team working 
in the related project, and in my own design 
explorations. Initially the prototypes were 
rudimental embodiments of early thoughts 
and ideas, functioning as something tangi-
ble upon which the abstract concepts could 
grasp hold. 
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Figure 13 Concept poster, The Svenssons

Figure 14 Concept poster, Fredrik and Hedvig Figure 15 Concept poster, Jonas, Mom, and Grandpa
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Fulton and Buchenau (2000) suggest the 
use of experience prototyping when search-
ing for new ideas, which has been utilized 
throughout a number of different workshops.

4.4.3 Design Workshops
Martin and Hanington (2012) describe 
design workshops as a form of organized ses-
sions, where several participants use creative 
co-design methods to provide a wealth of 
insight.

Figure 16 First workshop - Computer Scientists

Figure 17 Affinity diagram

In order to explore areas of use and different 
interactions for the concept, a workshop was 
conducted at the beginning of the project at 
LTU with four participants from the com-
puter department (figure 16). The partici-
pants were chosen because of their expertise 
and insight on available technologies and the 
possibilities they could provide.

To get introduced to the project and the con-
cept, the participants were presented with 
two scenarios (appendix III) along with a 
fictional press release of the concept (appen-
dix IV). After the group had been briefed 
on the project they were asked to perform a 
warm-up exercise to get them into a creative 
mindset and stimulate lateral thinking, as 
suggested by De Bono (1968). The warm-up 
exercise consisted of passing a pen around to 
each other. Each time a participant received 
the pen they had to come up with a new way 
to use the pen, other than writing.

The participants were sitting around a table 
with a lamp on it. The lamp was represent-
ing the central unit of the concept and the 
participants were told to imagine that it was 
connected to the Internet and could com-
municate with different mobile devices. The 
participants were also given simple experi-
ence prototypes consisting of 3D-printed 
objects functioning as substitutes for mobile 
or wearable devices. 

The workshop consisted of four brainstorm-
ing sessions with different topics. During the 
first session the goal was to see how the con-
cept could be used for games and play. The 
second session focused on how the concept 
could be used in the home environment and 
the third session focused on the office envi-
ronment. During the final session the partic-
ipants brainstormed around ways to interact 
with the concept.

The ideas from the workshop were then 
sorted and organized using an affinity dia-
gram (figure 17), in which they were grouped 
into five new categories:
 
• Planning/collaboration
• Availability/localization 
• Mood 
• Health
• Information/notification
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The ideas for interaction of the concept was 
in the same manner divided into three key 
tasks: 

• Visualizing of information 
• Control
• Transfer of information between devices

The ideas for how the concept could visual-
ize information was sorted into six different 
categories of signals:

Finally, three main categories of the con-
cept’s usage were:

• Interaction
• Communication
• Informing

10
9
8
7
6
.
.

Countdown

Dynamic

Constant

Building up

Pop-up

On/off

The first workshop explored the concept 
from computer science eyes, presumably 
focusing mainly on technology. To balance 
this a second workshop was held with ten 
Industrial Design Engineering students that 
could look at the concept from a different 
perspective, focusing on user experience. 
The second workshop was held at LTU at 
the end of February (figure 18). 

The workshop was initiated by showing four 
videos of similar concepts, Sifteo Cubes, 
Sphero, Clyde and Cubble (see section 2.5) 
in order to provide an understanding of the 
subject. Then the participants read through 
the fictional press release (appendix IV) 
that was also used in the first workshop. A 
brief summary of the results from the first 
workshop was presented along with a simple 
explanatory sketch of the conceptual idea. 

After the introduction the participants 
were then divided into two groups of five 
participants each. The two groups were 
each assigned their own scenario (appendix 
III) to work from; “at home” and “at the 
office”. These were the same scenarios used 
in the first workshop. Each group was sit-
ting around a table where a simple proto-
type of the central unit of the concept was 
placed. These prototypes were made from 
lamps covered in 3D-printed shapes; one 
looking like a dragon egg and the other one 
was a spiral form. They were each handed 
a simple mock-up cellphone (figure 19) to 
use as a source of inspiration and to better 
visualize the concept. Each group had paper 
and pens so they could visualize their ideas. 
Two brainstorming sessions were conducted 
each lasting for 25 minutes. During the first 
session the two groups brainstormed differ-
ent ways on how to use the concept “at the 
office” and “at home” respectively. After the 
25 minutes was over, both groups presented 
their ideas for all the participants. 
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Figure 19 Smartphone mock-up

Figure 18 Second workshop - Industrial Design

In order to get a broader range of ideas 
and creative input, three of the participants 
changed groups for the second session. 
During the second session the two groups 
brainstormed different ways to interact with 
the concept. The ideas from this workshop 
were added onto the ideas from the first 
workshop, clustered together and analyzed 
using an affinity diagram. This lead up to a 
second set of scenarios, showing more spe-
cific use cases. 

A third workshop with the team (Peter, 
Jimmy and Nicklas) was set up. In this 
workshop the three scenarios, each with its 
accompanied moodboard, concept sketch 
and storyboard were presented. During this 
workshop it was decided that there were 
almost an infinite amount of ideas for differ-
ent use cases of the conceptual idea. Together 
with the team a decision was made to focus 
on ”The Svensson” concept. The physical 
form of a sphere that accompanied this sce-
nario was the most intriguing to the team. 
The decision was further supported since the 
Casablanca focused on this setting, giving a 
better insight into this user group. 

The ”Jonas, Mom and Grandpa” scenario 
was rejected due to being too difficult to 
design for within the timeframe of the proj-
ect. The two main challenges with this sce-
nario were that it included an old man with 
no familiarity with hi-tech products as well 
as a hospital environment with all its restric-
tions and unique challenges.
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In contrast, the ”Fredrik and Hedvig” sce-
nario was sorted out since this user group 
was believed to be to familiar with the latest 
technology and therefore not providing 
enough of a design challenge. Even though 
only one scenario was selected, the relation-
ships, problem areas, and special consider-
ations of all the different scenarios have been 
carried along throughout the project.

4.4.4 Experience prototyping workshop
A workshop with four students at LTU, was 
conducted with the aim to map out the sys-
tem’s interaction (figure 20).  Prototypes of 
the different parts of the concept were used. 

Figure 20 Experience prototype workshop

A graphic interface, printed on paper and 
attached on the phone mock-ups, functioned 
as a smartphone prototype (figure 21). These 
were used in combination with the two 
lamps that were programmed with simple 
animations to prototype the experience.  
The participants that were equipped with 
a set of phone mock-ups and a “lamp” sat 
across from each other at a table, separated 
by a piece of cardboard obstructing the view 
of the other participants. The participants 
played out the different scenarios based on 
the functions of the system. Throughout the 
experience prototyping, there was an ongo-
ing discussion about identified problems as 
well as ideas for improvements.

Figure 21 Experience prototype workshop

4.5 Analysis
The ideas developed throughout the project 
have been analyzed by using methods for 
organizing the ideas into different categories. 
Also, the ideas have been analyzed and eval-
uated through experience prototyping and 
by assessing how they would fit the differ-
ent scenarios. The frameworks presented in 
chapter 3 of this thesis have been functioning 
as a backbone on which the ideas have been 
analyzed. The concept of service avatar has 
been used in order to analyze what function 
should be deployed to which device, and the 
different levels of user experience in combi-
nation with the A.C.T model have helped to 
assess the different ideas. In order to evaluate 
how the ideas would help to convey presence 
and relatedness, the framework for related-
ness by Hassenzahl et al. (2012) has been a 
tremendous support. 

4.5.1 Affinity Diagramming
Martin and Hanington (2012) describe affin-
ity diagramming as a process to express and, 
in a meaningful way, cluster observations 
and insight from research. Affinity diagram-
ming has been used as a tool to organize 
and analyze contributions from secondary 
research. Also, it has been the method to sort 
and organize input from the workshops and 
brainstorming sessions, and transforming 
this input into valuable insights. 
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The different inputs have been written on 
Post-it notes, with each Post-it note con-
taining one single input or idea. The Post-it 
notes have been pasted on a wall (usually a 
white board) and clustered together accord-
ing to how they relate to each other. The 
Post-its were moved around until each of 
them belonged to a group of similar ideas or 
concepts. After the clusters were formed, a 
label was put on each of the clusters provid-
ing key insights into different aspects of the 
concept. 

4.5.2 List of requirements
A list of requirements was made in order to 
evaluate the ideas according to their rele-
vance. 

The product should:
• Portray a human presence
• Contribute to a richer social experience 
• Increase the sense of presence
• Support shared experiences 
• Fit into the user’s natural communica-

tion patterns 
• Utilizing a natural and intuitive interac-

tion

In addition, requirements were specified for 
each of the three relevant aspects for relat-
edness presented by Hassenzahl et al. (2012).

Awareness - The product should let the user 
share different types of ambient information 
about current activities or moods.

Joint action - The product should support the 
users to carry out  actions together which 
usually requires being physically collocated.

Expressivity - The product should support 
the user to express feelings and emotions by, 
for example, allowing the user to develop 
their own language or to use language in an 
ambiguous way.

4.6 Form development
The design and form development of the 
product has been an iterative process. Many 
design cycles consisted of image gathering 
and moodboards, followed by sketches and 
rough prototypes. The cycle was finalized 
by using computer-aided design to create 
models that were printed out with a 3D 
printer. After each completed design cycle 
the prototype was evaluated, and the insight 
from the previous prototype was carried 
over to the next cycle in order to constantly 
improve the design. 

Having physical prototypes to evaluate has 
been a tremendous support in the design 
process. The difference between a computer 
rendered image and a tangible prototype 
is quite significant. On the flat computer 
screen it is difficult to evaluate proportions 
and balance between volumes and shapes. 
Also a physical prototype can be placed in 
its intended environment, moved around 
and therefore evaluated in a totally differ-
ent way than the flat computer rendering. 
For each cycle of the iterative process, both 
strong and weak aspects of the design have 
been identified,  and through each cycle of 
the process the concept has been refined and 
molded towards the design vision. This has 
contributed to a more informed final design.

4.6.1 Moodboards
Martin and Hanington (2012) define a 
moodboard, as a collage of pictures, illus-
trations, or brand imagery used to visually 
communicate the design intent. Usually the 
moodboard is created once the general focus 
for style, design aesthetics, and context have 
been decided upon (Martin and Hanington, 
2012). Once the intended aesthetic, style 
focus, and context are decided, Martin and 
Hanington (2012) suggest that representative 
images of the design intent should be gath-
ered, edited, and collaged.
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Throughout this thesis project a Pinterest 
board (figure 22) has been used to collect 
inspirational images, mainly focusing on the  
product’s design language. The images col-
lected on the Pinterest board consist mainly 
of products for the home environment, such 
as lamps and speakers, and different types of 
interesting sculptures. 

Figure 23 Moodboard 1

The collection of images to the Pinterest 
board has been an ongoing process, gather-
ing a vast number of interesting images that 
has functioned as a source of inspiration and 
a creative spark.

Together with the Pinterest board, two 
moodboards (figure 23 and 24) were created 
from digital images using Photoshop. These 
two moodboards were printed out and 
pinned on the wall of the project room to 
function as a source of inspiration, as well as 
a vehicle to communicate the design intent 
to the team. Moodboards were also used as 
a part of the three concept posters adding an 
additional level of sense and understanding 
for the user and their environment. 

4.6.2 Sketching
Throughout this thesis project explorative 
sketches of thoughts, design ideas, and use 
scenarios along with written notes have 
been documented in a specific sketchbook. 
It has functioned as a visual journal where 
ideas have been recorded, tested and evalu-
ated at its infant stage. This sketchbook has 
been a valuable tool for exploring ideas as 
well as aiding in getting an understanding 
for ideas and concepts. Sketches have also 
been used to present concepts and ideas both 
in workshops and for the development team. 
The sketches have been made on paper, on 
whiteboards, and digitally using Photoshop 
and Sketchbook Pro.

4.6.3 Physical prototypes
Physical prototypes of different fidelities 
have been used to explore the form of the 
product. Clay has been the primary material 
for investigating forms and form relation-
ships (figure 25). Both abstract and concrete 
models have been made. Once the con-
cept was more refined, mainly 3D-printed 
models were made and used to evaluate and 
refine the form.

Figure 24 Moodboard 2

Figure 22 Pinterest board
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4.6.4 Surface modeling
According to Johannesson, Persson and 
Pettersson (2004), computers have created 
possibilities for engineers and designers to 
create representations of physical objects and 
forms, even of highly complex and organic 
designs. Johannesson, Persson and Pettersson 
(2004) suggest that it is especially the free 
and organic shapes that have made sur-
face modeling popular amongst designers. 
Surface modeling is based on surfaces, gener-
ated from curves (NURBS, Non-Uniform 
Rational B-splines) that allows for creating 
free forms and shapes ( Johannesson, Persson 
and Pettersson, 2004). In this project, surface 
modeling has been used to create models for 
3D printing. The software Alias Automotive 
was used to create the free-form models. 
The models were exported to Cura, where 
they were prepared for 3D printing before 
they were printed out on a3D-printer. Also, 
surface modeling has been used as a tool for 
sketching. It has proven to be a good tool for 
experimenting with shape and proportions.

4.7 Evaluation
A continuous evaluation of the concept has 
been performed during the project. At the 
beginning of the project, low fidelity pro-
totypes have been used in workshops to get 
a sense of how people perceive the concept. 
Once the concept was more developed, an 
initial evaluation was conducted consisting 
of a user test and a focus group discussion. 
Later on in the project when a functional 
prototype was up and running, a second 
evaluation was made. This evaluation was 
made at a conference with the COMPEIT 
research group, providing expert feedback 
and an idea of how the concept was per-
ceived in the research context. Finally, an 
evaluation was done with students at LTU, 
with no prior knowledge of the project, in 
order to get an understanding on how the 
novel user would perceive the concept.

Figure 25 Clay model

4.7.1 Initial user test
An initial user test of the product being 
developed was conducted in order to get 
an early indication of the users’ reactions 
toward the product (figure 26). The test had 
two main goals. The first was to see how the 
users experienced the product. The second 
goal was to investigate if it was possible to 
use light animations in order to communi-
cate emotions through the product, and see 
if the users would be able to understand what 
emotions were communicated.

The product was programmed with ten light 
and color animations, and each was aimed 
to represent a different emotion. The anima-
tions (appendix VI) were based on the color 
theories described in chapter 3.5 in combi-
nation with the theories of emotions pre-
sented in chapter 3.8. Even though the ani-
mations were influenced by color theories, 
the animations were mainly made in a way 
so the team got the right feel for the emo-
tions since the color theories must be seen 
as highly subjective, and they differ greatly 
among cultures and between individuals. 

The test was conducted in three sessions 
with three different test groups. The first test 
was conducted at Vetenskapens hus, Luleå, 
2014-03-28, with five subjects, women in 
the age group 40 – 50 years. 
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The second test was also conducted on the 
same day at Vetenskapens hus. The par-
ticipants in this test were two women and 
one man in the age 21-22. The third and 
final test was executed at Luleå University 
of Technology, 2014-03-31 with five sub-
jects age group 23 – 26, four men and one 
woman. The data from these three tests was 
put together and analyzed as one single test, 
and the test was presented as if it was con-
ducted with the whole group at once, since 
each test was carried out in the same manner. 

The test group received a short brief of the 
background and aim of the project. Then, 
the product was presented for the group and 
each participant received a form (appendix 
VII) on which they were instructed to plot 
the different animations on the diagram 
on the form, according to what emotional 

response they felt. They were also told to 
freely write a comment for each of the ani-
mations. The ten animations were played 
in a sequence for the group, and they each 
plotted what they felt or believed that the 
product was trying to communicate on the 
diagram, together with a comment for each 
animation. 

After all of the animations had been played 
they were told to choose five words that 
best described their reaction of the prod-
uct. These words were based on Microsoft’s 
product reaction cards (Benedek and Miner, 
2002). After the test was completed, an open 
discussion was held with the participants 
where they came with input, asked questions 
and expressed ideas and possible needs the 
product could fill.

Figure 26 Initial user test
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4.7.2 Expert user test
An evaluation of the concept was conducted 
during a COMPEIT conference in Helsinki 
that took place during three days in the 
middle of May. Eight participants took part 
in the evaluation. 

All the participants were active in the 
COMPEIT project, hence familiar with the 
context of the concept as well as themselves 
active researchers in similar areas. Therefore, 
this group of participants is considered 
expert users. The test aimed to receive feed-
back from experts, as well as get an under-
standing of the relevance of this concept in 
the research and COMPEIT context.

A functional prototype of the concept was 
demonstrated to the participants. The func-
tions demonstrated were:

• Remotely changing colors of the light 
from a smartphone.

• Sending pre made animations from 
phone and represent these with the lights.

• Creating custom animations on a smart-
phone and sending them, and represent-
ing them with the lights.

• Streaming video from a webcam to the 
lamp.

After the demonstration the participants 
answered a questionnaire (appendix VIII) 
aimed to answer how the concept was per-
ceived in five different categories:

• Usefulness
• Ease of use
• User satisfaction
• Communicating emotions
• Mediating presence

The questionnaire consisted of 15 state-
ments. The respondents rated their level of 
agreement to these statements on a five-point 

scale from strongly disagree to strongly 
agree. This rating scale is a classic approach 
for self-reported metrics in UX studies called 
Likert Scale (Albert and Tullis, 2013).  

The statements on the questionnaire 
addressed the five categories presented 
above, each with three questions addressing  
the same issue in order to get a better result. 
The statements were mixed so the catego-
ries were not visible for the participants. The 
average score for each question was calcu-
lated as well as the average for each of the 
five categories.

In order to further evaluate the participants’ 
reactions of the product, a tool called Product 
Reaction Cards developed by Benedek and 
Miner (2002) was used. Instead of the orig-
inal implementation, where the participants 
are given cards to sort, the participants were 
presented with a list of 105 adjectives, both 
negative and positive, (appendix IX). From 
this list, the participants chose the words that 
they felt described the system. After they 
selected the words they were asked to choose 
the top five words. 

The words selected were compiled into a 
word cloud, giving a visual representation of 
the most frequent chosen word. The higher 
frequency of the word, the larger it is repre-
sented, and also has a darker tint. The word 
cloud gives a quick visual overview of the 
participant’s impression of the product.

To give a better qualitative input, the partic-
ipant should also describe why they choose 
the words. Due to time limitations this was 
not possible during this test; therefore, this 
evaluation lacks the qualitative input from 
the participants. However much valuable 
qualitative feedback from experts was given 
during the conference along with discussions 
that provided new insight.
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4.7.3 Final user test
A user test and evaluation of the concept was 
conducted close to the deadline of the proj-
ect. The prototype was in the same state of 
completion as during the test performed in 
Helsinki, during the COMPEIT meeting. 
Also, the test  was conducted in a similar 
fashion as the previous test.

Thirteen participants, consisting of second 
year students at the Industrial design engi-
neering program at the Luleå University of 
Technology, partook in the test. The test 
was conducted during class in model build-
ing technique. The concept was set up in the 
back of the classroom and demonstrated for 
the students in groups of three to five people. 
After the demonstration, the students filled 
out the product reaction cards in the same 
way as in the expert user test. Also, the same 
questionnaire was used during this test. 
Since the test were conducted in a similar 
fashion with the same questionnaires it was 
possible to compare the results from the two 
tests (chapter 5.2.4)

4.8 Reliability and validity
This master thesis project has been of an 
explorative character dealing with the quite 
unexplored subject of conveying pres-
ence. Because of this, it has been challeng-
ing to find past research and user studies. 
Information from previous research, and 
findings from other similar projects have 
been used as guidelines for this thesis project. 
Only peer-reviewed articles have been used 
as secondary sources and, wherever possible, 
multiple sources have been used to substan-
tiate the research. 

In order to get user input, several work-
shops and user tests have been performed. 
The workshops have been conducted with 
participants from different backgrounds, 
both computer science and industrial design. 

Because of limited resources and tight time 
frame, the participants in the workshops 
have not  been representative of the intended 
end user. However, a large number of par-
ticipants have provided input from many 
different perspectives.

The user tests have been performed with 
three different groups of participants, a 
group of women in the age group of 40 – 
50 years; a group of researchers active in the 
COMPEIT project, and a group of industrial 
design engineering students. The three dif-
ferent user groups have given a rather wide 
range of information that has been collected, 
compared and analyzed. The questionnaire 
used for the user studies consisted of 15 ques-
tions that were grouped into five categories. 
To get more accurate results, each category 
consisted of three questions that were aimed 
at answering the same question. The ques-
tions and categories were randomized in 
order to make them invisible to the respon-
dent. The adjectives during the product 
reaction cards were randomized in a unique 
order for every respondent to avoid the bias 
to chose the words that are presented  



44

5 Results - Research 
This chapter presents the research results of this project, including findings from the sec-
ondary research and user studies. The insights from the research have been concluded into 
a model, aiming to function as an aid for understanding how to convey social and human 
presence. Also, the results from the user test are presented and discussed.

5.1 A model for conveying presence
The design of a product that conveys a sense 
of social presence incorporates multiple lev-
els of communication. A successful design 
should allow for transparent communications 
without barriers to personal interaction, in 
accordance to the visions of Weiser (1991). 
Therefore, I propose a model serving as an 
aid when designing for an ambient presence, 
aiming for a seamless transition between 
awareness and direct communication. 

Figure 27 shows a diagram with rate of 
awareness on the vertical axis and time on 
the horizontal axis. At the low end of the 
vertical axis, the persons are unaware of each 
other, and at the top end they are fully aware 
of each other. Between these two endpoints 
are, starting from the bottom, awareness, and 
presence. In order to explain this, examples 
are given, describing different kinds of com-
munication between two persons, a sender 
and a receiver. When talking about aware-
ness in this context it refers to an awareness 
of the other person.

First, consider a phone call (or a video call) 
from the recipient’s perspective (figure 27). 
At first, before the recipient receives the call, 
he or she is unaware of the other person (by 
unaware I mean, not actively thinking of the 
other person). Once the phone starts ring-
ing the recipient becomes aware of the other 
person, and when the recipient answers a 
direct communication is initiated. When the 
phone call is over, and the recipient hangs up 
the phone, the level of awareness drops all 
the way down again. This communication 

pattern gives a very abrupt start and end of 
the communication.

Secondly, consider two persons, Lisa and 
Alex, living in the same house (figure 28). 
Lisa is located on the first floor and Alex in 
the basement. At first Lisa and Alex are un-
aware of each other (in the same sense as in 
the first example). Lisa wants to start com-
municating with Alex and starts walking 
down to the basement. Alex first becomes 
aware of Lisa when he hears the basement 
door opening, and then he starts to sense the 
presence of Lisa as he hears the steps in the 
staircase. Alex feels a gradually increasing 
sense of Lisa’s presence, as she moves closer. 
Once they are in the same room, and they 
can visually see each other, it feels more 
natural to engage in direct communication. 

Figure 27 Awareness diagram, phone call

Figure 28 Awareness diagram, natural conversation
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When the conversation is over, Lisa leaves 
the room and goes up the staircase back to 
the first floor. Alex’s sense of Lisa’s presence 
gradually decreases back to unaware. In con-
trast to the first example, this way of com-
municating creates a much smoother tran-
sition between being unaware of the other 
person and directly communicating.  

The second example, describing a natural 
communication in real life, includes implicit 
information sending subtle signals, gradually 
raising Alex’s awareness of Lisa, creating a 
smooth and seamless transition between the 
start and stop of a communication. Current 
services and technologies for communica-
tion lacks this smooth transition and implicit 
communication.

Consider the second example with Lisa and 
Alex again, but this time change the vertical 
axis of the diagram to implicit at the lower 
end and explicit at the top end (figure 29). 
When Lisa opens the door to the basement, 
she does not intend it as an act of commu-
nication. Nevertheless the sound from the 
door sends implicit information to Alex 
making him aware that someone is coming 
down to the basement. As Lisa walks down 
the stairs, the sound from her steps sends im-
plicit information to Alex. Perhaps as she is 
approaching Alex, she wants him to know 
what kind of mood she is in, and sending 
more explicit signals by the way she walks or 

Implicit

Explicit

time

Abstract

Concrete

time

Figure 29 Explicit/implicit communication Figure 30 Abstract/concrete information

her facial expressions. As they start talking 
the communication is explicit. When the 
discussion is over, and Lisa walks away, the 
communication gradually transitions into 
implicit communication. 

Finally consider the same scenario, but this 
time the vertical axes of the diagram goes 
from abstract at the bottom to concrete at 
the top (figure 30). When Lisa opens the 
door Alex hears a sound, he cannot quite 
place the sound, he think it is the basement 
door opening, he think it is Lisa that opened 
the door but he is not quite sure. The infor-
mation he receives is abstract or ambiguous. 
As Lisa comes closer the information Alex 
receives gets clearer, less abstract and less 
ambiguous. From the sounds of the steps, he 
understands that the person approaching him 
is Lisa. Once Lisa and Alex are in the same 
room the information they are communicat-
ing to each other is quite concrete. 

The scenario with Lisa and Alex is one ex-
ample of how two people approach each 
other and start to communicate in real life.  
Of course, there are numerous different sit-
uations and ways that people approach each 
other in real life. What is relevant, from this 
example, is a smooth transition between be-
ing unaware and aware of the other person. 
Also, how it is linked to implicit and explicit 
communication, as well as abstract and con-
crete information.
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quite easy can walk over to the room he is 
in, or just talk with a loud voice in order to 
get him to hear her. However it still requires 
some effort to initiate communication and 
probably the information has to be some-
what important before she bothers to com-
municate it. 

Finally, if Lisa and Alex are in the same 
room, looking at each other the threshold 
for communication is low. They can easily 
engage in conversation without any obsta-
cles. The threshold of communication is also 
related to availability; maybe Alex was down 
in the basement just because he wanted to 
be alone. In current instant messaging and 
other communications services there is often 
a status feature dealing with availability, but 
it is far from as natural and smoothly transi-
tioned as the threshold for communication 
in real life situations. 

When designing for a natural communica-
tion, I advocate utilizing a dynamic natu-
rally increasing and decreasing threshold for 
communication following the desired level 
of availability. This dynamic and natural 
availability feature provides a tangible exten-
sion to the availability in accordance to the 
presence strategy presented by Hassenzahl et 
al. (2012).

The examples provided in this chapter can 
function as guidelines when aiming to 
achieve a natural and intuitive communi-
cation between remote locations. Figure 31 
shows ambient and direct communication 
and its inherent properties, which can func-
tion as a guideline when designing for con-
veying a presence.

Figure 31 Ambient/direct communication
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According to Hassenzahl et al. (2012) am-
biguity is a strategy for presence. However, 
I believe that in order to create a natural 
communication that conveys presence it is 
necessary to allow for the users to transi-
tion between ambiguity and unambiguity. 
I suggest to combine a spatial interaction 
and tangible manipulation, as presented by 
Buur (2006), to achieve a natural transition 
between ambiguity and unambiguity as well 
as a natural threshold for communication. 
I think that spatial interaction is a success-
ful way of achieving the sense of presence 
without providing an active communication 
suggested by Hassenzahl et al. (2012) I rec-
ommend using tangible manipulation for 
unambiguous communication.

In order to successfully convey social pres-
ence, it is also important to consider the 
aspect of the threshold for communication.  
To illustrate this, another example using the 
scenario of Lisa and Alex is given. When Lisa 
and Alex are on different floors the threshold 
for initiating a communication is high. Lisa 
might have to open the basement door and 
shout, or she might have to walk all the way 
down to Alex in order to get him to become 
aware of her. For this reason, she will prob-
ably only communicate with him when she 
has something important to say. 

The threshold for communication lowers, if 
they would both be on the same floor. In 
this case, if Lisa wants to talk to Alex, she 
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Figure 32 Word cloud, initial user test

5.2 Results user test
Here the results from the three user tests are 
presented along with a concluding evaluation 
comparing the results from the three tests.

5.2.1 Results - Initial user test
The words that the participants thought best 
described the concept was compiled into a 
word cloud (figure 32). The words that the 
participants thought best described the con-
cept were fun, friendly, useful, personal, 
simplistic, personal, and calm. The words 
were all positive which might have been 
influenced by the fact that I, as the designer 
of the concept, was present. 

The most frequent reaction to the product 
was that it was fun, which I believe has a con-
nection to the concept being totally new to 
the users. The novelty of the concept makes 
it more interesting and fun, and this might 
have affected the participants’ response. The 
most interesting insight from the product 
reaction words was that one of the second 
most frequent reactions was that the concept 
was useful. Introducing a new ambiguous 
concept like this could easily have triggered 

an opposite reaction. It is significant that a 
person seeing the concept for the first time 
perceived it as being useful, suggesting that 
the concept has addressed a valid user need. 
The participants’ perception of what emo-
tions the different animations aimed at con-
veying were plotted into diagrams.

The first animation, with results shown in 
figure 33, did not aim at conveying any 
particular emotion; it was merely meant as 
a start- up sequence. Nevertheless one can 
clearly see that it was perceived as conveying 
a positive emotion with all the plots lying on 
the positive half of the circle. However, no 
conclusion can be made whether the anima-
tion is perceived as conveying high or low 
stimulation. Some of the participants’ com-
ments (freely translated) on this animation 
were:  “nice”, “curiosity”, “positive”, “high 
energy”, “soft”, and “stand by”.

The second animation, with results shown in 
figure 34, aimed at portraying the emotion 
“hostile”. From the diagram one can clearly 
see that it managed to convey this feeling in 
a successful way. All the plots were in the 



48

Figure 35 Passive

Figure 36 Boring Figure 38 SatisfiedFigure 37 Excited
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top left quadrant meaning that the emotion 
is high stimulation and negative. Some of the 
comments on this animation were: warn-
ing, “angry”, “stressful”, “alert”, “threat”, 
“requires action” and  “annoying”.

The third animation, with results shown in 
figure 35, was made to convey a “passive” 
feeling. Even though not as clear as the hos-
tile animation, most plots are clustered fair-
ly close to passive with a slight inclination 
towards positive. A selection of comments 
from the participants: “sleeping”, “sedative”, 
“indolent”, “peace and quiet” and “every-
thing is ok”.

The fourth animation, with results shown 
in figure 36, aimed at communicating the 
feeling of “boring”. The results from how 
the participants perceived this animation 
are quite spread; hence the animation was 
not successful. However, all but two plots 
are located on the passive half of the circle, 
suggesting that the participants perceive the 
animation as passive. Some of the comments 
were: “hypnotic”, “moderately impatient”, 
“dodgy”, “waiting”,  “in limbo” and “wan-
dering”.

The fifth animation, with results shown in 
figure 37, was fairly successful at portraying 
the emotion of “excited”. The majority of 
plots are clustered quite close to exciting, 
and the rest are scattered around amazed. All 
the plots are in the upper part of the spec-
trum, signifying high stimulation. Some of 
the participants’ comments were: “rave-par-
ty”, “stressed out”, “crazy”, “the speed of the 
light makes me happy” and “Ibiza”. 

The sixth animation, with results shown in 
figure 38 was aimed to communicate the 
emotion of “satisfied”. A clear clustering 
close to satisfied can be seen on the plot. 
Aside from one outlier all the plots are on 

the positive, low stimulation quadrant. The 
conclusion is that this animation was rath-
er successful. A selection of the comments: 
“full and satisfied”, “pleasant”, “comfort-
able”, “relaxed” and “mood enhancing”.

The seventh animation, with results shown 
in figure 39,  aimed at showing the emo-
tion of sad or “disturbed”, was arguably the 
least successful. No conclusion can be made 
from the plot, possibly a small trend toward 
the negative and low stimulation. The com-
ments from the participants were also quite 
scattered: “I feel nothing”, “neutral but sad”, 
“happy”, “calm” and “some sort of quiet 
alarm”.

The eighth animation, with results shown 
in figure 40,  aimed to portray the feeling 
of “amazed”. All the plots are in the high 
stimulation half of the circle, and most are 
towards the negative side. The animation 
can be regarded as moderately successful. 
Some of the participants’ comments were: 
“siren”, “seeking attention”, “dizzy, but hap-
py”, “stressful without being negative” and 
“anxious”.

The ninth animation, with results shown in 
figure 41, aimed at conveying the feeling of 
“joyful”, and must be regarded as unsuccess-
ful. The plots are scattered across the dia-
gram with fairly even distribution; hence no 
conclusion can be made, other than that the 
animation failed at communicating a joyful 
feeling. A selection of the users comments: 
“calm”, “I feel nothing else than dull”, “un-
certain”, “government surveillance” and 
“countdown”.
 
The tenth animation, with results shown 
in figure 42, was not intended to show any 
particular emotion; it was just an animation 
made to test the system. It is interesting to 
see that most of the plots are quite closely 
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clustered. Even though this animation was 
not purposely made to show a particular 
feeling, it is quite clear that most participants 
perceived it as being joyful. Some of the 
comments were: “wanting to play”,  “fun”, 
“It makes you happy”, “playful”, “fun” and 
“gamelike”.

To conclude the results from the emotional 
animations it has been shown that it is pos-
sible to show different emotions and moods 
by using animated light. The results from 
some of the animations were unsuccessful. 
It is difficult to know if this is due to the 
particular emotion being hard to communi-
cate and perceive by itself, or if it is because 
the animation failed to portray the emotion 
that it was aiming for. The latter alternative 
is believed to be more likely. The animations 
were inspired by established theories but 
mainly they were made based on our own 
ideas of how to portray these emotions. I be-
lieve that, after a few more iterations of user 
tests and refinements, the concept could be 
successful at communicating the full spec-
trum of emotions through color and light 
animations. However, there are a number 
of cultural factors affecting how colors are 
perceived. 

From the discussion with the test group, a 
desire to be able to personalize the messag-
es was expressed. The participants said that 
they communicate differently with different 
people. For example, they said that they only 
send certain emoticons to certain friends, 
not necessarily because they have a closer 
relationship to them, just a different kind of 
relationship. 

The more mature participants claimed to 
have very different and unique communi-
cation patterns with different people requir-
ing personalized messages. In contrast, the 
younger participants did not see any need to 

customize the messages. They said it would 
be easier if the device would have pre made 
animations, like emoticons. Two reasons for 
this was mentioned. First, that it would be 
confusing if you could send customized mes-
sages, that one person might not at all un-
derstand what you want to express. Second, 
they said they were a bit too lazy to create 
their own messages. 

One of the participants expressed a desire to 
map colors accurately, from photo or video to 
the light. For example, she wanted to be able 
to show people who lived somewhere else, 
what colors the sky in Norrbotten were or 
what color her new jacket was. She believed 
that this would help her feel connected to 
people living geographically distant.  All of 
the subjects said that they felt affected by the 
emotions the product was conveying. One 
participant suggested that the effect would 
be stronger if the product was bigger. During 
the discussion, a lot of different uses of the 
concept were suggested, including being 
able to use it together with Skype in order to 
get an extra level of communication. A sug-
gestion was made to have the ability to send 
different emotion animations live as you are 
speaking, like a real-time emoticon made of 
light. The pre made emotions could then be 
used as words or letters to create your own 
words or sentence. Many of the participants 
in the focus group had the opinion that a 
phone call has the ability to convey closeness 
and presence in a better way than a video 
call, such as in Skype. They implied that 
something gets lost while communicating 
through video and that this concept could 
potentially help to achieve a higher level of 
presence.

The main conclusion that can be made from 
the studies is that it is possible to communi-
cate emotions by simple means and that the 
participants had an interest in the concept.
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5.2.2 Results - Expert user test
The second user test that was conducted 
during the COMPEIT conference, in 
Helsinki, was performed with a more devel-
oped prototype. The five point scale ques-
tionnaire provided the following results: 

Figure 43 Word cloud, expert user test
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The participants gave the highest rating to 
the products ability to convey presence and 
its user satisfaction, and also ease of use scored 
quite high. These ratings suggest that the 
user perceived the product to be successful 
at conveying presence, easy and satisfying to 
use. The participants gave the lowest score to 
usefulness. A reason for the low score might 
be that the concept is abstract and difficult to 
understand.

The words that the participants thought 
best described the product were “fun”, 
“entertaining”, “stimulating” and “creative” 
(figure 43). “Fun” was the most frequently 
chosen word as it was in the first user test. 
This user test has to be viewed merely as an 
indication of the user’s reaction. The number 
of participants was only eight subjects, hence  
it only gives a representation of how the 
concept is perceived within the COMPEIT 
project group; the results are not possible to 
generalize to a bigger population. However, 
the results are relevant since the concept is 
made as part of the COMPEIT project and 
one of its functions might be to serve as an 
experimental rig for further exploration 
within the project.
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Figure 44 Word cloud, normal user test

5.2.3 Results - User test with students
The third and final evaluation was conduct-
ed at Luleå University of Technology with 
a group of students that were not previ-
ously familiar with the project. The words 
(figure 44) that best describes the product 
were “fun”, “entertaining”, “friendly”, and 
“new”, according to the students partaking 
in the evaluation. The participants wrote 
comments regarding how they perceived the 
concept. There were both positive and nega-
tive comments. These comments are valuable 
in further development of the concept. The 
comments give a hint as to how the concept 
is perceived by users who see it for the first 
time. A few of the positive comments on 
the product were: “ a lot of light that would 
brighten my world”,  “fun even for children, 
who can play with the light”, “the product is 
impressive, it is a new way to communicate 
with others and get an instant response”, “a 
new product with a function that catches my 
interest, the usability makes me even more 
curious”.  Some of the negative comments 
were: “stressful, since you might not get 
a response on the messages, and also you 
might feel obligated to use it”, “interesting 
product, but I wounder about the accuracy 
of the limited emotions available, whether 

it might cause conflict instead of closeness 
with someone”, “probably a novelty  unless 
there are more useful functions like showing 
images”.

The questionnaire provided the following 
results: 

Total average score

Usefullness

Ease of use

Ability to convey  emotions

Ability to convey presence

User satisfaction

3,35

4,03

3,44

3,72

3,05

2,51
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Figure 45 User test, compiled results

This user test provides a hint towards how 
the product will be perceived by the users. 
The test group is not necessarily represen-
tative for the intended end user, but the 
evaluation helped the understanding of how 
users perceive the product the first time they 
come into contact with it. The participants 
were all industrial design students and one 
might argue that their interest for technol-
ogy is slightly above average. In addition it 
is likely that they have a higher acceptance 
towards new products and concepts, since 
they have an interest in design and product 
development. 

5.2.4 Conclusion from the user test
This chapter summarizes the three user tests 
and attempts to draw conclusions on how the 
participants perceived the concept. The first 
user test was of a different character, with 
more focus on evaluating the possibility 
to covey emotions through light and color 
animations. The adjectives to describe the 
product was more limited and other words 
were presented. Also the concept was not as 
developed as much as in the two final tests. 
These factors have to be taken into consid-
eration when the tests are compared. When 
added together from all the three tests, the 
most common adjectives that the partici-
pants believed best described the product 

were: fun, friendly and entertaining. This 
corresponds well with the high user satisfac-
tion rating from both tests. 

Figure 45 shows the results from both of 
the user tests (see appendix X for all results). 
The results are quite similar from both test 
groups. An interesting result is that the nor-
mal user (the student group) scored higher 
on ease of use. A reason for this might be 
that the researchers are more familiar with 
more complex systems and might put higher 
demands on the usability of a product. Since 
the expert users are working with, and are 
more familiar with the concept of conveying 
presence it is logical that they scored higher 
on usefulness.

Usefulness Ease of use Convey emotions Convey presence User satisfaction

Expert users

Normal user
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6 Results - Concept Development
This chapter presents the results of this thesis project’s concept development. First, a concep-
tual system for conveying presence is presented, including the core values of the system and 
its main functions. Second, the development and concepts of the tangible part of the system 
is presented. Finally, an interface for a web application, functioning as the main part of the 
systems interaction, is presented.

6.1 The system
Derived from the scenarios and second-
ary research came the idea that the concept 
would consist of a stationary unit combined 
with wearable units communicating with 
each other. It is redundant to introduce a 
new wearable device since it is evident that 
most people already carry around a smart-
phone, which is full of sensors and quite 
capable of communicating. The fist concept 
presented was named “Information Hub” 
and consisted of a stationary “hub” that 
could communicate with smartphones via a 
dedicated application (figure 46). It was then 
decided that the concept would consist of 
two physical devices functioning as a pair, 
in order to create a simpler and more intui-
tive interaction. Having only two stationary 
devices combined with smartphones would 
significantly reduce the amount of required 
controls in line with Kuniavsky’s (2010) sug-
gestions

In�uence color

Create mood
Show internet feed
Visulize facebook

Leave messages

Pulsing light

Figure 46 The conceptual system

Kuniavsky (2010) recommends to remove 
the functionality that does not significantly 
differentiate the product from the competi-
tion. Therefore the core values of the con-
cept was identified based on insights from 
secondary research, the user tests, as well 
as consultation with Madlene Lindström, 
a senior interaction designer at the design 
agency Veryday. The core values are:

• Ambient Presence
• “Silent” communication
• Communication between two parties 

that know each other well
• Part of a network
• Communicating emotions
• Animations, colors and movements

Based on the same input, the basic functions 
of the concept was also identified:

• Light intensity
• Color of the light
• Create custom animations
• Name and save the animations
• Pre made animations – emoticons
• Send messages – animations
• Preview the animations
• Play animations on smartphone
• Play animations on “lamp”
• Messaging management
• Auto detection showing when  present

These core values and basic functions were 
guidelines for designing the underlying ser-
vice of the concept, the interactions, as well 
as the web application.
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6.2 The tangible device
The development of the tangible device 
drew inspiration from the mood boards for 
its form and expression. The concept of 
“Information hub”, the core values, and the 
basic functions (presented in chapter 6.1) 
acted as guidelines for the functional aspect 
of the form development. Also, the different 
ways of displaying information discussed in 
chapter 4.4.3 guided the design. Two early 
concepts presented were  “The flower”, and 
“ The ball”. 

6.2.1 The flower
Much thought has been put toward how to 
make a design to function as a good base for 
displaying different kinds of information. 
The first concept “The flower” (figure 47) 
was inspired by a flower pattern that could 
function as a base with many options for dis-
playing information. The idea was to place 
different light strips in a circular pattern cre-
ating possibilities to visualize information 
both in a circular pattern, as well as in ten 
linear axis, oriented from the center out to 
the circumference. One concern was that 
the user would have to be able to perceive all 
the information from one direction, hence 
the slight angle on the design. Once printed 

Figure 48 The ball, revision 1Figure 47 The flower

out with a 3D printer, the flower concept 
was evaluated and discontinued. The design 
was not aesthetically pleasing; it looked sim-
ilar to a fire detector. Also, it would require 
too many lights to utilize the flower pattern 
as a light and color display. If too many lights 
would be used it would defeat the purpose, 
and it would be as  good to use a regular 
LCD.

6.2.2 The ball - First revision
The second concept that was developed was 
named “The Ball” (figure 48). The idea 
behind this concept was that it should feel 
as a character, slightly anthropomorphic fol-
lowing Lidwell, Holden, and Butler’s (2010) 
suggestion that abstract anthropomorphic 
forms are more aesthetically pleasing than 
realistic depictions. A sphere has a friendly 
and playful expression that would sup-
port the products desired personality and 
also create more baby-like associations as 
described by Lidwell, Holden, and Butler 
(2010). The sphere with its circular indent 
aimed at giving a face to the product with-
out being too obvious. The idea was that if 
the product had a face it would feel more 
natural to communicate with and under-
stand emotions, since humans do identify 
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Figure 50 The ball, third revision

Figure 49 The ball, second revision
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emotional states of anything that is at all 
lifelike (Norman, 2007). Also, the associa-
tion to a face would function as a suitable 
representation for another person. The ball 
consists of one circular light in the indented 
circle complemented by two light strips ori-
ented on each side of the circular indent. 
Once the ball was printed out into a physical 
form it was evaluated regarding its expres-
sion, aesthetics as well as its potential to 
show information following the suggestions 
of Fulton and Buchenau (2000) for experi-
ence prototyping. The ball was chosen for 
further development since it had anthropo-
morphic qualities and a playful and friendly 
expression. The decision was based on the 
playful expression, the products “face” and 
lifelike features as well as the simplicity and 
its potential to display emotions and convey 
a sense of presence.

6.2.3 The ball - Second revision
The ball concept was refined and printed 
out in the 3D printer in full scale (figure 49). 
Only small changes from the first version 
were made. The circular feature on the front 
was simplified, and the indents on the sides 
were changed into a more distinct design. 
Also, an additional feature was placed on the 
top of the sphere. The intention with this 
feature was to place a separate light that could 
give the user feedback on when the device 
is sending or retrieving information, almost 
like an antenna. The features were separated 
in order to distinguish and separate the fea-
tures into two groups in accordance to the 
proximity factor (Warell, 2001). Lights were 
placed on the inside of this concept and the  
model was used in workshops and user tests 
to evaluate to the concept  and receive user 
feedback.

6.2.4 The ball - third revision
An idea to separate the light into two units 
emerged during the concept development 

phase. The idea was to divide the information 
displayed on the ball into one ambient part 
and one explicit part. This approach derived 
from the secondary research, user tests and 
workshops. The idea was that implicit infor-
mation would be separated from the explicit 
direct communication. To be able to sep-
arate the information the ball concept was 
reworked to a third revision (figure 50). The 
form was inspired by a shell. This concept 
was printed in full scale, using a 3D printer. 

6.2.5 The hugging bear
In order to create a product that would better 
portray the sense of presence and awareness 
a new concept called “The hugging bear” 
was made (figure 51). A person that gives 
another person a hug inspired this design. 
Also, this concept had more of the abstract 
anthropomorphic feature that was desired 
and also suggested by Lidwell, Holden, and 
Butler (2010).  Since the ball was cropped at 
the bottom in the three previous ideas, they 
gave a heavy and static impression. The stat-
ic expression was further enhanced since the 
concepts lacked the tension between the axis 
and had no significant variation in propor-
tions, which Hannah (2002) suggest is im-
portant to create an interesting design. These 
form features made the design feel heavy 
and planted into the ground, which was not 
desired. The “Hugging bear” concept made 
the ball feel hovering, which created a more 
dynamic expression. In addition, the con-
cept had two different parts, which created 
a stronger contrast and gave the design more 
life allowing for a vibrant relationship be-
tween the volumes as suggested by Hannah 
(2002). The two different parts were also in 
different colors, which further differentiated 
them from each other. The previous concept 
did not feel as though it had a given place in 
the room. “The Hugging bear” concept had 
more similarities with a table lamp, which 
gave it a more defined place in the room. 
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Figure 51 Explorative sketches, the hugging bear
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Figure 53 Hugging bear mock-up 2

Figure 54 The hugging bear - 3D printed Figure 55 The hugging bear - LED strip

Figure 52 Hugging bear mock-up 1

In order to evaluate proportions and form, 
simple models were made, using foam core 
combined with the ball concept (figure 52 
and 53). These quick models gave a good 
sense of the design and were a good tool 
for evaluating the form. The concept was 
refined digitally using Alias  Automotive, 
and a new design was printed out (figure 54) 
The idea to have two separate light sources 
that emerged from the previous concept 

were implemented to this design. The design 
had a circular light at the front and an ambi-
ent light ring around the circumference of 
the ball  (figure 55). The arms that are hold-
ing the ball also had a function to frame the 
circular light at the front. However, once 
the design was printed out the stand felt too 
clumsy and heavy. Also, the ambient light 
around the circumference of the ball did not 
work as intended.
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6.3 The Web Application
Since most of the concept’s interaction fea-
tures were allocated to the mobile phone, an 
interface for a web application was designed. 
The core features of the application were 
identified both from using the theoretical 
framework as well as during design work-
shops and user testings. 

The menu system of the application was 
printed out on paper and attached to mock-up 
smart phones made from plastic (figure 21). 
These prototypes were used during work-
shops as experience prototypes for evaluation 
ideas, as well as for communicating ideas 
to an audience as suggested by Fulton and 
Buchenau (2000). The experience prototype 
of the application provided a good sense on 
how a functioning application would be 
perceived by an intended user. Also, a sim-
plified version of this web application was 
programmed into a functional prototype, 
on which the physical device could be con-
trolled. This prototype was demonstrated 
at the COMPEIT conference, where valu-
able feedback was provided. In addition, the 

Figure 56 Main menu Figure 57 Emotional animations Figure 58 Internet feeds

prototype was evaluated during the two user 
tests from which the results are presented in 
chapter 5.2.

The idea for the web application was based 
around a circular menu system that was rep-
resenting the circular light at the front of the 
physical device. The circular shape of both 
the device and the menu of the application 
gave a good mapping between the two sys-
tems, which gives a more intuitive interface 
and a similarity in layout between the appli-
cation and the physical device which accord-
ing to Lidwell, Holden, and Butler (2010) 
creates a good mapping. 

The graphical interface was designed to be 
simple and fun, consisting of only the core 
features in line with Apple’s (2014) guidelines. 
The application had a white background and 
purple in different shades as the front fea-
ture. However, the white background did 
not correspond well with previewing dif-
ferent lights. No light at all on the physical 
device was represented by black, and white 
full intensity light on the physical device 
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Figure 59 Animation editor Figure 60 Color picker Figure 61 Audio to light feature

was depicted as white in the web applica-
tion. This mapping was not intuitive since 
black, which means no light on the physical 
devices, popped out against the background, 
and white could not be distinguished from 
the background. Because this mapping was a 
bit backwards, the background color for the 
final application was changed to black.

Using purple as the main color of the appli-
cation looked nice but did not function that 
good. The purple color influenced the other 
colors that the user interacted with which 
made it difficult for the user to get an accu-
rate understanding of the colors. The inter-
face of the final concept was changed into a 
neutral gray, to avoid the colors to influence 
each other. In addition, the different shades 
of purple were not that easy to distinguish 
from each other making the interface harder 
to understand. The use of color was more 
intentional in the final concept, were each 
color had a purpose.

From the main menu (figure 56), all the 
different features of the system could be 

accessed. The main menu consisted of a cir-
cular menu complemented with three but-
tons from which the user can activate differ-
ent animations. The circular menu consisted 
of four different buttons each representing a 
feature of the application. The buttons only 
had symbols and no text, which made it 
quite difficult for the user to understand the 
functions of the buttons. The final concept 
was improved by adding text with an expla-
nation for each feature. 

The smiley button on the main menu lead 
the user into the emotional animations menu 
(figure 57). From this menu, the user could 
send different emotions, which were rep-
resented as color and light on the physical 
device. During an experience prototyping 
workshop, the participants expressed a desire 
to preview the animations before they were 
sent to the physical device. This feature was 
added in the final concept. 

The Internet feed menu (figure 58) featured 
different possibilities for the user to repre-
sent different Internet feeds such as Facebook 
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and Twitter. Next to the circular menu was 
a play button that would activate the feed. 
Below the circular menu two buttons, repre-
senting each of the two physical devices were 
located. These buttons and the play button 
were integrated into a control window in the 
final concept, which made the interaction 
more intuitive.

The animation editor window (figure 59) 
provided the users with the possibility to 
create their own custom animation. The 
circular wheel represents the circular light 
on the physical device. If the user clicks at 
the center of the circle, a color picker menu 
pops up (figure 60). In the color picker, the 
user can pick a color to assign to the wheel. 
Below the color spectrum was an intensity 
bar where the user could adjust the bright-
ness of the light on the physical device. 
The color picker was too difficult to access 
since it required several steps from the main 
menu. For the final concept, the color picker 
became integrated into all the windows 
giving the user instant access to both color 
and intensity of the light. The animation 
editor feature turned out rather complicated 
and was, therefore, simplified significantly in 
the final concept.

The final feature of the web application was 
an audio to light feature (figure 61). This 
feature would record audio from one loca-
tion and represent it as light on the other 
device. This menu did not have the same 
circular interface; instead it consisted of two 
symbols representing recording and visual-
izing. Below these symbols were two but-
tons representing the two physical devices. 
These buttons only said A and B, which was 
not that intuitive. For the final concept, this 
feature was improved with symbols repre-
senting the physical device in order to make 
them easier to understand. This menu was 
totally reworked for the final concept since 

it proved to be quite difficult to understand. 
In addition, it did not have the same form 
language as the rest of the menus, which was 
changed for the final concept.
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7 Results - Final Concept
The final concept Tangiball is presented in this chapter. First, Tangiball is presented in its 
context. Second, the system that makes up Tangiball is presented, followed by a detailed 
description of the physical part of the concept as well as the web application. Then, the con-
cept is evaluated in regard to the design requirements. Finally, a number of so-called “What 
If” scenarios are presented, describing possible future use cases.

7.1 Tangiball
Tangiball (figure 62) is a system consisting of 
two intelligent lamps combined with a web 
application that helps geographically sepa-
rated users to feel connected.  Tangiball cap-
tures data from one location and represents 
it in an abstract way at the other location. 

With this implicit form of communication, 
Tangiball portrays a human presence and 
increases remote users’ awareness of each 
other. Tangiball also gives the users a new 
way of expressing their mood and emotions 
using color and light animations.

Figure 62 Tangiball in context
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Figure 63 System of two devices

7.1.1 Need
People’s increasing mobility, and the grow-
ing amount of single households combined 
with Europe’s aging population leads to 
more people living separated from friends 
and family. The increased number of people 
living away from family and friends creates 
a growing need for connectedness between 
remote locations (Hassenzahl et al., 2012). 
There are currently a great variety of ser-
vices and tools available that allows users 
to communicate over geographic distances. 
However, the currently available commu-
nication services, almost exclusively, focus 
on the transmission of explicit information, 
neglecting the subtle and emotional com-
munication that is important for close rela-
tionships (Hassenzahl et al., 2012).

7.1.2 Approach
Tangiball gives people that are living apart a 
way to feel a sense of presence and awareness 
of each other. Tangiball is a system consist-
ing of two intelligent lamps that are capable 
of communicating both with each other, and 
other devices (figure 63). To enable more 
possibilities for interaction and support the 

user’ mobility, the system also comprises a 
web application. From the web application, 
the users can create and send their own 
custom light and color messages as well as 
sending pre made emotional animation. For 
an increased sense of presence and awareness 
between remote locations, Tangiball allows 
the user to capture video from one location 
and portray it abstractly with light and color 
at the other location. The abstract visual-
ization of the video data creates ambiguity, 
which reduces the sense of surveillance and 
provides an implicit communication that is 
important for close relationships (Hassenzahl 
et al., 2012). Finally, Tangiball can visualize 
different Internet feeds, which creates many 
possibilities for shared experiences.

7.1.3 Benefits
Tangiball provides people that are living 
apart with a way to feel a sense of presence 
and awareness of each other. The awareness 
and feeling of presence provide a sense of 
comfort for the user. Tangiball gives the user 
a new way of expressing themselves using 
light and color animation, which can pro-
vide a richer social experience. 
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Figure 64 The Tangiball system

7.2 The system of Tangiball
Tangiball is a system consisting of two physi-
cal devices, Tangiballs, and a web application. 
Together these components form a network 
in which the components communicate 
with each other (figure 64). The system is 
also capable of communicating externally  
through Internet connection. The main 
functionality and interaction of the system 
is allocated to the web application, leaving 
only basic interactions to the Tangiballs 
in order to keep them as simple and user 
friendly as possible. The web application is 

intended to be operated from a smartphone, 
functioning as a remote control. In order 
to create a seamless and transparent system, 
a wearable device needed to be included. 
Since most users already carry smartphones 
around most of the time, there was no point 
to introduce yet another wearable device. In 
addition smartphones already have plenty of 
sensors and positioning systems integrated 
allowing to collect a large variety of data 
creating many possibilities to develop new 
services to Tangiball.
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Figure 65 The Tangiball - Physical device

7.3 Tangiball - Physical device
The physical part of Tangiball (figure 65) is 
best described as an intelligent lamp capable 
of communicating over the Internet using 
Wi-Fi. 

7.3.1 The Design
Tangiball consists of a white sphere that is 
embraced by a brightly colored stand. The 
sphere embraced by the stand symbolizes 
closeness. The stand has two arms hugging 
around the ball. The two arms in combina-
tion with the three buttons on top creates 
a frame around a circular light that only 
becomes visible when it is activated. The 
three buttons are touch-sensitive, and their 
function can be customized from the web 
application. The buttons are shaped as open 

circles orientated in different directions in 
order to help the user tell them apart. Also, 
the three buttons are represented in the same 
way in the web application, which gives a 
good mapping that is easy to understand. 

A small hole is located at the center of this 
circle. In this hole, a small video camera is 
placed. A microphone is located at the bottom 
of the circle, behind three small holes. The 
video camera and the microphone capture 
data from one location in order to present it 
as light animation at the other. A light strip 
consisting of 48 individual lights is located 
at the inside of the stand’s top rim. A socket 
for power supply is located at the back of the 
stand. Figure 66 - 69 on the following page 
shows orthogonal views of Tangiball.
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Figure 66 Tangiball - side

Figure 67 Tangiball - front Figure 68 Tangiball - back Figure 69 Tangiball - top
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7.3.2 The Technology
Here the technology on the inside of 
Tangiball is described. Figure 70 shows a 
photo of the components located inside 
Tangiball. The exploded view of Tangiball 
in figure 71 shows the different components, 
and figure 72 and 73 show how the com-
ponents are packed. The components in fig-
ure 70 are, starting from the left: NeoPixel 
Ring, Arduino Yun, FadeCandy - driver 
for NeoPixel, 5-Pad Capacitive Touch 
Sensor, Miature TTl serial JPG Camera, and 
Electret Microphone amplifier, and at the 
bottom a NeoPixel digital RGB LED strip. 
Here follows a description of each individual 
component:

1. NeoPixel Ring - The Neopixel Ring con-
sists of 24 LED NeoPixels that are arranged 
in a circle with 66mm outer diameter. Each 
of the NeoPixels can be individually con-
trolled to show the colors in the RGB spec-
trum.

2. Arduino Yun – Arduino Yun is an open-
source, programmable microcontroller for 
electronics that can be connected to a wide 
range of sensors and actuators, for example 
lights, speakers, and motors (see chapter 2.4 
for a more detailed description).

3. FadeCandy - FadeCandy is a NeoPixel 
driver that can be controlled over USB. This 
driver provides a better representation of the 
NeoPixel’s colors.

4. 5-Pad Capacitive Touch Sensor – This is a 
breakout board that connects to up to five 
conductive pads. This breakout board is used 
as the control chip for the three touch sensi-
tive buttons.

5. Miature TTl serial JPG Camera – This small 
camera captures video in order to transmit a 
sense of presence.

6. Electret Microphone amplifier – This small 
microphone captures audio which can be 
transmitted and visualized as light in order 
to convey a presence.

7. Neopixel digital RGB LED strip – The 
Neopixel LED strip consist of 144 individ-
ually controllable LED pixels, per meter 
,on a flexible PCB. This strip function as 
Tangiball’s ambient light source.

Figure 70 Tangiball - components

1.
2.

3.

4. 5.
6.

7.
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Figure 71 Tangiball - exploded view

Figure 72 Tangiball - components in sphere Figure 73 Tangiball - components in stand
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Figure 74 Web application

7.4 The web application
The web application is Tangiball’s primary 
platform for interaction, from which the user 
can control different light settings, anima-
tions, and communication services (figure 
74). 

The web application is based on WebRTC 
(web real-time communication), which is 
an API (application programming inter-
face) that allows real-time communication 
directly in the web browsers. Currently, the 
web browsers supporting the WebRTC API 
are Google Chrome, Mozilla Firefox, and 
Opera. WebRTC has been used in this proj-
ect because one of the COMPEIT project’s 
objectives is to utilize this API. WebRTC 
enables similar possibilities as smartphone 
applications. The difference is that it does not 
need a specific application; it runs directly in 
the browser. 

The web application is intended to be used 
primarily on a smartphone, which enables 
the user to communicate with the Tangiballs 

no matter where he or she is located. For 
example, a family husband traveling for 
work could remotely change the color of 
Tangiball’s light when he arrives at his des-
tination. The change of Tangiball’s light 
would then tell the family at home that he 
has arrived safely. Both Tangiballs can be 
controlled from the web application and if 
the Tangiballs would be turned off the mes-
sages could be forwarded to one or several 
designated smart phones. 

The design of the web application is based on 
the design requirements, the mood boards, 
Apple’s (2014) Human Interface guidelines, 
as well as the form and color theories pre-
sented in chapter 3.4 and 3.5. The design 
intention of the web application is to keep it 
simple by limiting the interface to the core 
functions. Pure and clean colors from Apple’s 
(2014) design guidelines have been used for 
visual continuity and to keep the interface 
clear and easy to read.
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on one application’s corresponding button 
brings the user to a submenu that is specific 
for each application. Each submenu also has 
a circular menu, which is complemented by  
the control menu. The control menu allows 
the user to start and stop the physical devices 
as well as choose if animations should be 
played once or be played in a loop. On the 
control menu, there are also two Tangiball 
symbols, one representing each unit. By 
highlighting one or two of the symbols, the 
user can decide which of the two Tangiballs 
to control. Three buttons that represent the 
buttons on the physical device are located 
above the custom menu bar (on each page 
except the editor page). The user can decide 
which functions to allocate to the physical 
device by customizing the functions of these 
three buttons. If the user presses and holds 
one of the buttons, they can drag the desired 
function from the menu to the button and 
allocate this function to the corresponding 
button on the physical device. These three 
buttons in the application are designed to 
look like the buttons on the physical device, 
providing a good mapping giving the user 
a good understanding of the system. These 
three buttons can be used as buttons with 
a custom function within the application 
as well. By clicking on the button once the 
user activates the function allocated to the 
button, and by pressing the button again 
the user stops the function. The user can 
easily control the light intensity of the phys-
ical devices by dragging the brightness bar 
located between the custom buttons and the 
circular menu.

Main menu

Internet   
feeds

Animation
editor

Emotional
animations

Presence
light

Tangiball
Figure 75 Web application icon

Figure 76 Menu  system hierarchy 

7.4.1 The Web application icon
The icon for the web application (figure 75) 
is a stylized image of Tangiball on a bright 
and vibrant background. The simplicity of 
the icon makes it look good in different sizes 
and it is easy to understand independent of 
size, in line with Apple’s (2014) guidelines.  
The icon provides a direct association to the 
product, which makes it easy to understand, 
and the icon also creates an abstract interpre-
tation of the main idea of the application as 
suggested by Apple (2014). The icon is also 
the logotype of the Tangiball concept, which 
creates a good opportunity for branding as 
recommended by Apple (2014).

7.4.2 The menu system
The web application’s menu system (figure 
76) consists of one main menu from which 
four submenus can be accessed. The menu 
system is simple both in its design (figure 
77) and in its limited amount of informa-
tion and interaction possibilities. The entire 
web application is based on a circular main 
interface complemented with a control unit. 
From the circular menu, the user can access 
Tangiball’s different applications. Clicking 
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Figure 77 The menu system
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7.4.3 The main menu
From the circular main menu (figure 78), 
the user can easily access each of the sys-
tems functions. A button constructed from a 
quarter of the circle represents each function. 
Each button has a symbol that represents the 
function and the name of the function in 
writing. The symbols are black and simple 
in their design for an easy read. The buttons 
are gray to keep them neutral and to avoid 
influencing the color spectrum located in the 
center of the circle. 

The different functions that can be accessed 
from the menu are: Animation editor, 
Animotions, Presence light, and Internet 
feeds. The animation editor lets the user 
create their own custom light and color ani-
mations and save these to a library of custom 
animations. In the Animotion menu the 
user can send different pre made animations 
that represents different emotions, similar 
to emoticons. The Presence light function 
records video from one Tangiball, and rep-
resents the footage in an abstract way on 
the other Tangiball’s lights. The Internet 
feeds function allows the user to represent 
different Internet feeds using the lights on 
the Tangiball. Each of these functions is 
explained in further detail in the following 
chapters. 

A color spectrum is located in the center 
of the circular menu. This color spectrum 
lets the user change the color of Tangiball’s 
lights. The location of the color spectrum 
gives the user a quick access to one of the 
most basic functions of the application. By 
clicking on the desired color in the spectrum 
the chosen Tangiball changes into that color.

A bar where the user can control the light 
intensity of the Tangiball is located below the 
circular menu. The brightness bar, as well as 
the symbols representing brightness, is of a 

Figure 78 The main menu

standard design that the user recognizes from 
other systems. The standard design makes it 
easy for the user to understand the function 
of the bar

Below the brightness bar the user can find 
the three customizable buttons (explained 
in more detail in chapter 7.4.2), and a menu 
bar allowing the user a quick access to their 
custom made animations. The control menu 
(explained in chapter 7.4.2)  is located at the 
bottom of the menu.
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7.4.4 Animotion - Emotional animations
The Animotion function gives the user the 
opportunity to send various emotional light 
and color messages to the Tangiballs. The 
circular menu contains different emoticons 
that represent different emotional states (fig-
ure 79). Each of the different emoticons and 
its corresponding light and color animations 
are based on the circumplex model of affect 
described by Russell (1980). These are clock-
wise starting at the top: arousal, excitement, 
pleasure, relaxation, sleepiness, depression, 
displeasure, and distress. 

Figure 79 The emotional animations Figure 80 The preview feature

My animotions

A B

My animotions

A B

The circular mapping of the emotions pro-
vides an intuitive understanding of the emo-
tional spectrum represented.

The user can send light and color anima-
tions that represent emotions to one or 
two Tangiballs by clicking on the desired 
emoticon. The user can also preview the 
animations if they want. The preview of the 
animation is played inside the circular menu 
(figure 80).
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7.4.5  Internet feed
The Internet feed function (figure 81) 
lets the user map different feeds from the 
Internet to Tangiball’s lights. The feeds from 
the Internet are represented using light and 
color. The user can assign a color profile for 
the light visualization of the feed. The user 
can chose between the different preset feeds 
or assign a custom RSS feed. The preset feeds 
are: Twitter, Facebook, and Spotify. This 
menu page also contains a settings menu 
where the user can make more advanced set-
tings on how to represent the data.

7.4.6  Presence light
The presence light (figure 82) allows the user 
to sense a presence from the room where the 
other Tangiball is located. One Tangiball 
is capturing video with its built-in camera. 
This video is live streamed to the other 
Tangiball where it is represented by light and 
color. This feature does not have a designated 
menu; the user starts or stops the function 
by pressing the Presence light button on the 
main menu. The user decides in which color 
the video from the other location should be 
represented by clicking in the spectrum.
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7.4.7 Animation editor
In the animation editor, the users can create 
their own custom messages (figure 83). At the 
top, a circular control wheel for the different 
lights is located. The outer ring of the wheel 
consists of 24 slots, each representing an in-
dividual light on the physical device. The 
user can chose a color from the spectrum and 
assign it to different light slots (figure 84), 
giving the user full control over each light. 
The user can rotate the entire ring of lights 
by rotating the wheel located in between the 
outer ring and the color spectrum. Below 

the wheel, the user can set the duration of 
the animation by clicking and typing in a 
value. To the right of the duration control, 
the user can decide if the animation should 
be rotating or if the animation should be 
fading between the frames. Below the dura-
tion control, the user can set the amount of 
frames as well as scrub between the frames 
by dragging the bar. The number on the 
control handle on the bar indicates on which 
frame the system is currently located. Below 
the control bar, the user can save the anima-
tion into five custom folders.
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7.5 Evaluation
In this chapter, Tangiball is evaluated in 
regard to the design requirements as well 
as key aspects from the theoretical frame-
work. First, how the product achieved the 
design requirements are discussed. Secondly, 
aspects from the theoretical framework are 
discussed, followed by an analysis of the form 
of the design. Finally, the colors used in the 
design are evaluated, followed by analysis of 
the web application.

7.5.1 Design Requirements
How well the product has met the design 
requirements is discussed briefly in this 
chapter. For a more in-depth discussion on 
how the objectives and aims were achieved 
see chapter 8 and chapter 9. 

Portray a human presence - Tangiball has 
anthropomorphic features with a face on the 
front. The stand cradles the sphere similar 
to a human hug. In addition, the interactive 
attributes of the product allow the users to 
convey and portray their presence.

Contribute to a richer social experience – Tangiball
allows the users to communicate in a new 
and fun way, adding an additional level of 
sharing emotions and activities. 

Increase the sense of presence – With the feature 
Presence light, Tangiball captures informa-
tion and activates from one place and shows 
it in an abstract way at the other location, 
which increases the sense of presence.

Support shared experiences – Tangiball can 
support shared activities by letting the users 
know the other person’s activity. 

Fit into the user’s natural communication patterns 
– Tangiball transitions smoothly between 
implicit and explicit information that mimics 
a natural communication pattern. 

Utilizing natural and intuitive interaction – 
Tangiball has a clear mapping between the 
physical device and the web application as 
well as a simple interface limited to its core 
features, which gives Tangiball an intuitive 
interaction.

7.5.2 Theoretical Framework
Tangiball has a playful and fun personality, 
but yet it is intelligent and has class. The 
product’s character is carried through the 
three levels of the A.C.T model (Van Gorp 
and Adams, 2012) in the following way:

Attract – The design is simple and stylish, and 
with its spherical shape it expresses playful-
ness and creativity. The invisible circle at the 
front of the product is the product’s face. The 
form of the stand creates a big smile on the 
product’s face. The clean and simple lines of 
the product make it express class and intel-
ligence.

Converse – The product interacts with the 
user in a fun and playful way. Once the 
circle at the front of the product lights up, 
Tangiball comes to life. The interaction is 
simple and intuitive both for the physical 
device and in the web application. The web 
application has a simple, stylish interaction.

Transact – Tangiball helps the user to com-
municate with friends and family in a simple 
and fun way. Also, the design consistency 
carried through all aspects of the interaction 
makes for a good product relationship.

Since Tangiball can be seen as an ambient 
display. It is evaluated according to the tech-
nique presented by Mankoff et al. (2003) for 
evaluating ambient displays.

Sufficient information design – Tangiball dis-
plays the information in an abstracted way. 



78

The front end shows explicit messages and 
the circular light around the rim of the 
sphere displays implicit information. In 
combination these two lights provide suffi-
cient information for their purpose.  

Consistent and intuitive mapping – The display 
aims to be intuitive. Hopefully the colors 
evoke the intended feeling among the users.

Match between system and real world – Tangiball 
displays the colors from one location to 
another. This gives a natural mapping of the 
colors and light, however, the information is 
distorted and ambiguous. 

Visibility of state – The colors and lights 
displayed on Tangiball can show different 
arousal levels, depending on its intensity. 
Also, different activities can be portrayed, 
using different frequencies of motion of the 
lights. 

Aesthetic and pleasing design – This aspect is 
discussed under the A.C.T model.  

Useful and relevant information – The infor-
mation provided by Tangiball is useful for 
sensing another person’s awareness. Also, the 
light and color messages provide relevant 
information on the other user’s mood.  

Visibility of system status – This feature needs 
further development on Tangiball. It is pos-
sible to display the product’s status by a sepa-
rate light or color, which lets the user know 
the system’s current state. 

User control and freedom – The web application 
allows the user to make mistakes without 
great consequences and the user can easily 
recover from the mistakes.
 
Easy transition – Tangiball transitions between 
the ambient circumferences LED strip and 

the direct front circle. Since Tangiball does 
not display information in an ordinary fash-
ion, it is difficult to evaluate the system in 
this aspect. 

“Peripherally” of display – Tangiball is unob-
trusive to the user when displaying ambient 
information, but it can quickly catch the 
user’s attention if needed.
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Figure 85 Form evaluation - Hierarchy

Figure 86 Form evaluation - Axis side Figure 87 Form evaluation - Axis front
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7.5.3 Form
Figure 85 shows the hierarchy between the 
product’s different volumes. The sphere is the 
dominant volume, and it is in the most prom-
inent position. The stand is the subdominant 
volume, and it is in contrast to the dominant 
volume with its sharp edges and dynamic 
shape. The dominant and subdominant rela-
tionship creates an interest, since they are 
complementary both in size and proportion. 
The subordinate elements are the buttons, 
and the holes in the sphere. The subordinate 
elements ad a three-dimensionality to the 

product, since they emphasize the spherical 
form. All these form features are in line with 
the visual relationships presented by Hannah 
(2002). In addition, these elements create an 
invisible circle and frames the front face of 
the product following the gestalt principle of 
good continuation (Warell, 2001). Also, this 
makes it easier to perceive the circular light 
and color animations in accordance to the 
rule of surroundedness. This makes it easier 
to perceive a gestalt if it is surrounded by 
another figure (Warell, 2001).
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Figures 86 and 87 show the axis of the differ-
ent volumes. The strongest axis on the prod-
uct side goes slightly upwards across the sub-
dominant volume. This creates a movement 
forward, and the eye gets drawn towards the 
front. On the front side of the product, the 
most dominant axis are pointing inwards 
toward the middle of an imaginary circle.

The design of the physical devices shows 
abstract anthropomorphic features creating 
a positive emotional tone for interactions as 
suggested by Lidwell, Holden, and Butler 
(2010).

7.5.4 Color
The colors selected for the design of Tangiball 
follows the guidelines of Lidwell, Holden, 
and Butler (2010) in the following way:

• Use color conservatively – The color palette 
of both the web application and the phys-
ical device is limited in order to evoke 
a harmonious feeling, and to create an 
easy read.

• Color combinations – The physical device 
has a complementary color scheme.

• Saturation – The bright and saturated 
colors, both on the application and the 
physical device, are aimed to create a 
friendly and professional feeling as well 
as express dynamism and excitement. In 
the web application a saturated key color 
has been used to attract attention, where 
needed.  

In the pre made light and color animations 
the colors have been chosen to give a stim-
ulating effect for the animations showing 
a high arousal level and calming effect for 
the low arousal emotions (Van Gorp and 
Adams, 2012). In an attempt to evoke high 
stimulation, high intensity colors and strong 
contrasts have been used and soft colors 
with a gentle contrast have been used to 

communicate tranquility in accordance with 
the recommendation of Holtzschue (2011).

7.5.5 The web application
Apple (2014) suggests that the aim of the user 
interface should be to help the user under-
stand and interact with the content without 
competing with it. The interface has plenty 
of negative space and the spacing between 
each interactive element is generous. 

The interface has a clear dominant, sub-
dominant and subordinate relationship cre-
ating a dynamic and interesting design as 
described by Hannah (2002). The dominant 
most important feature is the circular menu, 
which is also located in the upper half of the 
screen as suggested by Apple (2014). The web 
application is consistent both with itself and 
with the physical device that it is controlling 
as recommended by Apple (2014). The menu 
consists of one key color combined with gray 
and black in order to not distract the user, 
which is also recommended by Apple (2014).
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if they are diagnosed with, for example, 
Asperger or ADD. Currently, therapists 
in Sweden are using different tools such as 
emotional barometers, based on colors to 
help children to express themselves. To visu-
alize different colors and lights on Tangiball 
might help children to express their emo-
tions. Also, it would be possible for a thera-
pist to let the child communicate their feel-
ing by setting a Tangiball to different colors 
via the phone application. The use of the 
phone application also opens up the possi-
bility for the therapist to prompt the child 
to represent their emotion using color, at set 
intervals throughout the day. The data could 
help the therapist to track a child’s emotional 
pattern. This feature could also be valuable 
for adults, functioning as a self-help tool.  

Figure 88 Child and therapist

7.6 “What If”  scenarios
In this chapter, a number of so-called “what 
if” scenarios are presented. The scenarios are 
aimed at presenting possible future or alter-
native use cases of the concept, function-
ing as guidelines and inspiration for further 
development. The scenarios presented are 
merely future visions of how Tangiball could 
be used; hence they would require additional 
services. The scenarios are meant to show the 
concept’s potential to fulfill different needs 
that are worthwhile investigating further in 
future work.

7.6.1 Aid in therapy sessions
Tangiball could be a valuable aid for thera-
pists working with children, as well as adults 
(figure 88). Sometimes it can be difficult for 
children to express their emotions, especially 
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7.6.2 The Hospital Environment
Tangiball could be a valuable asset in the hos-
pital environment (figure 89). For example if 
a child is hospitalized for a longer period it 
is almost impossible for the parents to con-
stantly be present at the hospital. Also, the 
child might lose connection to school and 
friends. Current communication technolo-
gies such as Skype and voice calls are great 
means for  communication, however, when 
the call is over, so  is the sense of awareness 
and presence. Tangiball, with its implicit 
communication, could help the child to feel 
a presence from family, friends and school 
in between visits and Skype calls. The end 
goal would be to extend the hospital expe-
rience out into the outside world, as well as 
bringing the outside world to the hospital. If 
Tangiball existed in an ecosystem of smart 
products, the hospital stay could follow the 
rhythm and routine of the outside life.

Tangiball could provide reassuring infor-
mation to parents, providing them with a 
status update. For example if the light turns 
blue, the parents know that the doctor has 
made a visit to the child and everything is 
ok. Also, Tangiball could provide data on 
how the child is feeling without the child 

Figure 89 Child at a hospital

actively communicating his or her mood if 
it would be combined with different sensors 
collecting data on how the child is doing in 
different aspects. This data could provide 
a valuable aid for personnel at the hospital 
knowing which child needs attention the 
most. 

7.6.3 Quantify me
Tangiball could help visualize data collected 
from current so-called “quantify me” ser-
vices. These services help the user to collect 
data from daily activities, often using wear-
able sensors or smartphones. This data then 
helps the user to understand their behavior, 
make improvements, or to keep track of 
goals. In this context, Tangiball could pro-
vide an ambient way of keeping track of 
daily routines and goals. Tangiball  could for 
example provide a way to visualize data col-
lected throughout a persons day in order to 
track their stress levels. If the stress levels are 
too high Tangiball could glow in a red color, 
and if the stress levels are low Tangiball could 
give away a blue soothing glow. 

Another example is if a company would set 
up a competition between two of their offices 
with the aim being to get their employees 
to exercise more. During one month each 
employee would track how many steps they 
are walking. The data from all the employ-
ees at each office would be summed up and 
represented as one unit. Imagine that both 
offices have their own Tangiball and each 
office would be represented with a certain 
color. For example, one office would be 
represented with yellow and the other office 
represented with red. If both teams were 
doing equally many steps, Tangiball would 
be orange, and if, for example, the yellow 
team takes the lead in the competition 
Tangiball would be yellow. This would then 
of course prompt the red team to go out and 
exercise.
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Figure 90 Tangiball integrated with Skype

7.6.4 Integrated with Skype
The idea to integrate Tangiball with Skype 
emerged during one of the user studies. 
Tangiball could potentially provide an 
additional layer of information in order to 
enhance the sense of presence. The users 
would each have their own Tangiball next 
to them during the Skype session. The 
Tangiball interface could be integrated into 
the Skype window (figure 90) or run sep-
arately in its own application. During the 
conversation, a better connection between 
the two remote locations could be provided 
if the users shared their lighting condition 
using the feature “presence light”.  Also, 
Tangiball could be used to convey emotions 
using the color and light, very much in the 
same way as emoticons are used when chat-
ting.

7.6.5 Event feature
Tangiball would benefit from having an 
event function, in order to know that the 
users of the other Tangiball are present, and 

noticing the messages that are being sent. 
This event feature could be quite simple, just 
allowing the user to invite the other users to 
participate in a certain activity at a certain 
time. For example if one user wants to watch 
a hockey game, he or she could post this 
activity onto a shared activity board within 
the application. To know that the other users 
are doing the same activity at the same time 
creates a good base for “live-chatting” using 
the emotional animations. The emotional 
animations could be recorded into a shared 
folder, if the users are not able to watch the 
game at the same time. For example, the 
user who first watches the game can record 
different light animations into the applica-
tion at given times during the game. When 
the other user then watches the game, he or 
she can play the prerecorded animations on 
the Tangiball, providing a sense of presence 
from the other person. The pre-recorded 
animations would function as an extra track 
played during the game providing a shared 
experience.
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8 Discussion 
In this chapter, the result of the project is discussed. First the results are positioned and related 
to the theoretical framework, and the project’s contributions are discussed. Then the rele-
vance of the work is examined with a discussion on how the result is relevant for the user, the 
COMPEIT project, and society as a whole. Also, the project outcome is discussed in regard 
to how it relates to economic, ecological, and social sustainability. Then follows a reflection 
and evaluation over the outcome of the project, the project’s process, and the methods used 
during the project. Finally, recommendations for further development are provided.

8.1 Positioning the results
In this chapter, the result of this thesis proj-
ect is positioned and discussed in relation to 
the theoretical framework.

8.1.1 Transparent communication
To position the final result of this master 
thesis project, I start by discussing the ideas 
of Weiser (1991) that computers should exist 
in the human world without barriers to 
personal interactions and offer a transparent 
communication. This vision has been a fun-
damental guideline throughout the entire 
project. 

The final concept presented in this thesis has 
in the most basic sense moved the computer 
from the shackles of the traditional PC out 
into the human world. However, this is true 
for most modern technology products that 
almost exclusively consist of  some level of 
integrated computing power. However, the 
important question is if the concept has suc-
ceeded in making the technology transpar-
ent and disappear into everyday life. I think 
the concept has the potential to weave itself 
into daily life, but it needs to exist in a larger 
eco-system of other products that could 
interact seamlessly with the user. 

I believe this thesis has shown a way to 
place information and communication 
in the periphery and make it more ambi-
ent and implicit. Since the concept pro-
vides a platform for implicit and ambient 

communication it addresses the phenom-
ena stated by Hassenzahl et al. (2012) that 
most current communication technologies 
focus on explicit information, neglecting the 
subtle and emotional communication that is 
important for close relationships. Also, the 
model proposed in chapter 5.1 provides an 
aid in creating designs that supports commu-
nication in a more natural and transparent 
way. So in this way the concept has at least 
contributed toward weaving technology into 
everyday life.

8.1.2 Conveying presence
It is important to discuss whether the result 
from this thesis has succeeded to convey a 
social presence and whether it could poten-
tially help people feel more connected to 
close ones when geographically separated. In 
order to sense a social presence of another 
person, one must first be aware of the other 
person. 

Awareness - As stated by Wisneski et al. 
(1998), awareness is a state of knowing about 
the environment, the surroundings, and the 
presence of others. Tangiball can in many 
ways help the user to get information of the 
environment and surroundings of a remote 
location. However, this is very much possi-
ble with numerous current communication 
tools. For example, a video communication 
service can provide an open channel, with 
both visual and audio, between two remote 
locations. Even though it would be possible 
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to continuously keep a video communica-
tion running in order to convey a presence it 
seems like it is hardly ever used in this way. 
Voice calls and video communication are 
not commonly used as a tool for conveying 
presence or awareness; it almost exclusively 
functions as an explicit communication 
channel. I believe that conveying presence is 
not about keeping a channel open between 
two remote locations; it is about a continu-
ous ambient subtle communication that can 
naturally transition into explicit communi-
cation.

The three sub strategies of awareness, as well 
as the other aspects of conveying awareness 
and relatedness, suggested by Hassenzahl et 
al. (2012) is worth discussing. Even though 
these strategies derive from different past 
research projects aiming at developing 
products that convey relatedness for cou-
ples in long distance relationships, they are 
interesting to the idea of conveying a sense 
of presence and awareness over geographic 
distances.

Presence – Tangiball can convey a sense of 
presence without providing an active com-
munication, using the video to light, and 
audio to light functions. Also, the concept 
allows for the users to communicate their 
mood and emotional state to each other. 
Hopefully, the concept can support users 
to more continuously communicating their 
mood to each other.

I believe that the main contribution that 
Tangiball makes in order to convey a pres-
ence is to help users to transition between 
different levels of awareness as presented in 
chapter 5.1. By using light as a means for 
communication, Tangiball also creates a 
greater impact in a room than what is possi-
ble with a flat computer screen. 

One disadvantage with Tangiball, is that it 
does not allow for direct communication 
between users. One can argue that the func-
tionality of Tangiball is quite limited in com-
parison to a stationary computer with a GUI. 
In fact, the limited functionality of Tangiball 
is also its strength. It functions as a system 
dedicated to its purpose of conveying pres-
ence and enhancing the shared social expe-
rience. According to the user test, Tangiball 
was quite successful at conveying presence, 
with an average score on 3,62 out of 5, and 
3,96 out of 5 on the question asking specif-
ically on how successful the product was at 
conveying presence. However, the user test 
should be seen merely as a hint toward the 
views of the intended users. 

Activity –  Tangiball has the ability to present 
data from different Internet feeds, allowing 
the users to share and provide  shared knowl-
edge about their daily activities. Tangiball 
does not provide a service that allows the 
user to share their activities; it merely func-
tions as a way of visualizing this data. The 
video to light, or audio to light functions 
provide a way for users to share their activ-
ities in the sense that they can, for example, 
let the other users know if they are at home, 
if they are moving around, listening to music 
or if their light is turned on.  Many services 
already provide ways for people to share 
their activates; one can argue that this is the 
main activities of social media. Tangiball can 
only provide a new way of displaying this 
information. 

Mood – Tangiball’s emotional light and color 
animations, based on the circumference of 
emotions by Russel (1980), and Van Gorps 
and Adams (2012), can provide a tool for the 
user to communicate their emotional state 
to each other. This feature can be used as 
an additional layer of communication during 
other forms of communication, for example, 
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video or audio communication. In this con-
text, the light and color animations can allow 
people to understand the level and direction 
of emotion and attitude in a message, very 
much providing the same function as emot-
icons, as stated by Lo (2008). The emotional 
animations developed during this thesis 
project should be seen as highly experimen-
tal, and need more refinements before they 
can be viewed as accurately communicating 
a mood.

Even though these emotional animations 
create a more significant emotional impact 
than emoticons, they should be viewed as 
symbols of emotions in the same way as 
emoticons. The animations can be regarded 
as agreed upon symbols of emotions; thus 
the intention of the message should be easier 
to understand for the receiver. Clearly, color 
and light animations are more abstract and 
ambiguous than emoticons, which might be 
an advantage when it comes to communicate 
emotions. According to Hindus et al. (2001), 
ambiguity is one guideline when designing 
for awareness, though this is more relevant 
when users are creating their own messages. 

Tangiball allows the user to create custom 
animations, which allow the user to com-
municate a wider spectrum of moods and 
emotions. During the user studies, a number 
of participants expressed a desire to create 
custom messages, which was also identified 
during past studies by Chang et al. (2001), 
Kowalski, Loehmann and Hausen (2013) and 
Hindus et al. (2001). Hopefully, the custom 
messages can provide an additional level of 
communication between users, allowing 
them to create their own abstract language 
with subtle messages open for interpretation. 

Nilsson and Waldemarson (2007) argue that 
the most important aspect of communica-
tion is that the sender and the receiver give 

the same meaning to the message. However, 
I believe that the ambiguity of human com-
munication is highly important for meaning-
ful relationships. I think our ability to read 
into subtle messages, which are not necessar-
ily intentional, provide valuable information 
on the other person’s mood and emotional 
state. Nilsson and Waldemarson (2007) also 
suggest that the receiver actively constructs 
their own meaning into what they perceive. 
Light and color animations are quite abstract 
and allow for different interpretations, thus 
coincide with the key requirement of ambi-
guity stated by Hindus et al. (2001). 

The direct emotional messages provide an 
additional layer of communication and allow 
the user explicitly to express their emotions. 
This feature might seem a bit gimmicky, 
and this was also expressed during the user 
studies. The usefulness of Tangiball’s explicit 
emotional communication is hard to predict. 
One might argue that the contribution from 
this feature is not substantial and that it does 
not add something new that is not already 
provided by current communication tools. 
What is more interesting with Tangiball is 
its ability to convey implicit information. 

Tangiball has the potential to communicate 
emotions and convey mood in an implicit 
way, both by active control from the user 
and by visualizing different data feeds, such 
as mood status on Facebook, or possibly data 
collected from different smartphone apps. 

Expressivity – According to Hassenzahl et al. 
(2012) expressivitiy consists of spontaneous 
and playful acts of communication and is 
essential to close relationships. In all three 
user studies conducted in this thesis project, 
the word fun was the word that the partic-
ipants thought best described Tangiball. It 
scored high on user satisfaction from both 
the expert users and the average user. Also, 
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the words entertaining, friendly and creative 
were frequently chosen from the product 
reaction cards, suggesting that Tangiball has 
been quite successful at conveying expressiv-
itiy. In addition, Tangiball is also in line with 
Hindus et al. (2001) idea that consumers 
want communication devices that are simple 
to operate and fun to use. The simple color 
messages provide a way for users to express 
themselves in a playful and spontaneous way. 
The light and color animations also satisfy 
both the on-off, and symbols strategy sug-
gested by Hassenzahl et al. (2012). 

The key requirements, when designing for 
expressivitiy, by Hassenzahl et al. (2012) 
suggests; enriched expression of emotions, 
reciprocity, integration into daily routines, 
open to interpretation, and phatic com-
munication. As discussed earlier, Tangiball 
meets the key requirements of enriched 
expression of emotions and is open to inter-
pretation. No good solution for reciprocity 
has been developed during this thesis proj-
ect. The lack of knowledge about if the other 
person has received a message or not might 
cause much stress for the user. One approach 
to address this issue is to create a status fea-
ture, letting the other person know if you 
are present or not. Another idea is to have 
a simple event feature, allowing the users to 
share their upcoming activities. For exam-
ple, the users could then watch a hockey 
game, knowing that the other person is pres-
ent, creating a better conditions for sending 
messages through the device. 

An additional problem is how the messages 
should be played on the receiving device, 
should they play only once risking that the 
receiver misses the message, should they 
be played continuously until the receiver 
confirms the message, hence taking away 
the whole idea of ambient communication. 
My suggestion is that it should be played 

with gradually increasing time intervals. 
However, this is a major issue that has to be 
solved in order to create a good communica-
tion of expressivitiy.

Joint action – Tangiball cannot by itself help 
users to perform joint actions; it can only 
assist in letting the other person know that 
you are present. Knowing that the other 
person is present might aid the user to 
carry out their routines together. I believe 
that there is a great value in knowing that 
another person is doing the same thing at the 
same time as me. This knowledge creates a 
sense of presence and togetherness. I think 
that Tangiball can help users carry out rou-
tines together. For example if the users have 
agreed to turn the light blue when they start 
making dinner, they would know that they 
are doing the same activity at the same time.

Privacy - It is important to address the privacy 
issue, since Tangiball is equipped with both a 
microphone and a video camera. Studies by 
Hindus et al. (2001) showed the importance 
to respect privacy. Tangiball transforms 
the video and audio data into abstract light 
and color, which lower the feeling of being 
monitored. Since the video input is mapped 
onto a circular light pattern, the image gets 
even further distorted. The only thing the 
receiver can read from the light is the level 
of motions, brightness, or the sound level in 
the other room. 

This decoding of data into low fidelity infor-
mation should take away the sense of being 
surveilled. However, it might be possible that 
the users learn to see and understand more 
than was intended. If the users were able to 
learn to interpret the abstract information, 
the sender would probably feel monitored. 
In addition, there might also be a possibil-
ity that the user, or someone from outside, 
could hack into the system and get a hold 
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of the video data. Even though these issues 
are highly important, they are not discussed 
any further in this thesis since the problem is 
more about computer security than the spe-
cific concept developed in this project.

8.2 Relevance
The relevance of the concept developed 
during this master thesis project is quite diffi-
cult to predict. Currently, computing power 
gets integrated into more and more devices, 
and these devices also become more capable 
of communicating with each other. As stated 
by Kuniavsky, (2010) the era of ubiquitous 
computing has begun. 

Ubiquitous computing in combination with 
the affordable and available tools for man-
ufacturing and the growing maker culture 
described by Sharples et al. (2013) provides 
a great climate for technology development. 
I believe that we are at the starting point of 
a technological revolution similar in scale 
to the industrial revolution. We also see a 
growing interest for tangible interaction 
both in real world applications, as stated by 
Sheridan and Bryan-Kinns (2008), as well 
as in the research environment according to 
Nyström, Nyström, and Parnes (2013). 

Currently, ubiquitous computing, or more 
commonly referred to as the Internet of 
things, is at the verge of exploding out into 
the marketplace. I think that the problem 
with many of the devices and concepts 
developed are that they are mainly designed 
because it is possible, not because they satisfy 
an unmet need.  

There have been several attempts at trying to 
help couples in long distance relationships to 
feel more connected using different tangible 
interfaces. However, the market has not been 
ready for these devices. In society today we 
see a growing number of single households as 

well as increased mobility of people, which 
creates more people living away from friends 
and family. In this context, I believe that 
Tangiball can provide comfort and a sense of 
presence between people. 

In addition, we are having an aging pop-
ulation which leads to more older people 
living  separated geographically from their 
families and relatives. Tangiball could give 
a sense of comfort for family and relatives to 
old people that are at higher risk for falling 
sick or injuring themselves. In conclusion, I 
believe that Tangiball contributes to a better 
connection and awareness between people. 
Tangiball creates a more intuitive and nat-
ural communication that hopefully makes 
people more aware of each other. If people 
are aware and thinking more of each other 
it creates a better society, and, therefore, 
Tangiball contributes to a more sustainable 
social development.

Tangiball is also a valuable contribution to 
the COMPEIT research project, since it can 
function as a platform for further research 
and evaluation. The COMPEIT project aims 
to create a better experience of presence, and 
if Tangiball is complemented with other ser-
vices functioning together as an ecosystem 
I believe that the contribution to the end 
user is quite substantial. Tangiball together 
with the tools and services developed during 
the COMPEIT project, therefore, have the 
potential to contribute to economic devel-
opment for the European market. 

One of the COMPEIT project’s use cases 
is the hospital environment and specifi-
cally children’s situations at the hospital. If 
Tangiball could be integrated into this envi-
ronment and contribute to a better situation 
for hospitalized children, it would be a great 
contribution to society. 
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The environmental impact of Tangiball is 
hard to estimate. One can argue that it is 
irresponsible to introduce a new product 
into the marketplace without reducing the 
need for other devices. Tangiball is only 
an addition, since it is introduced as a new 
product, and it is not replacing any current 
products. However, it has a lot of potential 
for customization and further development 
by the user, which hopefully contributes to a 
longer life span. 
 
8.3 Reflection
In this chapter, a reflection over the thesis 
project is provided. The project outcome, 
the project process, and the methods that 
were used during the project are discussed 
and evaluated.

8.3.1 Project outcome
The outcome of this master thesis project 
consists of both the concept of Tangiball as 
well as the thesis itself. First Tangiball is dis-
cussed and then the results from the research 
and thesis are discussed. 

Tangiball – The goals of the product were that 
it should convey and communicate a sense of 
being together over remote locations. Also, 
the aim was that the product should support 
shared experiences and fit the user’s natural 
communication and have an intuitive inter-
action. These goals are discussed in chapter 
8.1, positioning the result, and, therefore, 
not discussed any further in this chapter. 

The goal of making a working prototype of 
the product has been met, very much thanks 
to Nicklas Nyström and Jimmy Nyström that 
have done a tremendous job in getting all the 
hardware and software to work. The proto-
type can connect to the Internet via Wi-Fi 
and also be remotely controlled by a smart 
phone. However, there is still more work to 
be done before everything works effortlessly. 

The prototype is sufficiency completed so it 
can be used for demonstrations and evalu-
ations. The refinements of the prototype 
mainly consist of software development. 

The project scope of this thesis has been 
rather large, which have made some aspects 
of the final concept a bit rough. The main 
focus has been on designing a holistic con-
cept that could provide a base for further 
development. Much focus has been on iden-
tifying user needs and approaches to satisfy 
these. The priority has been on the user 
experience rather than creating a beautiful 
design. Because of the large scope of the 
project, it has been difficult to find the time 
to refine the product’s aesthetics. Also, using 
3D printing as the production method of the 
final prototype has put restrictions on the 
design. 

It has been challenging to design a product 
with a given place in the home by using only 
plastic as a material. Since the product is one 
of a kind and does not yet have a given cat-
egory that it could fit into, it has been chal-
lenging to find its place among other prod-
ucts in the home environment. The novelty 
of the concept has made it hard to find a 
suitable design language. The result is quite 
satisfying, given the large scope of the proj-
ect and the limited time frame. The design 
language carries through all aspects of the 
concept and I believe that the integration of 
software and physical product have exceeded 
expectations.

During the project, a huge number of ideas 
have surfaced, which on one hand have been 
inspiring and exciting, and, on the other 
hand, it has made it difficult to find the core 
values of the concept. However, I think that 
good priorities have been made throughout 
the project and have led to a design that is 
true to the project aims, as well as the design 
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requirements. The features of the final con-
cept are well selected and provide a good 
demonstration of the potential of the system.

The thesis -  The research of this thesis has 
touched many different subjects, not neces-
sarily related, in order to have an informed 
design process. Several similar research 
projects have been studied. Most of these 
research projects have been from the com-
puter science field. It has been insightful to 
study these projects, especially through the 
designer lens. 

The strength of this thesis is the wide range 
of previous research from different fields 
that have been studied, analyzed, and con-
cluded. The different topics studied have 
provided significant insight, which have 
been presented in a model showing one way 
of thinking when designing for conveying 
a presence. The point of departure and the 
aim of this project were rather abstract and 
difficult to make concrete. 

The weakness of this thesis is that it has 
addressed many different issues during such 
a limited timeframe. Since the primary focus 
has been on designing a product and not on 
creating a model for conveying presence, 
this thesis has only scratched the surface of 
each field, especially communication and 
emotion. It has not been possible to give 
each topic the attention it deserves. In addi-
tion, several other topics should be included 
before a complete model of designing for 
presence could be presented. 

However many interesting insights have been 
made in this thesis. Hopefully this project 
can provide a good example for future work 
in the field of ubiquitous computing and for 
projects aiming to design for emotions and 
conveying a presence over geographical dis-
tances.

8.3.2 Project process
The process of this project has been agile 
and adapted to the current circumstances 
throughout the project. The original idea 
of planning the project according to a linear 
model proved unsuitable for this thesis proj-
ect. A linear model provides a sense of secu-
rity during a project, with each phase having 
a clear start and definite finish before the 
next phase takes place. In contrast, this proj-
ect has been ambiguous and unpredictable 
from the start. 

I wish more time could have been allocated 
to do initial user studies and need finding. 
Having additional insight would have pro-
vided for a better foundation and point of 
departure for the design process. However, 
it would also have been difficult to per-
form user studies without knowing what to 
study. Overall I am happy with the process; 
the back casting strategy, the agility of the 
planning, and the scenario-based design. In 
addition, the experience prototyping as an 
overall approach has proven successful for 
this project.

The project could have benefited from 
having more hard deadlines and delivera-
bles. Even if it would have been challenging 
to predict what the deliverable would be, it 
would still have been helpful for the process. 
If there had been a deliverable, for example, 
every other week, the project result probably 
would have been more substantial. Having 
numerous short deadlines pushes the design 
process with the demand to have something 
new each deadline. However, this may have 
cramped the creative process. It might have 
prompted the project in a more obvious 
direction. It has been important to keep the 
project open and of an explorative character 
as long as possible, since the ambiguity has 
proven necessary for the result of this project. 
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The scope of this project has been too large 
and undefined. A significant amount of time 
has been spent on trying to focus the proj-
ect, which has been hard since it has been of 
such an open character from the start. Also, 
the user need has not been specified until 
later on in the process, which had the result 
that too many different use cases have been 
investigated. With the technology available 
today it is possible to create almost anything, 
the hard thing is to know what would make 
life better. The scope of this project provided 
for too many options making it hard to give 
the project a specific direction. Preferably, 
restrictions on, for example, specific use 
case, the use of certain technology, or a lim-
ited budget should have been made from the 
start.

Even though the project was assited by two 
PhD students from the computer science 
department, I believe that the outcome 
of the project would have been better if it 
would have included another designer. The 
nature of this project has required an ongo-
ing discussion, which has been quite difficult  
while being the only designer and mostly 
working  alone.

8.3.3  Methods used
The scenario based design process combined 
with the back casting strategy, and experi-
ence prototyping approach has been a quite 
good combination to tackle the ambiguity 
of this thesis project. The different methods 
used during this thesis are discussed below. 

Back casting – The backcasting strategy has 
provided a good way of thinking throughout 
this project. I believe backcasting is an intu-
itive way of thinking for most people and 
accordingly it has been a natural approach 
for this project. The future vision has given 
a good direction for the project. Once the 
future vision was imagined, I could focus on 

the current and daily activities of the project.
 
Scenarios – The scenarios have functioned as 
a tool to imagine the future outcome of this 
project. The method has been of great help 
for the design in this project. The fictional 
press release has been an especially helpful 
method that prompted to take user needs, 
benefits and problems into account from an 
early stage of the design process. 

During this project, many different scenarios 
have been written and used. The scenarios 
that were used were quite specific, though, 
I believe that they would have been more 
relevant if they were even more specific. I 
think it is more powerful to write many spe-
cific scenarios dealing with more particular 
situations. One situation could have been 
examined, using several different scenarios. 
In addition, I think that scenarios are better 
used in a group project providing food for 
discussion. 

Experience prototyping – The use of different 
prototypes has arguably been the most sig-
nificant method for this thesis. At the begin-
ning of the project, simple lamps were used 
as tools for imagining future concepts. The 
physical prototypes have been an enormous 
support and aid during workshops and in 
discussions. It has been invaluable to have 
something physical and tangible in order to 
use as an example when demonstrating ideas. 
It would have been helpful for the process to 
have more interactive prototypes of the web 
application. Also, I believe it would have 
been beneficial for the process to use role 
play to play out different scenarios, but again 
it seems rather difficult when working alone.

Sketching – Sketching has been used through-
out the whole project. Most sketches have 
been made in a designated sketchbook, func-
tioning as a visual journal. The sketchbook 
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has been a good support to keep track of 
thoughts and ideas as well as triggered many 
new ideas. Sketching, both on paper and dig-
ital, has been the main tool for exploring the 
design. Using 3D software, in this case Alias 
Automotive, has aided in the design process. 
The use of 3D software has given a better 
understanding of the three dimensional form 
of the idea. The sketch process would have 
been improved if more hard deadlines had 
been set up. The hard deadlines would have 
prompted more sketching, and especially 
more purposeful sketching which would 
have improved the project.

Clay models – It has been quite hard to find 
a good medium for visualizing the three- 
dimensional form. Clay is fast and almost 
limitless when it comes to how it can be 
formed. Both abstract shapes and design 
ideas have been explored using clay, but the 
clay models were not especially purposeful, 
they were mostly explorative, and they have 
not necessary brought much new insight 
into the design process. If the clay models 
were more purposely designed, they could 
have been valuable tools for design refine-
ments. The large project scope, however, did 
not allow enough time to make incremental 
design improvements.  

3D printing – Using 3D printing has been 
helpful to rapidly producing prototypes. It 
is fast to print out the 3D models, yet; it is 
quite time-consuming to create these models 
in the 3D software. 

For the purpose of making quick iterations 
it would have been better to produce the 
models by hand using, for example, poly-
urethane foam. Creating prototypes by 
hand provides a completely different feel 
for the form and design of the object that 
is missing in the digital environment. Many 
hours could be spent on something in the 

3D software that, after printing, proved to 
be quite unpleasing. This problem would 
have been avoided if the models would have 
been handmade. Working by hand provides 
a constant feedback on the balance and pro-
portions of the design. I believe that the final 
product would have been more aesthetically 
pleasing if a hand made model would have 
preceded the 3D prototype.  

Design Workshops – The design workshops 
have contributed with a wealth of input 
into the project. I believe that it was a good 
approach to first conduct workshops with 
different user groups separately. It would 
have been a good complement to mix up 
the users in an additional workshop. Also, it 
would have been better if the participants in 
the workshops were more representative for 
a larger group, including people from differ-
ent backgrounds and cultures. 

User tests -  The user tests gave valuable feed-
back for the project; however it would be 
more accurate if the participants were more 
representative of a bigger population. The 
product reaction cards provided a good feel 
for the users impression of the idea. Due to 
time restrictions, it was not possible to do any 
deeper discussions with the users regarding 
their impressions of the concept. A deeper 
discussion would have given valuable quali-
tative data. However, during the COMPEIT 
conference in Helsinki, there was an ongo-
ing discussion of the concept and related 
ideas providing valuable information. 

Moodboard – The moodboards provided 
inspiration and direction in the design pro-
cess. The use of a Pinterest board was a good 
and quick source of inspiration. Using the 
site allowed a quick access to a vast amount 
of different design ideas and inspirations. 
The moodboards made during this project 
focused too much on similar products, instead 
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of a desirable mood and feel. Especially the 
Pinterest board, which was more of a col-
lection of inspiring designs, rather than a 
moodboard. These phenomena carried over 
to the other moodboards made during this 
project. I think the moodboards would have 
contributed more to the project if the mood-
boards were constructed from more abstract 
images conveying feelings.

8.4 Recommendations
I suggest that further user tests of the con-
cept developed during this thesis are con-
ducted. The user tests should be conducted 
during a more extended period within a 
real user context. For example, a number of 
Tangiballs could be assigned to test families 
in order to evaluate over a period, maybe 
a couple of weeks. This user study would 
identify if there is a need for this concept 
as well as getting an insight into how dif-
ferent users would use the concept. Also, a 
few Tangiballs could be assigned to hospi-
tals as well as couples living in long distance 
relationships in order to evaluate how they 
would perceive the concept.

Also, I would recommend that the web 
application is further tested and refined in 
order to create a seamless user experience. 
There is a lot of potential for further soft-
ware-based development for the concept, 
which I would recommend. The intention 
is that Tangiball can become a part of the 
COMPEIT product portfolio. The different 
participants in the COMPEIT project could 
use Tangiball as a tangible platform for fur-
ther software developments. I recommend 
to investigate how Tangiball can become  a 
part of an ecosystem of products working 
seamlessly together in order to enhance the 
experience of presence and shared activities 
over remote locations.

A final suggestion is that further studies 

should be made on how to design for pres-
ence using the model presented in this thesis. 
If this model would be furthered developed 
and backed with more theoretical framework 
and empirical studies, it could prove to be a 
valuable contribution as a design framework 
and guideline.
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9 Conclusions 
This chapter concludes the results of this master thesis project. The research question stated at 
the beginning of this thesis is answered. Finally, the project’s outcome is described in relation 
to how the project’s objectives and goals have been achieved.

9.1 Research questions
In this chapter, an attempt is made to answer 
the research questions that were stated at the 
start of the project. These research ques-
tions were the point of departure of this 
thesis project and have functioned as a guide 
throughout the entire project. The insight 
gained during this project have provided 
answers for these questions.

How do you sense a social presence and have a 
shared experience when being geographically sep-
arated?
 - Sensing a social presence of someone else 
over a geographic distance is based on being 
aware of the other person and knowing that 
the other person is aware of you. To be cog-
nitively aware of someone else suggests that 
you know about the other person’s presence, 
not necessary sensing the presence. 

Feeling the presence of someone else can be 
described as a heightened feeling of aware-
ness, incorporating implicit information of 
the other person’s current mood and activ-
ity. In order to sense a social presence over 
a geographic distance, you need to receive 
information about the other person’s mood 
and activities in an implicit way without 
explicitly asking the other person. Sensing a 
social presence over remote locations is very 
much about knowing about the other per-
son’s mundane activities and routines, which 
provides comfort and sense of being a part of 
that person’s life.

Having a shared experience over a geo-
graphic distance requires knowing that the 
other person is doing the same activity at the 

same time as you. Also, you need to be able 
to communicate  explicitly with the other 
person if you want.

How can the feeling of social presence be portrayed 
and communicated by the design of a product?
- Designing a product that portrays and 
communicates a sense of social presence is 
very much about how the product interacts 
with the user. This interaction includes the 
products personality which, according to 
Van Gorp and Adams (2012), incorporates 
the three aspects of the A.C.T model; attract, 
converse and transact. The product’s person-
ality has to be consistent through all three of 
these aspects. The instinct to interpret emo-
tions is so deeply ingrained into humans so 
people perceive human emotions from prod-
ucts whether they want to or not (Norman, 
2007). The human instinct to identify emo-
tional expressions from most objects gives an 
opportunity to design purposeful product 
personalities, which can aid in communicat-
ing presence. 

Aside from the product’s personalities the 
users  must be able to utilize the product 
to convey a presence. The product should 
portray the remote user’s presence without 
requiring the user actively to communicate 
its presence. For this purpose I advocate the 
use of sensors that collects data, whether it 
is a sensor capturing video, audio, motion, 
or any other form of input is not a relevant 
aspect. What is relevant is that the data 
should be collected without requiring any 
effort from the user. In this way, the remote 
user’s presence is extended and communi-
cated between the two locations. Another 
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important aspect is that the collected data 
has to be portrayed in an abstract and ambig-
uous way in order to avoid the sense of sur-
veillance. Also, the ambiguity creates a more 
natural sense of presence that is implicit and 
unobtrusive. 

How do you design natural and intuitive interac-
tion between people at a distance, by utilizing a 
tangible interaction?
To fully take advantage of the possibili-
ties that a tangible interaction is offering, 
one should incorporate all four aspects of 
Hornecker and Buur’s (2006) framework for 
tangible interactions. However, one of the 
most relevant aspects for creating an intu-
itive interaction between remote locations, 
is to mimic the smooth transition between 
implicit and explicit communications occur-
ring when people are near each other. This 
communication is described in more detail 
in chapter 5.1 of this thesis. The spatial inter-
action is the most important aspect from 
Hornecker and Buur’s (2006) framework in 
order to provide the users with this smooth 
transition between implicit and explicit 
communications. The user’s inhabitation 
of a space should be communicated implic-
itly, and if the user wants to communicate 
explicitly he or she should be able to do so 
by tangibly manipulating a physical device.

9.2 Project objectives and aims 
This chapter concludes how the objectives 
and aims of this master thesis project have 
been achieved.

The purpose of this project was to develop a prod-
uct, based on current or upcoming technology that 
can convey and communicate a sense of being 
together when the users are at different locations. 
This thesis has shown that Tangiball is a 
product capable of conveying and commu-
nicating a sense of being together for users 
at different locations. Since Tangiball has a 

Wi-Fi connection it is capable of communi-
cating over the Internet with mobile devices, 
as well as other devices.  The product is 
based on available technology including the 
Arduino microcontroller, complemented 
with different sensors and lights that are cur-
rently available for the average consumer. 
Tangiball’s web application is based on 
WebRTC, which is supported by the web 
browsers: Google Chrome, Mozilla Firefox, 
and Opera.

The product should contribute to a richer social 
experience as well as an increased sense of presence.
Tangiball has a product personality that 
is consistent throughout both the physi-
cal device and the web application, which 
contributes to its capability to portray a 
human presence. By capturing video from 
one location and visualizing it in an abstract 
and ambiguous manner using colored lights 
at another place, Tangiball portrays a human 
presence as well as giving an increased sense 
of presence. Tangiball also allows its users to 
express themselves with explicit communi-
cation, using either the pre made emotional 
animations or custom made animations. 
Tangiball’s many communication options 
provide the users with a fun and expressive 
tool that supports them in creating their own 
abstract language as well as communicating 
their mood and emotions. With its many 
options for communication, Tangiball con-
tributes to a richer social experience.

The goal has been to make a working prototype of 
a product, which could be used to demonstrate and 
sell the concept to external players.
A functional prototype of Tangiball has 
been developed during this thesis project. 
The product has been demonstrated at a 
COMPEIT conference in Helsinki as well 
as tested and evaluated, by both expert users 
and average users.
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Scenario 1 At the office
Kenneth arrives at the office in the morning a bit late and tired as usual. As he enters the 
office he walks by the information hub, and it has a pulsating light, giving Kenneth a festive 
spirit, he walks up to it to see what’s going on. When he walks up to it he gets a notification 
to his phone telling him that it is Bobs birthday today. Kenneth interacts with the hub, so it 
shows Bob’s profile and availability. He can see that Bob is working up until lunch so he sets 
a reminder to go visit him at lunchtime to see if he wants to have lunch together. Kenneth 
also makes sure to leave Bob’s favorite song along with a birthday wish at the hub, so Bob 
gets a nice surprise the next time he walks by the hub.
 
Since Kenneth does not have anything on his schedule for the morning he flips through the 
hub to see if anybody needs help with his or her work. When Kenneth flips over to Mia, one 
of his other colleges, he sees how the hub changes, showing that she wants help with her job, 
so he walks over to her office.

Meanwhile, Bob walks by the hub and the hub start is playing his favorite song and he gets 
a birthday message on his phone. Bob gets in a really good mood so he changes his status to 
feeling happy and the hub changes color slightly showing that the average mood at the office 
went up a bit.
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Scenario 2 James and Anna 
Anna is putting down her crossword puzzle and looks over to the information hub at the 
nightstand and it is showing a slight pulsating light showing that her husband, who is a police 
officer, is doing all right. The light represents his pulse and she feels safe knowing that his 
pulse is quite low. She just lies there and look at the hub for a bit, she reaches out to touch the 
hub to send a tactile message to her husband. 

Meanwhile James, Anna’s husband, is just driving back to the station after a quite calm night 
at the job. He knows that Anna usually is on her way to fall asleep at this time, and just as he 
thinks of her he feels a light vibration and a warm feeling from his bracelet letting him know 
that she thinks of him. Through the special app on his phone he lets her know that he is OK 
and on his way back to the station.

At home, the hub changes into a light blue light and gives off a small vibration, letting Anna 
know that her husband is ok and that he is on his way back to the station. Anna turns of the 
light, and falls asleep within a few seconds.
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Lumishare
Provides way for people apart to communicate their feelings and show their presence

Summary
Lumishare is an information hub that enables you to see the status of other people in a 
physical gestalt. It is a platform that can be customized to your needs. At the office, it can be 
linked to your co-workers schedule and show their availability or if they need help with the 
task. Lumishare can function as a place where you can leave or pick up information when 
you want, instead of getting push notifications all the time. At home Lumishare can portray 
a particular mood when watching a movie or having a party. Lumishare can help show the 
health of a loved one or be used to record and send tactile messages for intimacy. Since it 
links to your other devices, you can, for example, influence your friends playlist or be used 
to show a specific mood.

Problem
The problem with today’s communication technology is that it does not send the subtle and 
dynamic signals that we do when communicating face to face. Also, we are bombarded by 
messages and push-notifications that take away our attention from what we are doing at the 
moment.

Solution
Lumishare is a physical conformation that gestalts whatever you want to communicate in a 
more subtle way. By the use of sensors, lights and other indicators it allows you to communi-
cate on another level than today’s devices. It also functions as an information hub where you 
can go and pick up information whenever it suits you. It is linked up to the Internet and your 
mobile devices, which lets you customize for your needs.
“Lumishare is an open platform that can be customized to your needs and it links up to your 
other devices, which creates endless possibilities”
-Johan, creative designer at Lumishare.
“Now I do not have to stay up and worry all night since Lumishare shows me when my 
husband returns to the police station after a late shift.”
-Anna wife of a police officer.
Lumishare shows a social presence when at a distance and since it is customizable, only you 
set the limits.
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Scenario - The Svenssons
Kerstin 37, is struggling with the puzzle of life. She works full time as an anesthetist nurse 
at Sunderbyn hospital, and at the same time she has to handle a family of four. Her husband 
Hans works as a technician at SSAB. Luckily, he’s got a daytime job nowadays. Their two 
children Måns, 12, and Lisa, 9 are both active in sports. Måns is playing hockey and basket-
ball while Lisa is practicing swimming and karate. Kerstin finds it incredibly hard to take the 
children back and forth to their  sports activities not to mention the games away from the 
town. Their home is very chaotic and they are struggling to make the ends meet.

Kerstin sees herself as a very orderly and structured person, she has a calendar and she puts 
up signs on both the refrigerator door and the front door, but none of the other family mem-
bers seems to see any of her notes. Kerstin has divided and delegated the household chores 
between the family members, but it seems like she must always nag to get help at home.
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Scenario- Fredrik and Hedvig
Fredrik, 34, and Hedvig, 32 are living together, and they run a communication's agency. 
Their business is very successful, and they have won many awards. They are constantly logged 
onto the Internet and are very conscious of their social media presence. Their business and 
leisure are closely linked, which leads  to a lot of freedom but at the same time they are never 
really free from work. Fredrik is training with the goal to perform  for a "Swedish classic" 
and uses all sorts of web-based tools to track his progress. Both  Fredrick and Hedvig  only 
eats organic food and bakes sourdough bread. They live in the central part of Stockholm in 
a trendy apartment. Hedvig is often working on art projects together with her friends. They 
always arrange the trendiest parties in the Stockholm media world with all the right guests.

Scenario
After a tough day at work Fredrik walks past the hub and see that it has changed color to 
yellow, indicating that his friend Göran has logged more kilometers on his bike than him. 
He immediately goes out for a bike ride, in order to catch up to Göran. When he comes 
back home, he sees that the hub has changed color again into orange.  He was hoping that he 
would have logged more kilometers than Göran, but at least they are equal. He flips through 
the hub to check the rest of the data he has collected throughout the day. He gets a clear blue 
light from the hub, indicating that his  health status is fine.



Scenario - Arne, Lena and Jonas 
Jonas lives with his mother Lena. He has a chronic illness and often needs to stay in the hos-
pital for several weeks at a time. He has a special connection to his grandfather Arne. They 
are always playing games together. Jonas grandfather also often arranges treasure hunts for 
him, which he really loves. Jonas mum, Lena, struggles financially since she only has a part 
time job. She always worries about both her son Jonas and her father Arne. Grandfather Arne 
doesn’t like when someone is interfering in how he lives his life, he can take care of himself. 
However, he has agreed to let Lena know when he goes out of the house and when he comes 
back home, since he knows that it gives her a sense of security and comfort.
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Figure 1. Startup Figure 2. Hostile Figure 3. Passive

Figure 4.Boring Figure 5. Excited Figure 6. Satisfied

Figure 7. Disturbed Figure 8. Amazed Figure 9. Joyful

Figure 10. Playful 
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Amazed

Hostile

Disturbed

Bored

Passive

Excited

Joyful

Satis�ed

High stimulation

Unplesant Plesant

Low stimulation

Advanced   Desirable  Gets in the way  Powerful  Stressful
Anoying  Di�cult   Hard to use   Personal   Time-consuming
Attractive   Energetic   Helpful   Predictable   Time-saving
Busy    Entertaining  Impressive  Relevant   Too technical
Boring   Exciting   Inspiring   Reliable   Trustworthy
Calm   Familiar   Inviting   Responsive  Understandable
Complex   Fast    Intuitive  Satisfying  Unconventional
Confusing   Flexible   Meaningful   Simplistic  Unpredictable
Connected   Friendly  Organized   Sophisticated   Usable
Consistent   Frustrating   Optimistic   Stimulating   Useful
Customizable   Fun    Ordinary  Straight Forward  Valuable

Product reaction

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.



I think this system would help me to communicate my emotions to 
friends and family

I could see myself use this system in my everyday life

I think this system would be easy to operate

I think this system would help me feel more connected with people 
that I am geographically separated from

I think this system would be pleasant to use

I think this system is useful

I would imagine that most people would learn to use this system 
very quickly

I think using this system would affect my mood

I think this system would give me a sense of ambient presence from 
people that are geographically distant

I would recommend this system to a friend 

I think that I would like to use this system frequently

I think it is easy understand this system 

It think this system would help me know how my friends and family 
are feeling

I think this system would contribute to a richer social experience

I think this system is fun to use

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
disagree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

Strongly 
agree

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Participant #      Date
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Participant #: YourCompanyName

! Accessible ! Effortless !

! Advanced ! Empowering !

! Ambiguous ! Energetic !

! Annoying ! Engaging !

! Appealing ! Entertaining !

! Approachable ! Exciting !

! Attractive ! Expected !

! Awkward ! Familiar !

! Boring ! Fast !

! Bright ! Faulty !

! Business-like ! Flexible !

! Busy ! Fresh !

! Clean ! Friendly !

! Clear ! Frustrating !

! Cluttered ! Fun !

! Compelling ! Hard to Use !

! Complex ! High quality !

! Comprehensive ! Illogical !

! Confusing ! Impressive !

! Consistent ! Inadequate !

! Contradictory ! Incomprehensible !

! Controllable ! Inconsistent !

! Convenient ! Ineffective !

! Counter-intuitive ! Innovative !

! Creative ! Insecure !

! Credible ! Intimidating !

! Cutting edge ! Intuitive !

! Dated ! Irrelevant !

! Desirable ! Meaningful !

! Difficult ! Misleading !

! Distracting ! Motivating !

! Dull ! New !

! Easy to use ! Non-standard !

! Effective ! Obscure !

! Efficient ! Old !

 

Step 1: Read over the following list of words. Considering the product you have just used, tick those words that best describe 
your experience with it. You can choose as many words as you wish. 

Step 2: Now look at the words you have ticked. Circle five of these words that you think are most descriptive of the product. 



Expert users

Normal user

Usefulness
1. I think that I would like to use this system frequently
2. I think this system is useful
3. I could see myself use this system in my everyday life

Ease of use
4. I would imagine that most people would learn to use this system very quickly
5. I think this system would be easy to operate
6. I think it is easy understand this system 

Communicate Emotions
7. It think this system would help me know how my friends and family are feeling
8. I think this system would help me to communicate my emotions to friends and family
9. I think using this system would affect my mood

Feel connected
10. I think this system would help me feel more connected with people that I am geograph-
ically separated from
11. I think this system would give me a sense of ambient presence from people that are geo-
graphically distance
12. I think this system would contribute to a richer social experience

Satisfaction
13. I think this system is fun to use
14. I would recommend this system to a friend 
15. I think this system is pleasant to use
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