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ABSTRACT 
When computational systems become increasingly mobile and ubiquitous, 
digital information and the use of computational systems may increasingly be 
immersed into the physical and social world of objects, people and practices. 
However, the digital, physical and social materials that make up these hybrid 
spaces have different characteristics and are hard to understand for users. In 
addition, users are themselves part in constructing and re-constructing  the 
hybrid spaces. 

The main question addressed in this thesis is whether making aspects of 
the digitally mediated hybrid spaces observable and accessible provides 
support to users. The observability may provide support for the specific task 
at hand or help in building an understanding for what the system does and 
how, an understanding that is needed to explain system output and to cope 
with service breakdowns. The fundament of the approach is to empower 
users of computational systems to actively make sense of the system 
themselves.  

Two prototype services are described, Socifer and MobiTip. Their 
common denominator was to make digitally mediated parts of the hybrid 
spaces observable to users. Without disqualifying other kinds of information, 
the work focussed on digitally mediated social trails of other users. 

Building on experience from the prototype work and an investigation into 
in seamful design, observability and awareness, I have investigated the effects 
of making a computational system’s social context observable to users in a 
way that 
 is separated from the service’s main functionality in the interface, 

allowing it to become peripheral and non-obtrusive; 
 uses simple models and little interpretation;  
 to some extent opens up the service to allow for user appropriation of 

both service content and functionality; and 
 is informative rather than proactive in order to empower the user rather 

than acting on the user’s behalf. 
By designing systems that fulfil these criteria I claim that the user will be 

supported in performing the task at hand, with or without the service, and 
that with service use, the user will become more and more aware of the 
possibilities and limitations of the underlying technology. In addition, the 
digitally mediated hybrid spaces where physical, social and digital contexts 
meet constitute application domains in themselves, domains that users may 
enjoy exploring.  
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1 INTRODUCTION 

“the unit of design should be social people, in their environment, plus your device”  
(Weiser, 1994) 

 
The heart of my work lies in a conviction that computational systems should 
be designed taking into consideration that their users are people: intelligent, 
interested, emotional, irrational, curious and social. This conviction should 
not be used to endorse poor interface design, but to embrace that people are 
not passive consumers but active co-constructors of the structure and 
content of the activities in which they engage. Any system, computational or 
not, will thus be shaped by being used by people. Central to this reasoning is 
that computational systems are not used in isolation, but take part in a 
complex interplay between people, tasks, physical objects and technology. 
The focus of this work is to empower people to take advantage of and learn 
from what is going on in the environment of the computational systems that 
they use: the physical, digital and in particular social context as mediated by 
the systems. 

In our everyday, computer-free life (if there is such a life), people are 
constantly albeit peripherally aware of what is going on around them. From 
this ongoing monitoring of the environment people gradually build an 
understanding of the practices for behaviour in different situations, and how 
places and objects are to be used. From the day they are born, people 
observe and imitate the behaviour of other human beings, existing and acting 
in our environment. 

If one believes that humans learn about the physical and social world in 
this way, it follows that humans should be able to learn about the digital 
world of computational systems in much the same way. But how are people 
to learn if what they need to know is not available for observation? In this 
thesis, I suggest that computational systems should include mechanisms that 
unobtrusively make users aware of the invisible, digitally mediated context in 
which these systems are used. Including such mechanisms empowers users to 
take an active part in understanding and constructing the complex hybrid 
spaces in which the systems are used.  
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1.1 HYBRID SPACES AND CONTEXT 
Computational systems of the kind discussed here enable people to access, 
input and manipulate information content. The usage of these systems and 
their information content is situated in a complex situation where physical, 
social and digital spaces are intermixed. The resulting hybrid space is 
constantly constructed and re-constructed by its use and its users.  

The context of system use always has an impact on the task performed. In 
general, while the context of use for desktop computers is quite stable, 
advances in mobile and ubiquitous computing enable systems to be used in 
almost any place or situation (Figure 1).  

 

Figure 1. Computational systems and their users live in a complex world 

In addition to physically leaving the desktop, computational systems have 
long also been expanding their social context from the single, isolated user to 
the networked and networking user. In the last twenty years much research 
effort has therefore been spent on understanding and operationalising 
aspects of the context in which computational systems are used. Context 
awareness (Agre 2001; Belotti and Edwards 2001; Dey et al. 2001; Dourish 
2004) deals with making this context available in computational systems. The 
term is often used to denote efforts making context issues available to the 
computational system itself, thereby enabling it to (autonomously) adapt 
system behaviour to factors in the context. In this thesis, I argue that making 
aspects of the context of the system and its usage situation available to users 
is just as important (as also advocated by Belotti and Edwards and by 
Dourish). 
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Computational systems digitally mediate information content, but also 
parts of their context of use – social and physical, real-time and historical 
context information. In this thesis, two prototype implementations are 
presented: Socifer, a social add-on to a ferry ticket booking service on the 
Internet; and MobiTip, a social mobile service for exchanging tips with co-
present others using Bluetooth on mobile phones. In Socifer, the effects of 
making observable parts of the social space in which people book tickets and 
travel are investigated. This social space is presented alongside a digital 
information service, mixing digital and social space. In MobiTip, the 
situation is more complex. On the one hand, MobiTip mediates historical 
traces of other users through the management of digitally stored tips 
concerning physical locations, objects, events or comments on other people. 
On the other hand, the system also mediates real-time Bluetooth co-
presence. To the user, people will be physically present in the surroundings 
while their (devices’) digitally mediated presence is made observable by 
visualising Bluetooth enabled devices in MobiTip’s interface. Who is present 
and who is not depends on users’ relative positions in physical space, 
resulting in a mix of physical, digital and social space. 

The main question addressed here is whether making observable aspects 
of the digitally mediated context provides support to users. The emphasis is 
on making social context observable and thereby accessible. The 
observability may provide support for the specific task at hand or help in 
building an understanding for what the system does and how, an 
understanding that is needed to explain system output and to cope with 
service breakdowns. The fundament of this approach is to empower users of 
computational systems to actively make sense of the system themselves.  

1.2 METHODS 
This work is performed at the Interaction lab at SICS, and lies within the 
area of social computing and for the latter part also mobile computing, 
viewed as subfields of human computer interaction. More specifically, the 
work derives from the currently much debated research area of embodied 
computing (Dourish 2001), stressing that any computational system is firmly 
rooted in the existing, physical world and made part of human practice as it 
unfolds in the human-system interaction.  

The method we use is pragmatic. Research problems are defined both 
bottom-up and top-down: by abstracting from practical experience and 
perceived problems (our own and others’) the research questions are 
formulated in a way that bears reference to the theories of the research 
society to which we belong.  
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By building prototype systems and testing them on users we aim to study 
the effects transferring or re-using social behaviour in computational 
systems, and to abstract the knowledge gained to a format that makes this 
knowledge reusable for others. Building a research prototype means 
implementing general ideas for a specific domain. The implementation brings 
about the absolute necessity to “put the foot down” – to choose some 
solution, whether optimal or not. By selecting one specific domain and 
restricting functionality to cover a small subset of all possible tasks, many 
unsolved general issues are brought to the surface. Solutions and lessons 
learned from the specific case can be reused for the next case, and often 
carry over to the general theory building. 

The format for the knowledge that we bring to our research society has 
most of all been to document our experience with working with different 
prototypes and our solutions to concrete problems and difficulties. These 
specific findings are then abstracted and generalised to a level that might best 
be described as “mid-range theories”. However, a problem with abstraction 
and generalisation is the risk of emptying the experiences of their essence, 
thereby making them empty, uninteresting and impossible to deploy to new 
cases. Our aim is therefore to halt the abstraction at an intermediate level. 
An important characteristic of the results that we strive for is also that they 
should be formulated as to be applicable to new problems. This aim 
corresponds to design patterns (Alexander 1977), e.g. the inspirational 
patterns described by Löwgren (2005). These i-patterns aim to capture what is 
essential and re-occurring in a set of design examples. Our patterns differ 
from i-patterns in that we tend to demand that the patterns should work as 
tools to a greater extent than that proposed by Löwgren. Another way of 
explaining the format of our results is that we aim to describe the knowledge 
gained as memes for designers, small chunks of design knowledge that are 
packaged in such a way that they easily spread to other designers (Heyligen 
2001).  

The bulk of this work has been performed within the Mobile Life project1, 
which has given life to many “life-style”, often futuristic prototype services. 
For services that implement new ideas previously unheard of for most 
people, prototype building is especially fruitful: the concrete implementations 
of ideas that may be perceived as far-fetched serve to open peoples’ mind to 
what may lie in the future. 

The Interaction lab researchers are also interested in and have tried out 
many methods for brainstorming, data gathering, user studies and system 
evaluation. A common theme for many of these methods is that they are 

                                                           
1 Mobile Life is a joint project between SICS, the Viktoria Institute and the Interactive Institute, 
financed by the Swedish Foundation of Strategic Research. See http://www.mobile-life.org. 
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designed to be used in the context where the computational system under 
development is to be deployed. Some examples are bodystorming (Oulasvirta et 
al. 2003), ethnographically inspired field studies (Hammersley and Atkinson 1995; 
Ball and Ormerod 2000), cultural probes (Gaver et al. 1999) and other methods 
that let users themselves document their experiences (Isomursu et al. 2004). 

1.3 CONTRIBUTIONS 
There are two types of contributions in this work. First, two prototypes have 
been built and tested, thereby implementing our ideas and visions for social 
and mobile computing. Second, in the course of this work the effects of 
making visible what is usually hidden to users have been explored: the seams 
where different media rub against each other or where overlays, gaps and 
mismatches between or within media occur; and awareness of others, 
whether currently present or leaving traces of earlier presence. The 
contributions therefore are of two kinds: the knowledge gained from the 
prototypes themselves, and the results of the more theoretical investigation. 

1.3.1 SOCIFER  

Socifer is a “social addition” to an on-line ferry ticket booking web site. At 
each step of the booking process, relevant booking data from other travellers 
is displayed in aggregated form, using the statistical format of pie and bar 
charts. This information supports users in deciding on the subjectively most 
suitable and attractive travel arrangements, as well as providing assistance in 
the actual booking process. Instead of making suggestions for travel 
arrangements and booking choices, Socifer empowers users to make more 
informed selections themselves.  

The digitally mediated hybrid space could be described as the booking 
information space mixed with a social information space, used in a booking 
situation by a single user. The main contribution from Socifer could be 
abstracted in the following way: 

Presenting background information to empower users to draw their own conclusions 
is a valuable addition to presenting conclusions drawn from the same background 
information. 

In addition, Socifer contributed by supporting that: 
Presenting social information and interaction with social information separate from 
other system functionality aids the user in focussing on one part of the interaction, by 
putting the rest of the interaction in the periphery. 

Socifer was developed in collaboration with Stena Line, an international 
transport and travel service company and one of the world’s largest ferry 
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operators. The project ran from May to December 2002 and was co-funded 
by Stena Line and the Swedish IT Institute (SITI). 

1.3.2 MOBITIP  

MobiTip is a Bluetooth enabled2 social mobile service that allows its users 
exchange tips about objects, places, events or people in their neighbourhood. 
User movement, tips and reactions to tips form a web of social trails, 
distributed over the users’ phones and over strategically placed Bluetooth 
hotspots. The information is propagated between MobiTip devices as their 
users pass in range of each other. What the system presents in a given 
situation is based on similarities between you and your fellow users, and on 
tip popularity.  

MobiTip has two distinct but highly interrelated functionalities: 1) tip 
management and 2) real-time presence and information transfer. The 
interface allows users to switch focus between these functionalities, by hiding 
or revealing the tip management dialogue. The presence display is included 
to create awareness of the social landscape and to emphasize that tips 
emanate from fellow MobiTip users. This display is always visible but 
occupies more or less space on the screen depending on whether it is in 
focus or not, i.e., whether the tip management dialogue is hidden or not. 

The contributions from MobiTip presented in this thesis address issues in 
making observable social presence and activity in the hybrid space, as 
mediated by the service. The information is made observable foremost in the 
real-time functionality of the system, with the addition of historical social 
presence as manifested in the tips themselves and in reactions to tips. 

MobiTip offered a more complex hybrid space for further investigation of 
the findings from Socifer. In comparison, the social information in the 
presence display was less obviously related to the tip service than Socifer’s 
social information in the statistics display was related to the booking service. 
Still, users were able to make the connection, summarized as follows: 

Social context information may be presented using simple models and little 
interpretation and still offer support to users. 

The digitally mediated hybrid space as made observable in the presence 
display and in the tips offered some functionality that was not related to the 
related to the components of the space. For example, not only MobiTip 
enabled but all in-range Bluetooth resources were observable and could be 
“clicked” to reveal their names. This part of the functionality has been much 
appreciated by users, study subjects and by other people who have come in 

                                                           
2 Bluetooth, short-range radio, is further described in section 2.4 and in chapter 4. 
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contact with MobiTip. To be able to “see” others in this way and also be 
seen seems to be intuitively attractive to many. In summary: 

The digitally mediated hybrid spaces where physical social and digital contexts meet 
constitute application domains in themselves, domains that people may enjoy 
exploring. 

Finally, MobiTip was designed to be open to some extent. In essence, the 
aim was to let users define what kind of tips MobiTip should contain. The 
small amount of users and tips entered does not allow for more to be said on 
this topic except that the results do not contradict the hypothesis. In 
addition, we did see examples of unanticipated use where tips and comments 
to tips formed a dialogue, much like the graffiti in some public places. 

MobiTip was developed within Mobile Life, a joint project between the 
Interaction lab at SICS, the Future Applications Lab at the Viktoria Institute 
and the Mobility Studio at the Interactive Institute. The project was funded 
by the Swedish Foundation for Strategic Research (SSF) 2002 - 2005. 

1.3.3 FORMING AND DEALING WITH HYBRID SPACES  

The prototypes provided abstractions that to some extent may serve as 
design guidelines. The second part of the contribution connects these 
findings to existing theories on situated and embodied interaction and most 
importantly, operationalises the concept of observability through the notion 
of seams between and within the constituents of the hybrid spaces. There is 
a value in making observable the digitally mediated context of a 
computational system in a usage situation. By designing systems that fulfil 
the design criteria outlined in the abstractions form the prototypes, the user 
will be empowered to actively co-construct the hybrid space in which the 
system and user live. The user will thus be supported in performing the task 
at hand, in handling the system, and in understanding and being aware of the 
possibilities and limitations of the underlying technology. In short: 

The opportunity to observe and explore the digitally mediated parts of hybrid spaces 
supports users in their understanding of the domain, the functionality of the service, 
and of the underlying technology. 

1.4 OUTLINE 
This thesis consists of two parts: a set of six related papers (Part II) and a 
discussion on the knowledge that can be abstracted from them (Part I). The 
papers illustrate the way my research has evolved, and the knowledge gained 
from each step on the way. However, a set of separate papers cannot provide 
a coherent view. This is instead the task of the first part of the dissertation. A 
revised version of the first part will be submitted for journal publication. 
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Part I is written in such a way as to tell the whole story in compact form, 
while the papers provide the details. The introductory chapter aims at 
defining the problem that is addressed by this work and provides the 
theoretical and methodological foundations for the work. Next, chapter 2 
gives a background serving the dual purpose of putting this work into 
context and introducing the terminology. Chapters 3 and 4 summarise the 
work on the two prototypes, Socifer and MobiTip, describing the intentions 
as well as the results and lessons learned from each.  

Chapter 5 is the core of the thesis. This is where the theoretical 
investigation is described. Although papers IV, V and VI contain parts of 
this reasoning, chapter 5 provides a more elaborate and coherent description 
and makes abstractions. The thesis is concluded with chapter 6 that 
summarises the work and highlights the contributions before suggesting 
recommendations for others who want to design for co-construction of 
hybrid spaces. 

Part II contains the six papers. The first paper describes the design, 
implementation and evaluation of Socifer. 
I. Åsa Rudström and Petra Fagerberg (2002). Socially Enhanced Travel 

Booking: a Case Study. Journal of Information Technology and Tourism 6(3), 
special issue on Travel Recommender Systems. This journal paper 
describes the work with Socifer and is summarised in chapter 3. The 
design of the system was conceived together with Petra Fagerberg-
Sundström, who also did the implementation work. The graphical 
interface was designed by Anna Ståhl. The creation of the initial 
questionnaire, the user study setup and the analysis of the results was 
performed by me with input from Petra Fagerberg-Sundström. Petra was 
instrumental to the execution of the user study. 

The remaining five papers are all concerned with MobiTip (although paper 
IV focuses on seamful design). This prototype was conceived and designed 
by the whole team, consisting of, in alphabetical order, Rickard Cöster, 
Kristina Höök, myself and Martin Svensson. Martin Svensson implemented 
the main MobiTip functionality, while I implemented the user interaction; 
Anna Ståhl provided the graphical interaction design. Rickard Cöster and 
Martin Svensson implemented the recommender system behind MobiTip. I 
was the main researcher for both the initial studies and the final user 
evaluation, with much support from Kristina Höök. 

Papers II and III are internal SICS reports. They were included in the 
thesis to provide background to the design of the MobiTip service.  
II. Rudström, Å. (2003). Who, what and where in Kista Galleria. An 

ethnographically inspired study of a shopping mall and mobile life within. 
SICS Technical Report No. T2003:25. This paper describes an early study of 
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our test domain for MobiTip, the Kista Galleria shopping mall. The study 
uses participatory observation and the main results are summarised in 
section 4.2.  

III. Rudström, Å. and Höök, K. (2003). Designing a Mobile Social Service for 
a Mall: User experiences of Kista Galleria. SICS Technical Report No. 
T2003:26. In this paper, the investigation into the nature of the mall and 
its inhabitants is further pursued, through interviews with 20 Kista 
regulars. Some results are reported in section 4.2. The study was setup and 
executed together with my supervisor Kristina Höök; I did the main part 
of the analysis.  

The evolution of the ideas and abstractions that lies behind the contributions 
described in chapter five of this thesis may be traced through the last three 
papers. While paper IV is more general, the final two papers document the 
experiences of using, demonstrating and evaluating MobiTip. 
IV. Matthew Chalmers, Andreas Dieberger, Kristina Höök and Åsa Rudström 

(2004). Social Navigation and Seamful Design. Journal of the Japanese 
Cognitive Science Society, September 2004. This paper is concerned with 
defining the concept of seamfulness and seamful design, in particular as it 
may be used in social navigation. MobiTip is mentioned as one of several 
examples. My work on seamfulness is further developed in Chapter 5. The 
paper was written on invitation from the journal. The work was a joint 
effort of all authors, who are listed in alphabetical order.  

V. Åsa Rudström, Kristina Höök and Martin Svensson (2005). Social 
Positioning: Designing the Seams between Social, Physical and Digital 
Space. In Proceedings of the 1st International Conference on Online Communities 
and Social Computing, at HCII 2005. Lawrence Erlbaum Associates, 
electronic publication (CD). Here, MobiTip is used to illustrate a further 
investigation into seamful design of hybrid spaces. Social positioning – 
relating information to social encounters – is proposed as an alternative to 
geographical positioning.  

VI. Åsa Rudström, Kristina Höök and Martin Svensson (Submitted). Where 
Mobile Services Live: Making users active co-constructors of hybrid space. 
The final paper reports on the results of a user evaluation of the seamful 
design of MobiTip. The setup, execution and analysis of this study were 
done by me, with input from the others.  
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2 BACKGROUND 

The work presented in this thesis belongs to the area of human computer 
interaction (HCI), and more specifically to social (both prototypes) and 
mobile (MobiTip) computing. In this chapter, I outline the work that our 
ideas build upon and introduce terminology needed in the subsequent 
chapters. The chapter starts with a very brief background in HCI, and 
continues by exploring the more recent ideas of situated or embodied 
computing. Here, the concern is to view computational systems, people, 
activities, places and objects as engaged in an on-going conversation, rather 
than as discrete units that can be canonically represented. As a consequence 
of this view, users have to be given the tools needed for participating in the 
conversation and for appropriating the technology to fit their needs. Next, I 
give some background in social computing and mobile systems, two areas 
that have emphasised the need for an embodied view on computing. 
Advances in social navigation and awareness are discussed, as are the 
concepts of context and context awareness. The chapter ends with a 
discussion on positioning and location awareness. 

2.1 HUMANS AND COMPUTATIONAL SYSTEMS 
HCI is concerned with the design of the borderland where humans and 
computational systems meet. Since the advent of the graphical point-and-
click way of communication and the desktop metaphor, computers have 
been widely claimed to be accessible to most anyone without any specific 
computer training. HCI research has resulted in a good understanding of the 
windows-icons-menus-pointing way of interacting with computers. Human 
abilities and limitations have been taken into account from physiological, 
ergonomical and psychological standpoints, resulting in design and usability 
principles and guidelines for surface as well as structural aspects of human-
computer interaction.3 

                                                           
3 There are numerous textbooks and references on these terms. For short descriptions of each term, 
I suggest turning to the socially constructed Wikipedia dictionary at http://wikipedia.org 
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Following the evolution where almost any person with any background 
and schooling has come to be a potential computer user, there is a growing 
need for expanding the view of HCI from the single human sitting alone at 
her desk interacting with some application on her stationary computer. 

First and foremost, this user is a human and cannot be handled as part of 
the machinery. Humans do not act according to a set of rules as computers 
do. Within Computer Supported Cooperative Work (CSCW) it was early 
recognised that the actual work practices employed by people are very 
different from the formal procedures describing their work, and indeed, 
from peoples’ own view of what it is that they do. For example, Bowers et al. 
(1996) found that problems with introducing new technology into a print 
shop were due to major differences between formal and actual procedures 
used for scheduling work. People engage in much more purposeful and artful 
ways of dealing with the complexities of real life.  

Another factor that has had a large impact is that computers are becoming 
mobile. One implication of mobility is of course that people may take their 
computers with them and leave their desks. Thus, computational systems can 
no longer be designed for a known and controlled environment – they may 
be used in any physical or social scenario. The borderlines between work and 
the rest of people’s life become blurred. Moreover, the computer in the box 
on the desk can no longer be taken for granted. It may be replaced with one 
or several small devices with different interaction capabilities.  

These considerations and many other call for a different view on human-
computer interaction that will take into account the versatility of human life. 
Studies of actual behaviour are necessary, triggering the introduction of 
ethnographic methods borrowed from the social sciences. 

2.2 SITUATEDNESS AND EMBODIMENT 
The HCI community is currently moving in a direction towards embodied 
and situated interaction. According to Dourish, a major research direction 
within HCI has been “exploring the novel forms of interaction that can be achieved by 
integrating computer technology with the everyday physical world in which we live and 
work” (2004 p. 19).  

Although the ideas were not new, the movement as such seems to have 
taken off with Suchman’s book on plans and situated action (1987). In this 
book, Suchman questioned the then prevailing way of describing actions as 
decomposable plans for achieving specified goals. Using the example of an 
office copying machine, she showed that the plan-based interface did not 
function very well with the practice used when copying. Her conclusion was 
that people do not create and follow predefined sequences of actions, re-
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planning if anything goes wrong. Instead, people deal with situations and 
problems as they arise.  

In 2001, Dourish coined the term embodied computing. Following a 
phenomenological tradition, he argues that it is impossible to separate action 
from the object acted upon:  

“As physical beings, we are unavoidably enmeshed in a world of physical facts. We 
cannot escape the world of physical objects that we lift, sit on, and push around” 
(Dourish 2001, p. 99). 

Lakoff and Johnson (1980) reason along the same lines in their well known 
book on metaphors and metaphorical reasoning: 

“The conceptual structure is grounded in physical and cultural experience, as are the 
conventional metaphors. Meaning, therefore, is never disembodied or objective and is 
always grounded in the acquisition and use of a conceptual system.” 
(Lakoff and Johnson 1980, p. 197). 

Situated action and embodied computing presuppose that “the world, as we 
perceive it, is essentially a consensus of interpretation” (Dourish 2004, p. 21). 
This world is continuously negotiated, contested, and reinterpreted. Lakoff 
and Johnson, again, discuss along the same lines: 

“We have seen that truth is relative to understanding, which means that there is no 
absolute standpoint from which to obtain absolute objective truths about the world. 
This does not mean that there are no truths; it means only that truth is relative to 
our conceptual system, which is grounded in, and constantly tested by, our 
experiences and actions with other people and with our physical and cultural 
environments.” (Lakoff and Johnson 1980, p. 193) 
What is at play here is the development of practices. Social practices and 

patterns regulate how to go about and handle items and places in the built 
environment (Agre 2001). These practices are mainly learned by looking at 
others and doing what they do, often on a peripheral and subconscious level. 
With Dourish’ words: 

“So, the concept of practice is one that unites action and meaning. It describes 
how the world reveals itself to us as one that is meaningful for particular sorts of 
actions, and as a result of our participation in communities.” (2004, p. 25)  

Objects and places have characteristics that help us determine their use. In 
his best-selling book on the design of everyday things, Norman (1988) 
suggests that designs should afford4 what artefacts are intended for and how 
they should be handled. The idea is that by inscribing clues to the 

                                                           
4 The introduction of the term “affordance” into HCI may be attributed to Normans book, although 
the term was originally invented by the psychologist J. J. Gibson. (Gibson, J. J. (1977). The theory of 
affordances. In R. E. Shaw and J. Bransford (Eds.), Perceiving, Acting, and Knowing. Hillsdale, NJ: 
Lawrence Erlbaum Associates). 
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functionality of an artefact on the actual object, users of the artefact are 
relieved of some cognitive burden. Since computational systems are also 
artefacts, the same reasoning should hold for them. The practices people use 
when applying a technology may be assumed to be strongly affected by what 
that technology offers. 

The implication for HCI is that it is impossible to separate people, 
applications and technology and just define the interfaces between them. The 
remainder of this chapter discusses different aspects of this implication.  

2.3 SOCIAL COMPUTING: SOCIAL SERVICES FOR SOCIAL PEOPLE 
Designers of computational systems need to take into consideration that 
users of computational systems are people, and that people are inherently 
social. We are intelligent, active participants, not just passive users, and in 
almost everything we do, we observe, imitate, learn from and interact with 
others. Since this is such an important part of being human, people actively 
seek each other’s company. In an extensive study of the use of parks, plazas 
and other open areas in New York, urbanologist William Whyte noted that 
people seem to prefer places that are populated by others:  

“What attracts people most, it would appear, is other people.” (1980, p. 19) 
People express their social identity in many different ways to be perceived by 
others as members of a certain community. Different practices and patterns 
of behaviour are negotiated and used within different communities. By 
exhibiting correct behaviour we claim membership in these communities. 
Clothing, attitude, jewellery and hair styles are other signals that we pick up 
by observing others and then apply on ourselves.  

Social factors play an important role in decision making too. Rational 
reasoning, however important, is not the only driving force. People also 
evaluate the importance and relevance of information based on social 
factors. Harper (2003) showed that “information workers” determined the 
value of information not only on rational and factual grounds. The source of 
the information – the person behind it – occasionally lead to that biased and 
less accurate information was preferred over correct, factual information. 
The correct information was not disregarded but placed aside until required. 

According to Dourish (2001), social computing could be interpreted as 
any computing endeavour that builds upon knowledge learned from the 
social sciences. The term is also often used in the context of building and 
supporting communities. Our definition of social computing is instrumental. 
To us, social computing is inspired by social behaviour and aims to transfer 
part of such behaviour into computational systems, by allowing system users 
and system use to leave an imprint on the system, for the benefit of 
subsequent users. Such imprints may be individual but often represent 
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aggregated social behaviour. Two areas where social imprints have been 
successfully carried through are social navigation and social awareness. 

2.3.1 SOCIAL NAVIGATION: FOLLOWING SOCIAL TRAILS 

Social navigation builds upon the human tendency to look for advice from 
others, following their example (Höök et al. 2003; Dieberger et al. 2000; 
Svensson et al. 2005; Svensson 2003). Originally, it was proposed as an 
alternative method for information filtering and personalisation of 
interaction (Shardanand and Maes 1995). Instead of trying to understand and 
model reasoning, social navigation proposed to collect and present 
aggregated behaviour of previous users. Research had up to then focussed on 
crafting sophisticated, personal user models and using these models to 
predict actions or preferred system output. The new collaborative filtering 
techniques instead gathered user behaviour or ratings in simple user profiles, 
often expressed as flat vectors. To create a recommendation to a specific 
user, similar profiles are selected from an often large database by comparing 
vectors. The selected vectors are then used to predict or recommend missing 
values in the user’s vector.  

In summary, social navigation a) presented an alternative method for 
building user models by learning from the experience of many; and b) 
proposed to use this information to give users recommendations instead of 
acting on their behalf. Collaborative filtering systems are often referred to as 
recommender system. 

Aggregated user experience may be displayed as traces or trails of use, in 
analogy with the way that footpaths emerge and disappear through physical 
space. Dieberger and Lönnquist (2000) experimented with marking links on 
web pages, using e.g. tiny footprints and dinosaurs to denote the frequency 
of link use. Hill et al. (1992) provide a good example of an application that 
simulates the wear and tear of objects. They built a layer on top of the Emacs 
text editor that recorded navigation in text documents. The scroll bars were 
used to make this information available using the metaphor of wear and tear, 
displaying a dirty and rugged scroll bar where much navigation had taken 
place. Building on these ideas, Footprints by Wexelblat and Maes (1999) 
provides a set of tools for users to explore web traffic and navigation trails of 
previous visitors to a web site.  

Currently, the most widely known use of social navigation is for e-
commerce applications, where items may be recommended based on 
consumer patterns (Schafer et al. 2001). The on-line book and music store 
Amazon.com is the leading example of an e-commerce collaborative 
recommender, featuring many other different kinds of recommendations 
(Linden et al. 2003).  
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Hill et al.’s scroll bar application provided the user with an awareness of 
general, typical use of documents. In many applications where human 
collaboration is mediated by a computational system, users also need to be 
made aware of what is going on at the other side of the medium. This is the 
topic of the next section. 

2.3.2 SOCIAL AWARENESS AND AFFORDANCE- MAKING OTHERS 
OBSERVABLE 

Broadly speaking, awareness systems help people who are electronically 
connected to maintain awareness of the activities and the situation of each 
other. Sometimes awareness can be beneficial for collaboration and in others 
its main purpose is to support social interactions between connected parties.  

Social awareness deals with making human presence and activities 
observable through a computational system (Benford et al. 1998). Within 
CSCW, it was early recognised that the social interplay between collaborators 
is crucial in the performance of tasks (Heath and Luff 1992; Luff et al. 2000; 
Hughes et al. 1992). Providing video and audio connections between 
collaborators may work for situations such as meetings, but in many 
situations such information is too rich and will be perceived as disturbing. 
Alternative solutions to how awareness of others might be handled in 
collaborative applications are provided by Erickson and Kellogg’s social 
translucence (2003).  

Social awareness also includes applications whose main objective is the 
social awareness itself: conveying a sense of presence. Terms often used in 
this context are peripheral awareness and ambient displays. The idea here is not to 
inform a user of how something is done, but to convey a feeling of 
presence. The displays are therefore usually “non-figurative”: instead of 
striving to be clear-cut and unambiguously legible, displays are designed to 
be aesthetically pleasing, deliberately ambiguous, and open for interpretation 
(Gaver 2002; Gaver et al. 2003; Mateas and Romero 2005; Wisneski et al. 
1998).  

Combining social navigation and awareness allows for social affordance: if 
actions of other users are made observable in an interface, new users become 
informed about appropriate behaviour and what actions can and cannot be 
performed. But awareness not only allows for people to “see” others, it also 
allows for people to be seen. Erickson and Kellogg (2003) also investigate 
the concept of accountability, suggesting that if people may be held 
accountable for their actions, they are more likely to behave properly. Similar 
reasoning is explored by Palen and Dourish (2003) in a discussion on privacy 
as a negotiated concept. They argue that people are willing to disclose 
information if they have something to gain. Also, the willingness to disclose 
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ones activities or whereabouts is reciprocal – if I can see you it is easier to 
allow you to see me.  

An important issue in designing for any kind of social awareness is that it 
is inherently difficult or even impossible to determine the exact features of 
the actions and interactions that should be available to others. This 
discussion has much in common with the discussion on the representation of 
context below in section 2.5 below. Designs for social awareness have to be 
“open” in some sense, providing a window onto the activity of others rather 
than transmitting predefined pieces of information.  

2.4 APPROPRIATION OF TECHNOLOGY 
No matter how much effort is spent on development, new technology will 
only be successful if taken into use by people. This use might not be exactly 
what the designers had in mind. People have a strong tendency to take over 
the technology and bend it to suit their needs – to appropriate it. 

An often cited example is the use of SMS5 on mobile phones. This 
communication channel was never really intended for end-users but was 
made available to them anyway. However, despite an originally very 
cumbersome interaction, SMS use has exploded in many parts of the world, 
especially among teenagers, and is a very important source of income for 
many mobile operators. In this example, the technology is used as intended: 
for sending short text messages from one mobile phone to another. The 
appropriation lies in the development of a new way of communicating: 
“texting”, or “messing”. The invention of the communication mode has even 
led to the development of a specific communication language based on 
abbreviations, as discussed by e.g. Grinter and Eldridge (2001). Weilenmann 
and Larsson (2001) give further insight into the use mobile phones and SMS 
among teenagers in Sweden. 

The introduction of a new communication channel seems trigger a need 
to communicate where no need for communication has previously existed. 
One example is Bluetooth, which in essence offers short range radio 
communication between mobile devices (~10 meters/~30 feet). The core 
application of Bluetooth on such devices is to set up a wireless connection 
between the device and a headset or a computer. Early adopters have 
however realised that connections may be made with any other device that 
happens to be in the vicinity, a procedure referred to as Bluejacking6 (BBC 
2003). Currently, Bluetooth enabled mobile phones do not come equipped 
with built in Bluetooth chat or message sending services. However, this does 

                                                           
5 Short Message System, a technique for sending text messages between mobile phones. 
6 For more information about Bluejacking, see e.g. www.bluejackers.co.uk or look up the term in the 
Wikipedia at http://wikipedia.org  
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not stop those who really want to communicate. In the absence of a 
communication service, ingenious people appropriate whatever software is 
available. The easiest way is to use phone book contacts. Create a new 
contact, but put the message you want to send where the name of the person 
would normally go. You may then dispatch your message by transferring this 
contact to any other nearby Bluetooth device. In this case, appropriation 
consists of using existing functionality for completely different purposes.  

A third, amusing example is from the early days of digital virtual 
environments. Avatars are embodiments of the people present in the virtual 
environment. However, avatars may become inhabited, due to the software 
crashing or the user behind the avatar leaving the environment without 
removing the avatar. In the DIVE virtual environment (Hagsand 1996), such 
“corpses” were perceived as disturbing but could not be deleted by anyone 
but the owner. Working around this limitation, other users would clean up 
anyway by burying the corpses below floor level (Jää-Aro 2004). Here, users 
appropriate the existing functionality of being able to moving inane objects 
to amend the system flaw of allowing corpses to occur in the first place. 

In most systems, once the system is up and running only the designer can 
influence the functionality, by updates. The three examples of appropriation 
given here do not change their systems’ functionality but work around it to 
achieve their goals. To really include in the ongoing negotiation of practices, 
systems need to be designed for appropriation, allowing them to evolve over 
time and with use. 

An example of a recent system that is designed for appropriation is eMoto 
(Fagerberg et al. 2003b). eMoto allows users to add emotional content to text 
messages. However, the emotional expressions used are not predefined. 
Instead, a sensor-enhanced pen, connected to the device, is squeezed and 
shaken to navigate in a space of colour, form and movement until the user is 
satisfied with the visual emotional expression. The way that the pen may be 
manipulated is grounded in theories of bodily expressions of emotions, and 
the visual space is designed according to theories on emotions, colours, form 
and motion, but there is no predefined mapping such as “yellow bubbles 
equal happy”. Instead, senders and receivers of eMoto messages will build 
their own perception of what feelings the messages convey. What is left open 
for appropriated in the eMoto case is the use and interpretation of the 
content, the emotional expressions. 

The aim of designing for appropriation is to allow usage of a service to 
change its functionality over time. This “drift” in system functionality is 
similar to how natural language changes with its use or how a city evolves as 
new roads, buildings and other infrastructure are added. The most 
straightforward way to do this is to let users provide content to the service 
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and also let them structure this content themselves. But if users are also to be 
able to affect the functionality of the system, the role of the designer is 
challenged (Höök 2005; Löwgren and Stolterman 2004).  

2.5 CONTEXT: DEALING WITH FACTORS IN THE ENVIRONMENT 
No computational systems exist in vacuum. All systems are used in some 
context, but what does this context consist of? How does it affect the system 
and its user? How should computational systems be designed to take context 
into account?  

There are many definitions of the term context. Dey et al. (2001) suggest 
the following definition of context as a starting point: 

“any information that can be used to characterize the situation of entities (i.e. 
whether a person, place or object) that are considered relevant to the 
interaction between a user and an application, including the user and the application 
themselves. Context is typically the location, identity and state of people, groups and 
computational and physical objects.” (Dey et al. 2001, p. 107, my emphasis).  

Dey et al. and many others take a software engineering approach to context. 
Context is understood as being diverse and changing, but for a given service, 
it is the content and not the structure of the context that will vary. Thus, 
they claim that it is possible to define both the objects that constitute context 
and the effects that different states of these objects will have on the service. 
This enables the service to automatically and pro-actively adapt to context, 
i.e. to be context aware.  

Others, including ourselves, argue against this approach. The first part of 
this debate or controversy lies in the representability of context. The key 
problem is illustrated by emphasising part of the context definition above, 
stating that entities involved (and the information that characterises their 
situation) should be relevant to the situation. The question is: Is it at all 
possible to define what is relevant on an abstract level? 

Consider an example: a context-aware mobile phone service that filters 
incoming phone calls depending on the user’s physical and social context. A 
simple functionality for such as service might be to block calls when the user 
is in a meeting. The occurrence of a meeting might be discovered by the 
service having access to the user’s digital calendar, or be facilitated by 
ubiquitous technology such as sensors in the meeting room. The problem is 
that the set of factors defining whether a call should be allowed or blocked is 
open. Regardless of the quality of the blocking model, there are just too 
many exceptions to the rule: a family member having an accident, the user’s 
wife expecting a baby, or simply someone being late for the meeting. Even if 
the user were allowed to fine-tune and personalise the service this example 
shows how difficult it is to design a system that will act on the user’s behalf. 
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What context information is relevant in a given situation cannot be abstractly 
“defined” but instead develops and changes with use and over time 
(Esbjörnsson and Weilenmann 2005; Oulasvirta et al. 2005).  

In his paper “What we mean when we talk about context”, Dourish (2004) 
contrasts the (positivist) view of regarding context as a representational 
problem with his own (phenomenological) view of context as an 
interactional problem. There are four parts to Dourish’ argumentation, 
summarised in Table 1. In short, the two standpoints are formulated as “what 
is context and how can it be encoded” versus “how and why, in the course of their 
interactions, do people achieve and maintain a mutual understanding of the context for 
their actions” (p. 22). This formulation stresses the emergent qualities of 
context, understanding and interaction: they are constantly negotiated and re-
defined among those involved. 

 Representational view Interactional view 

 is a form of information that can be 
encoded 

is a property of the relations 
between objects or activities 

Context … can be defined in advance is defined dynamically  

 is stable is an occasioned property 

 is separable from activity arises from the activity 

Table 1. Dourish’s comparison between the representational and interactional views 
on context 

The second part of the context debate is whether or not one believes that it 
is possible and desirable for a service to draw conclusions and act 
autonomously on the user’s behalf. This is different from but very closely 
related to the first part of the debate: if the relevant factors of context cannot 
be anticipated before a situation arises, it follows that the rules for what to 
do when the situation arises cannot be anticipated either.  

It might seem that the implications of the “interactionist’s view” is that 
context cannot be used for any practical application. However, from a 
practitioner’s standpoint the main difference between the two camps is one 
of attitude and approach. The basic driving force for both is to, somehow, 
support the user. This could be done by automating tasks or by empowering 
the user in her own handling of these tasks. Dourish and Dey et al. agree on 
that context may either be used as an index for storage and retrieval of pieces 
of information, or to tailor system behaviour in different ways.  

Although context always plays a role, this role is much more pronounced 
in mobile scenarios – the topic of the next section. 
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2.6 MOBILE COMPUTING  
Mobile services may be – and often are – no more than portable windows to 
some remote content. Our interest lies in what may be termed truly mobile 
services. By that is meant services that explore and exploit properties of 
mobility such as access variability, ad-hoc meetings with other devices, 
context sensitivity and access to information tied to geographical location or 
positioning relative to other users or resources (Holmquist et al. 2002; paper 
V in this thesis).  

Context always matters, even though it is often overlooked. However, 
when computational systems move off the desktop, context may no longer 
be overlooked but has to be taken into account. The same mobile service 
may be used at any location, while moving, while being involved in other 
activities, and in different social situations. With Agre’s words, the possibility 
of being connected anywhere anytime means that “everyplace will be used for 
everything all the time” (Agre 2001, p. 180). 

Perhaps the most important context issue for mobile systems is 
positioning of information and location awareness of services. This is the 
topic of the next section. 

2.7 POSITIONING AND LOCATION AWARENESS 
Mobile devices and services offer many interesting challenges and 
opportunities. The complexity and diversity of the context may be regarded 
as an obstacle for good interaction, but might just as well serve as a source of 
new opportunities and challenges. Of core interest is the location of things: 
objects and resources in the environment, digital information placed at or 
accessible from specific locations, and of course, the mobile terminals that 
put these resources into use (Dix et al. 2000; Becker and Dürr 2005).  

Positioning is an area where the mobile industry – and much research – 
strives for perfection. Satellite navigation systems using GPS and other 
technical solutions are applied to pinpoint the exact coordinates in physical 
space of a user, or more correctly, of a user’s device. Regardless of precision, 
however, any position needs to be given a mapping to some concept, place 
or object. In other words, the meaning of “here” needs to be defined. In 
addition, positioning as offered by technology often does not correspond to 
the positions people want to refer to.  

The mapping between positioning as offered by technology and user’s 
perception of places was explored in GeoNotes (Persson et al. 2003), one of 
the first services allowing users to attach digital “Post-it” notes to physical 
locations. A similar service is Campus Aware (Burrel and Gay 2001). 
GeoNotes used a WLAN network that technically speaking offered notes to 
be posted at each WLAN hotspot. However, hotspot coverage corresponds 



22 Background 

very poorly with the rooms and objects where users would want to attach 
their notes. As a remedy, GeoNotes users were allowed to themselves label 
the places where they wanted to attach their notes. Each such place label 
belonged to the hotspot where it was entered, but could denote both smaller 
and larger places than covered by the hotspot (Figure 2).  

In a one-month field test, mismatches between the underlying hotspot 
model and the user perceived model of how places should be named were 
elegantly handled by the users (Fagerberg et al. 2003a). Place labels were 
created that denoted areas smaller than what could technically be handled by 
the positioning system, such as “the sofa” or the somewhat more esoteric 
“the lecturer’s forehead”. A group of subjects also created a virtual place, by 
re-entering the same place label at several hotspots.  

 
Figure 2. Allowing users to label positions allows for the definition of places both 

larger and smaller than offered by technology. Illustration by Anna Ståhl. 

GPS gives positions relative to the centre of the earth, requiring a lookup 
feature that maps coordinates to places. For WLAN and mobile phone 
networks it is possible to determine within which cell the device may be 
found. If coverage is small, the identity of the station may be sufficient to 
determine location. For example, exhibits in a museum may be equipped 
with transmitters (infrared short range radio (e.g. Bluetooth) or on RFID 
tags), allowing visitors carrying receivers to use the location as an index to 
information about the exhibit. Similarly, in paper IV the cell information 
provided by a mobile phone served as a simple tourist guide for one of the 
authors who was travelling by train in Switzerland. Combined with 
knowledge on where nodes are positioned geographically and techniques 
such as triangulation, more exact positioning may be obtained. Today, many 
location-based services are offered by mobile phone operators, using such 
techniques.  

Positions may also be expressed relative to others using ad hoc network 
connections. Figure 3 outlines a set of positioning schemes. Combinations of 
schemes are of course possible, e.g. determining proximity of users by 
comparing their globally determined position, as depicted to the right in the 
figure.  
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Figure 3. Local, relative and global positioning schemes 

Digital space is often viewed as a model of physical space, where every piece 
of digital information can and should be tied to a specific physical location. 
Such a view is unnecessarily restricted. The digital medium allows for the 
construction of parallel digital spaces, for time travel and for personal views. 
In addition, there are other aspects of the physical that can be considered for 
positioning. Instead of positioning a user in relation to her geographical 
coordinates, the position could be relative to other inhabitants of the space. 
The fact that “I met you” may affect reasoning and provide additional input 
to geographical positioning in areas with incomplete network coverage: if 
two users walk in opposite directions, one user will soon arrive at the 
location from which the other user just left. 

 
 
Given an understanding of social (and mobile) computing we now move 

on to describe the two prototypes: Socifer and then MobiTip. 
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3 SOCIFER: SOCIALLY ENHANCED INTERNET TICKET 

BOOKING 

Stena Line is an international transport and travel service company operating 
ferries between Scandinavia and Great Britain. At the time of the Socifer 
project, Stena Line was developing a new on-line booking site and wanted to 
make users of the site feel more comfortable and at home with on-line 
booking. A small project was initiated to run in parallel with the large 
booking service project. The deliverable from the small project was defined 
to be a social component, a piece of software coexisting with but separate from 
the actual booking service.  

3.1 RESEARCH AGENDA AND DESIGN INTENTIONS 
Our intention with the Stena Line project was to re-apply ideas and 
recommender technology based on collaborative filtering that had 
successfully been used in previous projects: the Kalas recipe recommender 
system (Svensson et al. 2005); ConCall, recommending conference calls for 
papers (Waern et al. 1999); and RIND, combining collaborative filtering with 
configuring of personal computers over the Internet (Cöster et al. 2002). We 
were interested in trying out prior solutions in a different domain, and 
welcomed the fact that this domain had potential for many users, generating 
large amounts of data. The new domain also provided an opportunity to test 
a recommender software package that was under development by the lab. 

When investigating this new domain we found that the social trails that 
could be found were different from the previously explored domains, in that 
there was very little data available on the current user (further discussed in 
section 3.3). The intended research issue was to explore how to build a user 
model, match it against aggregated data and produce a recommendation. Due 
to limitations of the domain, this research issue turned into an exploration of 
the effects of simply making the information available to users. 
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Stena Line also placed some restrictions on the design. For example, the 
social component must not disturb the already demanding booking 
procedure, by requiring lengthy explanations or by forcing the user to 
respond. Another way of phrasing this requirement is that the social 
component should be unobtrusively but peripherally observable; it should be 
available for interaction at the user’s demand; and it should be simple enough 
to be self-explanatory. 

3.2 INITIAL STUDIES 
To guide the development of the service, Stena Line provided some results 
from a customer survey as well as an informal but more in-depth test of the 
existing on-line booking site. While getting acquainted with both the new and 
the old booking service design, we reviewed a number of other on-line ferry 
ticket booking sites, looking for the existence of anything social or 
personalised such as membership; the number of booking steps needed; any 
problems encountered such as faulty links; or the general impression of the 
site. The review was performed in May 2001 and showed that browsing and 
booking possibilities were limited and the quality poor on several of these 
booking sites. Most sites offered some kind of membership or frequent 
traveller scheme that allowed users to register their personal and address 
information, but this data did not affect the interaction in any interesting 
way. One or two booking sites featured forms for defining an interest 
profile, but the profile information was only used for sending out tailored 
newsletters and not for adapting the booking interaction. 

To assess the general value of presenting information about others (fellow 
travellers) to support on-line travel booking, we distributed a questionnaire 
investigating respondents’ interest in information on other travellers. The 
interest was assessed on a 5-point Likert scale, ranging from “not at all 
interesting” to “very interesting”. The full questionnaire (in Swedish) can be 
found in Appendix 1. Over a period of a few weeks in spring 2002, we 
received 81 replies from 38 men and 42 women.7 Although this population 
was not statistically controlled, respondents were reasonably well distributed 
over the different personal attributes, e.g. age, gender and travel booking 
habits.  

54 of the 81 respondents expressed some interest in statistical 
information. The distribution of reported interest in nine different types of 
information can be found in Figure 4. In this figure, values 3-5 on the Likert 
scale are interpreted as showing some interest. Since the scale goes from “not 
at all interesting” to “very interesting” any value but 1 indicates some 

                                                           
7 38+42=80; one respondent did not answer the question on gender. 
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interest. The questionnaire also offered the alternative of stating that one was 
not in any way interested in statistics, thereby saving the respondents the 
trouble of filling in this information for each piece of statistical information. 

Note that information about the characteristics of other travellers 
attracted the highest interest rates, compared to information about others’ 
booking choices. This supports our intuition that travelling is perceived as a 
social activity: the most interesting information would be to know more 
about those one will be travelling with. 

 
Figure 4. Interest in statistics (# of respondents with values 3-5 on the Likert scale) 

3.3 SERVICE DESIGN 
Two alternative suggestions for the social component were devised. The first 
followed our original ideas of displaying user trails in the form of booking 
statistics, while the second focussed on putting travellers in actual contact 
with each other. The aim of the statistics alternative was to support users in 
the booking process; the contact alternative aimed at enhancing the travel 
experience for customers by bringing them in contact with their fellow 
travellers, exploring the fact that travelling as a whole is a very social activity. 
Demonstrators for both alternatives were developed. Stena Line’s choice was 
to go forward with the statistics alternative.  

As mentioned in section 3.1, our initial aim was to reuse our experience 
with collaborative filtering and recommend booking alternatives based on 
similarities between the current user and previous users. However, to assess 
similarity something needs to be known about the current user. Such 
information, e.g. name and address, has to be provided at some stage when 
booking tickets on-line, but users are reluctant to enter such data unless it is 
obviously needed, which typically is when it is time to pay. It was difficult to 
make specific recommendations based on collaborative data: matching a new 
user with stored users or identifying a recurrent user were almost impossible 
tasks.  
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Figure 5. Screen dumps from the Statistics alternative 

On the other hand, presenting informative views on the stored booking data 
was possible even with very little information available about the current 
user. The system could adapt to the user by keeping track of where the user 
was in the booking process, displaying information adapted and relevant to 
the current booking step, instead of adapting to characteristics of the current 
user. Hence, we decided to aggregate information from a number of 
different booking databases and display relevant statistics in typical statistical 
formats such as pie and bar charts, in order to make the information 
recognisable as statistical. In terms of social computing, the statistics were 
intended to make other travellers visible to the person booking a ticket, thus 
enabling people to make decisions based on social information. 

Figure 5 shows four screenshots of the social component’s interface. To 
the left is the initial screen, where the four rows of icons slowly scroll from 
left to right. The remaining three screens show different statistics, as 
displayed when selecting a departure, booking cabins and booking meals 
respectively.  

3.4 USER EVALUATION 
For different reasons, studying live usage of the social component by real 
Stena Line customers booking tickets was not an option. To set up a 
laboratory experiment, we needed to run some booking software in parallel 
with our social component. We choose to utilise the live Stena Line booking 
site using a standard browser (MS Explorer). A controllable version of the 
social component was built for the study, using button controls to choose 
what information to display. 
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The evaluation was performed as a Wizard-of-Oz study (Dahlbäck et al. 
1993). In a Wizard-of-Oz study, the user is told that the service they are 
testing is fully functional, while in fact some or all of the computer’s 
response to user actions is managed by a human “wizard”. In our study of 
Socifer, the social component appeared to be responding to the interaction 
in the booking window in the way depicted in Figure 6.  

 
Figure 6. What the study subjects saw on their screen 

Seven subjects with varying profiles were recruited from the set of 
respondents of the initial study. Two booking tasks were constructed and 
presented as mini-scenarios. The statistics database was filled with artificial 
but realistic statistics for these two scenarios. The scenarios provided most 
but not all information needed. Booking was interrupted at the point where 
payment data was requested. A “wizard” supervised the user’s actions and 
controlled the output of the social component from another computer, by 
pressing the right buttons in response to user commands. The scenarios 
restricted the subjects’ use of the booking site and made it possible to 
anticipate and prepare appropriate system responses in the statistics display 
for all standard user actions.  

The evaluation was designed to test two hypotheses: 1) that the statistics 
would be perceived as supporting and useful; and 2) that the statistics would 
actually be used for making booking decisions. As described in paper I, 
support for both hypotheses was found in the evaluation. All subjects were 
generally positive towards the idea of supporting the on-line booking process 
with relevant social information, e.g. Subject 2:  
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S2: The statistics in themselves represent unnecessary knowledge that 
contributes to a feeling of it [the booking site] being alive 

Statistics were also considered useful for making selections in different 
booking sub-tasks: 

S6: What did the others book here? [about cabins] 

Finally, statistics were used to decide both for and against booking choices: 
S7: … hmmm, no cabins, we don’t need that either” 

S3: … ’meal booking’, no we won’t do that. What did the others do? 
Brunch, aha. Maybe we should have that then …  

3.5 LESSONS LEARNED FROM SOCIFER 
As discussed above, the domain did not allow for using collaborative filtering 
to assess similarities between the current user’s personal attributes and travel 
behaviour and those of previous users. Instead, we turned to the booking 
procedure, looking at similarities between the booking actions of the current 
user and those of previous users. Similarity assessment became trivial, since 
the booking action was given by the interface, and we were worried that the 
solution would be trivial as well. It turned out not to be. What we choose to 
present to the user was not the recommendations themselves but the 
information behind them, leaving it to the user to create their own 
recommendations. The main lesson learned from Socifer was that presenting 
“raw data” instead of making recommendations indeed did support the users 
in the laboratory study. 

A fundamental principle in HCI design is to use elements that are familiar 
to the users. In our case, the use of pie and bar charts needed no 
explanation, and signalled to the study subjects that the information 
presented was aggregated from previous users’ bookings. In addition, this 
typically statistical format made them feel at ease with the thought that their 
own data was being presented to others: the data was obviously anonymised.  

The requirement from Stena Line that the interaction in the social 
component should be separate from the booking interaction also turned out 
to be a contribution. Separating these components both functionally and 
visually in the interface facilitated for users to switch focus between the two. 
In addition, users may intentionally or unintentionally disregard the social 
information completely without compromising the booking procedure.  

In summary, Socifer showed that it was valuable: 
 to present the aggregated social information while leaving the 

interpretation and use of this information to the user; and 
 to present the information peripherally: displaying information changes in 

the interface without requiring any attention from the user. 
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4 MOBITIP: EXCHANGING OPINIONS WITH STRANGERS 

NEARBY 

MobiTip is not only related to Socifer, but also a descendent of GeoNotes 
and Kalas, mentioned above. As discussed in Chapter 2, a field test of 
GeoNotes had provided interesting results in how people handled the 
mismatch between the place where they wanted to attach a note, usually a 
physical location, and the place where the system would store and retrieve 
the note, related to the current WLAN hotspot (Fagerberg et al. 2003a). We 
wanted to explore the problem of positioning information further. In 
addition, co-presence of users had not been particularly addressed in 
GeoNotes and merited further attention.  

Just like Socifer, GeoNotes and Kalas, MobiTip should be based on social 
trails. Following up on the results from Socifer, the applications should also 
allow for further exploration of the presentation and utility of aggregated 
trails without too much processing and interpretation of the data. 

4.1 RESEARCH AGENDA AND DESIGN INTENTIONS  
While the prerequisites for Socifer were to a large extent determined by Stena 
Line, the MobiTip project provided the opportunity to freely define 
requirements and restrictions. Taking into consideration the lessons learned 
from Socifer and from previous projects, a set of criteria were defined that 
the new prototype service should meet.  

Since MobiTip was part of the Mobile Life project, the first criterion was 
that the service should be truly mobile as defined in section 2.6, i.e. that it 
should in a central way depend on and benefit from a changing context.  

Second, MobiTip was intended to pursue research in the social computing 
area. The functionality of the service should thus be based on creating social 
trails and making them visible. Issues of interest were the use of information 
pull or push; how to make use of the experience of others; and how to 
present context of awareness.  
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A third research issue of interest was appropriation of technology. Users 
should be able to participate in the co-construction of the content and 
possibly also functionality of the service. In the simplest case, this could 
mean letting users provide the content of the service and be in control over 
the structure of this content. The user-defined place labels used in GeoNotes 
served as an inspiration.  

Fourth, we wished to investigate local, ad-hoc connections to other users 
or to objects or places in the vicinity of the mobile device. The service 
should not be dependent on being in constant contact with a central server. 
It should be possible to base collaborative recommendations on local 
information, not only on large data collections on servers as in the classical 
case. The main reason for the inclusion of this criterion was that distributed 
recommender system, i.e. doing the actual computations locally on the 
device, on fragmentary data, is an interesting research issue for recommender 
systems. This part of the research was performed by other members of the 
MobiTip team and the details are outside the scope of this thesis. 

Fifth, experience told us that it would be a great advantage for the 
prototype to run on an off-the-shelf device, preferably a mobile phone. This 
would allow for public download of the prototype service, thereby at least 
alleviating the problem with too few service users.  

The sixth and final criterion was to conceive of a service whose 
functionality was tied to a public place where people would go frequently and 
for related reasons. In this way, it would be possible to identify and utilize 
recurrent patterns of use, and utilise user similarities in terms of ratings of 
items, interface actions and also similarities in terms of movement in the 
place investigated. 

4.2 INITIAL STUDIES 
The final criterion led to one of the first decisions made in this project: to 
use the Kista Galleria shopping mall as our test domain (Figure 7). The 
reason for choosing a shopping mall was that shopping is a public and social 
activity that is well defined but versatile. The Kista mall was selected because 
this particular mall is used not only by people driving in for shopping but 
also has its regular visitors: people working or living in the close 
neighbourhood.8  

To further understand the use of the mall and as an attempt to step out of 
our preconceptions of it, a small field study was performed (paper II). The 
following questions were explored: Who are the people frequenting Kista 
Galleria? Where do they go, where do they stop, and what do they do at 

                                                           
8 Many of the people visiting the Kista mall during work hours are not prototypical mall visitors but 
rather people working in the IT industry: most major IT companies have offices in the Kista region..  
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these locations? What (if any) mobile technology do they already use, and in 
what situations? 

        
Figure 7. The Kista Galleria shopping mall 

Albeit limited, the study revealed interesting mobile phone behaviour and 
mall use. People were observed at several occasions picking up their phone 
for just a quick look on the screen (glancing); carrying a phone in their hand 
for no apparent reason (phone walking, possibly combined with glancing); and 
logging on after lunch at the food court by looking at the phone, pushing the 
buttons, or putting on a headset. This behaviour indicated opportunities for 
a service to manifest itself on the screen of the mobile phone without being 
too obtrusive. The study also provided insights about patterns of movement 
and places in the mall where people tended to gather and stop for some time 
span, places appropriate for the placement of server stations and public 
server displays.  

To gain further insight into movement within the mall and the use of its 
facilities a second study was performed (paper III). The study aimed at 
capturing frequent mall visitors’ view and use of the mall. Based on a method 
developed by urban planner Kevin Lynch (1980), interviews were made with 
20 mall visitors living or working in the neighbourhood. With a few 
exceptions, the interviews took place on location, at a café in the mall. 
Subjects were asked first to draw a sketch over the mall and its surrounding 
(Figure 8). Then, they wrote a list over places in the mall stating if they 
usually went there alone or in company with others. Finally, subjects were 
given a simplified version of the official map of the mall, and were asked to 
draw and name their typical routes through the mall. 
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Figure 8. Three frequent mall users’ very different views of the Kista region and mall. 

The results from this study supported our earlier observations about well 
frequented areas, adding a few typically deserted areas. Three categories of 
mall visitors were defined: dwellers who would hang around a lot; typical 
shoppers; and exploiters, who found the mall to be a convenient location for 
running errands (Figure 9).  

 
Figure 9. Plotting interviewees 1-20 over visitor type and portion of mall space 

frequented (high/low coverage). Residents in bold face. Italics indicate male 
subjects, plain text for female subjects. 

In parallel with the mall studies, the technical requirements were investigated 
and discussed, resulting in the decision to use Bluetooth for ad-hoc 
connections between users and between users and hotspots, i.e. Bluetooth 
servers placed at carefully selected locations. The use of a public display 
visualising activity in different parts of the mall was discussed as a 
complement to the service running on people’s mobile devices. The public 
display would serve to draw in new users, and would allow non-users to 
participate to some extent. 

In parallel, we went through a series of brain storming sessions, using 
techniques such as random words. By generating lists of words of places, times, 
technologies and activities, and then combining them randomly, this 
technique helped us cutting loose from traditional or existing mobile services 
and instead trying odd and unusual ideas. Excursions through the mall with 
potential users were also made, inspired by Oulasvirta et al.’s body storming 
method (2003). The ideas from the brainstorming sessions were tested 
against the criteria listed in section 4.1, the technical requirements and the 
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results from the mall studies. Finally, the service functionality was defined to 
be the exchange of (mall-related) tips with other service users.  

A first interface design of the service was tested and partly rejected using 
paper prototyping (Rettig 1994), a prototyping method suitable for very early 
user testing. The most important result from this test was that the peer-to-
peer nature of the service needed to be stressed in the interface (Rudström et 
al. 2003). The final interface consisted of two parts, one for the management 
of tips and one for digital social awareness: the presence display. Figure 10 
provides some screen shots (see also Figure 15 in section 5.4. The design is 
also described in Rudström et al. 2004). 

              
Figure 10. MobiTip on the SonyEricsson P900; screen shots 

4.3 SERVICE DESIGN 
MobiTip allows its users to express their opinions and comment on objects, 
services, activities, places or people in their environment. Comments given 
by one person are propagated between users when they pass one another or 
approach connection hotspots. Tips are presented as recommendations from 
peers, and are aggregates of opinions on some item from a small set of users 
(Figure 11), presented with their user names and personal icons. Encounters 
also cause tips to be re-ordered based on the similarities between the users 
involved in the encounter, using collaborative filtering algorithms suited for 
mobile devices that are not always connected to a central server (Cöster and 
Svensson 2005). The re-ordering moves relevant tips to the top of the list, 
while those deemed less relevant will “sink” towards the bottom. 

READ TIPS ?
FotoQuick (service) is 
Great says Anna
Confusing says Mark

 
Figure 11. A MobiTip tip. The [T] indicates a text comment. 

The service has two distinct but closely interrelated functionalities: tip 
management and presentation of real-time presence and activity. The 
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interface allows the user to focus on one or the other by hiding or revealing 
the tip management dialogue.  

Tip management allows users to enter their own opinions as well as to 
inspect and react to tips from others. All tips that a user has received are 
stored on the user device and may be accessed and searched on demand. 
Users may enter a name and an optional short description of themselves and 
select a personal icon from a set of nine icons with slightly different features 
(Figure 12).  

 
Figure 12. MobiTip personal icons 

User presence, tips and ratings form a web of social trails. The storage of this 
web is distributed over the users’ phones and over strategically placed 
hotspots. A core part of MobiTip's functionality is to visualise this web. 
Fellow MobiTip users, occasional hotspots and other discoverable Bluetooth 
devices are therefore made visible on the screen, as is the transfer of 
information between devices. Icons representing those fellow users, hotspots 
and Bluetooth enabled devices will appear and disappear in the interface as 
the user moves around.  

a) 
John's 7600

 b) c)  
Figure 13. Digital social awareness in MobiTip.  

Figure 13 shows a short interaction sequence in the presence display. The 
icon in the centre represents the current MobiTip user and the other icons 
are in-range Bluetooth devices. In a), the little figure with the nightcap 
denotes another MobiTip user while the two spheres represent two other 
Bluetooth enabled devices that are not equipped with MobiTip. The icon for 
“John’s 7600” has been clicked by the current MobiTip user, thereby 
revealing the Bluetooth name given to the device by its owner. 

In b), communication takes place between the current user’s device and 
the other co-present MobiTip device. This is visualised with a dotted line 
occurring between the icons representing the communicating entities. In 
addition, the distance between “John’s 7600” and the current user’s device 
must have increased enough for them to fall out of range of each other,  
causing this icon to disappear from the current user’s display. Finally, in c), 
our user has moved into range of a Bluetooth hotspot, indicated by showing 
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an antenna icon and changing the cool green background to a hotter red. 
The remaining other icon (a non-MobiTip Bluetooth enabled device) may 
represent the same device as in a) and b) or some new device. It should be 
noted that icons are randomly positioned on the display. Position on the 
display thus does not correspond to relative position in physical space. 

Hotspots are Bluetooth servers that help in the propagation of 
information over user devices. Since hotspots have the same range as any 
other Bluetooth device, most of the time the user will be out of range of 
hotspots but often in range for ad-hoc connection to other devices. In 
addition, hotspots may be provided with public displays revealing any 
Bluetooth presence in range much in the same way as in the presence display. 

In contrast to similar services supporting messages that can be posted at 
geographic locations, the underlying principle for MobiTip is to take 
advantage of the fact that many social contexts are repeated at the same 
physical locations. Most people work at the same place, with the same 
people, every day. They travel to and from the same places daily, and have 
lunch with colleagues at the same lunch places populated by the same crowd. 
MobiTip places information – tips – within the social context of people. The 
connection to the physical location is implicit. On a general level, the mere 
fact that two or more people are at the same place at the same time tells 
something about that place. More specifically, most of the tips that users 
have posted in MobiTip concern physical locations: a specific tree, shops or 
restaurants. Location is not used as an index to retrieve the tip; instead, the 
connection between tip and location lies in the content of the tip.  

4.4 USER EVALUATION 
To put MobiTip to the test we released the service for public download and 
usage and performed an explorative user study, with seven pairs of users 
(Paper VI of this thesis). The studies aimed at testing three requirements on 
the service. First, users should be able to make sense of the digitally mediated 
social landscape that MobiTip reveals. Second, once they understand what is 
there, they should start contributing by entering new tips, having opinions 
and commenting on the tips of others, and by changing their Bluetooth 
profile to portray themselves to the world. Third and final, we aimed to 
design for a space that is “open” enough for users to appropriate and fill 
with other kinds of content than expected, possibly even changing the 
functionality that MobiTip provides. 

4.4.1 PUBLIC DOWNLOADS AND HOTSPOT LOGGING 

In the beginning of November 2004, MobiTip was made publicly available 
from our web site. The release was advertised on SICS’ website and 
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distributed by email to business and research contacts, resulting in 59 
downloads over a period of two months. 8 of these 59 users synchronised 
their devices with a MobiTip Internet server, allowing for their data to be 
logged. In addition to releasing MobiTip for download, two MobiTip 
hotspots (Bluetooth servers) were placed in the Kista shopping mall, one 
also equipped with a public display showing Bluetooth activity within a ~10 
m radius. Both hotspots logged all Bluetooth devices passing by. One of the 
hotspots was active for almost three months, and logged around 300 unique 
Bluetooth devices passing by each day.  

4.4.2 EXPLORATIVE STUDY 

 The explorative user study involved seven pairs of study subjects, where one 
user in each pair was knowledgeable of the service and the other was a 
novice. The knowledgeable subjects were recruited from the group of 
existing users or had at least tried MobiTip prior to the study. Subjects used 
the service on location in the Kista shopping mall, browsing for entities to 
have opinions on and using the service in any way they pleased. One or two 
other “under cover” MobiTip users would follow them around, trying to stay 
unnoticed while moving in and out of Bluetooth the range of the subjects’ 
device. Subjects were encouraged to talk about what happened and the 
conversation was recorded on the device. 

The main question addressed was whether users could make sense of the 
digitally mediated social landscape that MobiTip reveals. Results from the 
study indicate that users did make sense of the encounters with other 
MobiTip users and realised the difference between those and other 
Bluetooth devices passing by. They also understood that tips were 
transferred between devices and were able to draw conclusions about 
Bluetooth coverage and positioning of devices. While some users first 
assume that tips are geographically located, most understand after a while 
that they are socially positioned – in the encounters with others.  

One observation concerning the impact of encounters is from group #2. 
The subjects in this group had not experienced MobiTip hands-on but had 
studied it on our web site. They were initially under the impression that the 
service was location based. During use, they became gradually aware that this 
was not the case. In the following excerpt, they notice another MobiTip user 
named Martin, and a dotted line appearing between Martin’s and their own 
icon: 

H: now oh, tudu, something happened here, yes, but hey, there is 
someone else here, hey  

J: something showed up 
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H: there was a line between, with this 

[…] 

H: Yeah, ding! There was some kind of connection, cool!  

They then realise that the display now says “Tips updated”: 
F: But did it say that all the time or did it appear when we passed 
something 

H: It appeared when we passed 

J: Was it when we passed, Martin, or what? 

Later, they come to the following conclusion: 
J: So the tip comes up when one passes a user who has entered it, not 
when one passes by the place. 

Albeit still slightly incorrect, this interpretation is much closer to the truth 
than the location based explanation this group started with.  

Groups 6 and 7 had no experience of Bluetooth and did not know what 
the coverage was. These two groups had tested MobiTip on two devices 
prior to the study. From use, they concluded that the range would be about 
100 meters (group #6) or 50-60 meters (group #7): 

S: Okay. And what is the distance that it is looking at 

A: I don’t know exactly, but quite a lot, about 50-60 meters or something 
like that […] 

A: I have discovered S2 [another subject] at such a distance. 

Although the range is actually ~10 meters, this conclusion is fair: delays in 
updating MobiTip’s presence display cause it to display slightly outdated 
information. The subject has seen the actual person at that distance at the 
same time as seeing the person’s icon on the screen. 

Subjects were generally surprised over the amount of Bluetooth devices 
showing up on the presence display. When focussing on the presence 
display, subjects would show great interest in knowing “who was there” and 
would continuously click on icons to display their names.  

The second design goal was that users would be able to contribute to 
constructing the space – entering new tips, commenting the tips of others, 
and changing their Bluetooth profile to portray themselves to the world. 
Most groups made changes to their profile and selected an icon different 
from the default, shown to the extreme right in Figure 12.  

They also entered tips about new items, and commented on the tips 
entered by others’ tips. The explorative study as well as our experiences from 
demonstrating MobiTip also showed that once users become aware that they 
were visible in a digitally mediated social space, they become keen to figure 
out how to control their appearance in this space. The hotspot logs listed 
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many Bluetooth devices named with personal names (“Fredric’s S710i”) or 
descriptions (“Free2Move”). Device names were also used to convey 
membership in a community (“Bajen 2003”, where Bajen is a major Swedish 
football team), and for sending messages (“Keep out” or “Girl & single? 
SMS to 073xxxxxxx”).  

The third and final goal was to open up the digital space. By making it 
observable and allowing users to fill it with content, we hoped that they 
would find ways to show us and each other novel ways of appropriating the 
seams and have fun with the system. The small amount of users and tips 
does not allow for any abstractions to be made, but the hypothesis was not 
contradicted. Users also attempted to make use of the tips as a means to 
engage in dialogues with others. This was not directly supported by the 
service but was attempted by adding text comments. In addition, tips were 
not always tied to physical locations, but could also concern others kinds of 
objects, maybe a movie or some specific food. Particularly interesting was a 
tip about a Bluetooth enabled FotoQuick store. One pair of study 
participants discovered a Bluetooth service offering a completely different 
functionality than that of MobiTip: to transfer photos to be printed. 
Nevertheless, they effortlessly connected this new functionality to MobiTip 
by entering a tip about the photo service, thereby intermingling the social 
Bluetooth space of MobiTip and the Bluetooth space of the physically 
stationary FotoQuick server.  

4.5 LESSONS LEARNED FROM MOBITIP 
MobiTip’s interface has two foci, one for tip management and one for digital 
social awareness. The digital social awareness was there to provide support 
for tip management, understanding of Bluetooth technology and to stress 
that this was a peer-based application. In addition, the display turned out to 
provide an interesting service in itself. 

Socifer showed that it was valuable to separate the (social) context 
information from the “core” functionality of the service, and that data could 
be presented in quite raw and un-interpreted form and still be perceived as 
useful, relevant and interesting. These lessons were supported also by 
MobiTip. The possibility to hide or reveal the tip management dialogue was 
used for selecting focus, on social presence or on tip management, the 
different manifestations of Bluetooth functionality served to inform users 
about this technology, and the social presence display triggered a lot of 
interest.  

Learning from Socifer, we wanted to keep the presence display as free of 
interpretations as possible and just show Bluetooth and MobiTip presence 
without fuzz. Despite this aim we managed to make a design choice that 
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really led users astray: placing the current user in the centre with the others 
distributed randomly over the remainder of the screen. Naturally, users were 
led to believe that the placement of icons was related to the position of 
people in the physical world and the distance between them and the current 
user.9 

MobiTip was designed to be open to some extent. In essence, the aim was 
to let users define what kind of tips MobiTip should contain. The small 
amount of users and tips entered does not allow for much to be said on this 
topic except that the results from the studies do not contradict the 
hypothesis.  

Finally, MobiTip was used to study a complex situation where a digital 
social space formed by Bluetooth connections is combined with traces of 
previous use as manifested in tips, and deployed in a situation where the user 
and service are immersed in physical, social space. Albeit limited, the results 
of the MobiTip experience indicate that making the digitally mediated parts 
of this complex hybrid space indeed supports users in understanding system 
functionality, digital technology, and empowers them in co-constructing this 
space. 

                                                           
9 Future versions of Bluetooth may make it possible to actually measure at least relative distance, by 
measuring signal strength. 
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5 CO-CONSTRUCTION OF HYBRID SPACES  

Socifer taught us that it was possible to present information using simple 
models, leaving the interpretation to the users. In this way, users were 
empowered in their own construction and interpretation of the future 
physical and social situation at the time of the trip, while being informed 
about possible and popular booking choices. In MobiTip, this work was 
further pursued in a mobile domain. While Socifer presented content from 
the booking database, MobiTip presented aggregated user tips on the one 
hand and real-time presence of devices and transfer of tips between them on 
the other. In both cases, what was displayed was social information about the 
presence of others: both aggregated social trails and direct presence (in 
MobiTip). The aim was to present this information with as little 
interpretation as possible. 

This chapter takes the discussion on seamfulness and hybrid spaces from 
papers IV, V and VI one step further. Using examples from MobiTip in 
particular, the concepts of observability, awareness and appropriation 
introduced in chapter 2 are refined in the context of making users aware of 
the digitally mediated (social) environment. The chapter concludes with 
some claims and discussion on design principles for co-construction of 
hybrid spaces, including some examples of other systems. 

5.1 SEAMS AND SEAMFULNESS 
Most developers and researchers of mobile services make the assumption 
that users should never have to worry about when and how they are 
connected to different communication networks – they should always be 
seamlessly connected. To strive for such perfection is probably a powerful 
vehicle for the mobile industry. But reality is and will continue to be less than 
perfect. Pursuing seamlessness at any cost might not only be an impossible 
goal to reach but possibly even be harmful. If led to believe in continuous 
connectedness, users will be thwarted from taking advantage of the full 
functionality of services, and be annoyed, frustrated or confused when faced 
with anomalies. A notable example of a network connection anomaly is given 
by Dourish et al. (2004), where a networked printer suddenly became 
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unavailable: the computer had silently switched to another wireless access 
point and thus to a different network. 

Seamfulness was originally proposed in a talk by Weiser (1994), and has 
been further explored by Chalmers and colleagues at the University of 
Glasgow (see e.g. Chalmers and MacColl 2003; Chalmers et al. 2003), as well 
as by our group (papers IV, V and VI). While seamless design aims to hide 
what is perceived as unnecessary technical details from users, seamfulness 
aims at making technical features available through careful design, thereby 
empowering users. Although not a result of deliberate seamful design, a 
simple example of a useful seam exposure is the signal strength display on 
mobile phones (Figure 14). The signal strength indicator sits unobtrusively in 
a corner of the display, but if needed it will provide explanation for 
interruptions and bad audio quality as well as offer assistance in locating the 
best connection spot.  

                   
Figure 14. Examples of signal strength indicators on mobile phones 

Current definitions of seamfulness suffer from at least three problems. The 
first is that seamfulness was originally defined as a reaction against 
seamlessness. For this reason, seamfulness is usually exemplified with 
network coverage and connectivity – even in this text, where the definitions 
are criticised for being too narrow. The second problem is that seamfulness 
is very heavily associated (and again most often exemplified) with 
breakdowns. There is however no inherent need to delimit seamfulness to 
only cover network connections and problems. Any place where different 
views or models overlap or coexist could be considered a seam that might 
benefit from being made available to users.  

That leaves us with the third problem, how to define seams. What are the 
parts that need to be stitched together? What are the characteristics of the 
material these parts consist of? What does a beautifully designed seam look 
like? And how, finally, can users be empowered to take control over, rename, 
restructure and make use of these seams? When attempting to pinpoint and 
defining seams one runs into the same problem as when attempting to define 
“context” or deciding what “social awareness” consists of. Neither context 
factors nor seams have an independent existence. Both are defined in the 
situation of use, in the process where people are struggling to construct a 
hybrid space. The result of the construction process is not only 
understanding – people constructing the hybrid space in their minds – but 
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also actual changes to the usage situation, to social and other practices or 
indeed, changes to the functionality of the system exposing the seams. 

5.2 MIXING PHYSICAL, SOCIAL AND DIGITAL MEDIA 
One way of approaching the problem with seams is to view the world where 
computational systems live as consisting of overlapping and interacting spaces: 
a physical, a social, and a digital (or computational) space. This view was 
explored in paper V. These spaces sometimes fit well together, but here and 
there they will rub against one another.  

A complementary view on this mixture of spaces is to see them as a 
mixture of media. Chalmers and Galani discuss the digital, computational or 
technological medium in relation to “the other media that we use in everyday 
activity” (2003, p. 243). For example, the built environment that we live in 
may be regarded as a medium. The characteristics of this physical medium 
foster different social practices, made observable by the design of the 
buildings, walls, doors and other artefacts that it consists of.  

In paper V, both terms – spaces and media – were use to define two 
aspects of seams: 

1. The connections, gaps, overlays and mismatches occurring within one 
digital medium (often related to technology) – intramedia seams; and  

2. The connections, gaps, overlays and mismatches occurring between 
digital and physical media, when constructing hybrid spaces combining 
digital, physical and social space – intermedia seams. 

A problem with both space and media is that they are terms that are general 
enough to be almost devoid of meaning. We need to be more concrete: what 
are the characteristics of the media used in MobiTip and in Socifer?  

The aim in Socifer was to introduce the social character of travelling into 
the commonly very lonesome activity of on-line ticket booking. Following 
the tradition in social navigation, sociability was conveyed using the digital 
medium of visualising aggregated social trails in the interface, giving evidence 
that other people were also booking tickets. Selecting a familiar, statistical 
format – pie and bar charts – emphasised that the information was 
aggregated.  

The user involved in ticket booking is taking advantage of the digitally 
mediated social information to perform the tasks and activities related to the 
booking procedure. But the user is also exploiting the social information to 
envisage the trip itself, imagining what it will look like socially (who else is 
travelling on the same departure) and physically (what type of cabin will I 
stay in).  

In MobiTip, Bluetooth is the central medium. In its current 
implementations, Bluetooth is short-range radio on a specific frequency that 
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allows data to be communicated between devices. Bluetooth devices are able 
to scan for other devices within range and request a limited amount of 
information from them. Any other Bluetooth enabled device that is set to 
“discoverable mode” will respond to such a request by transferring some 
information about itself, including its unique Bluetooth address, its user-
friendly name if one has been set, and the type of device (mobile phone, 
handheld device, computer). In addition, if two devices are running the same 
application, the Bluetooth channel can be used to transfer application-
specific information between these devices without explicit permission from 
the user.  

In MobiTip, Bluetooth is used to mediate real-time digital presence. The 
display of the digital presence in the interface offers awareness of others 
nearby. This digitally mediated social awareness coexists with the physically 
mediated everyday awareness of others. Intermedia seams occur where these 
two views on the social environment meet and potentially rub against one 
another. Current Bluetooth range of ~10m corresponds quite well with an 
intuitive perception of what is nearby. However, there is no one-to-one 
mapping from the people physically present to the icons in MobiTip’s 
presence display. Not all people carry Bluetooth devices; one person may 
carry several devices; Bluetooth does not convey the distance and direction 
of present devices; and there is normally no way to tell which person 
corresponds to what icon on the screen. Likewise, some icons may represent 
devices carried by people but others stationary equipment, such as the 
FotoQuick service discussed in section 4.4.2.  

In the MobiTip user study, subjects were surprisingly unmoved by this 
intermedia seam. Although the social awareness mechanisms in the presence 
display attracted a lot of interest and curiosity about e.g. naming, the 
impossibility of mapping an icon to a physical person did not seem to be an 
issue. It was clear that subjects did understand that there was such a relation, 
in particular for the user’s own icon and other personalised MobiTip user 
icons. Subjects tended to refer to the icons – the digitally mediated 
representations of people – as if they were the people themselves. As an 
example, one user who had equipped himself with two MobiTip enabled 
mobile phones referred to his other phone by saying “look, I’m walking in 
front of myself”.  

There are other issues related to the Bluetooth medium itself. Bluetooth 
was introduced to make relatively persistent connections between devices, 
such as connecting a mobile phone to a headset or to a computer. For 
example, all discoverable devices will not be discovered at each scan. While 
this is a matter of little importance when making the persistent connection, 
for applications such as MobiTip the result is that the technology cannot be 
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completely trusted. Consequently, even if the relation between devices is 
reflexive in theory – if you see me then I see you too – this is often not the 
case in practice. Adding to the problem is that the devices are moving. 
Connections are easily lost or not even possible, since a device that is in 
range at the start of a scan may be out of range when the scan ends.  

In MobiTip, Bluetooth connection issues are also emphasised since scans 
are performed only at specified time intervals. The presence display will thus 
present either the current digital social environment or slightly outdated 
information, without the user being able to tell.  

5.3 OBSERVABILITY AND AWARENESS 
In a discussion on space, place and conduct, Crabtree (2003) makes the 
following point of the observability of the world: 

“[…] the ordinary, spatially distributed world of members is an intelligible world 
for members; a world that is encountered as recognisable, observable, reportable, 
publicly available and accountable […]” (Crabtree 2003, p. 592) 

Again: computational systems are not used in isolation. They are immersed in 
the physical and social world together with the digital infrastructure that they 
rely on. However, unlike the objects, people, buildings and other physical 
entities in the surroundings and the activities in which they engage, the digital 
environment is generally invisible to the eye. For users to be able to learn 
and take advantage of digital information it must be made observable in the 
interface of the computational system, thereby providing the user with “a 6th 
sense” for the digital.  

Kellogg and Erickson use the term social translucence to denote an 
approach to the visualization of social information. They also discuss the fact 
that people are not only aware of others, they are also aware of being seen. 

The entities and activities in the surroundings constitute the context for 
the computational system and its user. Context awareness might be used as 
an all-embracing term for all types of awareness of aspects of the context. As 
discussed earlier, this term has come to be used for the system’s awareness of 
its context, and in particular of the context of its users. In chapter 1 I argued 
for the complement: making the user aware of context aspects as mediated 
by the digital environment. The goal is to empower the user to make better 
use of the system’s functionality and to enable appropriation of the 
technology. Without excluding other aspects of context the emphasis in this 
work is on social aspects. 

As discussed in the background chapter, social awareness deals with 
visualising people and their actions. Both Socifer and MobiTip were designed 
to enable social awareness. In MobiTip, the central medium for social 
awareness is the presence display that presents real-time digital presence of 
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other Bluetooth enabled devices. The main reason for including the presence 
display was to visualise and emphasise that the source of tips is other users: 
your peers. Icons in the presence display will appear and disappear from the 
display as the user moves among other users with Bluetooth enabled devices. 

In addition to real-time presence, MobiTip deals with social information 
that is gathered over time: tips and users’ ratings of tips. Tips are presented 
in aggregated form, combining an original tip (an opinion about a named 
item) with the opinions and comments of a few other users (presented with 
their aliases and personalised icons).  

The social information available to Socifer consists of completed ticket 
bookings. Socifer presents this information in aggregated, anonymised 
format as pie and bar charts. In contrast, each piece of information 
presented to a MobiTip user is marked with information about the person 
who provided it: aggregation (using a distributed collaborative recommender 
system) is not used for information presentation but to order tips in 
relevance order. 

The Bluetooth medium is primarily used to mediate real-time presence in 
MobiTip. If it had been a pure Bluetooth application, tips might very well 
have been volatile and communicated at encounters only. Such tips would be 
very strongly related to the location and social situation where they were 
received. In addition to real-time presence, MobiTip also implements social 
trails by storing tips and comments for later retrieval. Apart from the tips in 
most cases referring to locations, there is no relation between tips and 
geographical position, and the reasons why one tip is deemed more relevant 
than another are hidden to the user.  

The studies of MobiTip focussed on the visualisations of the digitally 
mediated social presence, and on the construction and understanding of the 
complex, hybrid spaces in which the user and system are immersed. 
Although the study subjects in the explorative study only used the service for 
about 20 minutes, a very short period of time, they realised that encounters 
triggered tips to be updated. They also realised that tips represented 
aggregated information given by their peers. What they did not understand 
was why a tip would float up to the top of the list, an effect of the underlying 
distributed recommender system. To study such effects the service would 
have to be used over a long time by many users, to provide enough 
information as a basis for recommendations.  

5.4 APPROPRIATION  
“The essential feature of embodied interaction is the idea […] of allowing users to 
negotiate and evolve systems of practice and meaning in the course of their interaction 
with information systems” (Dourish 2001, p. 28). 



Co-Construction of Hybrid Spaces 49 

 

Practice and meaning evolve in use. Going back to the discussion on situated 
and embodied computing in chapter 2, all entities participating in an activity 
are also participating in this evolution. In a situation where a person deploys 
some computational system in the performance of some activity, the 
computational system is also a part in the ongoing negotiation over practices 
and meaning. This has two implications: 1) that computational systems must 
reveal enough of their internal reasoning and context to allow users to reason 
about them; and 2) that the computational systems must be able to change as 
a result of the negotiation. Systems must be designed for appropriation. 
There is a need to go further from designing for what people do to designing 
for what people might do, i.e. for new and unknown uses. 

As discussed in chapter 2, simple forms for appropriation allow users to 
add information and possibly structure it. In MobiTip, the collaborative 
recommender system requires a fixed format for opinions, to allow for 
comparisons. To still allow users to express themselves, it is possible not 
only to name the items to have an opinion on, but also to name the category 
to which the opinion belongs. In addition, users can have some influence on 
how their opinion on some item is expressed in the aggregated tip. This is 
accomplished by allowing them to provide different “interpretations” 
(different labels) for the end points of the negative-to-positive rating scale 
(Figure 15). 

 
Figure 15. Entering an opinion while adding new labels for the end points of the rating 

scale in three steps; and the effects on the presentation of in the tip  

MobiTip does not support geographical positioning of information: the 
digital (information) space is related to the social, not to the physical space. 
Users stitched these two spaces together by entering opinions about places: 
of the 37 items that users expressed opinions on, 24 were place-related 
(names of restaurants or locations, one of them being “the tree outside of 
Café Complé). 

The relation of the tips in MobiTip and the environment in which the 
service is used thus lies in the selection of items to express opinions on, and 
is expressed in the naming of these items. During use, tips will be constantly 
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sorted and re-sorted depending on user’s rating profiles and encounters with 
other users. If the user is in a shopping mall, tips will be influenced by others 
in the mall. In a different setting – such as a conference – MobiTip will 
produce a different set of tips, based on another group of people. Assuming 
that new tips will be entered and that users will give lower ratings to old tips 
(about things and places in some other environment) than to new tips 
(relating to the current environment), MobiTip could be expected to adapt to 
the new environment over time.  

5.5 DESIGNING FOR DIGITAL SOCIAL AWARENESS 
It is now time to formulate the lessons learned from prototype work and the 
more theoretical investigation in terms that allow us and others to take 
advantage of and possibly reuse them in further service development and 
design. The discussion of each claim and design principle is illustrated with 
examples from Socifer and MobiTip as well as a few other systems. 

Claim 1: Observability is a prerequisite when empowering users to co-construct 
hybrid spaces  

First, I will make a final statement about the importance of observability as a 
prerequisite for user empowerment. This thesis argues that users should be 
empowered to be active co-constructors of the hybrid spaces in which 
socially enhanced systems are immersed. In everyday life, much of the 
physical and social environment is available for observation. The key to user 
empowerment lies in making the digitally mediated environment observable 
to human users. Belotti and Edwards (2001) argue along the same lines, 
suggesting that intelligibility of a system is the most central design principle. 
They advocate that systems should be designed to empower humans in their 
own decision making: 

“[…] a set of design principles are required that enable human beings to reason for 
themselves about the nature of their systems and environments, empowering them to 
decide how best to proceed” (p.195)  
 
Claim 2: hybrid spaces are complex and tools are needed to handle them 

The second statement is that hybrid spaces are complex. It looks different 
when observed directly than when observed through a digitally mediated 
peep-hole. For example, physical and digital encounters may be mismatched. 
Hocman is a mobile service for motorcyclists based on ethnographical 
studies of the biker culture (Esbjörnsson et al. 2002; 2003; 2004). An 
important part of this culture is to “show off” on the road, at gatherings and 
on the web, and bikers all over the world acknowledge each other when they 
meet in traffic. To support these ephemeral meetings, Hocman allows 
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personal web pages to be swapped as bikers pass one another, via a 
dynamically created ad hoc wireless network. The web page swap is 
accompanied by a sound alert in the user’s earphone. On one occasion, a 
biker happened to be hidden from view. A passing biker became very 
confused when he heard the sound alert indicating that he had just passed 
another biker: there seemed to be no one there. This illustrates the need for a 
tool that allows users to observe and explore hybrid spaces.  

Next, this work offers a number of design patterns or principles.  
Design principle 1: Social information and interaction with social information 
should be separate from other system functionality, i.e. be potentially peripheral 

The first principle has to do with how central the presentation of the social 
environment information should be. We believe that it should be presented 
separate from other system functionality to support the user in selecting her 
focus of attention. This entails that the context information is at least 
potentially peripheral and unobtrusive. In both our prototype services, the 
social context was presented in a frame of its own, with its own interaction. 
In no situation did this window require the user’s attention. The information 
was just there, available if needed. Socifer’s social component was 
nevertheless observed by the study subjects (possibly with some 
encouragement) and the information taken into use. In MobiTip, the 
presence display was always available in the background of the screen but 
could be focussed upon by hiding the tip management interaction. Dourish 
et al. (2004) also stress the availability and more or less continual 
observability of the context of use, especially for systems that in some way 
adapt to this context. Technical objects and systems should be just as 
observable and available to us as everyday objects are. By necessity, if 
information is to be always observable and available while some other 
functionality is in focus, this information has to have peripheral 
characteristics (Weiser and Brown 1996). Further support for making context 
information unobtrusive and peripheral is offered by Friedman et al. (2002). 

Design principle 2: Social context information should be presented using simple 
models and little interpretation 

The second principle is that the information presented should use simple 
models and little interpretation, leaving the interpretation to the user. A 
similar point is made by Erickson (2003) who lets one of his six claims for 
designing visualisations of social activity be “portray actions not 
interpretation”. An example of the use of a more complex model is 
Savannah, an educational game for teaching students about life on the 
Savannah (Benford et al. 2005). Moving around in groups – prides of lions – 
students equipped with GPS-enabled PDAs learn about life on the Savannah. 
The game is played in an empty, open area such as a football field, where 
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players move in and out of different locales on the digitally represented 
Savannah. Physical and digital spaces are matched using GPS positioning. 
The game is social: the lions need to collaborate within the group. 
Mismatches occur when the group gathers in physical space, but are located 
in different locales in digital space according to GPS positioning. Benford et 
al. suggest solving the problem by providing each player with an aura; players 
with overlapping auras would be considered to be co-located. Using our 
design principle of leaving the interpretation to the user, an alternative 
solution would be to highlight the mismatch instead of hiding it, for example 
by giving each locale a different colour to allow for easy, at-a-glance 
determination of co-location of users in digitally mediated space. In fact, a 
user study showed that the students were already aware of the technology: 
students were observed to move their devices in different directions in an 
effort to arrive at the same system-defined locale.  

Design principle 3: The system should allow for user appropriation 
The third design principle is to design this type of systems in a way that 
allows for user appropriation of both service content and functionality. 
MobiTip was designed as to leave the final decision on the type and structure 
of its content to the users, an aim that was partly met although system use 
only lasted for very short periods of time. In spite of the low level of use the 
functionality of MobiTip was also added to by users, who to a small extent 
deployed it for dialogues between users, and were able to include the external 
FotoQuick functionality that happened to also use Bluetooth technology, as 
discussed above.  

Another example of appropriation of functionality is the Seamful Game 
(Chalmers et al. 2003, also discussed in paper IV of this thesis). The game is 
played on mobile devices equipped with GPS and WLAN. Hence, the 
playing space consists of a mixture of physical space and the same space 
mediated by two different technologies. Mismatches between these different 
mediations are appropriated into giving experienced players advantages: 
Chalmers et al. report on users treating GPS positioning errors as “hyper 
jumps” and exploiting low WLAN coverage to hide from other users. 

GeoNotes, discussed in section 2.7 and 3.2, also triggered appropriative 
behaviour. The placement of digital Post-it notes under different place labels 
did not follow the rules for paper Post-It notes. In particular, the place labels 
invented by users did not map virtual places in a one-to-one relationship to 
the geographical or physical world. By allowing users to enter their own place 
labels, they were set free to explore the relation between WLAN access point 
coverage and perceived places, dynamically constructing the ties between 
information and place – even adding a virtual place to the physical space 
(Fagerberg et al. 2003a). 
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Principle 4: Support should be informative rather than proactive 
A fourth principle is that the support should be informative rather than 
proactive. This relates back to the aim of empowering users to make their 
own decisions. Both informative and proactive solutions are possible but will 
lead to the creation very different systems, with different advantages and 
disadvantages (Oulasvirta et al. 2005). There is less support for this principle 
in our work than for the other principles – this is a value based decision on 
our part (see Friedman (1997) for a discussion on value sensitive design).  

Claim 3: observability of digitally mediated context makes systems better 
If the design principles outlined above are followed, I also claim that 

designing for digitally mediated social awareness makes the interaction with 
and functionality of computational systems “better”, e.g. by the user 
becoming generally more informed of the overall functionality of the system 
and arriving at a better understanding of the technology and principles 
behind it. In some cases we have also seen users enjoying themselves in this 
space – making jokes, spending extra time because it is fun. These are 
aspects that the HCI community fairly recently have started to address 
(Sengers et al. 2005; McCarthy and Wright 2004). 

Socifer may be claimed to enable the user to make better bookings. Since 
travelling is a social activity, the other people travelling at the same time and 
using the same means for transportation play important roles. Socifer’s social 
component gives some insights into who these other people are, thereby 
enabling the user to make more optimal selections. In MobiTip, an important 
factor was to support a general understanding of the technical medium used: 
Bluetooth. The studies indicated that this aim was met. In addition, just as 
explored in the Seamful Game, MobiTip showed that the presence display 
itself was perceived as interesting service. 

5.6 SUMMARY AND CONCLUDING REMARKS 
When computational systems become increasingly mobile and ubiquitous, 
digital information and the use of computational systems may increasingly be 
immersed into the physical and social world of objects, people and social 
practices. However, the digital, physical and social materials that make up 
these hybrid spaces have different characteristics and are hard to understand 
for users. In addition, users are themselves part in constructing and re-
constructing the hybrid spaces. 

This thesis has described work with two prototype services, implemented 
and tested to study the management and understanding of hybrid spaces. 
The common denominator of the prototypes was to make digitally mediated 
parts of the hybrid spaces observable to users. In short, the aim was to 
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empower users by making the invisible visible. Without disqualifying other 
kinds of information, the focus has been on digitally mediated social trails of 
other users. 

The first prototype, Socifer, is a social enhancement of on-line travel 
ticket booking. Here, the digitally mediated hybrid space could be described 
as the booking information space mixed with a social information space, 
used in a booking situation by a single user. Socifer showed that presenting 
background information to empower users to form their own conclusions is 
a valuable addition to presenting ready-made recommendations derived from 
the same background information. Socifer also supported that presenting 
social information and interaction with it separate from other system 
functionality aids the user in focussing on one part of the interaction, by 
putting the rest of the interaction in the periphery. 

MobiTip, the second prototype, is a Bluetooth enabled social mobile 
service that allows its users to exchange tips about things that they 
experience in their neighbourhood. MobiTip offered a more complex hybrid 
space for further investigation of the findings from Socifer. In comparison, 
the social information available was less obviously related to the tip service 
than Socifer’s social information was related to the booking service. Still, 
users were able to make the connection between the two, supporting that 
social context information may be presented using simple models and little 
interpretation and still offer support to users. 

In summary, building on experience from the prototype work and an 
investigation into in seamful design, observability and awareness, I have 
investigated the effects of making a computational system’s social context 
observable to users in a way that 
 is separated from the service’s main functionality in the interface, 

allowing it to become peripheral and non-obtrusive; 
 uses simple models and little interpretation;  
 to some extent opens up the service to allow for user appropriation of 

both service content and functionality; and 
 is informative rather than proactive in order to empower the user rather 

than acting on the user’s behalf. 
By designing systems that fulfil these criteria I claim that the user will be 

supported in performing the task at hand, with or without the service, and 
that with service use, the user will become more and more aware of the 
possibilities and limitations of the underlying technology. In addition, the 
digitally mediated hybrid spaces where physical, social and digital contexts 
meet constitute application domains in themselves, domains that users may 
enjoy exploring.  
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