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This licentiate thesis is conducted within the e#sh area of Interaction Design,
and consists of five international peer reviewell éonference papers and one
international journal paper, which are co-authdogdfellow PhD students, senior
researchers and research assistants with relatedobudentical background and
research interests.

The spatial multi-user interaction design prograas heen presented as a part of a
PhD research program. It consists of a theorefmahdation, a design model and
research experiments consisting of experimentabdgsrojects and experimental
design methods.

The thesis aims to present the spatial multi-usgeraction design program,
consisting of a theoretical foundation, a designdehcand research experiments
consisting of experimental design projects and erpntal design methods.

The thesis will cover inspirational work and baakgnd to the project, as well as
the theory developed from the practical design worthe different projects. First
traditional multi-user interaction is discussed] &wow spatial multi-user interaction
differs from this. It will be presented how the qmuer form has changed and
discuss how the interaction changes as well. Aftesenting a theoretical base, the
concept of spatial multi-user interaction will beegented. The design model will be
illustrated by a number of practical examples aasigh methods. The theory will
be concluded by an overall discussion and a coinelusThe papers will be
presented briefly, followed by the appended papers.
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Now we need to make “computers for the restaf’
D. O’Sullivan and T. Igoe

Bill Buxton has an exercise he performs with vasi@udiences, where in 15-20
seconds everybody are to draw a computer, anddthan15-20 seconds draw a
computer from 1960 (Buxton, 1996). The result & é&xercise, after having tried it
with over 500 people, is that almost everybody drawmonitor, a keyboard and a
mouse in the first part of the exercise, while siseond part is more varied and
looks more like a collection of refrigerators andsiing machines representing
keypunch machines, card readers and tape driveseTitesults show that people do
not draw the computer itself (the CPU-unit) butheat the input/output units,
meaning what people see and touch, even thougfothe has changed over the
years. As the input and output forms have changed bistory, they are therefore
candidates to change again, and this simple exedeimonstrates that it is possible,
within interaction design, to fundamentally chartbe perception of computing,
especially for entering things into and gettingitfs out of the system.

This thesis contains no ideas that will fundamédytahange the perception of
computing, rather investigates some different aspet how the research field of
interaction design perhaps can change the way wea@puting, especially how
we interact simultaneously with several others a/biéing co-located. In line with
pervasive and ubiquitous computing, where the ti@wil computer forms change
from keyboard, mouse and display and instead beqmarteof our physical space,
here spatial multi-user interaction will be in fador investigation.

Ubiquitous computing and Interaction design

The quote starting this chapter is an answer tonantent from Steve Jobs, who is
the founder of Apple Computer. Jobs sat out todbtabmputers for the rest of us”,
so that non-expert ordinary people could take athgmof the power of computing
(O'Sullivan et al, 2004). The quote by O’Sullivandalgoe, “Now we need to make
“computers for the rest ofou’ means that we need extend this, to build
computational things that respond to your body #redworld around you, that the
computers convey physical expression in additiomtormation (O’Sullivan.et al,
2004).

Working with computers in the sense that O’Sulliaand Igoe describe has many
names, as for instance physical computing (O'Saulivet al, 2004), ubiquitous
computing (Weiser 1991), graspable interfaces ffatarice et al, 1995), tangible
interfaces (Ishii et al, 1997) or pervasive commyt{IBM, 1996). Regardless of
what name is used, it is basically about moving Hor@omputer Interaction from
the virtual world of the desktop into the physioedl world, meaning extending the



design space, which enables new forms of intenadiud incorporates the whole
body and the context around you. The term ubigsitcemputing will be used in
this thesis, as Weiser to some people is considbeedather of this research field.
And the term used for the IT embedded things irusots here “computational
things”, with the same arguments as Hallnds & Rédst namely: “To point out
what they are as we meet them in daily life — what/ are in our life worlds — we
prefer to mix these two terms (computational adefand computer things) and
talk about computational things. It is a mattethohgs that in an essential way are
computational in nature”. (Hallnas & Redstrém, 2006

Ubiquitous computing was coined by Mark Weiser &ro PARC in 1991, and
can very shortly be described by the two words wibyjopnd seamlessness (Weiser,
1991). Ubiquity means that each user will have sdveomputers, varied in size,
designed for their purpose or task and be connewsteglessly. Seamlessness, or
transparency, means that the technology shouldidmporated in to our everyday
work, live and play environment, so that its preseis transparent and reduces its
intrusion into the environment or our activities.

Once, in the mainframe era, there were severalsuggéth one computer and

computing was isolated from the users. Later inRBieera there were one user with
one computer, and now in the third era of computorge user has several
computers. This means that today's technology hassame extent been

incorporated into our everyday life in line with Wer's future scenario of

ubiquitous computing (Weiser, 1991). Examples & #ne for instance the ubiquity
of personal technology, such as our use of mobilenps and mp3 players.
Interestingly though, the notion of ubiquitous cartipg also acknowledges the fact
that people interact socially and behave diffegeintidifferent types of situations or

contexts, which is so far not really supported dgaty’s technology. For instance,
in augmented reality systems the technology casisbaf wearable computers and
head worn displays that might be in the way fori@ointeraction between users,
and is not very flexible or sensitive to differamintexts. Ubiquitous computing can
be seen as the opposite of virtual reality; whereia reality puts people inside a
computer-generated world, ubiquitous computingdsrthe computational thing to
live in the real context with people. Ubiquitoushgauting is about integrating

human factors, computer science, engineering, deaigd social sciences

An aspect of ubiquitous computing is that it showutd be designed in what Buxton
names the Henry Ford model for design (“you carehtin any colour you want as
long as it is black”) (Buxton, 1996) meaning conipgtdoes not have to be so
uniformity that it has been so far, with the tramtial computer form consisting of
mouse, keyboard, display and WIMP interfaces. Biftrimation technology (IT)
has traditionally been considered a non-spatial and-physical material for
design, since it is constituted by executing progreode and thereby primarily
temporal. But its expression is manifested bothialbaand physically in different
ways, and interaction design is to a large extdimut designing computational
things. However, physical space has not been arngpic in traditional HCI, but



its importance has increased with the emergenceeséarch fields such as
ubiquitous computing (Dalsgaard et al, 2006).

Context has been a focus in HCI, even though physspace has had no
considerable place there, and there are severdikm@lvn methods for taking
context into account when designing computationhings, for instance
participatory design (Badker et al, 1987) and ccxtoi design (Beyer et al, 1998).
These methods work well for traditional computennie and interfacedut there is
a lack of methods that bring space and the physnaironment into the design
process. The embedding of information systems o physical surroundings
makes an understanding of space in relation to otenpmediated activities
essential for interaction designers. Inspired byawWinograd (Winograd, 1997)
names interspaces, meaning assemblages of interfaters and environments, the
challenge for interaction designers is to designxechi spaces for human
communication and interaction

As a large part of the HCI community traditionaligs been work-practice based,
there has not been much room for more playful amslite based computational
things. While first working with computational tlyjs focused on aesthetical values
(Axelsson et al, 2002), and later developing chitdr technology (appended paper
1 & 6), | have come to believe that there has toapether foundation for
interaction design than the pure usability and taskpletion found in HCI. While
HCI traditionally has been oriented towards tasknpletion (Winograd, 1997),
interaction design can be understood as an activignted discipline, since there in
interaction design is a focus on ongoing activiiesl the experience of interacting
with the system (Preece, 2002). Further, an imponigstinction should be made
between HCI as empirical science and interactiosighe as design practice
(Halln&s, 2006). In HCI there is a strong focuseompirical usability studies where
design is seen as the mere derivative of analysisraction design investigates
some focus by interventions with prototypes, andigle is used as a tool for
gaining insights. In HCI research, where the legddesign process is theory
grounding, fieldwork data, user testing and trenoerisd evaluations, there is a
strong focus on usability studies, while there mtefaction design is rather an
investigation of how to turn the analysis into desiFallmans asks “where in HCI
is design?” (Fallman 2003), and Wolf states thaigteis the black box art of HCI
(Wolf, 2006). In interaction design, experimentakidjn is more common practice,
and the research questions rise from design peactic

Spatial multi-user interaction

Mutli-user

In (Haber, 2001) multi-user interaction is definasl interactions where different
people take part in the interaction, i.e. eithefedént people work together to
trigger the interaction or different people aresaféd by the interaction. Multi-user
interaction is gaining increased interest as lasgeeens and more personal devices
of different sorts start to communicate with eatieo. Traditionally, multi-user is



any system where multiple users can take part énitieraction, passively or
actively.

There is a constant struggle to develop new agpits and technologies capable
of multi-user interaction on shared surfaces. le bieginning the focus was on
sharing existing single-user applications acrosetaork, such as for instance the
MMM project (Bier et al, 1991). Later the notion 8ingle Display Groupware

(SDG) was introduced (Stewart et al, 1999), andlifigs such as significant

learning improvements (Druin et al, 1997), moreiwaiion (Inkpen, 1995), higher

levels of activity and less time off (Inkpen, 199 arguments supporting the
development of technologies where several peopldrtaract simultaneously on a
shared surface.

There are several different technical approachesoi@ to support several users,
and some of them will be mentioned here. The mosli-kmown is pressure
sensitive surfaces that track locations of onesweral pressures on the surface (i.e.
touch-screens). Further, interactive boards, wittasound and or infrared sensor
technology can track one pen at the time (i.e. MiWirual Ink). These techniques
do not support several simultaneous user inputs; &vough several users can have
an individual input device only one is active at ttime. More advanced are
interactive tables where antennas are built in sarface, and thereby track
multiple passive or active objects moving aroundhtensurface (i.e. Sensetable), or
even interactive tabletops with built in sensors ttack users fingers (i.e.
DiamondTouch: Dietz et al, 2001). In common forséag¢echniques is that they are
based on expensive special-made hardware, whichislithe flexibility and
mobility.

Still, far too many multi-user applications arewsdly single user interfaces with a
display and only one or two mice or keyboards canabtive at the same time
(Johanson et al, 2002). The focus for simultaneoulsi-user interaction will in this
thesis be on social interaction rather than trad# co-operation and support all
actors take active part simultaneously, not takestu

Interaction

Overbeeke and Wensveen argue that meaning canmdtaehed from action, that
meaning is in (inter)action (Overbeeke et al, 20@¥urish agrees in this in his
definitions of embodied interaction (Dourish, 200Rerhaps it is even possible to
say that meaning is in the interaction in thatagsl not limit or is in the way for

human behaviour.

Overbeeke and Wensveen further state that desiginoist people in the first place,
that it is about emotion (Overbeeke et al, 2008).cbmbining this with that

meaning is in the (inter)action, then the intexattimust support our human
behaviour; perhaps spice it a bit, but not to b@naer of some sort. Interaction
styles should follow and meet the way and wherdivee By extend the interface
and the interaction space out into the spatialtyeatound us, and support multiple



persons interacting simultaneously, then interactian be part of our every day,
supporting human behaviour. An example of this ddut the MIXIS multi-user
concept where mobile phones and gestures replacether type of input device
and interaction, supporting both the private and slocial need and behaviour
(appended paper nr 2, 3). “Design is the human poiveonceiving, planning, and
making products that serve human beings in theraplishment of their individual
and collective purposes” (Buchanan, 2001)

Spatial

To add spatial aspects to multi-user interactiogpired by architecture, brings the
interface out into the room and increases the kawtaraction. As mentioned
earlier, IT has for long been considered a noni@pahd non-physical material.
With pervasive and ubiquitous computing, the numiiespatial 1T-artefacts has
increased and been distributed into the room. BWewgh physical and spatial
issues have not been a major topic within traditiddCl, there have been some
indications of the importance of it regarding splationtent. In (Price et al, 2004)
Price et al describe an approach for developingadlig augmented physical spaces
to facilitate active learning. In (Fails et al, Z)@he merits of desktop and physical
environments for young children are consideredcbmparing the same content
infused game in both contexts. The findings pointards the overall advantages
for physical environments over desktop environmertarning to interaction
instead of content, adding spatiality is importaag, “our physical bodies play a
central role in shaping human experience in thddyvanderstanding of the world,
and interactions in the world.” (Klemmer et al, BDO

Findings from projects within this PhD-project hawvereased my belief in that

there has to be a stronger focus on the physidhlspatial aspects in interaction
design (appended paper 1) (appended paper 4) @2atsget al, 2006). In

interaction design, it might not be enough to iasefocus on simultaneous multi-
user interaction to support the users and takepafatther from traditional HCI, but

rather to emphasis on the physical aspects anadinte spatial multi-user

interaction. This is in line with Mark who claimiset need for considering physical
space in designing pervasive and ubiquitous comguystems: “Physical space
rarely matters in current human-computer interagtiut as computational devices
becomes part of the furniture, walls, and clothipdysical space becomes a
necessary consideration” (Mark, 1999).
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Buchanan states that “one of the great strengtdesifn is that we have not settled
on a single definition” (Buchanan, 2001). Of coursech a definition will not be
defined here either, but as design is central i, Work, there is a need to define
how design is considered in this thesis.

Design as a word can be both a verb and a nouhidrihesis both notions will be
used, but in most cases discussed in terms ofiteesivand processes rather than
objects and values. Next to prototype developméetmethods and processes will
be presented in order to make the process visiblethers to repeat and be inspired
from. The design experiments are the designs, mgathe prototypes and
concepts. The reflections are the design choicdspaper writing. The papers are
highly communicative, and would not be re-usabler#ctice was not described.

The basic method through the project is experintedesign practice, where
prototypes in different stages along with reflestian process and design methods
lay the foundation for further directions of resgarThe intention is to formulate a
design program for spatial multi-user interactianalyse it, perform experiments,
reflect upon it and re-formulate the program. Time af this thesis is two-fold, both
to conclude on the included projects so far anouttine future steps. The goal is a
research program comprised of theoretical elemérftemed by practice and
analysis. The project will include practical desigiork in the development of
interactive systems and the theoretical understgnafi IT as a material of design.

In this thesis, appended papers span over prottiggpended papers 2, 3 & 4),
design methods (appended paper nr 5& 6) and desmpess (appended paper nr
1). Prototypes, design methods and process reftectire all equally important in
the practice based design research work, and atienadesign research should
contain and present all these parts in the devedopmf computational things, for
better understanding, deeper insight, inspiratiwh far not making the same errors.
Therefore, in order to spread the knowledge from régflections included in this
research, it is important not to see the artefao$ systems as the result of the
project, rather as parts of the result.

The overall focus for the spatial multi-user intgdi@n design program is to
investigate how an increased focus on spatial mskr interaction changes the
way we design and live with computers. While strgvito investigate this, several
different design experiments have been and wilpbdormed that focus on how
spatial multi-user interaction can de designed wahat tools there are for this.
Presented in this thesis is early design work wihiab been performed in order to
identify and get to know the field. The work to cemrwill hopefully be more
focused according the spatial multi-user interactiesign program theme.
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CSCW

Computer Supported Cooperative Work (CSCW) involweskflow technologies
and groupware. The term groupware was first defioeatfer to a computer-based
system and the social group processes (Johnsom;LE982). Poltrock and Grudin
(1998) identify three categories of groupware: camivation, cooperation and
coordination. Collaborating technology are appimad that support groups
working together, such as instant messaging, enmyhiteboards, shared
calendars, application sharing and desktop conéérgn One common way of
classifying computer-supported cooperation is bgrabterising according to the
time location matrix: distinguishing between syrmmious and asynchronous, and
between non-distributed and distributed systemsid{ar 1994). When studying the
workflow, the sequences of subtasks in a work peae in focus, but equally
important are the roles performed by each indiviqialtrock et al, 1998). The
expectation of a new CSCW system is increasediefiity and production by the
new technology. The effects are also changes iralsbehaviours deriving from
usage of the new technology. “To design more affediools and new practices,
the key issue is to understand the networks of [petigeir communication and their
networks of actions that connect them” (Flored ,1288).

CSCW supports several users, but has traditionadlgn oriented towards task
completion and work practice and most of all deghtased. To move forward in
interaction design, CSCW can be used for inspinatiut there is a need to step
away from the traditional basic values in CSCW sastefficiency and changes in
social behaviours, and to see human practice aatiabpaspects as a design
resource in work as well as in leisure and play.

‘“Third places’

‘Third places’ is a term introduced by Oldenburddénhburg, Web-resource), and
is a great inspiration to understanding contexts what aspects are important in
interaction. A third place is defined as followsthird places exist on neutral
ground and serve to level their guests to a candibf social equality. Within these
places, conversation is the primary activity angiaor vehicle for the display and
appreciation of human personality and individualifyhird places are taken for
granted and most have a low profile. The charastex third place is determined
most of all by its regular clientele and is marksda playful mood.” (Oldenburg,

Web-resource).

Examples of ‘physical’ third places include pubafes and bookstores. A virtual

environment might be considered a third place i$ ia shared public space whose
primary purpose is social interaction between thepte who use the space, such as
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for instance multi-player role-playing games. ‘Thiplaces’ has been a great
inspiration to developing the spatial multi-usetemaction design programme. The
democratic values found in third places go hanttand with the basic values of
spatial multi-user interaction, and the contextinich several of the experiments
have been conducted are either third places fram str turned into third places by
the prototype.

Howard Gardner: Multiple intelligences

Gardner’s multiple intelligences have been widelip@ted in pedagogy, but can
also serve as great inspiration to the designerk.vWthen designers imagine the
user, it is important to think of all the intelligees of the human being, and that it
might not be sufficient to support one or two oérh but several or all. The

intelligences as described by Gardner, are (Gard9aa):

Auditory-musical: listen to music, experiment wibunds, song, dance
Body-kinaesthetic: physical activity, theatre, dancreative activities,
learning by doing or touching rather than seeing lestening.
Logical-mathematical: abstractions, numbers, discand solve problems
Verbal/linguistic: see and listen to the writtenrd/@nd use the language
Visual-spatial: creativity, visual experiences.

1. Interpersonal communication, understand peoplpress oneself verbally and

bodily, friendship, social experiences.

2. Intrapersonal: self-recognition, self-reflectiomiginality, self-confidence.
Naturalist: experiment with and experience natoreate order in chaos

The pedagogical thought of involving several of itelligences have been a great
inspiration to developing the spatial multi-useiemaction programme, and goes in
line with “designing for the rest gfou’, to build computational things that respond
to your body and the world around you, that the poters convey physical
expression in addition to information (O’Sullivan &, 2004). The human body
with its multiple intelligences is a given, and tbemputational things attempts to
be designed within the limits of the human bodwpression. To support the user
in several of her intelligences by exploring botie fphysical, digital, social and
interaction space is taking advantage of the nadtepotential to a great extent.

Architecture

Architecture concerns the organization of actigited social relations by means of
spatial layout, a highly relevant source of insgira for interaction designers
(appended paper nr 1). The nature of a design abigits ability to take up new
forms or relate to other materials in new wayststgfits initial function (Léwgren
et al, 2004). As touched upon, the primary intéoactiesign material, IT, has been
considered as non-physical. However, when desigspagial interfaces, physical
materials come into play and designers must uraletshow the properties of IT
relate to spatial properties and boundaries agydesiaterials. There are benefits
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and drawbacks for IT being non-spatial — likewiseré are both things gained and
things lost when IT is physically embedded and tieda particular space. The
combination of architecture and interaction desitay help in understanding these
advantages and disadvantages and open up tratlitiodarstandings of space in
that with interspaces it becomes a dynamic setotérial functionality open to
virtual and interactive augmentation.

A concrete way of seeking inspiration from archiee in the interaction design
process, is to work with various spatial desigrrespntations throughout the design
process. Within the field of architecture, the dagirocess is manifested in models.
Such physical and digital models are an embodirnétite design process, where
alternative designs and design decisions are repied in different forms.
Prototypes in interaction design traditionally derstate and explore interaction
with a focus on functionality, whereas models ichitecture often serve to provide
visual overviews and understandings of the enpaes in which spatial forms and
users will co-exist in the performance of actistie

Architecturally inspired design representations e on a number of forms, eg.
Virual and physical models, static paper sketch&gtijstically informed renderings

of user behaviour, photos combined with imagery, elad may capture and
represent structural aspects as well as aesthedicaiective ones. Physical and
design representations may expand the functioraisfaf traditional prototypes

and serve as vehicles for communication, explonattmd understanding. As such,
these representations supplement not only protetypeut also design

representations such as mock-ups, storyboardsaisosretc.
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3 Spatial Multi-user Interaction Program

Hallnds & Redstrém states that there constantlyneed for new design programs
that guide and develop practice by opening up nesigih spaces (Hallnas &
Redstrom, 2006). The design space identified armloeed in this program is
spatial multi-user interaction. Hallnds & Redstréurther define a design program
as a description of the design intention on a gdrlevel, where some position
regarding basic approach is stated (Hallnds & Rédst2006). In the following
sections the general program theme and basic ntotimgafor spatial multi-user
interaction will be described, followed by a designdel, design experiments, the
design model applied to experiments and finally experimental design methods.
The design program has implicitly been the based&sign experiments, and the
design experiments have explicitly been the foundafor further development of
the design program. In future work, the design pogwill be the foundation for
further experiments.

The general program theme

Spatial multi-user interaction refers to the desifrcomputational things with a
strong focus on several simultaneous users anibkpapects, and where a focus
on spatial aspects is a central design variable démtral theme is interaction
design with a clear focus on the appearance ofipdlity and several simultaneous
users rather than design for efficient use wittfataus on digital aspects and single
users. It is a program that extends the traditiomatk practice based HCI into
playful and leisure based interaction design. @patulti-user interaction supports
human communication through computational technolbgsed on democratic
values, where several simultaneous users do nat bauwake turn in being in
control and where interaction is based on movemehtthe human body. As
opposed to work practice based technology desigimedefficiency, this is
technology where the human body in physical spaci ifocus for playful and
leisure based interaction.

Spatial multi-user interaction takes a start ingle's way of expressing themselves
physically, both individually and together with ets. Here, the human body with
its multiple intelligences is a given, and the caomapional things attempt to be
designed within the limits of the human body’'s eqsion. To support the user in
several of her intelligences by exploring both fhieysical, digital, social and

interaction space, is taking advantage of the piatleaf the materials to a great
extent.

A designer can discover new design potentials eekisting environment when

being in a design situation. A user can re-disca/éamiliar thing as it suddenly
has the potential to perform new things. The imt#oa comes from human
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behaviour, and the tools are familiar with builttechnology, which are conscious
design intentions, namely that the object has liksigned to support the user by

explorations in this technology’s — this material' roperties, and not changing the
user’s behaviour.

Basic motivations

As a program for experimental design Spatial mustr interaction is concerned
with the type of dual design that computationahtedogy introduces. The basic
characteristics of computational things lie in thet that their expressiveness, their
appearance in use, depend on the execution ofgregand its manifestation in a
physical material. Design of computational thindgaust necessarily involves

components of spatiality; questions about workingdeis for a design practice

where the digital and physical aspects of computati technology as a design
material are central issues. This motivates expartal work where special

attention is paid to spatiality as a basic desigrameter.
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A challenge within ubiquitous computing is to desgpaces where people can live,
interact and communicate without the technologyerieting. To have the
environment support human behaviour to such exteatt we act without paying
that much attention to what we do. This projectosgtto examine spatial multi-user
interaction, spaces where several persons spatialtyinteract and communicate
simultaneously.

Four factors have been identified to focus on amdind spatial multi-user
interaction, and they are namgghcein the sense of potential design spaces:
The interaction space

The sensor reading space where movement, fix paimtsnputs can be sensed
The social space

Peoples skills and everyday life, communicationoperation, attention, activity,
intention, understanding, place

The physical space

Everything visible, meaning things, environmentrspaal gadgets, appearances,
locations, physical interactions, physical timefspa

The digital space

Projections, communication protocols, computer nmdmfrastructures, relative
time/space, augmented space, machine communication

The four spaces have been chosen as they complemaemtother in covering the
context of a computational thing. The four spacagehsuccessfully been used in
different projects, and proven helpful for designérhree of the spaces, the digital,
physical and social space have previously been usethe Bthere method
(appended paper nr 5). The interaction space wagebevant for in this case
architects, but when using it in interaction desije interaction space is lacking.
The four design spaces have previously been ustr iMissing Link workshop, in
interaction design (Web Missing Link, 2004). Therkshop aim was to increase
the students’ awareness of the dual nature of ctatippal things; that the context
is both physical and digital, and that interact@an come from both the physical
and the digital side. The social space was relelrarg even though no users were
involved, only other computational things, but tbemputational things all had
different behaviour. The model has evolved fronséhevo workshops, and the four
spaces used in Missing Link seemed more complemetitan only three spaces.

Below is a more detailed description of what thfeae design spaces are, but it is
important to manifest that there is no clear didtom to what is one or the other.
They are all important aspects, and they all bamakcate, intervene, mix and
relate to each other, which is discussed and it in Figure 1 below in
“Discussion on the design model”.
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The interaction space

This design space is spanned between the existiclinology and the physical
human abilities. The interaction space is definedha sensor reading space where
movement, fix points and inputs can be sensedh®mser side, inputs are inspired
and constrained by the multiple intelligences amttfions of the human body. On
the technology side, a sensor reading space caingtance be a microphones
ability to take up sound or the camera space, megathie area where a sensor in
this case a camera can see physical input suchogsment or appearances. By
investigating and knowing the borders and possisliof this space - static or non-
static, aware or unaware - it is possible to usefuli potential offered by the sensor
and the interaction. There are unlimited mappingplzimations between the sensor
and the interaction. This can be a huge inspiratiotihe design process, i.e. trying
out different combinations to make less traditiooainputing and more everyday
human action like. The interaction space startswatlt the technology and bodies
at hand but extends extensively by curious invastgs enlarging the possible
design space.

NN
]

D

The social space

This is the space where people meet; the sociajmepace includes technology
but spans between people. This is where spacenggdsing and transforms into
places(Harrison et al, 1996). The social space is defimavhere humans act, live
their everyday lives and co-operate; it includeterdion, activity, intention,
understanding, communication and place. This isangpace for designing the user
or the user’s behaviour, this is the space whestgders start with the user as a
reference point, and support the user on the [evisle user.

Here people communicate with several others simetiasly; long distance by
technology, and closer by face-to face and withybdladguage and gestures. There
are hidden rules, hidden messages, and value diptsaddressing this design
space means missing out on human behaviour andeadrto designing the user,
not just the system. This design space can be asadspiration, for instance to
reveal the potential in people’s habits and behavibhe space have a great impact
on how people will live and communicate, meaningiuelation they will have to
the computational thing and to each other usingdtinvestigate the aspects in the
social space, a deep and nuanced analysis is neeslagpearances are deceptive.
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The physical space

This design space spans by physical constraints,cantains all types of visible
things such as humans and computational things.phigeical space is defined as
things, context, personal gadgets, appearance.tidacaphysical interaction,
physical time/space, or just everything you se¢ha environment. This is where
the system meets the user, and the physical coitewthich the computational
thing will live. See the potential in people’s gatlyand behaviour, use that as a
base to find new ways of interaction, and designtéithnology, not the user.

The embedding of information systems into our ptgisisurroundings makes
understanding of physical space in relation to ameap mediated activities
foundational for interaction designers. When ddsigrspatial interfaces, physical
materials come into play and designers must uraletshow the properties of IT
relate to spatial properties and boundaries agjdesaterials. Spatial and physical
aspects are important in the final system, and rinesefore be carefully attended
to in the entire design process. It is the resyilitgi of the interaction designer to
care for the physical aspects as well as the aterlspects in design.

The digital space

This is the design space where different computatithings communicate with
each other and with the users. This design spagsdpy the communication of the
different computational things and their output.eTtligital space is defined as
projections, communication protocols, computer nhodiefrastructure, relative
time/space, augmented space, and machine commianic#hat is happening in
this space can be communicated to the user by ustkinds of feedback. For
instance, an individual cursor on a shared disp&aycontain information about the
input feedback previously provided by the interactievice.

In this space there is dependency on the digitlhstructures, communication
protocols and similar devices. We are dependethainothers use the same type of
computational objects as we do, and we are depéndsn functional
communication. Considerations on what communicagiostocol to use is tightly
connected with if the full potential of the compiigaal thing can be used or not;
considering communication, how far it reaches, uibyg interference and so on.
This is highly important when designing for spatmulti-user interaction; since
every user is able to communicate with the othersultaneously.
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The model presented above is an analytical tookteampt to divide the findings
and the prototypes into different design spaces. mbdel can be used as a tool in
the data collection phase, in the design phaseddfinitions and in discussions.
The model is a try to mark out that all the fouside spaces are equally important
when designing computational things, and especiatigpatial multi-user systems.
Working with information technology as a materiat tlesign means working with
software, hardware, traditional physical materiatgl social aspects. The model
aims at making this fact more visible during thérerdesign process.

To develop inter-spaces where people simultaneoligg; communicate and

interact, without technology interfering with humaehaviour, the four design
spaces can be a help, as a mean to design thensysiethe user. An analysis of
the four spaces can be the foundation for devegpgjratial multi-user systems, and
thereby support human behaviour in both the phisicd digital world.

It can be difficult to separate both observationd explorations into any of the four
categories, often some aspects fits into sevegthd® than to separate them it can
be simpler to place them in a graphical represiamairesenting the entire design
universe containing all of the four design spacé&hout any sharp divisions. A
representation for this could for instance be tlnv diagram presented below in
Figure 1, which describes all possible mixes offthe design spaces.

The Interactlion Space
The Social Space

The Physical Space
Digital Space

Onoe
(TR

Figure 1. The Venn diagram shows all the logical tations between the sets
and the universe.
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The design spaces A-D in the Venn diagram contasects that are clearly
belonging to one of the four categories, as fotaimse a chair in C; the physical
design space. Each space has several shared orotoapaces with other design
spaces, and example of this could be when a chawoges social interaction and
thereby gives more meaning to itself than just phgsical appearance. That
specific finding would perhaps be placed in justtBe social design space, or
perhaps in the shared space of C; the physicaBatite social design space. If the
chair would be responsive and change charactecdnrdance to the number of
persons in front of a sensor attached to it, fetaince a built in camera, it would
perhaps be placed in the space shared betweere Agtéraction space, B and C. If
the persons by the chair are able to control ithmir Bluetooth phones, that is
adding aspects from D; the digital design spacaen ihwould be more suitable to
place the chair in the common space of all thegtespaces A, B, C and D.

Actively taking a decision upon where to place #spect can give rise to very
fruitful discussions. The background of the designend their individual
interpretation of findings will have a huge impact design. This fact can create
very interesting discussions, and could be an @gaer to the design team. Using
this picture of the model, the design team canudise@ach aspect and compare it to
each other while pointing it out. This way, the idasrs have to argue for why an
aspect is weighting in one direction or another.

As interaction design is a very interdisciplinamid, where you work with several
other competencies, people come to have very diffaspinions about what finding
is relevant in which category, and the impact ohitother categories. In several
projects | have worked with architects, enginees eomputer scientist, and there
is a constant very fruitful discussion about whsat physical or digital, what

approach to have in design, and so on.

To further explore the possibilities of combinimg tfour design spaces in designing
spatial multi-user interaction, spatial architeatyperspectives can be included to
enrich the interaction design. Architecture is gborganizing social relations by
means of spatial layout. By focusing on and undedihg information technology
in combination with spatial properties and bourels design materials we take
advantage of what is in the context already, howéwe nature of a design material
is its ability to take up new forms or relate thet materials in new ways shifting
its initial function. The focus on these aspectsvjites designers the basis to
rethink the existing elements of the context — pigsical as well as virtual
elements.

The model has been a tool in the data collectioth d@sign phases of several

projects, but it has not been used in the evaloagibases within this design
programme.

21



Here, different aspects of the projects are presedivided into the four design
spaces. Each space has been separated into oluseneatd explorations, to clarify
how it has been useful in the data-collection phaed how it has been explored in
a later implementation phase. The projects in famgsthe Interactive Children’s
Library project and the MIXIS project, and they deth introduced by a short
overview of the project.

Finally two different methods for experimental dgsiwill be presented, that have

been used or been an inspiration to projects wiverbave designed spatial multi-
user systems with respect to the four design spteszibed previously.
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Overview of the project

Mobile phones are not just terminals into a virtwalld; they are also objects in a
physical world. The concept of Mixed InteractionaBe (MIXIS) expands the
interaction with mobile phones into the physicalMdappended papers 2, 3 & 4).
MIXIS uses the camera in mobile devices to trackixad-point and thereby
establishes a 3 dimensional interaction space whéhne position and rotation of
the phone can be tracked. Mixis supports interadtio3-dimensions and an object
is selected as a reference point by taking a mabfiit with the mobile device. The
position of the mobile phone in relation to thetéea is calculated by analyzing
video from the camera. The reference object caarything that stands out from
the surroundings, a colour or pattern, or evenuber's face can be used as a
reference point .

The PhotoSwapper-application

In this project we investigate if mobile technologan be used to enhance
interaction in public places while still being argp@nal device - to be a facilitator
for bringing interaction back into public spaces.

We have introduced the metaphoarket placeto guide the discussion of social
interaction in public spaces and we have identiflesthumber of central design
issues relating to balancing information push witformation dialog, personal
spheres in public spaces with social interactiod eontrol versus self-regulated
behaviour in the public. These issues relate to tHmital technologies can play a
role in a more democratized, sporadic, and socigegence with digital

technology in public spaces. By using interactiechnologies such as MIXIS we
demonstrate how it is possible to overcome hinétarsocial interaction. To move
focus from the interaction device itself to the Jpwbsurface, by mapping
functionality to hand gestures instead of butt@sppporting social interaction.

Inspired by the relation between the public space @ersonal devices we
developed a photo viewing and sharing applicatiaseld on some of the aspects
defined in the market place. The users can brirgr tmobile phones full of
personal photos to the application and use theigpugbifaces to upload, discuss,
view and acquire photos.

The Photo-Swapper application (see Fig 2 & 3) isigleed around one or more
large public surfaces. We call the setup with dédfe projections or displays in the
public placesa market place When someone brings a mobile device to the
application and connect it, we suddenly get a nexedhsystem consisting of both
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the public system and the personal device. Theesyst not limited to one single
mobile device - everyone can connect their persaeaice to the system and
change the topology of the system. The consteflatioxes both personal and
public devices as well as physical spaces withaligpaces.

Figure 2: Mixed market place Shared display.

Each user is provided with an individual cursorthe colour associated with the
user that uploaded the picture. The picture cadrbgged, viewed in full resolution
on another display, deleted or downloaded to trenph(See appended paper nr 3
for more information.)

Figure 3: Detail of the Photo-Swapper application.
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Interaction Space Observations Interaction Space Eptorations

An increasing amount of today’s mobileDifferent types of cameras react different to
devices are equipped with integratetight sensibility. The best way to distinguish
cameras, which can be used to determigelours or icons is normal daylight, or at
how the device is manipulated. least relatively light surroundings.

In MIXIS, the field of view of the camera inBy applying image analysis algorithms on

a mobile phone is in focus in this desigthe pictures from the camera, it can track

space, and especially its possibility to tracfjestures, tilting and movement in 3

several different things in different sizesgimensions in real-time, rotation and IDs.

how far it can reach and its light sensibility. Different icons can be displayed in the
interface, and indicate where the tracked
fixed point is located in relation to the
mobile device; if the sensor has lost track of
it, if the application is zooming in or out etc.
This approach provides the user with little
distraction from the main interface, but has
the disadvantage that if the device loses
track of the fixed point it is difficult to guide
the user back into the interaction space.

Related research track computer generatBifferent objects to track have been

QR codes with the camera of the mobilevestigated, starting by hand written circles

phone. and symbols, and further extended to track
faces, fix points and different colours,
meaning almost anything.

Other integrated hardware, such as vibrat@vith the mobile phones used in this project
and audio alerts within the mobile devicet has not been possible to control the
offers the possibility to with tactile feedbackvibrator, but this is promised to appear in
indicate when the borders of the mixethter models.

interaction space are crossed.
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Social Space Observations Social Space Explorations

Focus on where and how people use mobi&udying the environment around a user of
phones, and its meaning to us. The mobite mobile phone has been inspiration to the
phone is a social communication tool, mosharket place metaphor, where there is room
often used in an individual private situationfor both physical and digital material in a
even when in a social situation. market like interaction situation.

In related research there is a tendency to abidernal technology of the phone has been
external technology to existing personaxplored, to avoid that technology is a load
technology, making the user stand outo the user marking her out. MIXIS has a
People using Bluetooth headsets in urbdmgh degree of social acceptability; it is a
environments tend to be “freaks” to others, aliscrete with small gestures in three
they speak straight out into the air. dimensions, no noise or light.

Space is turned into place by the meaninBemocracy in public places could be
content and use added by the people. Pubfimnifested by supporting several co-located
space in democratic countries is open amimultaneous users use the ubiquitous
free, a space where people can expres®bile phone as an input / output tool, and
themselves, for instance througtsupport the spatial dimension to multi-user
demonstrations. interaction.

In public places, there is a strong commerci#e have investigated a more democratic
interest in pushing information to the publicechnology design in public places. Users
which leaves the average person in a pubbbould be able to change the “push”
place as a consumer of advertisements.  tendency to where the public can form the
Within a social group there exist local tacipublic space. The users should be able to
urban rules, primarily followed by theinteract, share, manipulate, and save
members of the sub-community, and do natformation around them, and shape the
necessarily comply with the law. space; not mimicking commercial interests

A market place is a highly interactive publidn PhotoSwapper, the social interaction can
place. You can bring your own stuff, sell otake place spontaneously among the visitors
trade it. Entertainers are highly appreciatedf the shared space, but also be mediated
It is also accepted to jube there enjoy the and stimulated by objects within it.
atmosphere and hear other people’s opinions.

The border between privacy and publiSince the mobile phone is a private device
exposure is narrow. The mobile device im a public setting, it is important to support
besides being always present also a highbpth private and public material, and have
personal device where personal informaticthe user in control of what information is
stored and is an interesting gateway betweerchanged.

the personal and public domain.
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Physical Space Observations Physical Space Exploiats

The mobile phone and other persondlhe personal camera equipped mobile phone
devices have become ubiquitous, appeariig) used for interaction, and different sized

everywhere. screens have been investigated for shared
Public spaces are filled with different sizeghublic surfaces. Mixis supports gestures and
screens everywhere. interaction in 3-dimensions and thereby uses

the mobility of the handheld private device.
Moving it closer or further away from the
tracked object can grab and release photos or
interactive icons. Moving the phone moves
the cursor. Only one hand is required for
operation of the device, so the degree of
dexterity is low. MIXIS has a high degree of
portability since the mobile device is
personal and ubiquitous. Sanitation and
physical security aspects with MIXIS are
very high since the user never touches any
common controls and no maintenance is
needed for the input controls.

A mobile device is personal and the useMIXIS brings the physical world into the
has the possibility to perform privatedigital world. The individual cursors and the
activities in public settings, but so far mostiploaded pictures on the shared surface have
of these activities are not exploiting the fadghe same colour as the object being tracked,
that they are performed in public space, ores an object is selected as a reference point
could say that the mobile device is judby taking a picture of it. The reference object
extending the office space into the publican be anything that stands out from the
without engaging in public life. surroundings by having a specific colour.

There are commercial interests in beings the rules guiding public activity limits the
present in public spaces due to the numbiateraction we have investigated novel
of people passing. The majority of theéechnology as a design material for
visual exposure is pushed and controlled bgclaiming public interaction.

commercial interests whereas graffiti

statements are vandalism and illegal.

Place is created from public space in the Photo-Swapper the colour of the chosen
user’'s appropriation of space addingeference object is transmitted to the
content and meaning in this case throughterface; it identifies the user on the public
the exchange of goods and the socidisplay and stems from an object that is
activities this brings along. present in the context.

27



Digital Space Observations Digital Space Exploratias

The number of digital installations andlhe goal is to produce designs that encourage
personal devices present at any time inand support social interaction in public places
public space in a modern western city iwithout dictating terms of use. As a large part
overwhelming. Wireless networks coveof physical public space is experienced
many city centres and people are becominvisually it is a need for moving the bits in
increasingly online anywhere throughmobile devices out in the public. We have
personal mobile devices. The mobilexplored different communication protocol
devices contain a range of differenexisting in mobile phones today, such as
communication protocols. Though all thes&PRS and Bluetooth. Bluetooth supports
places and devices are connected they a@mmunication to computers, mobile phones,
not communicating with each other. it support sending and receiving data.
Bluetooth is used to connect the mobile
devices to the application. A program on the
phone automatically connects to nearby
surfaces when started.

Far too many of today's multi-userPhotoSwapper supports an unlimited number

applications are actually single useof simultaneous co-located users. When

interfaces with a public display and onlydesigning for interaction in public space the

one or two mice or keyboards can be actiapplication has to support the behaviours of

at the same time. people’s multiple simultaneous activities, and
support interaction where all users are able to
manipulate the interface simultaneously.
When a device is connected to the surface the
user is given a personal cursor which can be
controlled from the mobile phone. The cursor
displays information about the input feedback
previously provided on the phone.

In a market place, all activities are based drhe application supports input units to
come and go interaction, where people calisappear during action and can be replaced
join and leave as they wish withouby a new without interfering. It supports
interfering with others. But acting in publicspontaneously joining and leaving the
space there is also always externalpplication, and short-term interaction. The
interruptions  affecting the users andhformation security and privacy is high, only
contestants just like someone might stand &an ID from the specific Bluetooth device is
front you in the queue for the tomatoes. communicated. The user can spontaneously
interact by connecting its to the system, and
accept the application.
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Overview of the project

Much design research of interactive technologighiwilibraries has focused on traditional
interfaces operated by mouse, keyboard and sciées project set out to design pervasive
computing installations for a children’s interaetilibrary, to have the physical space and
artefacts in the library becoming the interfacedigital material.

There are many challenges and opportunities toigensvhen designing for children’s
library domain. The behaviors, skills and needshef children, the decreasing number of
visitors, the massive free information potentiatlué libraries, the need of a third place, the
existing technologies in the library balanced withat is in the pockets of children. With
this project, we aim to investigate a stance whezdelieve that there is a hidden potential
in seeing such factors as material for design,mndble to join them in design proposals.
The result became several new design conceptasdidbon the motto “taking the physical
aspects serious”; a new way of thinking within ratgive library environments. The project
resulted in two fully developed prototypes, Stomi8u and BibPhone. Both mixes the
digital and physical to create spatial interfaces ¢hildren’s multi-user simultaneous
interaction and information sharing.

StorySurfer

StorySurfer is an interactive floor application gl&sy/ing book covers which provide an

alternative way for children to browse the librargollection of books. The book covers are
evoked by stepping on buttons on the edge of therflEach button is associated with a
keyword. Hitting a keyword button will evoke a ctblike shape on the floor containing

book covers associated to the selected keywordjapming clouds contain book covers

associated with several keywords. A cover can lthdu examined by moving into the

floor. Each person entering the floor and the cansgrace is provided with a cursor in the
shape of a "magnifying lens" oriented and positibmefront of the user turning towards the

centre of the floor. The "lens" is controlled by tbhildren’s body movements. Keeping the
lens icon still over a projected book cover causds enlarge for better inspection and

maintaining the position even a bit longer will sathe image to move across the floor to
an interactive table. Figure 4 & 5 shows the Storf& prototype and the tracked

movements.
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Fig.5: The StorySurfer prototype and a diagram of tte tracked movements
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Interaction Space Observations Interaction Space Eptorations

The children’s library contains traditionalStorySurfer is divided into two parts, a floor
computers that the children use for interneand a table. Both these parts support several
chat and play games on. Typically one childimultaneous users. Different types of
sits in front of the computer and controls th&acking technologies have been explored to
application, while other children around theupport several simultaneous users, both on
child in control are watching, unable tahe floor and on the table. Retina (Valli,
interact. There is a clear need for interactiomeb-resource) is used to separate individuals
forms where several children can be iand track the users on the floor, so there is a
control simultaneously. web-cam placed above the floor, and. The
floor tracks everybody who steps into it, an
entire school class or a single individual.
Each person gets an individual digital cursor
to control, and it moves in the directions that
the body moves.

The children should be able to engagso extra gadgets are needed to interact with
several senses and even the whole bothe floor, and it responds to body movement.
when experiencing and dealing withThe table has a web-cam inside tracking
information, which opens up for severatliod-light. Different interaction techniques

different types of interaction techniques andave been tried out, but the final choice fell

sensors. Interaction should be inspired lpn the in-house developed
for instance Gaardners multipleMultiLightTracker system (Nielsen et al
intelligences. 2006) which supports four different

simultaneous users. The home-made
pressure sensitive buttons on the rime of the
floor have been chosen and tried out to suit
the task.

Increasingly number of libraries use RFIDWe have investigated RFID as a design

technology and robots to replace the praxisaterial, what type is in use in the library,

of bar-code use for tracking in and out goingow far it can reach, how sensitive it is and

books. so on. In the original idea there was a RFID
reader on the table of StorySurfer so that
information about that book would appear
on the table when placing the book there.
This idea was put on hold for later
prototypes.
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Social Space Observations Social Space Explorations

The children’s physical library is a highlyBeing on the floor of the StorySurfer, the
social place, either for meeting with friendshildren can choose among fifteen different
to play computer games or other typicatategories and three simultaneous such as for
social encounters such as children meigistance “love”, “dragons” and “girls”. In this
other children with similar interest wheravay the children can see who chooses what
there are books that interest them both. Tleategories, and thereby see who has the same
library is a third place, meaning a placeterests as oneself. There is also a bit of a
where regular people from all of societyliscussion/argumentation going on among the
can meet in a playful mood. children, if they wish to keep a category
search for a longer period of time, which
makes the children engage and socialise with
each other.

The library has introduced both PC’s aStorySurfer is an installation where both
well as console games as e.g. Sony Plakildren and adults can browse for materials,
Stations in  striving to both facilitatealone or together.

children in just being there for the

entertainment as well as settings for parents

playing and aiding their children in PC-

based games.

There is an increasing awareness am8torySurfer provides an arena for hanging
accept of noisy elements such as ganoait, tumbling around with friends or discover
playing, and hanging out is an importanhformation. The installation does not make
element in a children’s library. Thesounds, but the children do while using it.
children’s library should build upon values

appreciated by children and not just a

miniature version of the adults library

comprised of children targeted materials.

Alternative information such as for instancét is possible to see information such as
what book is most popular is important tothers that borrowed this book also
the children. borrowed:”.

Book-droppers are becoming younger and StorySurfer it is possible for the children to

younger see what the other children are looking at. On
the floor it is possible to share curser and
thereby investigate the material together. By
the table it is possible to share and exchange
material with each other.
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Physical Space Observations Physical Space Exploi@ts

Shelves are not the preferred ordering ar@torySurfer provides the children with an

display of books. Books placed togethewpportunity to search for materials without

makes the titles hard to separate, hard $taring at shelves or trying to use the adult
estimate which might be interestingcomputerised search system. In StorySurfer,
Children perceive it as if the books turthe children browse among the covers of
their back to them. In response, librariansooks instead of the back of the book, so that
pick out books for cover display on specighe pictures make it easier for them to

stands. When the cover is turned towardeparate the books from each other.

the child, the numbers of borrowers of the

book increase dramatically.

Children desire to be listened to an&torySurfer is a spatial digital installation

offered a chance to have ideas valued withhich creates an arena for children to hang
regard to the development of their librarput and meet. Investigating the possibilities of
environment. Children desire physicathe installation becomes a social activity in
spaces meant for them; spaces supportitige physical library.

living out their social life among friends

Children wish to hold on to the physical

libraries, but there is a need to add some

coolness to them with regard to spatial

qualities and appropriate technologies.

Related research either focuses on the book choice can be printed by the
physical or digital aspects of the libraryinstallation, with instructions to how to find it
The computers are separated as thegethe physical library and a picture of the
activities are still regarded to be sideeover of the book, so that the children
activities to the traditional functions of theeventually can find the book that interested
library: borrowing materials and readinghem and they still remember which one it
books. was.

Little has been done in order to explore arithe interaction is physical, based on body

exploit the existing physical informationmovement. The interaction on the table is

materials in new ways and to emphasiagith normal-looking physical pens, so when

the social qualities of being co-located.  moving the pen the digital material moves as
well.

The extensive Internet-based serviceghe installation provides the library with a

enable people to do library services fromnique thing that has to be experienced in the
their home. The need to go to the librarghysical library, and is therefore a mean to
for collecting information materials isattract visitors to the library.

disappearing
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Digital Space Observations Digital Space Exploratias

Children see IT services as being a natural amtle floor consists of two projectors, a
attractive part of a learning environmentweb-cam, and one computer. The table
RFID-technology and robots to replace theonsists of a projector, a web-cam, a
praxis of bar-code use for tracking in and odhermal printer, and a computer. The two
going books, and this new technology do nabmputers share data-base. The size of the
stay strange to children for long, but is quickldigital surface in the physical room is
adopted as an everyday element in tlatractive to children; they are not scare to
environment. enter the projection on the floor and do not
hesitate to investigate all functionality. To
visualise that the table and the floor are
connected, the digital material chosen on
the floor slowly slide up the “wave” to end
up at the table.

The library have enormous data bases wifthe installation is connected to a large
many different kinds of information, most datalatabase with pictures of children’s book
is used internally within the library, or justcovers, categorisation words, content,
stored, and they do not know how to get it ogacing, information about “who borrowed
to the visitors. this book also borrowed”, and so on. The
number of objects is about five thousand.

Children do not use computers based servicEse book-covers are displayed in a Venn

to search for books. The interface of searatiagram on the floor where each bubble is

engines and browsers available today acennected to a certain category. The

perceivably more suitable for adults, theovers come up from the floor, stay for a

children do not use them. while, disappear down into the floor, then
changes and another book comes up. In
this way it is possible to display many
books from the same category. To choose
a book on the floor, place a cursor on top
of the book so that the picture enlarges. A
graphical count-down will appear, and if
the cursor stays, the book will be chosen
and slide up on the table and disappear on
the floor. On the table there are more
advanced functions, such as information
about the author, the text on the back of
the book, “others who borrowed this book
also borrowed:” and print information.
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5 Experimental Design Methods for Spatial

The experimental design methods presented in #usom have not been used as full scale
versions in any of the projects described above tley have been inspiring and parts of
them used. The methods are presented here accadpganinspiration to how they can be

useful in designing spatial multi-user systems.

Bthere or be Square - A Method for Extreme
Contextualization of Design

The goal for theBtheremethod is to enhance context-awareness in deSigpushing the
design process out into the context, and was dpediofor a workshop held with
architectural students; see appended paper nrradog information. By creating a deep and
layered analysis of the context and the inhabitamtsle being in the context, the
identification process of the tasks and behavicars be adopted immediately in the design
ideas. The method has been used in the Interachildren’s library project, and has been
inspiring when developing the MIXIS Photo-Swappgplaation.

The four design spaces defined previously in thésis, or perceptions as they are called in
this method, are here three instead of four. Thibdcause the method is not developed
specifically for designing computational things,datihe interaction space is thereby not
included, but can partly be found in the digitahcgp.

concept diagram
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Figure 6. Table of the concept; The perceptions are ays of looking at the site, and used to
define data from the three layers; trash, roles anccommercials, which will be the base for the
final interventions.
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The general concept of the method is to divideta and its surroundings into different
layers, and thereby unfold aspects and find dejbidtsare not visible from the surface (see
figure 6). Bthere aims at focusing on one thing at the time, disciissom different
perspectives, and finally connect them, insteadryhg to study and register everything
simultaneously.

The Bthere method is mainly divided into two phases; the dailection phase, and the
design phase. During the data collection phaseethtifferentperceptionsor ways of
looking at the site are to be considered. The i@es can be: Social, Digital, and
Physical The perceptions are ways of looking at the cdntard can be compared to
wearing three different pairs of glasses. To edata collected, it should to be defined from
a personal opinion why it was collected and whatggtion used.

The perceptions are used during the data collegtfrase to look for material in different
predefined categories, calléayers and these can b&rash, Roles, and Commercialkhe
layers are used to put words to and define dedaitkaspects in the environment. The layers
are revealed one by one, meaning that only one layie focus at the time. The layers are
not to be presented from only one point of vieve #m is to get into discussions with the
people who are in the site using it, to also be adlpresent their opinions.

The second phase is the design phase, where tliagmfrom the data collection phase are
discussed in groups and combined in different ediagions to be used as design material. It
is a conceptual intervention based on the findingsle in the first phase. The groups
discuss, augment and intensify three different etspef the shared design space in the
context, i.e.:Public space, Private space and Commercial spdde goal of the design
phase is to develop ideas that make a significeahge to how the site will be perceived in
the future, or how life is lived on the site. Thellected data will be used to create new
technological designs in both the digital, socrad @hysical world.

The common denominator of the three layers is #u that these are often unnoticeable
aspects of the context as for instance urban emviemts, but at the same time we claim that
it is often these aspects, along with a few othibrat, define a space as urban, bustling and
interesting. Combining the three layers with thecpptions forces you to conceive the
otherwise well-defined physical space in a new ifashAs an example, it is relatively
simple for most architects and designers to anadysite on the physical level, but when it
must be defined according to what roles they play shape for or dictate to inhabitants of
that site, then they will see the space in a nghtliwe take a range of relatively well-
known terms and then combine them to challengedimeeption of the participants and to
discover new aspects of the city.

Dividing the context into different layers, and thie same time focusing on different

perspectives, in order to incorporate tasks andayiebrs of users immediately into the

design ideas, contributes to many positive aspefctee design process. The information

gathering part of the design process becomes rgireened to the analysis process, since it
is done simultaneously, both in private, in a saragiroup and with the entire group. The

proposed method also decreases the load of thgngéesivhen trying to analyze and collect

everything in the context and the use of it atdhme time.
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Mission from Mars — Exploring User Requirements in a
Narrative Space

This is a method for how to design for multiple nsseand how to divide the context and
gather true information from users in a sharedatiae context. The method is an inquiry
technique which allows designers to ask odd questabout the user’'s everyday life and
everyday artefacts, and the users are encouragaasteer. The method contributes mostly
to gaining insight into the structures and expeax@snof the users practice.

The method introduces data collection in a shaadative, and it has been used in early
phases of the Interactive Children’s library projeEindings from the specific case

described in appended paper nr 6 have been usgsl@loping the MIXIS project, such as

for instance children’s relation to their mobileopie.

The method is developed within of a school projeoned eBag, a software system focused
on handling the pupils’ electronic school materidie point of departure for designing new

artefacts is the current practice of the users, garti of this understanding is rooted in the

artefacts that inhabit user context. The Missi@mfiMars method gain insight to:

- The everyday life of the future users

- The context of the future system

- Social relations and behavior among the futuresuser
- The social relations in the context

- The use of the existing systems today

- The use and extent of personalization and custdioizaf the context, personal objects
and existing system

- The future users subjective opinion regardingtalthings mentioned above

The basic idea of the MARS-method is to establishared narrative in which the users can
take part to accomplish the mission stated in aatige. It is important to go through the

introduction of the narrative slowly, to have theers discuss and translate everything.
When the story slowly evolves, it becomes appateat Martians from outer space are
interested in how things are on earth and espgcthlk user’'s everyday life. Due to

problems in the Martian space shuttle they canhbretk through the atmosphere and
communication is only possible through a video @mtion to their orbiting space shuttle.

The communication is between the Martian and signrallps of users who explain about
their things and everyday life. The Martian haveliauand visual feedback whereas the
users only have audio feedback. To increase tleetedff the Martian voice a tin can add a
metallic noise (see Figure 7).

37



Figure 7. The Martian tin can microphone and the satp

The physical representation of the Martian is thé €&am and the audio feedback (see
Figure 8). The fact that s/he is not visually préed result in the creation of yet another
space, as an imaginative space made by the userauge a weird unknown voice respond
to the things presented for the camera, it agaipshieeeping focus and interest. The users
are kept as experts and focused by the mysteriartiavi “eye” with which they engage.

-

Y A
Figure 8. The camera representing the Martian

The Mars-method offers an opportunity for designerengage with the users, establish the
necessary level of confidentiality through roleypland get requirements for making a

design which is meaningful to its users and theéednThe Mars-method proved to have its
strength in providing a shared narrative spacehiithivquestions regarding the everyday life
of the users can be asked and answered in an iafavay. The Mars-method facilitates the

discussion between users, which the researchermtaeldrough the shared narrative which
offers the possibility of posing very “stupid” quiess. The Mars-method is established in
the user’'s own context why it points towards gatigespecific user requirements.

The Mission from Mars method is treated as a suppie to the existing repertoire of

methods for requirements gathering. The methodhspiied by previous work on design

games and shared narrative spaces as well as tetlinathods for designing with children.

By applying the ‘Mission from Mars’ method it is ggble to support the design process in
various ways. First, the method provides informatan the meaning of things, how the

users personalize their things and in which marther personalization is carried out.

Second, the individual structures of the user’sspdat things are spelled out as a foundation
for structuring the digital material. Finally, thidission from Mars reveals aspects of the
creation of social meaning of artefacts.
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As stated previously in the research outline, therall focus for the spatial multi-user
interaction design program is to investigate howiramieased focus on spatial multi-user
interaction change the way we design and live wiimputers. So far there are only small
indications for how an increased focus on spatialtiruser interaction change the way we
design and live with computers, not enough to asteelon, but enough to say that this
research area is interesting to work further wlitha strive to investigate this area, several
different design experiments have been and wilpbbgormed that focus on how spatial
multi-user interaction can de designed and whastand methods there are for this. As a
part of this, the spatial multi-user interactionside program has been developed and
consists of a theoretical foundation, a design rhadd research experiments consisting of
experimental design projects and experimental desigthods.

The theoretical foundation takes a step from tiawkitl and effective work-practice based
HCI to action oriented interaction design with @&dén playful and leisure based interaction.
The interaction is based on democracy rather tliaciemcy, the tools are familiar to the
user and the user behaviour is supported rather deaigned. The theoretical foundation
can of course be much larger, which could be workfditure directions, but it points out
some basic values and differences towards relatsghrch.

The experimental design model consists of foured#ffit design spaces which can be used
for categorising information gathering and protatgpand is basically a design, inspiration
and discussion tool for interdisciplinary designdtss a design model that, when used in
experiments, has the potential to reveal hiddeblpros and forgotten issues, open up new
perspectives, ask questions, and define basic ptsicAs interaction design is of multi-
disciplinary nature, there are many different mdthand ways of working deriving from
many different fields such as for instance behadbiscience and engineering. The
experimental design model presented within thiggieprogram can be complementary to
existing practices and a mean for designers frdfardnt fields to meet. It is not a question
of how you find your data; it is a question aboowhthis data is treated in the design
process, and what values you add to it dependingtat background you have. The model
is a support to interdisciplinary design teams,eamto bring democracy to the findings as
it is based on equality between the physical, digibteraction and social aspects.

The experimental design projects demonstrate hasvrttodel can be used in the design
process, and what result comes out of it. The éxmarts have been conducted by
interdisciplinary design teams, and the prototylpear signs of this in that aspects new to a
certain area of expertise might be equal to fouodat aspects of another area. For
instance, the weight of the physical aspects inctiikdren’s interactive library project is a
new architectural complement to existing computérece and interaction design aspects of
the project. Here spatial aspects are just as it@pbas information technology itself.
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The experimental design methods are suggestiomadans on how to gather information in
the different design spaces. These methods musgdieas complements to existing practice
of information gathering methods, but as they haraven helpful in several projects, they
could perhaps serve as inspiration to other desigrithe methods claim for dividing the
context in smaller chunks, focusing on one thinghat time from different perspectives
rather than trying to get it all in simultaneoushhe description of the methods is basically
general, but they are also highly influenced by by have been used in the experiments.

Designing by dividing the context into smaller gaaind different design spaces has proven
helpful in design, and is an area that needs tfuttker explored. The experimental design
model presented here can provide the designer ingghiration from all the four different
spaces, as well as it explores the hidden potentihkese design spaces.

Hopefully, spatial multi-user interaction is a gliag/area of interest in interaction design, to
meet with the user in the physical world and takstat in people’s way of expressing
themselves physically, both individually and togethwith others. To increase the

importance of the physical aspects when designomgpatational things it is important to

weight the aspects from the physical design spacmleto aspects from the digital, the
interaction and the social design space.

Fallman (Fallman, 2003) argues that design involhesdesigner in a necessary dialogue
with the materials of the design situation, fromiesththe problem and the solution are
worked out simultaneously. Therefore the role ofigie in HCI is an unfolding activity
which demands deep involvement from the designkeough, sometimes the designers are
not aware of what materials there are in a desigat®on, or different materials mean
different things to the different designers. Farcanbination of virtual representations and
physical artefacts to be successful and truly gmbeé what each medium can offer, we first
need a thorough understanding what each indivichgalium can offer to us (Klemmer et al,
2006). The design model and the design methodsmpies in this experimental design
program can be one way of engaging the designenfiolding the context and materials at
hand.

Presented in this thesis is early experimentalgtesiork which has been performed in

order to identify and get to know the field. Therlwdo come will hopefully be more
focused according the spatial multi-user interactiesign program theme.

40



The spatial multi-user interaction design prograas been presented as a part of a PhD
research program. It consists of a theoretical dation, a design model and research
experiments consisting of experimental design gtsjand experimental design methods.

The theoretical foundation take a step from tradai and effective work-practice based
HCI to action oriented interaction design with @&é&#n playful and leisure based interaction.
The experimental design model consists of foured#fit design spaces which can be used
for information gathering and prototyping and issibally a design, inspiration and
discussion tool for interdisciplinary designers. eThexperimental design projects
demonstrate how this model can be used in the nlgsimcess, and the experimental design
methods are suggestions for means how to gathemniation in the different design spaces.

The basic result of this thesis is the identifioatbdf the design space named Spatial multi-
user interaction, and the definition of the desigagram theme and its basic motivations.
Other parts of the result is the development of swatial multi-user interaction prototypes

for children’s library context, uses around the NBXplatform, a framework for camera

based interaction, two practical design methods rafléctions communicated in several

published papers.

Future

So far, the design program has implicitly been blase for design experiments, and the
design experiments have explicitly been the fouodafor further development of the
design program. In future work, the design prograith be the foundation for further
experiments, with more focus on the basic valugkénspatial multi-user interaction design
program. Hopefully, those experiments will leadatoe-formulation of the design program,
which in addition of the experiments will be theifolation for the doctorial thesis.

At this point, it is not stated that the design mlodith its four design spaces is the ultimate
model for designing spatial multi-user interacti®o. far, the general program theme and its
motivation has its strength in being identifieddamhether the design model is the only or
even a good tool to use is still hidden. Designlingdividing the context into different
design spaces has proven helpful in design, aad &rea that needs to be further explored.
The model has been a tool in the data collectiahdmsign phases of several projects, but it
has not been used in the evaluation phases witigndesign programme. In future work,
further design experiments will hopefully lead t0 extended and more complete design
program, where its components will not only be id@d, but also defined in both a
stronger empirical and theoretical way.
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Paper 1

Taking the physical aspects serious — A Design Appach to Children’s Interactive
Library

This paper reports on a design process of pervasimguting installations for a children’s
interactive library. The design and research pmcegorted on here involve a wide range of
decisive parties of the domain: children, reseas;hiérarians, library spaces and private
companies. The process is designed so that thectio#ly developed design concepts can
suit the needs and interests of the many partibe design criteria for the pervasive
computing concepts are based on the intentionsatmitions of public library services and
user studies in children’s libraries balanced vifth interests of the participating parties.
Sketches, concepts and their iterations illustifa¢éeprocess of design and how the physical
qualities of the environment played a central iolthe development of concepts.

Paper 2

Mixed Interaction Spaces — expanding the interactio space with mobile devices

Mobile phones are mainly interacted with througltdms, thumbwheels or pens. However,
mobile devices are not just terminals into a virtwarld; they are objects in a physical
world. The concept of Mixed Interaction Space (MBXlexpands the interaction with
mobile phone into the physical world (Hansen et24l05). MIXIS uses the camera in
mobile devices to track a fixed-point and therektablishes a 3 dimensional interaction
space wherein the position and rotation of the phoan be tracked. In this paper we
demonstrate that MIXIS opens up for new flexibleysvaf interacting with mobile devices.
We present a set of novel, flexible applicationstiwith MIXIS and we show that MIXIS

is a feasible way of interacting with mobile dewicky evaluating a MIXIS application

against a traditional mobile interface. Finally discuss some design issues with MIXIS.

Paper 3

Reclaiming public space — designing for public intection with private devices

Public spaces are changing from being ungovernedepl for interaction to be more
formalized, controlled, less interactive, and desifjplaces aimed at fulfilling a purpose. At
the same time personal mobile technology aims atiging private spaces in the public
domain. In this paper we explore how technology banre-thought to not only act as
personal devices, but be the tool to reclaim tightrand possibility to interact in public
spaces. We introduce PhotoSwapper, an applicatibverev tangible and pervasive
technology is embedded in a public setting withrabteristics adopted from a traditional
market place. We discuss different design aspeitistiis approach; information exchange,
social support and regulation, inspired by a disimrson public space.
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Paper 4

Movement-Based Interaction in Camera Spaces — A Coaptual Framework

In this paper we present three concepts that asldres/ement-based interaction using

camera tracking. Based on our work with several enment-based projects we present four
selected applications, and use these applicatmieverage our discussion, and to describe
our three main conceptspace relations, and feedback.We see these as central for

describing and analysing movement-based systemg aaimera tracking and we show how
these three concepts can be used to analyse atimera tracking applications.

Paper 5

Bthere or be Square: A Method for Extreme Contextu#izing of Design

In this paper we describe th&there method aiming to increase the context awareness
among designers. The paper presents the method a&mikshop scenario, as well as the
results and evaluation from the workshop. Basedube methodology from contextual and
participatory design, the paper describes a mefbodlividing the context in different
layers, and from different perspectives, reveatididstructures in the inhabitant’s everyday
life and the environment among them, meaning asitdlle context and user study to use as
background material for brainstorming and desigoiads. The aim of the workshop was to
accomplish an expanded notion and awareness of sbriee aspects of the city that are
invisible or unnoticeable. The method claims faré@ased full scale context awareness, and
for alternative user involvement in the design pssc

Paper 6

Mission from Mars — A Method for Exploring User Requirements for Children in a
Narrative Space

In this paper a particular design method is profeabaas a supplement to existing
descriptive approaches to current practice studispecially suitable for gathering
requirements for the design of children’s technglobhe Mission from Mars method was
applied during the design of an electronic schag teBag). The three-hour collaborative
session provides a first-hand insight into childsegaractice in a fun and intriguing way. The
method is proposed as a supplement to existingrigége design methods for interaction
design and children.
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Figure 1:
Venn diagram from Wikipedia, edited by Eva Eriksson

Figure 2 & 3:
PhotoSwapper by Andres Lykke-Olesen

Figure 4:
StorySurfer by Eva Eriksson

Figure 5:
StorySurfer by Andreas Lykke-Olesen

Figure 6:
Bthere by Andreas Lykke-Olesen

Figure 7:
Mission from Mars by Andreas Lykke-Olesen

Figure 8:
Mission from Mars by Andreas Lykke-Olesen
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ABSTRACT

Much of the research design of interactive techgiel® within libraries has focused on
traditional interfaces operated by mouse, keybaard screen. This paper reports on a
design process of pervasive computing installations children’s interactive library. The
business of developing public institutions is tesponsibility and interest of many actors.
The design and reseach process reported on herleedva wide range of decisive parties of
the domain: children, researchers, librarians,aliprspaces and private companies. The
process was designed so that the collectively dpeel design concepts could suit the needs
and interests of the many parties. The designrizifer the pervasive computing concepts
were based on the intentions and ambitions of pulidrary services and user studies in
children’s libraries balanced with the interests the participating parties. Sketches,
concepts and their iterations illustrate the preadsdesign and how the physical qualities of
the environment and the artefacts played a cerdialin the development of the concepts.
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INTRODUCTION

In a children’s library a 9-year-old girl, is makira drawing of a moon-rock working as a
search tool in Martian libraries. Upon request frarteam of researchers doing user studies
she is envisioning and sketching what the libraryMars might be like. Like the majority of
the children that were subject to user studies véthard to the development of a children’s
interactive library she imagined physical magicabl$ that would enable the various
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intangible tasks in a library e.g. doing searcleegiage and participate in the book stories,
exchanging opinions etc.

The vast research in children’s social and seaettatiours in a physical library as well as
in digital libraries reveal an interesting area.wdwoer, little has been done in trying to

combine the two, making the physical space andaate in the library the interface for

digital material, and shifting the desktop computeipervasive computing systems. Most
literature points toward the need to develop imfation literacy enabling the children to

deal with the increasing range and quality of infation in order to make well informed

choices. In [17] studies reveal that new tools sastonline library catalogues, electronic
encyclopaedias, online databases, and digital rlésa bring together children and

information. There are several examples on howarebers and libraries try to deal with the
decreasing interest for books among children aockased interest for new media. There is
also extensive research in various digital servfoedibraries e.g. library web sites, library

search engines, sociable web services based abwusroonnected to the library web site
and digital comments on books; services and dewsbops supporting the views of

Mackenzie Owen who foresees the future libraryigsad, virtual and distributed [8].

On the other hand literature such as [13] revdads ¢hildren desire for physical spaces in
the libraries that are meant for them; spaces stipgathem in living out their social life
among friends and peers. Along with this there desire among children to be listened to
and offered a chance to have ideas valued withrdega the development of their
environment. The report also identifies a desir@mgnchildren to exploit new media, as
information technology is regarded as a naturahieg environment. These findings are in
line with [14] where young people and children egs their wish to hold on to the libraries,
but there is a need to add some coolness to thein negard to spatial qualities and
appropriate technologies.

In [16] Price et al describe an approach for depialp digitally augmented physical spaces,
which they claim do facilitate active learning. Aher indication of the importance of the
physical environment can be found in [6] where therits of desktop and physical
environments for young children are consideredcbsparing the same content infused
game in both contexts. The findings point towards bverall advantages for physical
environments over desktop environments.

It is generally acknowledged that the physicaldigrhas a central cultural and social role in
society, democratically accessible to all free ldirge and being based on the combination
of sociality and collection of information materidhat will facilitate and be sufficiently
attractive to make children still interested inrgpto the library?

The current and most prevailing answer to this amynchildren’s libraries has been to set
up computers and game consoles in order to makiableawhat presumably is attractive to
many children. But little has been done in ordeexplore and exploit the existing physical
information materials in new ways and to emphasiieesocial qualities of being co-located,
promoting the sharing of views and ideas. The Hatethe ambition of the library that
encouraged our research centre to initiate a praed gather a consortium of interested
parties that would stage the political ambitionfioW the children’s library is to develop.
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On the basis of this and the experience from useties it became the purpose of the
project to develop pervasive computing concepts arfallations that challenge the
traditions of the library with regard to how exmsgi materials are presented, and furthermore
how the library offers new activities in the phydispaces of the children’s library. The
design criteria for the installations was to go dr&y existing interaction modalities for
computer appliances, involving several senses hadavhole body when interacting with
computers, and exploring kinaesthetic aspectsamiag.

In the following we present a range of design cptedor a children’s interactive library
and how it was developed and iterated on througkrees of workshops involving all the
research parties. The design rationale was baséddings from user studies on location in
the domain, and the ambitions for development esga@ by the librarians.

THE CHILDREN'S LIBRARY DOMAIN

The children’s library is typically seen as a lityrén the library a service on its own rights.
Though being an institution on its own rights ivexy faithful to the fact that it is grown out
of the “adult” library with regard to search fatidis and the display of materials. As
mentioned in the introduction of this paper thedity has introduced both PC’s equipped
with children appropriate games as well as congalaes as e.g. Sony Play Stations. These
resources both facilitate children in just beingréhfor the entertainment as well as settings
for parents playing and aiding their children in-P&ed games. Some libraries have
established facilities for teenagers. Typically tmmputers as well as the facilities for the
teenagers are separated into rooms and nichesagiason with the children’s library as
these activities are still regarded to be sidevdiels to the traditional functions of the
library: borrowing materials and reading books. Eh&re is an increasing awareness and
accept of the noisy elements such as game plagargging out as teenagers is an important
element in what a children’s library should offés users, and that the children’s library
should build upon values appreciated by childred aat just a miniature version of the
adults library comprised of children targeted matsr Another initiative taken up by
children’s libraries reflecting the change of medimsumption among children is the many
web-based services e.g. forums for Q&A, chat, ewig and recommending materials that
have become available in the last 5 — 10 yearsiboting to make children aware of the
services and many facets of the library.

Generally the library as institution is challendgednany ways these years, among others the
extensive Internet-based services provided by ridsaenable people to do searches, read
reviews, make reservations of physical materiadsnftheir home computer. Though many
of these services are desirable from an ease gbaise of view, they also contribute to the
depopulation of the physical library. The actuatshd¢o go to the library with regard to
collecting information materials is disappearingrag with the increase of Internet-based
services.

Means for design

There are many challenges and opportunities toidensvhen designing for children’s
library domain. The behaviors, skills and needshef children, the decreasing number of
visitors, the massive free information potentiatlué libraries, the need of a third place, the
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existing technologies in the library balanced withat is in the pockets of children. With
this project, we aim to investigate a stance whexdelieve that there is a hidden potential
in seeing such factors as material for design,kendble to join them in design proposals.

We argue that information technology can be vieasd material for design for a number
of reasons. The material is both abstract and etecboth imaginary and material, both
software and hardware. It allows for communicaticontrolled dynamic behaviors, as well
as adaptation to new or local conditions, and isireé to the field of interaction design.
However, it is not sufficient for successful intetian design on its own, other materials are
needed as well. These “other” materials are prignatiysical, such as plastic, metal, glass,
wood, textile, even though we also need more atistiéngs such as ideas, organizations,
economy, etc.

To explore the possibilities of the children’s Bby domain, we also include spatial
architectural perspectives to enrich the interactiesign. Architecture is about organizing
social relations by means of spatial layout, thetie® of natural phenomena such as light,
temperature etc. It is about facilitating peoplebieing together and enabling them to
separate into groups when this is preferable. Mastcally architecture consists of places to
stay still and areas for movement and traffic. Byusing on and understanding information
technology in combination with spatial propertiggl eooundaries as design materials we
take advantage of what already is in the librapwéwver the nature of a design material is
its ability to take up new forms or relate to otlmeaterials in new ways shifting its initial
function. The focus on these aspects of the childrébrary provided the partners of the
design team the basis to rethink the existing efgsnef the library — the physical as well as
virtual elements.

RESEARCH TEAM AND PROJECT SETUP

To meet the challenges experienced in the childrébfary domain a research consortium
was established, comprising competences from theareh centre; architecture, interaction
design, engineering, and computer science, combimidd a set of industrial partners
having various interestsa cabinetmaker, a web bureau, a company develdiingry
databases and an architectural office. To fadimbality and diversity of input from the
library domain representatives from five major oewmil children’s libraries were part of the
project setup. In order to ensure the relevanchefdeveloped concepts user studies were
conducted and the time line and the structure e@pitioject was designed to facilitate several
experimental periods involving children in sparkidgsign ideas as well as being test
drivers of the installations. Hereby they wouldoafgovide valuable input for the iterations
on the developed prototypes.

On the basis of these challenges the local libsaryices and key researchers formulated a
set of ambitions and facilities to be met in a fatinteractive children’s library:
- The children should be able to engage several semse even the whole body
when experiencing and dealing with information

Noisy activities are accepted on equal basis withensilent ones as e.g. reading

Regain the importance of meeting in a physical r@mnphasizing and staging the
social qualities this do enable — the library a®eial arena
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Work positively with the fact that children see $€rvices as being a natural and
attractive part of a learning environment.

The target group of children should be those whad hast started reading
(approximately 7 — 8 years) but not exclude oldsryounger children

Based on the aforementioned selected challengeprdject was biased. But not only did
the challenges bias the project but the intereSthe participating parties also biased the
project. In order to ensure the balance of inteireshe project a development process was
designed. This process is described below.

METHOD

In this section we describe the design procesddhlab a range of different concepts within
the domain of the children’s library. The desigrogess covers the project initiation,

involvement of parties and development of conceyitsreas the implementation is reported
on elsewhere [12]. Through this description we wislkemphasize the importance of the
different partners being part of the project cotisor and further show how ideas got

informed and changed through the design iteratidhs. entire process was highly research
driven with respect to the other parties in the sootium. However this influenced the

approach and focus throughout the process.

Intro workshop

The Interactive Children’s Library project stariaat with a kick-off workshop that aimed at
letting all partners meet up and present themsétvesch other. At this stage no one talked
about “what to do”, but instead what their backgrmand competences was and why they
had chosen to participate in the project.

After each participant had presented their perspecn and potential contribution to the
project — e.g. furniture manufacturer, interestechéw interactive approaches to furniture,
contributing with reality checks and know how omguction for the specific domain - all
participants were divided into smaller workshopug®. In the groups mixed among library,
company and research partners we discussed possiyie of progressing the project in
such a way that we worked from a common understgnaid that every partner could see a
useful outcome. The ideas were later presenteteirum and discussed.

User studies

We visited in total three different libraries faelfl studies; one for observational studies
only and two where we did engage the children tivities that would help us understand
their perceptions of the current library and whwatyt would like to see happen in the near
future. There were four steps in the user studiethé two libraries. Firstly we placed

ourselves in the children library department, atatted to pack up things that we had
brought. The children were curious about us, amd@arhed us to ask what we were doing.
We asked them to tell us about the library, whaytivere doing there, why they were there
and what people they would meet there, see fightéNle asked the children to make short
video films about the library, where they wouldrfileach other demonstrating and telling
about the library, without us interrupting. Secgnidl the middle of the room we had a table
which we filled with crayons and papers, and weesdgke children coming up or passing by
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to draw from one of two themes, either how thedilrwill look like in 100 years, or to
explain how the library is on the planet Mars. $gere 1B. The idea of taking departure in
how the library might be on Mars was inspired by darrying the ambition of creating a
shared narrative in which both the children andrésearchers could play with ideas that are
out side the narrative space staged by the culiteary. Furthermore this approach could
(and did) bring mythical and mystical aspects itite discussion on what the children’s
library might be like in the future. This discussibappened between the children and the

Figure 1. A member of the research team A) studyinghildren playing a computer game, and B) sketching
with a child.

Thirdly we placed out questionnaires in differefgtges in the children’s department of the
libraries, where the children freely could giveticism to the library and suggest changes.
Fourthly and last we did unstructured interviewshwiterested children while they were

demonstrating for instance how a computer game phleggd or how one returns borrowed

books.

Findings
Our findings from the user studies can be divided three categories:
1. Social and spatial

2. Cognitive and emotional
3. Technological and digital

Social and spatial findings are for instance thanynchildren have a hard time finding a
physical location to hang out. In two of the chéldis libraries we have visited one part was
dedicated to infants and pre-school children, anel part to teenagers. Many children do
not see them selves as belonging to any of thesggr Experiences from one of the visited
libraries show that a nuanced and graded divisichespace based on the spatial layout of
information facilitate children in finding “theirpsce”. Perceivable this can be achieved
when the materials are ordered in terms of thegagep they appeal to; as expressed by one
of the kids: “we meet where | find books that iesrme”.

With regard to the cognitive and emotional aspesitglves are not the preferred ordering
and display of books seen from a child’s perspectithe amount of books placed together
makes the titles hard to separate, leaving childvih little chance of estimating which
book might be of interest to them. Librarians knihnat the children do perceive it as if the
all the books turn their back to them. In respaosthis librarians pick out books for display
on special stands so that the cover becomes viglslsoon as the cover is turned towards
the children, the number of borrowers of the bodk wcrease dramatically. As candidly
noted by a librarian; "this way we can almost deacichich books the children should read!”
This is of course not fully true, but the coverscolrse help the child to visualise if the
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book might be of their interest along with the notethe back-cover, and furthermore the
children expressed interest in having more infahanstory in helping them to decide.

In the Scandinavian countries many libraries areptidg digital technologies for library
purposes. Increasingly libraries use RFID-technplmgd robots to replace the praxis of bar-
code use for tracking in and out going books. In giudies we found that this technology
do not stay strange to children for long, but ikkly adopted as an everyday element in the
environment. Rather than being hesitative the olildput their curiosity at work and
quickly understands and the use and purpose déttmology. On the other hand we found
that children do not use computers to search fokboThe interface of search engines and
browsers available today are perceivably more klgéitéor adults, the children do not use
them.

Sketching

The findings, design statements and proposals rogdbe children during the field study
was brought back into the research studio and aedlywe went through the video footage
and saw the library presented from the childrenien qperspective. Together with the
children’s design ideas for a future library weimetl and developed the concepts and
visualized them through conceptual drawings.

The purpose of this stage was to be able to premmihtpass on the most dominant and
interesting findings to the rest of the projectigranaking it work as a shared basis for
understanding the children’s library that we werel¢sign for.

Apart from the ideas directly inspired by childrand the existing technology we created a
range of drawings, meant to rock all participantsterstanding of the children’s library,
this was inspired by the work of [5]. Deliberatehe added a physical approach as the
starting point to provoke a discussion on the daxspects of the library space. This was
done through 3D computer models of twisted shelvesoming tables, elaborate floors
becoming landscapes of secret caves and pondsidovi&dge that due to changed scale of
furniture would only gain access for children imta& parts of the library. (See figure 2).

Company workshop

The next step in the process was a workshop weahctimpany and research partners. The
idea of separating the industrial partners fromliiary partners at this stage was to have
the industrial partners go beyond what might beagileg to the potential buyers of their
products, but also to avoid that a rigid understamof what the companies were capable of
would lock the process. The workshop was lead lgyoaip of researchers and started out
with a presentation of the findings and initial cepts, (see figure 2, 3B, 4 and 5 below).
After the presentation all participants were diddeto groups doing brainstorms on one or
more of the concepts presented earlier. The aitheofvorkshop was to have the industrial
partners to work, contribute to and mould the ideagether with the researchers so that
everyone could agree on an interesting way fohé&rridevelopment of the concepts. The
brainstorm was recorded on post-its and in sketolneegular paper that in the end of the
workshop was presented and discussed in plenum.
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Sketching

The workshop with industrial partners led to theelepment of initial concepts as well as a
new idea for a piece of interactive furniture callébBox (see figure 3A). All ideas in this
phase were sketched up for presentation at themipgoworkshop with the librarians. All
concepts were brought to the same level of congplet be equally treated and evaluated.

Library workshop

The next step in the project was to involve andonmf the librarians on the concept
developments, challenging their work practice anmdcpnceptions. By excluding the
companies from the workshop we hoped for unrestthideas that could be blue-sky ideas
pointing toward a new children’s library despitespibble problems in realization. A
workshop with librarians from the five participagitibraries and the group of researchers
was carried out in much the same way as the eavbekshop with the companies. First we
presented our findings from the field study an@érdhe design concepts made by children,
researchers and companies. The concepts were skscissmaller groups which led to new
concepts inspired from or build on top of the aditbnes. In plenum we discussed the new
concepts and rated which ones the researchersdstleu€lop further for the next plenum
meeting.

Sketching

In the weeks after the library workshop the redsans developed the concepts further. We
made sure that the design ideas we took furthetagwmd the most possible challenges and
potentials for all parties in the project team. STmias done to assure that the level of
engagement and commitment in the later prototyping implementation phase would be
high which the entire project team would benefinfr We the researchers narrowed the
number of concepts down to six before the next slook session. We made small video
sketches out of them to visualize the interactioteptials or problems in use.

Common workshop

The purpose of this common workshop which includigbroject participants was to come
down to two or three concepts that we all couldeagon should be subject to further
development, prototyping and implementation testa real children’s library environment.
The design concepts was presented through skesrtiesideo prototypes as had been the
general communication method in the process sdAfegr a quick round of commenting on
the concepts we divided into groups of four-fiveople all groups having at least one
representative from each party. The purpose of shssion was to add new aspects and
ideas to the presented concepts but most of albi to rate the design concepts from a
personal interest point-of-view being a librariaesearcher or industrial partner. Three
different colored post-its represented the threer@st groups and each participant had to
write pros and cons in relation to each concegtcéhcepts were displayed on a large white
board and added with the colored post-it notesalavg strengths and weaknesses in the
concepts in respect to all participants. In plenws discussed the possibilities for all
concepts and it was obvious that everyone had lteakilarling or two if we wanted to
proceed with a realistic number of concepts toizeatoncepts that contained potential and
interest for all participants. We came down to teancepts namely the LibPhone and
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CubeSearch, (see figure 7). These were to be dmeldurther by a smaller group
representing all parties and then later evaluatedlénum. In the following the concepts
developed in the design process are presented.

DESIGN CONCEPTS

Here we will present some of the many concepts ¢hate out of the design process. The
concepts are described in order of ideation chamglthe initial provocative concepts first
and the refined and altered concepts last. Somgrdesncepts have been left out but the
intention is still that these concepts show theettgument from being thought from one
perspective (e.g. information technology) to comsegoupling spatial, social and
technological aspects in a children’s library eamiment.

Twisted Shelves

The shelves of the library are rounded to enal#ectkation of private spaces. This concept
was used as a kind of prototype to inspire theigpants in the aforementioned workshops.
The images question what a shelf is and in pagictihey should serve to help the

participants to go beyond what they knew would wdtkrthermore the concept was to

encourage daring ideas even if they might seenistoal a first glance. See figure 2A.

Figure 2. A) Twisted shelves. B) Caves

Caves

The library is turned into a landscape of mountaamsl caves. This idea supports the
children in finding a space for themselves or fanh with friends, where they are invisible
to others, and takes one step away from todayraurlb Along with the twisted shelves

images these were to promote the blur the poteptiatonception of what might be

realisable within the frame of the project. Seeifig2B.

The Egg

This is an interactive 1-4 person room that is oesling to the information material that
children bring into it. For instance if a book abdntarctic is brought into the Egg, the
ambient will be Antarctic-like, with wind sounds,olpr bear roars, and a lowered
temperature. The concepts originated from the fjbraanting to provide unique high-
quality experiences and installations that childremuld not find in their private homes. See
figure 3B.
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Figure 3. A) Lib-box. B) The Egg.

Lib-Box

The concept consists of a large multi-purpose bbis idea is based on the design intention
that the library should be a place for large-saatleractive experiences, and where gadgets
are more than welcome to be big and roomy. Thedaoxbe used for projections, theatres,

games, rooms, stage, sms, or play ground. Furthrerth@ concept is thought as touring

from one library to the other added with new cohtaat expands the use of the lib-box. See
figure 3A.

Searching

In this concept a stack of books is read by an Riei&der. The scanned books can be
searched and categorized by attributes that aresw@lly available when searching books;
for instance most popular, amount of pictures, siz&etters, number of pages, and so on.
The reader becomes a dissection tool to rate pdiyaitributes related to the books but still

encouraging the children to pick books from thehagebut then compare and look at them
in new ways. The concept originated from our fimdirthat children do not search for

books, and that they choose books based on alterfattors not described in the search
system as it is.

Tangible Chat

The concept is to connect the emoticons used itrroloens to an actuator-enhanced chair
translating the emoticons to physical movement. @twecept was derived from children’s

intense use of chat rooms, and the assumptiorptheically mediated response helps the
children in feeling closer connected than what lbarexperienced in ordinary chat rooms.

Figure 4. A) Harry and Superman. B) Tangible chat.

Harry and Superman

The idea is based on children’s creativity and dayt where the children can be their
favourite character, as for instance Superman aadyHPotter. By using a tracking
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technology, the child’s movements are direct mappettie movements of the character on
the screen. In this fashion all types of stories loa created, mixing all types of characters.
This concept originated from the children’s dreanbé their hero. See figure 4A.

The Moon-Rock

This is a type of magic large ball-shaped intexactievice revealing the content of a book
in an explorative way. When putting a selected bod& a slot in the “moon-rock”, the
book is visualised in a peephole manner on smadlesscreens showing: the plot, the bad
guy, the hero, the main character, the setting, ©te children get a glimpse of the story
inspiring for exploration, the “rock” thereby beilagsupplement to the narratives about the
book to be found on the back cover of the book. Thecept originated from children
wanting to have explorative glimpses, get snippetsthe story to help judge its
attractiveness. See figure 5B.

Figure 5. A) The search helmet. B) The moon rock.

The Search-Helmet

This is a large umbrella shaped helmet-like thimat the child holds above the head while
moving around in the library. The child can adjd#fferent search criteria focusing the
system in relation to the child. When strollingtive library, information derived from the

preferences of the child will be displayed on tre=-through material of the helmet.
Information on books, such as film, info from thehlwetc. is displayed in relation to the
view on the real world books. The concept origiddtem the observation that children find
little interest in the back of the book; to thene tattractive part of the book is the cover.
Furthermore children do not search for books thhotige available systems, they browse
along the shelves to find material of interest. figare 5A.

Critique Collector

Here children return their books in the positivetioe negative box, and thereby express
opinions about the book. Both input and outputinstant, and is connected to an act the
children will have to do anyway, namely returniig tibrary material. The idea originated
from having children informing other children on athto read. Children are reluctant in
doing traditional reviews, as these are time cornsgniThe installation should provide a
swift indicative rating of the borrowed materiabeSfigure 6A.
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Figure 6. A) Critique Collector. B) Shelf-slider.

Shelf-Slider

This concept supports the children in that theygurevatching book covers instead of the
back of the books. By steering a physical slidengla traditional shelf lined up with the

back of the books, the covers of the books arelalisd on a display next to the user. The
interaction should be highly tangible moving thegmal section tool through the shelf

revealing the must-reads in the otherwise blurngsnaf book backs. The idea originated
from the fact that shelves are a spatially effitiway of storing books, but inappropriate for
children when they browse for books to read. Thecept supports the sociality of finding

books together as several children can watch simetiusly. See figure 6B.

Lib-Phone

The Lib-phone concept enables children to annofatgsical material with digital
recordings; children are able to add oral commentmooks by placing the Lib-phone over a
RFID tag on the book; putting an ear to the bodkbées hearing the comments recorded by
others. Along with the “Critique collector” the amept originated from children’s reluctance
toward doing written reviews, and the fact that enand more libraries are adopting RFID
technology on information material. The lib-phorende used for “treasure hunting” for
messages in books or enabling children to haveceetsénformation layer attached to
selected books can also be imagined. Furthermoee ctimcept is not restrained to
information materials but could also be used wébard to adding RFID tags to specific
elements in the physical environment, enabling rfewns of play and information
exchange. See figure 7A.

Figure 7. A) Lib-Phone. B) CubeSearch

CubeSearch

The cubeSearch concept is a physical search ergmenultiple children. A range of

physical cubes represent different keywords orceariteria; by moving the tracked cubes
on a floor the connected wall display will visualinook covers matching the position of the
different cubes on the floor, e.g. medium horrame love and large type set. Using the

61



print and location cube the resulting book covens be printed for the child to remember
what the book looked like along with instructionstwow to find it. See figure 7B.

Based on discussions in the project consortiumlélse two concepts were chosen for
realisation. And periods of experimentation wilhrim the spring of 2006.

DISCUSSION

Based on the presented work we raise two discussionthe following namely: the
involvement and role of children in the design mex; and how the developed concepts
meet the challenges for the children’s interaclitmary as defined by the project team.

The role of the children in the design process

There is a growing acceptance of the stance thattaehnology for children should be
developed according to children’s existing pradicand while participatory design is
becoming generally accepted, the roles of the ehildiuring the design process are ranging
from active co-designers [20, 3, 4, 7] to lessvactinformants as advocated in [18] and [19].
These different conceptions of children’s role @sigin have a heavy impact on the way user
requirements are gathered during design [5].

Druin [3, 4] has developed a cooperative inquirgnfework based on participatory
envisioning, contextual inquiry and lab observadida involve children as legitimate co-
designers in the design process. During the depigress, the children’s practice is
reflected in their design contributions. The coapige inquiry framework is indeed a highly
useful methodology for gaining access to childrgiractice; however [11] emphasize the
need of time and effort to establish a productitergenerational design team.

In this project, we have deliberately chosen tdwede the children from large parts of the
design process. In our process, the children warelved while performing the initial user
studies. After that, the children’s views were oimyolved by reference to the collected
data, and by means of the unrecorded experienoes thie people involved in doing the
user studies. Based on this the design discussibwesys took point of departure in out
understanding of the children. Furthermore it wésarcto all project participants that
children would be the final judges on the designcepts when involved in the prototyping
phase and again in the practical tests and tasks.

We deliberately chose to exclude the active pgaditdn of children in the design process,
as we regarded our approach to the domain too @xmphd detached from the real
children’s library environment in order for it teebmeaningful to bring them into our lab.
The children’s views and wishes are of course ssbfor the development but the adult
and professional interpretations of these needsotoe into play too in order to address
intentions beyond the view of the children e.gd&abase is seen as a great potential for a
game”. We think that the capability of the childtenimagine these new types of systems,
in addition to imagining being in the context o¢ tibrary, were not realistic.

During the initial user studies, we did not telloab our project or why we were there,
because trying to have children imagine what theaty will be in the future would most
likely just result in “more computers and more gatagishes, which was of no use to us.
For the purpose of gathering user requirementshisrproject, we tried alternative ways to
establish a common ground, by the mean of narmtive

In recent design projects some of the authors teayEerimented with shared narrative
spaces in various participatory design contexts[@]gWe define a shared narrative space
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as a social constructed environment in which cofieeal cultural expectations are
temporarily bypassed, and we believe that the pialeof a shared narrative environment
might be fruitful when designing with children.

In this project, narratives have been used in tvaysy children creating video stories and
during sketching what the Martian library might ldes. While sketching, the researchers
and children sat together in the public library @ndw visions, told stories and fantasising
on how the library looks like on Mars and how thedry looks like in 100 years. Being in
the actual environment that we are discussing sigdeng for made it easy for the children
to imagine how things could be different — “lookaditthe shelves, imagine if they all were
placed on top of each other — the library as afgbaler”. This method proved to be a
highly successful complement to existing methodsyfthering user requirement — a sort of
on-site informal brainstorms.

During the initial user studies, we also gave apphing groups of children a video camera
to create their own stories about their libraryeTdhildren shifted between filming and
being filmed, and they directed each other toaalinteresting story of what you do where
in the library, why they do so and so and what éanms to them. We consider this creative
study to be a mean for the children to use naeatie make us understand as well as create
a common ground. Both in the case of sketchingianddeo stories, the outcome of the
narratives is a straightforward and multi-colouexgloration of user habits and needs.
Instead of establishing an intergenerational desegm such as [3] proposes we have
established a design consortium with various istsrebackgrounds and practice from
children. By using informal input from children a early stage of the design process and
in the right context of use, we believe we havenbable to create a multi-facetted
understanding of the domain, its users and theddseThe time and effort it would have
taken for us to create an intergenerational desgm, and include children in all parts of
the design process, could perhaps have been welsted and perhaps result in different
types of concepts. We have chosen to take anofipeoach than [3] in this design process,
since we are not convinced that we would profihfrthat. As it is now, we consider the
results to be domain specific and in line with indings.

Reflection on the design concepts

As described above the developed concepts wergrasbion the basis of recordings of
children’s ideas, wishes and associations in caraed affected by the members of project
team. We will now discuss how the developed corsceptrespond to the initial framing of
the children’s library domain and how a researchjgmt consisting of many different
partners can work in shared projects with multgrie diverse goals.

To initiate the design process we used blue-skycepts physical installations for the
children’s library. Through the workshop sessiolhgartners improved their understanding
of the many aspects and perspectives on the domhiah resulted in increasingly complex
concepts that took advantage of the spatial pdisigibj the gathered user requirements as
well as the expert knowledge of each partner. Tibebbx was initially intended as a piece
of furniture supposed to change the physical sphae during later discussions it
transformed into a multi-functional media box teapported our focus on social activity in
physical space as well as containing potentialbéih media and furniture partners.
Another example of a progression in the concepeldg@ment pushed and framed by the
project team is the Moon-rock, Search-helmet atddbione. The Moon-rock sketched by a
kid had the ability to dissect and present relesart additional information from a book.
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As this concept was related to the library on Mard in many ways very abstract the idea
of an augmented reality-like helmet came up as eerooncrete proposal using the existing
physical structures but adding new visual layerthtobooks. Later this concept developed
through a discussion on the physical space asfaggerand the ambition that parts of the
children’s library can be noisy. This resulted hme tLib-Phone concept exploiting the
spatially structured books as the interface fornsbinteraction while being an invisible
system to engage children in exploring the mateirathe library.

The guiding principals in the development of theaepts described above have been the
findings in the user studies balanced with the &onMs expressed by the participating
research parties. Therefore none of the concepsrterl on here are associated with
computers in a traditional sense. They all exploeev ways of taking advantage of the
physical environment, children sensor-motor skiltel the social qualities in children being
co-located. They all try to activate digital infaation in relation to physical materials, and
habits in the physical realm. The concepts presehgre focus on supporting existing
activities and beyond in the children’s library botterialise the ambition to change the
children’s library through new opportunities foretkexchange of information that responds
to the interests of the children.

The approach taken and the concepts developedgdtiréninitial phase of the interactive
children’s library project, differs from the stanokother research projects in the domain of
children’s library. Still, we see the possibility wsing other related research as a mean of
preliminary concept evaluation, especially fromjpots such as the International Children’s
Digital Library (ICDL) [17] saying e.g. that as ovimation seekers, children display
evolving information needs and employ iterativersbastrategies, preferring to browse
rather than use keyword searching [1]. Therefoeeititerface of the ICDL is designed to
support alternative ways of searching a collectibdigital books such as categories, colour,
shape or region of the world. However, since th®lUQAs digital, it still support the
traditional approach of one user, one computer.

In [10] findings from studies focused on digitabrtaries are presented, but some of their
findings are directly valid also for physical libies. For instance that children will not use
libraries that is uninviting or that do not suppthr¢ir search and retrieval strategies, which
is in line with our findings, and mirrored in therfiture concepts e.g. the Egg, the Caves, as
well as the physical search concepts, e.g the Stielér and CubeSearch.

One interesting finding from [10] is what they nasoeiable literacy, that beyond utilities to
support searching and reading activities for irdliails, the libraries must support dynamic
and sociable functions, for instance functions sashannotating and sharing materials. In
[9] Kaplan et al discuss the development and fielsting of a “sociable digital library
book”, an application that provide readers with #iglity to leave notes and marks in a
digital book and to share notes and marks withrgthe these studies, the children’s needs
for sociability is found in the physical world af&ltaken one step further into the digital
world. The vast research in children’s social aedrsh behaviours in a physical library as
well as in digital libraries reveals that it is @hily interesting area. However, so far not
much have done in order to combine the two, makiregphysical space in the library the
interface for digital material, and shifting thesé®op computer to ubiquitous computing
systems. When Reuter et al [17] claim that newstalch as online library catalogues,
electronic encyclopaedias, online databases, agithidibraries, bring together children and
information, we in the Interactive Children’s Lilbyaproject take another approach. We
believe that it is true to a certain extent, but stéve to discover if there is a hidden
potential in building physical interfaces to exgdyoth physical and digital material in the
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children’s libraries. Our concepts are the restithiro effort to try to make a difference, and
when finalising the prototyping phase, the judgesaning the children, will show if we

were right or wrong, and if the concepts have thiemtial to stay sufficiently interesting for

continuous use.

CONCLUSION AND FUTURE WORK

In this paper, we have presented the initial figdifrom the Children’s Interactive Library

project. The user studies done with children indbetext of children’s library has led to the
design of numerous concepts that exploit the libcdrtoday by enhancing the physical and
social space with digital properties and resouréasthermore we suggest that multiple
partners should be involved in designing thesadctéve concepts for the children’s library
to avoid a narrow perspective on the potentialghef existing elements to form future

library environments. So far there has been no esatuation, as this is planned in the
prototyping phase. Currently two concepts are urdiarelopment, and test periods are
planned during 2006.

The contribution in this paper is foremost to presithe grounding of this project, and

establish the ambition of bringing together chitdeand books, digital material together with
physical material, in the context of the physidaddry.
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Mobile phones are mainly interacted with througltdms, thumbwheels or pens. However,
mobile devices are not just terminals into a virtwarld; they are objects in a physical
world. The concept of Mixed Interaction Space (MbXlexpands the interaction with
mobile phone into the physical world [Hansen et28105]. MIXIS uses the camera in
mobile devices to track a fixed-point and therelstaklishes a 3 dimensional interaction
space wherein the position and rotation of the phoan be tracked. In this paper we
demonstrate that MIXIS opens up for new flexibleys/af interacting with mobile devices.
We present a set of novel, flexible applicationstiwith MIXIS and we show that MIXIS

is a feasible way of interacting with mobile dewdey evaluating a MIXIS application

against a traditional mobile interface. Finallyg discuss some design issues with MIXIS.

Keywords: Mixed interaction space, Mixed reality, Mobile H@pomable interfaces,
Mobile computing, Spatial aware displays, Drawabterfaces, Gesture interaction.

1 Introduction

Mobile devices such as mobile phones and PDA'’s lmen adopted into our daily life.
Researchers at Nokia have observed that an impodiator contributing to this is the
personalization of the device, not just the commatidn possibilities [Vanéanen-Vaino-
Mattila et al. 2000]. In constant use the mobileide becomes a personal object to such
extent that it intensifies the user’s feeling ofrtgeinseparable from this unique thing. Still,
the mobile devices are more and more becoming sopal computer in both functionality
and interaction. The most common interaction isdgh buttons, thumbwheel or pen, and
through something that can be characterized asvensbaling of the classic WIMP
interface. The mapping of navigation and functiggab buttons, wheels and icons is not
flexible and with low degrees of customization. eTétandard technique to view a large
picture or map is scrolling by repeatedly pressutidm, roll a thumbwheel or drag a pen,
and it is impossible to combine the manoeuvre wihm, since the user has to divert the
attention switching button to change function.

Designing for small mobile devices involves thesslaal problems of limited screen
space, mapping functionality to small multifunc@nbuttons and traditionally a 2D



interface. These problems can be reduced by expartte interaction space outside the
limits of the screen and the physical frames, agdubing natural body gestures, the

interface combine the digital and the physical @arl a new 3D interaction space. By

transforming the interface of the device into ad@fject it becomes a space belonging to the
real world instead of the digital, and thereforduees the cognitive load on the user

1.1 The concept of Mixed Interaction Space

In this paper we present a set of applications thgiand the classical interface and
interaction of the mobile device, to create a mua&ural interaction with a mixed reality
interface. The applications are built on mixed riatéion space [Hansen et al 2005], and
demonstrate a new way to interact with digital infation by using the existing camera of a
mobile device to extract location and rotationtwd tlevice. Independent of the applications,
the concept is to expand the interface of the meathélvice outside the display by using the
space between the front of the camera and a fioéut;pas illustrated in Figure la. The
space becomes the interaction space for gestumgnition. Moving the phone in the
interaction space can be mapped to actions in taphgcal user interface shown in the
display or an action on a nearby device or display.

Figure 1: (a) Diagram of the Mixed Interaction Spa@®) Diagram of gestures for
interaction.



To interact with the system the user only need lwaned for the mobile device, and then

use the natural gestures of the body to addressytem. Depending on the application the
device can be seen as having one to four degreéeedom [Beaudouin-Lafon 2000].
Figure 1b displays how a four degree of freedoma#egan be generated by tracking the
position and rotation of the device.
The size of the interaction space sets the boluglis for the gesture recognition input and
for the augmented interface, and is dependent @rsitte of the circle symbol representing
the fixed-point and its distance from the viewpaifithe camera. A larger symbol spans a
larger interaction space and therefore the gestarse coarser. The fact that there is no
fixed size opens up for the possibility to have kméxed interaction spaces, where the user
have to use fine motor coordination or large spabas requires the user to use larger
movement.

The symbol can be anything as long as the camearadetect it. In the implemented
concept a circle is used, it can be drawn or baragf a decoration of some type and it can
consist of different colours. Choosing simple syilmband using tolerant detection
algorithms opens up for the possibility of drawabiéerfaces. The symbol can also be
associated with a unique id, and combined with sdype of generic protocol to send
information, the concept can be used for contrglfiervasive devices in the environment.

Even though the interaction is based upon natusdllgestures, the concept does not
require external sensor technology or specializeddware. The concept can be
implemented on standard mobile phones or PDA'spgrpd with a camera.

The applications presented in this paper are buglon the principles of direct
manipulation [Norman 1999], the actions are rapidremental and reversible and whose
effect on the object is visible immediately. Thenssare able to act through gesturing and
the display feedback or device functionality occimsnediately which convey the sense of
causality.

In this paper we will demonstrate that MIXIS is@wnand flexible concept for interacting
with mobile devices that combines some of the prigre of tangible interfaces with
traditional mobile device interaction. We will amydior the novelty and flexibility of the
concept by presenting four applications build witie concept. We have discussed several
of the applications at small workshops, and we lragde a formal evaluation of one of the
applications to investigate and demonstrate tha{IBllis also a feasible way of interacting
with mobile devices. Finally, we will discuss mapgiand identity; two central aspects of
MIXIS.

2 Related Work

Beaudouin-Lafon [2004] claims that it is becomingrenimportant to focus on designing
interaction rather than interfaces. Inspired by, the argue that our applications are new
compared to related work because: 1) support a déginee of mobility in the sense that it
is not depending on any external tracking hardwayere highly flexible because a wide
set of different applications can be built by usthg mixed interaction space in different
ways and 3) provide a natural mapping between gesand the interface since we are able
to get quite precise information about the positibthe mobile device in 4 dimensions.



2.1 New interaction techniques for mobile devices

Several projects have explored different new imtiioa techniques for mobile devices
[Fitzmaurice et al. 1993, Yee 2003, Patridge ek@02, Fallman et al. 2004, Masui et al.
2004]. Fitzmaurice et al. [1993] uses a 6D inputicketo navigate in a virtual world, Yee
[2003] uses special hardware from Sony to trackD¥A Rand interact with different
applications using 3 dimensions and Patridge.g280D2] have equipped a small portable
device with tilt sensors for text entries. Thesetems use specialized tracking hardware
that limits the mobility [Fitzmaurice et al. 1998ee 2003, Masui et al 2004] or tracks the
device in just two dimensions [Fallman et al 2084g et al. 2003, Masui et al. 2004],
constraining the flexibility of the systems.

Accelerometers, can interact with an applicatiorubing tilting, rotation and movement
of the device as input. The clear advantage ofithéraction technique is its independence
of the surroundings why it supports mobility verglivit supports new ways of interacting
with applications e.g. scrolling in applicationstiiting the device [Harrison et al. 1998].

2.2 Using cameras with mobile systems

Other projects have experimented with using theezaron mobile devices for tracking and
augmenting reality [Rekimoto et al. 2000, Rohs 208émaCode, SpotCode]. Several of
these projects aim at augmenting reality by usigdodes in the environment to impose a
3D digital image on reality [Rekimoto et al. 200&hd do not focus on the interaction.
SemaCode [SemaCode] is focusing on how to bridgegtp between digital and physical
material. SpotCode [SpotCode] and Rohs [Rohs 2@fels on the interaction, but both
systems relies on tracking two dimensional barattke.g. not on drawable symbols.

Interaction techniques that use integrated canstrangly resemble interactions that can
be designed with accelerometers. The movementtiontand tilting of the device, can
partly be extracted from running optical flow alijoms on the camera images. However,
the camera images can provide more information thenmovement, tilting or rotation
vector. It can be used to identify a fixed poimdat can calculate its relative rotation,
tilting and position according to this point.

2.3 Physical interfaces

MIXIS is related to tangible user interfaces (TUh) the sense that both interaction
techniques try to bridge the physical with the ®ilg{ishii et al. 1997]. TUIs focus on
hiding the computer and having the interaction yaiim the physical world. This opens up
for highly intuitive interfaces, but TUIs are ndiat suitable for more advanced interfaces
with much functionality, because each object orcfiom in the program would have to be
associated with a physical representation. MIXI8sua combination of the physical and
digital world. Most of the interaction possibiliiere presented in the digital world, but to
guide the interaction and to build shortcuts innlagigation a fixed-point is used in the real
world.



3 Applications

3.1 Implementation

Based on the conceptual discussion we designeihgidmented a component to track the
position and rotation of a mobile device within timxed interaction space and identify a
symbol drawn in the centre of the circle. Theraafibeir applications based on the concept
were implemented.

One of our main design goal was to build a systhat everyone could use anywhere
without having to acquire any new kind of hardwaysing the camera of mobile devices to
track a fixed point fulfilled our requirements.

A circle is chosen as fixed-point in our prototyjpeplementation of MIXIS, and it is
appropriated for several reasons: 1) It is a symbast people recognize and are able to
draw. 2) There exists a lightweight algorithm fording a circle in a picture. 3) The radius
of the circle provides information about the distaretween the camera and the circle. 4)
The circle is suitable as a frame for differentiso

To detect the circle, we implemented the Randodnizeugh Circle Detection Algorithm
as described by Xu [Xu et al. 1990] on the phonke Tain reason for choosing the
randomized version is that it is lightweight and amufaster than the Non-Randomized
Hough Algorithm Kélvidinen1995]. We optimized the algorithm for the specifge by e.g.
looking for only one circle in the picture.
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Figure 2: Diagram of the system and how the apfitina use the generic component.
Depending on what application, the communicatiomehds used to communicate with
external devices.

The system is implemented in C++ for Symbian OS d:®a Nokia 7610 mobile phone. To
keep the interaction fluent and to reduce the mgmsed, we capture video in a resolution
of 160x120 pixels in most of the prototype applimas. In some of the applications where
an instant response from the program was not reguie used 320x240 pixels.



In the current implementation a black circle onanty non-black surface is tracked. The
circle does not have to be perfect, the algorittasilg recognizes a hand drawn circle and
the algorithm is also able to find the circle iffelient light conditions, which makes it more
robust for use in different environments. FigurdeZnonstrates how the applications use the
generic component.

3.2 Applications

We have implemented four applications that usentideed interaction space concept. To
test the feasibility of the concept we carried a@utformal evaluation of one of the
applications and a set of workshops discussing sofmé¢he other applications. The
conclusions from the evaluation are presenteddm#xt section.

: e
Figure 3: MIXIS applications (a) Diagram of the leagdPieMenu application. (b) DROZO
in use on a wall display. (c) ImageZoomViewer ie.us) DrawME, “Call Andy?” “no” —
left, “yes” — right.

3.2.1 ImageZoomViewer

The first application allows the user to pan andrasimultaneously on a picture by moving

the phone in the mixed interaction space, see €itjar When moving the phone closer to or
further away from the circle the application zoomand out on the image. Moving the

phone to the left - right or up - down makes thpliaption pan the image in the direction

the phone moved.



We have worked with a basic scenario; navigatiom omap. Maps are normally too large to
fit on the screen of a mobile device and users hetid an overview of the entire map and
details like street names. In Figure 3c we dematesthe use of the ImageZoomViewer for
browsing a subway map, here using a printed cptdeed on a wall. The arrow points at
the visual cue displayed on top of the map thaicatéd what kind of interaction the user
was performing. In the picture the visual cue om display shows that the user has placed
the physical circle slightly to the right of thentee of the camera view why the visible area
of the map is panning slowly to the left. The apgiions resembles the application
implemented by [Yee 2003, Fallman et al. 2004], bubur application no specialized
tracking equipment is used and we were able to pathand zoom at the same time.

3.2.2 LayeredPieMenu

In the application called LayeredPieMenus MIXISingestigated and used to navigate a
menu structure. The interaction space can contanmenous menus organized as pie menus
[Callahen et al. 1998] on top of each other. WHm ¢amera recognizes the circle a pie
menu appears and augments the circle on the displeypie menu consists of up to eight
function segments that surround an info text exitg which menu is at hand. The
functions in each menu can be selected by panhmghone towards the specific segments
and back to the centre. By making a simple gedturards the circle and back again the
next menu is selected and moving the phone awary fhe circle and back again selects the
previous menu. The diagram in Figure 3a demonsttate principle of the LayeredPieMenu
application where virtual pie menus are stacketbprof each other.

3.2.3 DrawME

In the DrawME application the device is, besidemfrrecognizing the clean circle, also
able to distinguish between a set of hand drawrbsysnwithin the circle. Like in [Landay
et al. 2001] DrawME opens up for the idea of draeabterfaces where the user is able to
draw shortcuts, to applications in the real worlg. ®n paper, whiteboards and walls. In a
sense the user add another layer or functionalitdisposable doodling. When the user
draws a circle containing a specific symbol the esrrecognizes the input and performs
the function mapped to the specific symbol. Theadlgm stores a set of masks of known
symbols and finds the best match between the syimbtile centre of the circle and the
known masks. At the moment the mask is hard-codeti different symbols, but we are
working on a user interface for creating and magmiew symbols. In DrawME we mapped
different symbols to the single function of calliagcertain contact from the address book
illustrated in Figure 3d. To either confirm or refjecalling the contact appearing on the
display the user pan towards the yes and no icispgagted on the phone interface.



3.2.4 DROZO

The application Drag, Rotate and Zoom (DROZO) foenshow the mobile device can be
used to interact with pervasive devices in the@aurdings equipped with an interactive
circle. The commands are sent through a generim@oh see Figure 2. We enhanced the
application by putting a circle underneath an x{p#&ture on a large wall display, allowing
the user to drag the picture around on the scrsig the mobile device. The user is able to
zoom in and out on the picture by moving the decioser to or away from the display, and
to rotate the picture by rotating the phone. In ditst prototype we used GPRS to
communicate between the wall and the phone, bthiémew version we use Bluetooth to
communicate between the device and the screeneBblle to rotate the picture we added a
small mark to the circle that allowed us to detetation as illustrated in figure 3b.

4 Evaluation

Our main purpose of introducing the MIXIS concephbt to argue that this is necessary a
faster way to interact with mobile devices: Our mpurpose is to show an alternative and
more flexible interaction concept. With the Image#d/iwer we performed a usability test
with fifteen persons to see if it is feasible t@ 04IXIS as an interaction technique. We have
had some preliminary experiences with some of theraapplications at a workshop where
we invited a group of users and their childrenetst some of the applications. However, in
this paper we will focus mainly on the usabilitgttef ImageZoomViewer.

4.1 Usability test of ImageZoomViewer

We wanted to investigate if users were able toousenterface as efficient as the traditional
interface offered by mobile devices, to use theltess guidelines for further development.
Therefore a usability study was conducted, compgatie ImageZoomViewer application to
a standard application for picture viewing from NokAn even more important aspect was
to test if MIXIS was perceived as a fun complemtntraditional interaction techniques.
The participants were 15 in total, and they hadousr degrees of experience from mobile
devices, spanning from not owning one to softwareetbpers for mobile phones. None of
them had ever before seen or used gesture intemdoti mobile devices.

The test was performed in a quiet conference r@hpkia 7610 mobile phone was used,
and there was a drawn circle on a white paper enahle. The two tasks were designed to
test map viewing, a typical use case for mobilei@sy; including shifting degrees of zoom
for overview and detail. For each of the two taskepnventional Nokia interface for image
viewing using buttons was compared to the ImageAtGemer application. Each
participant did both tasks using both interfacebem@ half of the participants started out
with the conventional interface and half with thewninterface and then switched for the
second task. Before starting instructions were rgiveboth techniques and both interfaces



were practiced on a dummy data set for a few mibefore proceeding with timing tasks.
For each task a new data set was used, to reda@ng effects. The order in which the
different data sets were used changed for halietést group.

41.1Task 1

First application: Given a subway map, locate thesbBine and follow it from the most
southern end station to the most northern endostati that line. Read the names of the end
stations out loud.

Second application: Locate the green line and ¥oltdrom the most southern to the most
northern station. Read the names of the end statiohloud.

4.1.2 Task 2

Second application: Given a second subway maptdaozatation in the centre of the map
and tell out loud the colour of all the lines tisédp there. Follow one of those lines to the
two end stations and tell the name of those.

First application: Go to a different centre statamd tell what lines stop there. Follow one
of those lines to its both end stations, and kefinames of the end stations out loud.

4.2 Result of usability test with ImageZoomViewer

Independent of what data set or interface, the eser rates were not significant, and there
was no difference between the two data sets foh ¢ask. After the test was over, the
participants were asked which application they gmrefd. The majority of the test persons,
80%, strongly preferred ImageZoomViewer for mapwitgy. Table 1 and 2 presents a
summary of the experimental data.

The conventional interface was 6% faster then IrdagenViewer in the first test, but in
the second test the ImageZoomViewer was 9% faasatiustrated in Table 1. These results
show that gesture interaction with ImageZoomVieisea quicker method the second time,
concluding that with some practice the conceptcimialy a more effective navigational
technique.

During the user tests, it became obvious that iktamce between the camera on the
mobile device and the circle on the object was velgvant. The female test persons were a
bit shorter in height, and the positioning of acl@ron the table made the phone end up
closer to the face leading to that the interacti@s not natural to the same extent as for the
men. It was a lack in our test that the test peyseere not asked to test different positions
of both the circle and of themselves, to find thestcomfortable and effective distance.

The most positive comments were about the direcinection between the physical
movement and the interface, and also the posyiltdippan and zoom simultaneously. The
overall experience was that it was intuitive, fum &ffective.



The most frequent complaint concerned the refrathand the sensitiveness of the system.
This problem was due to the size of the circle:sleuld have chosen a larger circle, since
enlarging the circle also enlarges the span ofritegaction space and therefore the gestures.
The ImageZoomViewer was due to the sensitivenessidered a bit less precise than the
conventional interface. In some cases there wersmants about the small size of the
letters, which was a problem due to the qualitshefpicture we had chosen.

i I 1 25

" — | 24
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|} 3.20

0Omin 1 min 2 min 3min 4min

[ imagezoomviewer [l Conventional Interface

Table 1: Experimental data from the usability tgkere ImageZoomViewer was tested
against a conventional Nokia interface for viewpigtures. The bars represent the time to
complete two tasks (T1 and T2) for each interface.

[] preferimageZoomviewer [ ] Neutral [l Prefer Conventional Interface

Table 2: Subjective preferences from the usaltiisy.

5 Discussion

The main outputs from the tracking component aeeldbation and rotation of the device in
relation to the fixed-point and in some cases mfation about the symbol inside the circle.
Applications can use this information in a numbgways to interact with the device. This
flexibility open up for the creation of a wide vety of different types of applications as
shown above. We found two aspects relevant in d®sgr the characteristics of the
different application. The first was how the movernef the phone in the mixed interaction
space was mapped to the application and the sewasdif the tracked fixed-point was
associated with an identity or ID. Below we wilbtioughly discuss these two aspects.

5.1 Mapping applications to the Mixed Interaction
Space

Basically two different types of mapping were foupdesent in the applications we
explored, natural and semantic mapping.



5.1.1 Natural mapping

In the first type of applications we tried to madetight coupling between the physical
movement and the application, trying to accomptistural mapping introduced by Norman
[Norman 1999]. One example of this is in the ImamemViewer application, where
moving the device to the left, right, up or downkes the application pan the image.
Moving the phone closer or further away from theclei the application zoom in and out.
Another example is the DROZO application that ubkesrotation of the phone to rotate the
current picture.

To further discuss mapping we need to introduceiséindtion between absolute and
relative mapping. In absolute mapping there existsie to one mapping between a specific
position in the mixed interaction space and thdiegion. E.g. each time the phone is in a
specific position in the space the application wdtoll and zoom to the same position. The
project suggested by Yee uses what we call absolafgping [Yee 2003].

Relative mapping maps a specific position in th&cspto a movement vector instead of a
position. Keeping the device in the centre of thixemh interaction space resembles the
movement vector null, which we call the stable zihustrated in Figure 4. If the device is
moved outside the stable zone the position of théce is mapped to a movement vector in
the application. E.g. moving the device to the tdfthe stable zone would be mapped to
keep scrolling to the left until the device is mdvieack into the stable zone. The further
away the device is moved from the stable zonedhktf the application scrolls. The project
suggested by Fallman uses relative mapping [Fallehah 2004].

Figure 4: Diagram of the stable zone in relatiothedrawn circle.

We explored both relative and absolute mapping ig. ¢he ImageZoomViewer
application. With absolute mapping moving the phtoveards the circle results in a zoomed
in picture, moving the phone to the left edge @f $pace moves the focus to the left edge of
the picture and so on. One of the problems witholits mapping is that the Mixed
Interaction space has the form of an inversed pigtdaee Figure 1a), meaning that, if the
device is close to the fixed-point, the x, y plamesmaller than when the device is far from
the fixed-point. This property makes mixed intei@tt space unsuitable for absolute
mapping or at least absolute mapping on all thress.alt is still possible to use absolute
mapping for instance for zooming and then useiveahapping for panning. We found two
other problems with absolute mapping. The imagetutag by the camera has to have



similar size as the picture being watched; othexwismall movement with the device will
make the picture jump several pixels. Secondlyabse the mechanism for determining the
exact position and radius of the circle is not alsvaxact, the picture becomes more vivid
than with relative mapping.

Relative mapping is best suited in our applicatioks an example, using a circle with a
diameter about 2,5cm made a stable zone approximate cm above the circle as
illustrated in Figure 4. When the device is withitis zone the picture is fixed and when
moving the phone forward towards the circle or advayn the circle the picture is zoomed
in or out with a speed relative to the distancenfrihe stable zone. The same applies for
panning. The disadvantage with relative mappirthas it does not provide the same spatial
awareness as absolute mapping about the positidheopicture. Relative mapping is used
in the evaluated applications.

5.1.2 Semantic mapping

The second type of mapping we use is what we @aliamtic mapping. With semantic

mapping moving the phone in a specific directionresiinot necessarily map to the
application moving in the same direction. With sati@amapping a metaphor is used to
bridge between the physical movement and the actiothe device. For instance moving
the phone to the left might correspond to the acfitay media file and not to move left.

This kind of mapping resembles the mapping useddasture based application where
performing a gesture is mapped to a specific fomcind not the same movement in the
interface.

A characteristic of semantic mapping is that itdiscrete; the space is divided into
different zones that can be mapped to activateemifft functions. E.g. in the
LayeredPieMenu moving the phone down towards ttetifpoint and into the stable zone is
mapped to the function “go to the next menu”. Temantic mapping between the gesture
in the interaction space and the application caarbérary which also results in problems
with purely gesture based interfaces. How are #stuges the system recognizes visualized
and how are these gestures mapped to the diffepgtications? With LayeredPieMenu we
use the display of the mobile device to guide theruBy graphically visualize the different
menu items in the display the user was helped ifiguout e.g. that making a gesture to the
left would activate the function displayed to thé bn the screen.

5.2 Mixed Interaction Space with or without Identit vy

One of the main strengths we found of Mixed Intdoac Space in comparison to other
systems [Rohs 2004, Semacode, Spotcode] is thatybEem also works with simple
symbols e.g. a circle drawn by hand. We found, thaet of very different applications
could be designed by giving the circle differenpeag of identity. We made a distinction
between interfaces needing solely a simple cilieibction (simple fixed-point interfaces),
interfaces that uses a simple fixed-point with asogiated icon drawn by hand (drawable
interfaces) and interfaces that need to associateicue ID with the fixed-point (identity
interfaces).



5.2.1 Simple Fixed-Point Interfaces

The simple circle interface proved to be the mistilble. A simple interface just needs to
have the software to recognize a circle to worke €hicle could be drawn with a pen, but
we also explored how to use different things asasker like special finger rings or a black
watch. The ImageZoomViewer and the LayeredPieMeawegamples of simple interfaces.

5.2.2 Drawable Interfaces

The main characteristic of drawable interfaces&t the system is can recognize different
symbols drawn by hand within the circle and provédset of different mixed interaction

spaces on top of each circle, as illustrated inWDM&. Landay et al. [2001] present an
application recognizing the widget in a hand drawterface. We wish to pursue the

possibility with drawable interfaces, but in costrégo Landay in our system the drawing is
the actual interface.

Instead of squeezing a lot of functionality intcsiagle device, drawable interfaces are
able to customize the interface with only the fios required in the given situation. The
drawn symbols can be seen as physical shortcudghet digital world and resemble TUIs
that also try to distribute the controls to thel ngarld. One of the problems with TUIs as
pointed out by Greenberg [2002] is that you haveany a lot of special tangible objects
with you if you want to use these interfaces in @bite setting. Greenberg [2002] propose
to use easily customizable tangible objects, bllitystu have to use a set of tangible objects.
With drawable interfaces all you need is a drawahidace and a pen, and after use the
interface can be wiped out or thrown away.

Another advantage with drawable interfaces is ##h circle can be associated with a
4D mixed interaction space with the interaction gilofities demonstrated in e.g.
ImageZoomViewer. Furthermore this application care ktombined with the
LayeredPieMenu concept as a fast physical shottcaertain predefined functions in the
phone e.g. the four most called persons, sendiecedil and so on.

The number of symbols the system recognizes antétsrs dependent on the software,
the hardware and the context. Sometimes it isadifififor the application to recognize a
colour because the colour seen by the camera depmndhe quality of the camera, the
lightning, the pen used to draw the colour, andstiace. Therefore a small set of different
colours are best suited for drawing the symbol®e $hme restriction applies for symbols.
Because the symbols are hand drawn and not comgetarated to symbols never looks
exactly the same. Choosing a set of symbols thas dot resemble each other works best
with drawable applications.

Drawable interfaces opens up for a whole new afeastomization and personalization
of the interface of the mobile device, which is dnmgortant factor contributing to the
success of mobile devices. The user is able tosadhe device to recognize new and
personal symbols, to make it even more “intellijemd unique, since the user becomes the
interface designer. In the workshop with DrawMEe tharticipants strongly welcomed this
possibility to customization, both because it i fand that it provides the ability to
personalize their device. The workshop also taughthe importance of having the user in



total control of the mapping, and not have autoenaiapping of any kind. We consider that
it should be fun to interact with technology, argpecially with the mobile and personal
devices. Schneiderman [2004] highlights this aspétit a recent question: “Did anyone
notice that fun is part dfinctionality?”.

5.2.3 Identity Interfaces

In the final type of interfaces the fixed-pointassociated with a specific identity or unique
ID. The identity can be read by printing a barcad¢he circle [Semacode], providing the
identity by using short range Bluetooth [Blipnodes] by RFID tags [Want 1999]. The

corresponding mixed interaction space can thertdredin the device, transmitted through
for instance Bluetooth or downloaded from the inétr We used identity interfaces in the
DROZO application.

Identity interfaces are especially suitable forematting with external devices or as
shortcuts to specific places on the internet. UdiXIS to interact through identity
interfaces can be seen as a possible method tadhtsith the “invisible computer”. When
computers get smaller, embedded or even invisibgehiecoming more difficult for the user
to know how to interact with them. A circle on alwean be used as a visual cue,
signalizing the existence of a hidden MIXIS intedaand can at the same time be used as
fixed point for the interaction space. In this wthe context can be used to reduce interface
complexity.

6. Conclusion

The main contribution of this paper has been toodice Mixed Interaction Space, a
concept that investigate and demonstrate that rteraiction with mobile devices is not
something that has to be limited to the screenbanitbns on the phone. By using the camera
of a mobile device we are able to combine the pkoabilities with the physical
environment and introduce a new interaction concept

In this paper the main focus has been to introdP€lS and demonstrate some novel
applications with the concept. The applications thgecamera in the mobile device to track
a fixed point and thereby establish a 3 dimensidmairaction space wherein the position
and rotation of the device is calculated. The fagplication, ImageZoomViewer, allows the
user to pan and zoom simultaneously on a picturanbying the phone in the mixed
interaction space. In the application called Lagi®ieMenu the mixed interaction space is
used to navigate a layered menu structure. In tleevBIE application the device is able to
distinguish between a set of hand drawn symbolkimithe circle. The application Drag,
Rotate and Zoom (DROZO0) focus on how the mobileiaee¢an be used to interact with
pervasive devices in the surroundings equipped avitmteractive circle.

Mapping and identity, two central issues with MIXHave been discussed and some
relevant distinctions and design challenges hawn lpointed out. However, mapping and
identity are just two aspects of MIXIS and we cae sseveral other possibilities in
combining tangible interfaces and mobile phonesaBse the mobile phone is a highly
personal device most people have we are e.g. ¢lyrlenking into how to use the concept
to design multi-user applications and so far MIX$8ems to have some interesting
properties in this domain.
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ABSTRACT

Public spaces are changing from being ungoverrackplfor interaction to be more
formalized, controlled, less interactive, and deei) places aimed at fulfilling a
purpose. At the same time new personal mobile molgy aims at providing
private individual spaces in the public domain. this paper we explore the
implications of interacting in public space and h@ehnology can be re-thought to
not only act as personal devices, but be the tooktlaim the right and possibility
to interact in public spaces. We introduce infoiiovaexchange, social support and
regulation as three central aspects for reclaimiallic space. The PhotoSwapper
application is presented where tangible and pereasichnology is embedded in a
public setting with characteristics adopted frotnaaitional market place. Based on
the design of the application we discuss four intgoutr design challenges when
designing for public interaction.
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INTRODUCTION

The information technology present in public spagesncreasing drastically.
Billboards are replaced with digital displays, ttkember of portable devices has
increased, wireless networks allow internet corinacthroughout the urban
landscape, laptops are a common device in cafesaifiee bars and surveillance
cameras monitor and analyze the life unfoldingubli spaces. All this technology
affects how life unfolds in the public space. Mebghones and mp3-players are
designed to be single user devices that most afteate small enclosed personal
spheres within the public space. Information digplaare mainly designed to
distribute advertisement or notification and arethwonly few exceptions an
information push setup, where people’s role is dostme messages. Finally, as
large parts of public space is occupied by comraériciterests new rules both
regarding acceptable social behavior as well asofisechnology becomes highly
regulated

The use of technology in public space for pushimfgrination along with devices
for creating personal islands in the public aresame extend the opposite of the
notion of public spaces as being interactive, $pdiamocratic and self-organizing.
A number of initiatives have hence worked with gstachnology to reclaim these
aspects of the public space [1][5][16][29]. In thiaper we follow this line of work
and investigate how mobile, pervasive and tangtblshnology can be used to
design more interactive, social and self-regulaggstems for use in the public
space.

The outset for the discussion is our work with temlbgy in public spaces both
indoors and outdoors. To leverage the discussiorpresent the PhotoSwapper
application. The application evolves around a dhdrgeractive surface where
pictures from mobile phones can be viewed, shagglpred and interacted with by
multiple simultaneous users. Based on this work, wike present a number of
design concepts that address design issues relatibglancinginformation push
with information dialog personal spherem public spaces witlsocial interaction
andcontrol versusself-regulated behavian the public.

RECLAIMING PUBLIC SPACE

Public space can in general terms be describechlea open to all free of charge.
Furthermore public space in democratic countriesdssidered a space where
people can express themselves politically e.g.uhinodemonstrations and live out
their lives within the law.

The use of public space is carried out in differemtys. In some cities urban
planning forces people to use cars or other mehtramsportation to access public
places and some cities are designed to segregapdefeom different social classes
to minimize the “risk” of being confronted with atrgers and other people living
their public lives. In cities that are not initialblanned for cars public spaces often
function as an extension of the living room e.g.tedy where most public life
occurs as pedestrians on streets and in publieplags stated by [13] space is

89



turned into place by the meaning, content and wded by the people. Still
people’s views on public spaces are very diffedagending on social status, age,
political observance and so on. Public space ismazing physical and social
interface between these very different people arsktaof urban interests both
regarding consumers, suppliers, dwellers and jigtisth. The ways these interests
interrelate has been and is under continuous der@nt and depend on spatial
layout, political agendas, climate and culture ef.u

However, there seems to be a development in theotigmiblic spaces towards
increased centralization and control of the us¢he$e settings. Being engaged in
private activities in public is often looked down and offends a range of other
sub-cultures as this behavior ruins their imagéhefdivision or gradient between
public and private activities as [13] exemplifigsdugh the development of the
bedroom since medieval times till today turningnfran open social activity to a
private concealed activity. A similar tendency danseen in the development of
public space where consuming alcoholic drinks imynpublic places is becoming
illegal, but it is still legitimate on sidewalk &=, nevertheless it is the same social
activity going on (though more uncontrolled in fhéblic setting). A similar change
is happening through the arising of malls that @révatizing public space
mimicking the spatial structures and the rules wlblig space, however creating
controlled semi-public spaces filtering people,niquiis and potential activities.

The design of technology in public spaces is a lgiglolitical act that can both
enforce the governance and centralization of puldpace or allow more
unstructured social behavior. To discuss theseesssie introduce three aspects of
technology design in public spacdsformation ExchangeSocial Supportand
Regulation Figure 1 presents the three design issues. Ttheddaircles show what
technologies for public spaces are mainly desigoedupport today, and the full
circles describe a more balanced use of technafothye public. These aspects will
be further presented in the following sections.

Figure 1: Design aspects for technology in publiclace

The Push of Information in Public Spaces

As seen with the rise in large malls there is hem@mercial interests in controlling
or being present in public spaces due to the numbpeople passing through. We
see many examples on how these interests competthdoattention of people
present in the public for maximum exposure e.gTone Square where the battle
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between the different billboards create a massivghpf information towards the

public. This strong commercial interest in pushimigrmation to the public leaves

the average person in a public place as a consafremlvertisements. This is not
necessarily negative, but it raises the questilengiis the only type of information

exchange possible in public places? What happeitisetdnteraction between the
physical space and the people present or betwegpeibple? Is it possible to design
technology in public places that is more symmetrid democratic?

Public users should be able to change this “pushté¢ncy towards a situation
where the public can expose, comment and edit eitsmef the public space.

Thereby, letting the space be formed and shapatidopeople passing by and not
only mimicking commercial interests. This leadstihe design aspect we define
Information exchange meaning turning the tendency from information tpus
towards information dialogue (see Figure 1).

Public Interaction with Pervasive Technology

To understand the activities taking place Gehld6lines the use of public space
into three categories - necessary activities, opfiactivities and social activities.
These categories are suitable for understandinditfezent activities and use of the
public space both concerning work and leisure diss In this paper we will
mainly look at the social activities in public spabowever as Gehl's categories are
defined before the emerging pervasive and ubigsiteahnologies we will look at
how new technology can enhance and facilitate tiygses of activities in public
spaces.

Inspired by [13] we see place as a part of spatended with social and cultural
meaning. As the rules guiding public activity limithe interaction we see novel
technology as a design material for reclaiming jubiteraction. The goal is to
produce designs that encourage and support sotelaction in public places
without dictating any terms of use. To establisk ttesign we take departure in the
fact that a large part of physical public spacexperienced visually and therefore
there is a need for moving the bits in mobile desiout in the public. An example
is the “Blinkenlights” project [29], where peopl®ntrol the lights in an office
building by SMS-technology.

Counting the number of digital installations anddiad the number of personal
devices present at any time in a public space imadern western city the
technology present is overwhelming. Wireless nekarover many city centers
and people are becoming increasingly online anyaiierough personal mobile
devices. Though all these places and devices armected they are not
communicating with each other. A mobile device éssonal and the user has the
possibility to perform private activities in publgettings e.g. sending love mails,
talking on the phone or buying stocks. So far muwisthese activities are not
exploiting the fact that they are performed in prispbace, one could say that the
mobile device is just extending the office spade the public without engaging in
public life.

If we imagine using a mobile device for engagingublic activities this changes
the device from being an introvert gadget to awateto digital interaction and
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presence in the public space. Mobile devices areosamon that almost everyone
carries at least one device. By letting the moliwice be the entry point to an
interactive version of the public space the intBoacis not limited to the person in
control of the joystick, mouse, or control box, lweryone can interact through
their mobile device. The mobile device is alwayssent and also a highly personal
device where personal information e.g. phone numbaessages, pictures, music,
videos, games, themes, emails are stored. It isch@n interesting gateway between
the personal and public domain.

This leads to the design aspect we identifig@sal support meaning going from
the personal sphere created by personal technslogieards social interaction in
public places (see Figure 1).

The Control and Governance of Public Spaces

The rules governing the behavior in public spaaedrio strike a balance between
the fears of exploitation versus the joy of expi@ssToo much control result in
doll predictable public spaces whereas no regtristcan end up in pure anarchy. In
[19] the virtual city of Karlskrona2 is managed &yroup of people through their
virtual avatar citizens. What is interesting abthis experiment is that there exist
no laws and rules from the beginning — Karlskroma2 totally open virtual city
platform for discussion and experiments with goesce and self organizing
planning. During the experiment lots of rules eweadlvcreating a common
understanding of the life in Karlskrona2. A similapproach to public spaces is
needed to make a stronger potential connectiondmtwhe public space and its
inhabitants, and hereby establishing the grouncglace-making [13]. Beliefs that
systems to a certain extent will self organize find a level that is not offensive to
the majority of the public is crucial.

The trend is however the opposite, that more ance maes apply (no alcohol, no
loud sounds, no skateboarding) as well as moreeglance through video cameras
to ensure highly safe and controlled environmeAtgin safe environments are
definitely preferable, but the point is again tokst a balance between freedom of
expression and control. Here it is important to eerher that any part of public
space can be misused and introducing a new chavelxpression through
technology will not make it better or worse, butyima different.

Public space has to be able to provoke, inspire mrah opinions — think about
singing football supporters cheering, carnivalshwitusic and dance or political
demonstrations. All these happenings and activitieght provoke and offend
however they point exactly at the important partpablic space - it is alive and
partly out of your control.

This leads to the design aspect we identifyregulation meaning going from
regulated behaviour into more self organizing (§égure 1). In the following
section we will describe an application aiming toua the design towards the full
circle rather than the dotted circle in Figure 1.
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THE DESIGN OF PHOTO-SWAPPER

Moving on to design, we wanted to create a dedighdimed at balancing the three
identified aspects in the public space discusdfdae.searched for an urban activity
which could guide our design. We found the notiba anarket place to be a strong
metaphor for public space design.

An Interaction Metaphor: Market place

A market place is a highly interactive place whgmods are traded and prices
negotiated. Small talk with acquaintances and spéFsons are the rule, not the
exception. In many market places you can bring yovun stuff and either sell it or
trade it for new items. And if you have got a spetalent — being able to perform,
draw, play chess, or pretend to be a statue - tiypss of activities are also highly
appreciated at a market place. It is acceptedstbpithereto see what is going on,
enjoy the atmosphere and hear other people’s apsnio

Overall, a market place is full of atmosphere @datot only by the physical space,
but more by the people present. It is a place fegotiation and expression.
However, as a market place is relatively self-goedr there is a risk of being
cheated, tricked, offended or pick-pocked. The magdace reflects the people
there, both the good and the bad sides of lifedéscribed earlier [13] place is
created from public space in the user’s appropmatf space adding content and
meaning, in this case through the exchange of gaodsthe social activities this
brings along.

In the design of an interactive tangible systemgablic space the market place
seemed to be a good metaphor. Users of the sys$teutdsbe able to come to the
market with their goods, trade, look around, playngs, talk to each other, pick up
stuff and leave again.

In this paper we present the PhotoSwapper appitas a prototype example, an
application for viewing, talking about, playing wiand sharing photos. The users
can bring their mobile phones full of personal pisoto the market place and use a
shared public surface to upload, discuss, viewaanglire photos.

The PhotoSwapper Application

The PhotoSwapper application is designed around amneeveral large public
surfaces (see Figure 2). We call the setup witfediht projections or displays in
public places a marketplace. The marketplace imealelatively uninteresting,
however, the surfaces become much more interestingn someone brings a
mobile device to the market place. By connectirgy ifobile device to the market
place a new mixed system consisting of both thdipystem and the personal
device is created. The system is not limited to simgle device - everyone can
connect personal devices to the system and chaeg®pology of the system. The
constellation mixes personal and public devicesvai as physical and digital
spaces.
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Figure 2: A market place shared display

In the Photo-Swapper application we use Bluetoothannect the mobile devices
to the public surfaces which requires people imtitmg with the system to be
physically present. A small program on the mobheme automatically connects to
nearby surfaces when it is started. As soon agrisi€onnected to the surface the
user is given a personal cursor which can be cetirédrom the mobile phone e.g.
by using the Mixis interaction technique (describiedthe next section). An
important point is that each user is given an iitligl cursor which allows several
users to interact with the display simultaneousig the interaction is not limited to
the person controlling the mouse.

By pressing a key on the phone a dialog box is egemhere a picture from the
mobile phone can be selected and uploaded to thécmurface. A thumbnail of
the picture is presented on the public surfacettagewnith a colored grapping point
that links to the user that uploaded the pictuee (Bigure 3). The picture can be
dragged, viewed in full resolution on another digpldeleted or downloaded.
Viewing photos in full resolution is achieved byadging the picture to a porthole
icon that moves the picture to a separate screérslaows it in full resolution. By
pressing a key on the phone the picture can beediete downloaded to the phone.
The described application is implemented and ttareshdisplay application runs
on standard PCs with Bluetooth Dongles. A small Qgrégram handles the
Bluetooth communication whereas the main interfacevritten in Macromedia
Flash. The application for the mobile devices iplamented in Symbian and runs
on most never high-end Nokia phones e.g. Nokia 76680, 6680.

Figure 3: Detail of the PhotoSwapper application dmonstrating the individual cursors,
photos and porthole.
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Using Vision to Interact Through Mobile Devices

For the navigation of the individual cursor we dahde explore an alternative
interaction technique called Mixis [10, 11, 12], iaih support interaction in 3-
dimensions and thereby uses the mobility of thedhatd private device.

With Mixis an object is selected as a referencepby taking a picture of it with
the mobile device. The reference object can behamytthat stands out from the
surroundings by having a specific color or patterg,. a jewelry, some cloth, or a
handwritten symbol, and if no suitable object igrfd the users face can be used as
a reference point [11] (if the mobile device is ipped with a camera pointing
towards the user). Video from the camera is andlymethe mobile device and the
position on the mobile device in relation to thattee is calculated.

This vector is then used to control the cursorhenshared display. E.g. moving the
mobile device closer or further away from the tetlobject can grab and release
photos or interactive icons. Moving the phone laht, forward and backward can
be used to move the cursor on the shared surface.

This technique has previously been used in sewimgle user applications, but it
turned out to also be highly useful in multi-usppkcations for one or more shared
displays. The advantage of using Mixis is thatlibws interaction in three
dimensions as well as more precise control thamplgimp/down/left/right key
presses.

Identifying multiple cursors

Another issue with multi-user applications is hanidentify which cursor belongs
to whom.

In the Photo-Swapper application the color of thesen reference object for the
Mixis interaction technique is transferred to théerface, and this color identifies
the user on the public display. The personal cuisogiven this color and all
uploaded pictures are tagged with this color. bt thay the pictures on the shared
surfaces are all marked with colors taken from bjea that is present or has been
present in the context surrounding the interfacelatthg to the public space
discussion this is analogue to referring to soménitkee public as “the girl with the
green hat” without knowing her phone number or name

Test Set-up and Challenges with PhotoSwapper

In a test setup displayed in Figure 4 we used twge surfaces - a floor projection
and a large wall back projected screen, but otbtps could be used as well, e.g.
PC's, or interactive tables. The floor projectiootsaas the market place and
provides an overview of uploaded pictures fromdbdocated mobile phones. The
pictures can be viewed and dragged around on tlog, fand a portal icon allows

the pictures on the floor to be viewed on the daplay.
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Figure 4: PhotoSwapper using floor and wall

While testing the application, we were able to makemall unstructured test.
People involved as test persons were local anditamiith the floor projection as
well as the back projected screen, but not in caatimn and not with this specific
application. The setup was placed in the entrafieeresearch institution.

Due to the test subjects’ high technical skills geteral interest in technology as
well as the semi-public setting these results mighfrom reflect the lessons learnt
from deployment in real public spaces. We are alyeworking on staging the
setup out in the real world, but are faced withuanber of technical challenges.
Among others one of the challenges is to get thegnam responsible for
connecting to the market place distributed to gdarumber of phones.

The Potentials of PhotoSwapper

While a substantial amount of work is needed to enthis application to a real
public place, the prototype directly address theeghaspects introduced in the
discussion on public space. This is done by supmprocial interaction in that
multiple users simultaneously can engage in anrimdbion dialogue through the
shared market place. The governance and regulafitime specific content is laid
out to the users.

Being able to upload, download and discuss phatgsublic places opens up for
new ways of influencing the public space. PhotoSweauilds on the mechanisms
of public rules and governance. Everyone can intafaough a mobile device and
expose statements, happiness or anger by addingntoim the shared surface.
People can show their holiday pictures to the guidiMcDonalds can post images
of their menu. The only rule is that rules are mageby the users. This openness
has the potential for users of public space to gmuate it and turn space into a
meaningful place that constantly reflects ongoitggussions, new opinions, joy,
and sorrow. We imagine small games, riddles, catrips, photo competitions and
more to evolve in different sub-cultures expresshgdiversity of public life.

DISCUSSION

Based on our work with design in public places wggest four design challenges
that need to be considered when designing tangibieractive, social and self-
organizing systems for public spaces:
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How to move from single-user designs to multi-wsesigns

How to move from individual to social design

How to move from closed systems to open and ext@adystems
How to move from regulated to self-organizing andleing designs

From Single-User to Multi-User Systems

There is a constant struggle to develop new apjica and technologies capable
of multi-user interaction on shared surfaces. la beginning the focus was on
sharing existing single-user applications acrosgtaork, such as for instance the
MMM project [2]. Later the notion of Single Displagroupware (SDG) was
introduced [23], and findings such as significadrhing improvements [7], more
motivation [14], higher levels of activity and letisne off [15] are arguments
supporting the development of technologies wheneersé people can interact
simultaneously on a shared surface.

Still, far too many multi-user applications arewsdly single user interfaces with a
public display and only one or two mice or keyb@aodn be active at the same
time [17]. As we are designing for interaction inbfic space we argue that the
application has to support and exploit the behavajrpeople in public space, e.qg.
multiple simultaneous activities in the same plasghy we argue for a
democratization of the interaction where all usgespotentially able to manipulate
the interface simultaneously.

PDAs and mobile phones can be used to implementltsineous inputs. The Web
Wall [8] and Digital Graffiti [5], allow users togst comments and to annotate a
shared display by constructing the annotation &D#& or mobile phone and then
apply it to the system through a web-based interfatis supports democracy, but
it is networked based and not completely simultasBo An important aspect of
the market place metaphor is the possibility ofhexme - these systems do not
support taking information with you through youtaraction device.

Other multi-user systems include capacitive sudamedevices like the SMART
DVIT [28] and the MERL DiamondTouch [6] that copéttwsimultaneous inputs,
or active ultrasonic pens such as Mimio Virtual [@kK]. Even more interesting is
the capability of tracking and distinguishing beéweusers actions, such as the
Multi-Light Tracking system that allows four usetsinteract simultaneously on a
back-projected display [20]. These techniques aiseth on direct interaction with
the display, but this one-to-one mapping is noedaistic interaction paradigm to
use in public spaces, where e.g. scalability, atioit and physical security are
problems [1].

In the PhotoSwapper application multi-user intacectis supported through the
Mixis interaction technique. This technique useopte’s mobile phones as
interaction device and scales to the number ofsuasrong as they carry a mobile
device.

To increase the portability of the interaction deviand the physical security and
sanitation of the system, we find it straight fordvéo use the personal devices in
peoples pockets as interaction tools, for instamobile phones and PDA%Vhen
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using the private device for public interactioniwé shared display, it is important
to make the user in control of what data is tramste and displayed where, so
sensitive data such as name and phone number tpkeate. In Photo Swapper
the users’ privacy is secured by using Bluetootlt@®munication protocol, as it
only transfers the ID of the Bluetooth unit, and pbone number or name.

From Individual Design to Social Design

Nevertheless, only focusing on multi-user designasenough to build truly public
engaging tangible and pervasive systems. Theyraded to be designed for social
interaction.

In today’s public spaces, technology has to sonten¢oeen incorporated into our
everyday life in line with Weiser’s vision of ubious computing [25]. Examples
of this are our use of mobile phones, and otheraida computing gadgets. The
notion of ubiquitous computing also acknowledges thct that people interact
socially and behaves differently in different typafssituations or contexts, which
are so far not really supported in today’s techgglo

In a number of augmented reality systems wearaiiepaters, head-worn displays
and similar technologies have moved the focus an@ay the interaction between
users. Another approach is to put the supportdoias interaction first. In e.g. [4] it
is not mandated to interact with co-players for tjme to proceed, but it
encourages social interaction to occur during thg.[Since the social interaction is
primarily spontaneously the game explores what Fagaal [26] defines as
stimulated social interaction. We believe that wkesigning for public spaces, the
applications and technology need to support speotam social interaction,
meaning interaction that occurs naturally betwelea participants [26]. In the
notion of market places, the social interaction tak® place spontaneously among
the visitors of the shared market/screen, but Bksanediated and stimulated by
objects within it. Inspired by [18], we wish to wesocial interaction as an entity in
itself and not focus on the single user experiarigearticipation.

In the PhotoSwapper application, the users’ foei mot on the individual small
screens on the private device, but on the shasgalagi. Here, private material can
be turned into public material, and it is possitileshare information with several
other users.

From Closed Systems to Extendable and Open

Systems

Most digital systems in public spaces are closadrobed systems. Either they are
not interactive at all, or there are some well iedi interaction sequences that are
supported. To design systems for public informatiitelog, we argue for making
systems that are more social and less restrictive.

In [24] photos taken with a mobile phone is seneemils and then analyzed by a
server to be displayed in one form or another enptblic display. In this way the
content on the public display will mirror the coxitebut the interaction is not
simultaneous.
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In [1][21] visual codes are used for interactinghngamera-enabled mobile phones
on a large public display. The strength here i$ ¢hanique ID can be encoded in
the tags; but the limitation is that the interaattechnique only can be used in front
of a 2D barcode, and the interaction situatioméntlimited in mobility and scale.
Technology and applications making use of contdxitu@rmation are generally
referred to as context-aware computing [22]. Annagle of this is location based
multi-user games, such as [3]. The game supports-user simultaneous gaming,
but everybody are occupied with their own persateadice, in this case a modified
PDA, and the interaction and action all takes piadévidually on the screen even
though the entire city is the game board. In [4 tFhysical co-location of the
players and objects in the world is adopted as iapbd elements of the game
mechanics. The game experience in [4] is inspinedrdditional board games, and
takes place in a social setting, where simultang@usicipants play together in a
limited physical area, a stage where players aadgime can meet. Still, focusing
on an individual private screen is a limit in pablplaces, and the common
denominator lacks.

In PhotoSwapper we have tried to accomplish thenapss by the shared display,
the simultaneous interaction, and the possibilityconnect and disconnect easily
through your personal device.

From Regulated to Evolving Designs

A related issue is how to support open applicatitres are evolving through
peoples use.

One design principle is to support serendipitouscome and go” interaction. The
content of an application and the ongoing actisit&hould not be affected by
people joining and leaving the application andsistem should support short-term
interaction [1]. However as browsing a market plagean intentional activity,
joining the interaction in the place requires tlsenuto take action. Still serendipity
should be supported in the sense that the usertaparusly can join, meaning
without too much effort.

In Dynamo [16] anyone can walk up and use the faater Users attach multiple
USB mice, keyboards, PDA:s or laptops, and Dynatiwava users to claim areas
of the surface, place and take information, dispfdgrmation and leave items for
others. Here, public interactive surfaces are @efias inside buildings, and it is
possible to rely on different external hardwareggasd physically hooked up with
the computer. This technique is not possible tgpetipin outdoor public spaces.
The Dynamo system introduces the concept of camutgarts of the public screen
estate for private use. We find this analogue ® tindency discussed earlier
regarding physical public space namely an increapeuatization that are
expanding private activities to public spaces. Heaveit does not comply with
what we understand as acknowledging the rulesraedeictions of public space.
Enforcing rules is one way of controlling the udeao application, but for self-
organizing systems the rules are made up as thiensysvolves. Within a social
group there exist a range of local tacit urbang@ay. an unwritten rule for graffiti
painters stating that you are not allowed to paier a piece that you cannot do
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better yourself. These rules do not necessarily ptpmvith the law and are
primarily followed by the members of the sub-comitymwho have defined the
rule implicitly or explicitly. Those kinds of rulesre inspiring to the discussion of
regulation, since the graffiti world actually idfsegulated in a way, even though it
is invisible to people outside that community.

We do not claim that opening up for more uncongablinteraction in public places
is purely a good idea. A controlled environmentriach safer since the people
passing through are ensured that they do not gétetexl by homeless people,
racists or provoking statements, or people simmhaving strange. The control
aims at making the environment pleasant, nice andrs. Interestingly, sometimes
the most innovative and thought provoking ideaseapp when something offend
you, something unexpected happens. By shielding miblic places from
uncensored, spontaneous events (while keeping seseh accountability) the
possibilities for being provoked in a positive seatso disappears.

In PhotoSwapper, everybody is offered equal chan€essplaying and controlling
information. Of course there will certainly be uptted information offending other
people, just like graffiti, but as the system i#f-segulated, then people who get
offended can easily remove the offending material.

CONCLUSION

In this paper we claim that many public placesugfostill publicly available, are
restricted in their use by a number of rules stptiow different groups of people
are allowed to behave. That these spaces are design being places for
information or advertisement and not for persongression. Further we point to
another development that personal technology ealhecepresented by the mobile
phone is being used extensively as a private aciakdevice in public places. In
this paper we ask the question if pervasive andilmadchnology can be used the
other way around - to enhance interaction in publieces while still being a
personal device - to be a facilitator for bringinteraction back into public spaces.
We have introduced the metaphor of the market placguide the discussion of
social interaction in public spaces and we haveitiied a number of central
design issues relating to balancing information hpwgth information dialog,
personal spheres in public spaces with social asteyn and control versus self-
regulated behavior in the public. All of the issuekate to how digital technologies
can play a role in a more democratized, sporadid,smcial experience with digital
technology in public spaces.

The PhotoSwapper application represents a projeth@ to address some of the
issues while not being able to embrace all of thé&mr instance, by using
interaction technologies such as Mixis we demotssttaow it is possible to
overcome hinders for social interaction. The Phaim&er application shows how
multiple users can participate on “equal terms”e Tiiteraction is not controlled by
the user with the mouse, but by everyone with ailagihone acknowledging basic
rules of public living.

In the paper we have focused on identifying curmmoblems with public spaces,
surveyed and discussed how mobile and pervasivenédagy can be used to
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facilitate interaction in public spaces as wellpassented a photo-sharing system
based on the market place metaphor. We hope thatrédsented discussions can be
used to move the focus from designing private neobitvices to designing new
interesting places where mobile devices are intedrep support social interaction.
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Abstract In this paper we present three concemds dddress movement-based
interaction using camera tracking. Based on oukwedth several movement-based
projects we present four selected applications, asd these applications to
leverage our discussion, and to describe our thhai@ conceptspace relations
andfeedbackWe see these as central for describing and anglysovement-based
systems using camera tracking and we show how tihese concepts can be used
to analyse other camera tracking applications.

Keywords Movement-based interaction - Camera spaces - Mixedaction
spaces - Camera interaction - Mobile phone intemact

1 Introduction

Every interaction is in some sense movement-basextsing a key, moving the
mouse, or uttering a sound. By emphasizing the woodementin movement-
based interaction though, movement is no longerthes source of interaction; it
becomes the central element in the interaction. évitant-based interaction seems
to be especially suited for interaction that tagksce in a public or social context,
and it provides interesting alternatives to tradiéil interaction techniques within
social settings, games, public places, for encaongagxercise, and in mobile
settings. Using movement-based interfaces, howeagr,be strenuous and is thus
less suited for continuous e.g. desktop work. Liocaaware gamesl], fitness
games 2], and interfaces based on accelerometer inBu#] are examples of
already available systems based on movement-basaddtion.
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Cameras are a common ubiquitous sensor in movebzsed interfaces and the
wide-spread use of camera phones and webcams makesra-based computer
vision a feasible platform for novel interfaces.nde applications that use real-time
camera input are already common within the reseamdas of tangible user
interfaces (TUIs), virtual reality, sensor-basednpating, ubiquitous computing,
pervasive computing, and augmented reality. Withihe computer vision
community there is thus a great interest in anatysind extracting information
from the video stream and use this informationrmvigle new ways of interaction
[5, 6]. However, little research has focused on howdimialy use vision to design
applications and on how to describe, compare, hadacterise different approaches
towards camera-based interfaces.

In this paper we focus on movement-based intenadtiat uses cameras to detect
movement. Cameras have a limited field of view #relarea within the camera’s
view can be seen as a bounded space. We callpthi® scamera spacedt is only
within this space movements can be detected andteegd. By mapping the
movement within a camera space to a virtual spacniapplication a combined
space is obtained. We refer to this type of spacarmixed interaction spacf/]
pointing to the space being both physical and &lrtihe mixed interaction space is
a subset of the mixed reality concept with a mégous on space.

Based on our work with these types of spaces weeptea conceptual framework
for movement-based interaction based on cameraespathe framework is
grounded in four projects briefly described ancdcdssed. Due to the spatial nature
of camera spaces we have drawn on an architectod®rstanding of space which
will be unfolded later on in this paper. The franeekvis built around the three
central concepts afpace relations andfeedback The concept o$pacedescribes
properties of the mixed interaction space. The nmpetween the captured
physical movements and the virtual domain is catioy the concept a€lations.
The concept ofeedbackfinally describes how the digital events are vimeal to
the users. The framework is finally used to presamtl discuss a number of
movement-based interfaces, and hereby we demamstratv the presented
framework provides explanatory power beyond thgeaaf our own projects.

1.1 Related work

Within several different research fields there #m@meworks and taxonomies
briefly touching upon the capabilities and aspedtsamera sensor technologies.
Together these frameworks form an important basepbing too general in their
nature none of these go into depth with the spescdind potentials of camera-based
interaction technologies and the use of them. Asntlain contribution of this paper
is to present a conceptual framework for movemesel interfaces using camera
tracking, we here present a short overview overesofithe extensive related work,
and use this as a springboard to a more in deptlysis.

In [8] Mackay presents the concept of augmented reatitppposite to the, then,
increasing focus on virtual reality. Three basiatelgies to augmented reality are
presented, where video cameras as tracking semrsersused as examples to
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augmenting the environment surrounding the usertlamabject, but not discussed
further. In B] Benford et al. analyse sensor-based interfacgeieral, including a
discussion of camera-tracking. They point out salvgroblems with camera-
tracking, such as the number of cameras neededraine rate, the field of view
limits the extent of traceable surfaces, and thatara-tracking systems are usually
unable to cope with different objects, multiple extip, occlusion, and changes in
lightning. The two papers do not further discuse thossibilities with this
technology. We take the opposite approach and exphow camera-tracking
systems’ strengths and weaknesses can be useck iprtdtess of developing
movement-based interfaces.

In [10], Abowd et al. state that research in ubiquitoasiputing implicitly requires
addressing some notion of scale, whether in thebeurand type of devices, the
physical space of distributed computing, or the bermof people using a system.
They posit a new area of applications researchyydag computing, focussed on
scaling interaction with respect to time. Scalduither discussed by Ullmer and
Ishii in the conceptual frameworR ], which focuses on the characteristics of TUI.
Tangible interfaces are here divided into groupselled spatial, constructive,
relational, and associative. Camera-tracking systean be found in all of the
presented groups. The paper states that severe@gismeed to be explored further,
e.g. physical scale and distance. Our aim is tdirmo@ some of these discussions
by focusing on e.g. the aspects of space and scatemera-tracking systems.

In [12] Holmquist et al. strive to create a common vodatyuto systems where a
physical object is used to access digital infororatstored outside the object. In
Fishkin’s taxonomy for tangible user interfacé8][ categorizations and definitions
from previous frameworks are unified, such as toeabulary of 12] and the
classification system from1fl]. Fishkin further suggests that tangible user
interfaces are leaving the traditional computer-anrmmterfaces into the realm of
human interfaces in general, and draws more towtaeisommunities of industrial
design, kinesthesiology, architecture, and antHogpo We agree in this change in
departure for TUIs in general, and especially fmtems based on camera-tracking.
In our work we have a base in the conventional agepvirtual world, but we use
inspiration and relations from the physical workkpecially from the fields of
architecture and kinesthesiology.

Surely, a lot have been left out, but the framewqukesented here are examples
that cover a wide spectrum and involve differermeagal perspectives on camera-
tracking systems. These frameworks create a fraronthe context of camera-
based systems, and they provide tools of how tdys@adefine, and re-design
different types of systems in this wide contextll,Ste stress the need for a more
specific tool developed for camera-tracking, sitfese related frameworks present
a too general picture and do not pay enough respele specific characteristics of
camera spaces.
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2 Movement-based applications in
camera spaces

To frame and inspire the discussion of the moverhased framework we start out
with a brief presentation of four selected movertsded projects. The first two
applications are developed around an interactiverflwith a ceiling mounted
camera-tracking the people within the camera spglee.last two applications use
the mobile phone’s camera to track different feadue.g. circles, coloured objects,
or a person’s face. The movement passed to thécapph is either the movement
of the camera (the mobile device) or the movemétietracked objects.

2.1 Application one: iFloor

iFloor is an interactive floor facilitating the énange of information between users
of a public library, as well as bringing some of #ervices that the library offers on
the internet into the physical library. A videodking system tracks the movements
and size of the people present along the edgdseadisplay. A single person or a
group of people will attract a circular cursor thetpands and highlights the
different questions and answers displayed on tberflAs soon as a person is
recognized by the camera within the legitimate spacstring is drawn from the
shared cursor to the person indicating a successtablished relation and ongoing
interaction. The cursor distributes a string toheperson around the floor and
calculates the resulting vector which determines dkierall movement direction.
The cursor is shared between all participants, whgollaborative effort and
physical movement is necessary in order to navitaecursor on the floorlp].
The iFloor prototype and the tracked movementsllagrated in Figl.

Fig. 1 The iFloor prototype and a diagram of the tracked/@ments
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2.2 Application two: StorySurfer

StorySurfer is an interactive floor applicationp#&sying book covers which provide
an alternative way for children to browse the ligta collection of books. The
book covers are evoked by stepping on buttons @edge of the floor. Each button
is associated with a keyword. Hitting a keywordtbatwill evoke a cloud-like
shape on the floor containing book covers assatitdethe selected keyword;
overlapping clouds contain book covers associaii#lul several keywords. A cover
can be further examined by moving into the flooack person entering the floor
and the camera space is provided with a cursdrarshape of a “magnifying lens”
oriented and positioned in front of the user tugniowards the centre of the floor.
Thus the “lens” is controlled by the children’s lyothovements. Keeping the lens
icon still over a projected book cover causes ieémtarge for better inspection and
maintaining the position even a bit longer will satthe image to move across the
floor to an interactive tablelf]. Figure2 shows the StorySurfer prototype and the
tracked movements.

Fig. 2 The StorySurfer prototype and a diagram of thekedanovements

2.3 Application three: ImageZoomViewer

The ImageZoomViewer that is built on the Mixis ke technique 17] is an
application for mobile devices. It uses movemergegainteraction to navigate in a
map or a large image. The mobile device trackseeith hand-drawn circle, any
coloured object, or the user’'s own face if the devis equipped with a second
camera pointing towards the user. If the mobileigkeis close to the feature the
application zooms in on the map, if the deviceas dway from the feature the
application zooms out, if the device is to the,lefyht, up, or down in relation to
the tracked feature the application pans accondindgtigure3 shows the
ImageZoomViewer application running on a mobile pha@and a diagram of the
tracked movementsly]
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Fig. 3The ImageZoomViewer prototype navigating in a mafhwestures and a
diagram of the tracked movements

2.4 Application four: Photo-Swapper

The Photo-Swapper is built on the Mixis trackingheique L7]. Photo-Swapper is
an application that allows the mobile phone to afiern cursor on a shared display.
Several users can connect to the shared displdy tvir own personal device
resulting in several simultaneous cursors. Theatucan be moved on the shared
display by moving the mobile device in relationtbe tracked feature: moving the
device closer to the feature results in a pick-ofoa, while moving the device
away from the feature is mapped to a drop actiois.possible for up to seven users
to connect to the same shared display, thus opgratven independent camera
spaces simultaneously and using them as inputanséime application. Figude
shows the Photo-Swapper application and a diagranthree camera spaces
connected to the shared displadg][
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Fig. 4The Photo-Swapper prototype and a diagram of thweca spaces and
feedback areas

2.5 Application summary

Despite the projects different foci, setups, and sguations we present some
recurrent themes binding these projects togethée fain findings from the
individual projects are presented elsewhéfs 16, 17, 1§].

First, movement and spa@day a central role in the four presented apphbcest, but
are used in different ways. In the first two apafions the tracked features are
human bodies moving around in a large static carseaae, whereas in the last two
applications it is the entire camera space thatawon relation to a set of tracked
features and not the tracked features that mowamithe camera space.

Second, a special relationship exists between #mera and the features being
tracked and used for interacting with the systemagplication one and two several
features (human shapes) are tracked and all useements affect the system. In
applications three and four a single feature (absy}ma coloured object, or the
user’s face) is tracked, where changes in the ilmtatf the feature as well as
changes in the camera position will affect theratéon. We call the relationship
between the camera and a tracked featuedation, because it is the changes in this
relationship that trigger the interaction.

Third, these interfaces are not traditional desktdprfaces, why there is a clear
need as well as many possibilities for providingrugedback We distinguish
between feedback mainly focused on the input sysfeput feedback and
feedback from the application about its statep{ication feedback).

In application one and two the input feedback wvjated visually on the floor on
top of the application feedback. In applicationethrinput feedback is visually
overlaid the application feedback but in a veryitgd screen area. Finally, in
application four all feedback is moved from the if@llevice onto the shared
display, combining input feedback and applicatieedback on the same display for
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multiple users. The feedback used in these apitatis purely visual but other
types of feedback will also be discussed.

Based on our work with the above described apjptinatwe hence fingpace
relation, andfeedbacktio be central concepts useful for describing, @rihg, and
comparing movement-based interfaces based on capac&sRelationsdescribe
how users manipulate the system and provide irffpegdbackdescribes how the
computer system informs the user about its state pravides output, andpace
provides a context for the interaction by consirajnand influencing the way in
which interaction can take place.

3 Describing movement-based
Interaction in camera spaces: three
central concepts

3.1 Space

A camera space has the shape of a pyramid. Closdrtked feature the space is
small, but expands the further away from the feathe camera is, until it finally
blurs out (when a feature is too far away from tasnera to be registered).
Combined with a digital application the space beesmwhat we call a mixed
interaction space. The mixed interaction spacehés dombination of a physical
camera space and a digital application space,imxigtithin the same setting. The
setting can be seen as a physical space contah@nmixed interaction space, e.g. a
library, a hallway, a street corner, or an office.

Interaction, which results in a division of spacetvieen what is interaction
sensitive and what is not, can only occur withie ttemera space. Before the
Bauhaus period1B] space was understood and defined as a contdiaércould
contain other containers (spaces). During the Basilpeeriod space was seen as a
continuum where spaces dynamically would intertvand flow among each other.
This continuous space was changed by the obsergeingiin space. In our work
we expand this understanding of space further tffraubiquitous computing and
virtual augmentations. With the dynamic natureigftdl systems and interfaces the
perception of space is not only changed by therebse moving point of view, but
the space itself is dynamic, both regarding appearand functionality. We hence
see space as being highly defined by the potefutraitionalities afforded by areas
or spaces within a continuous space, and not anby eontainer defined by a three-
dimensional set of physical and virtual boundaries.

We see space and the physical environment as gndessiource open to virtual and
interactive augmentation. Using camera-based ictierawe can design spaces that
correspond perfectly with traditional physical sesowhere different connected but
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distributed spaces afford different functions aratnms for social and working
behaviours. An example of this is the kitchen whgva cook, compared with the
living room where you can crash on the couch anglw&V. As camera spaces are
physically constrained they mime the pure physgmces loaded with a certain
functionality, however the augmented digital prajgsr make the nature of these
spaces different from traditional spaces for a nemaf reasons. Camera spaces can
afford numerous functionalities depending on thecHfit user/users, time of day,
kind of activity, and so on. This opens up for t@mgsy ownerships of space or
situations where different users of the cameraespacceive it the space differently
in a use perspective, or don't see it at all. Femtiore, functions are usually
associated with specific parts of our built enviremt as e.g. the kitchen or
bathroom, but camera spaces can adapt to any $esmeeise of its multi-scaled
nature, understood in the sense that the kitchenahscale that is adjusted to the
human body, whereas camera spaces can take orcany As the camera space is
not a physical container but just an area withagtradvanced properties, it can be
established, moved, or wiped out instantly, chagdhe way user and space can
engage and interact with the environment. Figushows how a camera space can
be scaled to cover from small objects to severatsugepending on the distance
from the camera to the tracked objects.

Fig. 5 Scalesof camera spaces; diagram showing how the sameraaspace can
adapt to different scales of space and feature

As computer systems migrate into our physical emvitents space becomes an
important player in the design of future interaetignvironments. Therefore we
have to accept and play with the properties of iayspace and their influences on
the types of interactions. We characterize the canspace by a number of
properties—type, scale, and orientation. The fobove described applications
show how the camera space can eithestatc or dynamic.In static camera spaces
movement occurs when tracked features move in #mera space. In dynamic
camera spaces it is the camera space itself thaesnim relation to the tracked
feature, see Fid.
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Fig. 6 Static and dynamic camera spaces static camera space and dynamic
features,b 2D dynamic camera space and static featar8D dynamic camera
space and static feature

In the large scale applications iFloor and Stor§&uhe camera space is static and
the ceiling-mounted camera tracks the people whtheasame time, are the users
of the system. In the small scale applications ¢exmomViewer and Photo-
Swapper) the camera space is dynamic and usedidk primarily small static
features. The user is in charge of moving and tirigrthe camera space.

Another property we have identified regardisgaceis the orientation of the
camera space. As described earlier the camera spasts within a larger but
continuous space. The importanceookntationis highly related tscale and the
relation between the user and gpace If we look at basic architectural elements
such as walls, floors, and ceilings taking partthie definition and framing of
physical space, we see that the orientation ottlreera space influences the way
in which a feature, being static or dynamic, caeriact with the system. The floor
is due to gravity our most shared architecturafaser R0], why we as humans are
used to act on the horizontal plane, see FigAs gravity forces objects to the
ground, tracked features in a horizontal cameraespdll most often exist on the
two dimensional ground plan. Trackingwise the hamtal ground plan serves as a
two-dimensional coordinate system for measuringitipes and movements of
tracked features. Orienting the space in the \artirection, e.g. towards a wall,
affords a new set of potential interactions whdre feature has to overcome
gravity. Most features will not continue to hangfiee space, thus this type of
space is similar to many situations where gestaras acting are used. Further
acting within a vertical camera space the notiora @&lid plane is replaced by a
more free space in which the z-axis roughly seethadistance between feature
and camera can play a more dominant role in thiufeanoving away or towards
the camera. This difference is most prominent whth larger scale camera spaces,
where the users are the features themselves. Wjttantic camera spaces
orientation becomes less important because ofteeaichanged role from being a
tracked acting feature to controlling the entirenesa space. In these setups the
focus on physical space diminishes because grawitsome sense has less
influence—we are able to move the world.
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Fig. 7 Orientationof camera spacea;none,b horizontal,c vertical

3.2 Relations

Where space defines the context for movement-biaseicction, relations describe
the connection between a camera and the trackagtésawithin the camera space.

10.1.1.1 3.2.1 Entities and properties

A relation is an edge between a camera node aratked feature node. The edge
can have a number of properties, and since vislgarithms are able to track
multiple features a single camera can have multfteched edges connected to the
different features. However, a feature can alsarheked by different cameras,
implying that also a feature can have multiple edagached. Figurg@ shows how

an interaction relation is created as a featurersrat camera space and how several
relations can exist simultaneously.

Fig. 8 Relations between feature and camera;none, b one relation,c two
relations,d movement

The Mixis ImageZoomViewer application only utilizessingle relation between
the mobile device’s camera and a tracked featureldc object or user’s face). In
the iFloor application multiple features in formtoiman shapes are tracked within
one camera space. Every time a new person entesathera space a new relation
is created, but the relation is not associated witlspecific identity and no
distinction is made between the different userse Photo-Swapper application is
the opposite case, where multiple camera space§eititated, still with only a
single relation associated to each space. Therdiffeelations are combined by the
shared application where each user is able to raktéthe interface and receive
feedback, see Fid.
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A relation can be described by a set of properttest defines the potential
interaction inputs. The number of properties depead the algorithm used to
analyse the input from the camera. The preseneefeéture (on/off), the position
of the feature in 1D, 2D or 3D space, rotationha feature, the feature’s size, its
state, identity, or information about uncertaingre examples of properties
associated with a relation. Interaction is triggeby mapping a different action to
changes in a relation’s property.

The number of relations and the number of propedisociated with each relation
greatly determine the complexity of the interacti@fith a complex setup there is a
great need to visualize the way in which the useadtually able to influence the
application through feedback. The iFloor applicatidirectly visualizes the
relations present by drawing a line between thesaruand each user (tracked
feature). Furthermore, each relation contains al@fation and a size property
based on the volume of the tracked object. Chaimgthee size property control the
force associated with each user’s pull in the aurso

The Mixis applications use only a single relatibat this relation has a 3D location
property, and can have a 1D rotation property dt Whis design space opens up
for a 3D spatial interface, and is hence richer gared to both StorySurfer and
iFloor. The ImageZoomViewer application maps thevement in the physical
space directly to pan and zoom in the applicatiwth ifis therefore possible to pan
and zoom simultaneously.

We founddirect inputandgesture inputo be two different approaches on how to
map changes in a relation’s property to actioniwian application. Direct input
describes a mapping strategy where changes inatio®k properties directly
influence the application. E.g. when a featuredsitoned to the left in a camera
space an application starts scrolling left. Gestopait describes a strategy where
changes in a relation’s property is monitored dire and matched to predefined
patterns.

10.1.1.2 3.2.2 Multi-user interaction

With multi-user systems the relation concept opgmgor a discussion about how
to map the different relations to the multiple gsdn the StorySurfer application

each user is given a separate relation associdatedaw independent cursor. While
one user browses the floor content by moving onflib@ and hereby invoking a

change in the position property, other users carnthis magnifying lens to examine
a book by standing still, hereby starting a setectimer. The Photo-Swapper also
gives each user a separate relation, but in thpcapion each relation is associated
with its own camera. In the Photo-Swapper the imlat have an extra property
where the colour of the tracked feature is trameteto the corresponding cursor on
the shared display as a sort of an identity.
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3.3 Feedback

Movement-based interaction in camera spaces isqr@hic in the sense that the
interaction tool is invisible to the user. The usgmmnot see what the camera
registers or what the algorithms applied calcul&eedback is hence important in
order to visualize the relations that govern théeeraction. Feedback from
movement-based systems can be divided infiut feedbackand application
feedback

Input feedback focuses on telling the user thairpat system is actually working;
that a relation exists, and that the user is abkontrol its properties. Bellotti et al.
call it attention and use it to describe the problef knowing when the system is
ready and attending to actior]].

Application feedback provides feedback about th@ieation and its state. Bellotti
et al. call this type of feedback alignment andrads how to tell the users that the
system does the right thing1].

In the iFloor application input feedback about takations is provided by a special
cursor with a number of strings to each user. Tpelieation feedback is
simultaneously provided on the floor in form of fpies, questions, and videos,
which are highlighted and expanded as the curs@emover them.

The four presented applications mainly use viseatiback and during our research
it became evident that visual feedback needed tprbeided close to the user’s
focus area. To further analyse feedback we foungsdéful to study focus shifts
inspired by Badker's work23]. Badker differentiates between focus shifts tat
deliberate and focus shifts resulting from breakdewnd unsuccessful interaction
design.

In the first iteration of Photo-Swapper we had wewrces of feedback. The shared
display showed information about the cursor andvigied application feedback,
whereas the display on the mobile device showeatimdtion about the position of
the feature in the camera space (input feedbadkk rBsulted in a below-average
performance and user experience because of consteums shifts between the
mobile device’s display and the shared display. Wlressed this issue by
designing a special cursor on the shared displaly iwformation about the input
feedback previously provided on the phone. By elating a large number of focus
shifts we were able to greatly improve the perfarogaof the system. Figuge
shows the different options for visual feedbackhi& Photo-Swapper setup.
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Fig. 9 Options of input-feedbackand application-feedbacka local feedbackb
local and remote feedbaakremote feedback

4 Analysis of movement-based
interaction systems

In this section we use the presented conceptuahefnaork to analyse other
movement-based interaction systems in order to detrete the framework’s
explanatory abilities. Furthermore, we use thestesys to clarify our conceptual
framework and fill in the gaps of the design spactcovered by our own work, for
instance non-visual feedback. The systems aretsdles prototypes representing a
number of different approaches to movement-baseg@space interaction.

4.1 A number of movement-based systems

Sony Eyetoy is a motion recognition camera thagplinto a Playstation2 game
console. The camera detects movements in the akpilane from a user, and
delimited areas of the screen are able to regispert motion during a limited time
period. In Beat Freak players are required to nthee hands over a speaker in one
of the four corners of the screen simultaneously &D flies across the speaker
[24].

Urp is a tangible interface for urban planning,dshen a workbench for simulating
the interactions among buildings in an urban emritent. The interface combines
series of physical building models and interactigmls with an integrated

projector/camera/computer node, the “I/O Bulld.4][

Mouthesizer consists of a miniature head-mountedeca which acquires video
input from the region of the mouth. It extracts thlgape of the mouth with a
computer vision algorithm, and converts shape patara to MIDI commands, so
that the users’ facial gestures control a syntleesiz musical effects devicel]
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Kick Ass Kung Fu is a large display martial artsngainstallation where the player
fights virtual enemies with kicks, punches, andbheatic moves such as cartwheels.
With the use of real-time image processing and ederpvision the user’s video
image is embedded inside 3D graphics. By shoutiegptayer can go into a special
power mode for a limited time2§]

The ARTennis is a face-to-face collaborative aggtian for mobile phones that use
a set of three ARToolkit markers arranged in a.lWéhen the players point the
connected camera phones at the markers they caandeglay on a virtual tennis
court model superimposed over the real wo2d] [

The above described projects are analysed bastt dramework and presented in
Tablel.

Table 1 The nine applications arranged after the concepspaice, relationand
feedback
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5 Discussion

By using the above described framework to analyi$ierdnt movement-based
interaction applications a picture is startingaonfi of how these applications relate
and differ. By looking at the space property in [Egbwe see that the applications
generally fall into two groups; they either useistapaces or dynamic spaces. The
applications that use dynamic spaces are genersBd to support mobile
interaction, while the static spaces are augmemsitof specific physical spaces.
The Mouthesizer application provides an interestiogbination: while the space is
static the whole setup is mobile. In the selectegjiegts only applications based on
dynamic spaces use multiple spaces, e.g. ARtotdkihis and Photo-Swapper;
however, applications that combine e.g. two stgpiaces appear as an uninhabited
space open for exploration by new applications.

Looking at the orientation we have three differgypes represented: horizontal
surface, vertical surface, or a dynamic space. lmplkat Tablel scale and
orientation seem to be related. To use a horizamtahtation setup tracking human
movements requires a large surface to move on.aeflpor, whereas if the setup
scale is smaller and the tracking objects arelieps or objects a table top is more
suitable (Urp). The applications that use dynanpiaces can potentially be used
with large scale spaces, however, most of the egjiins we have looked at use
relatively small spaces (ARTennis, Photo-Swappet EmageZoomViewer). The
applications we have chosen cover the scale froftipfeuhuman shapes to small
objects, thus since camera spaces can be resigely fonly depending on the
optics in the camera) this conceptual framework aldo be able to describe and
analyse smaller or larger camera spaces, e.g.spader a microscope or tracking
cars in a parking lot.

With relations, the tracked feature is often clgsebnnected to the scale of the
space in use. Many projects use several relatiand,in most of the projects a
single user is given control of only one relatiand the relation controls a single
cursor or object. However, two applications areeri@sting to point out. In
KickAssKungFu one user controls several relaticnheach limb of the body is used
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to control a relation. In iFloor the approach ity the opposite since several
users are given their own relation, and theseioglaiare coupled to a single cursor.
Concerning feedback, the chosen applications maéilyon visual feedback, only
the Mouthesizer rely purely on auditory feedbackerzthough several applications
using more ambient feedback can be found and desjghe use of visual feedback
seems to be the most common feedback mechanismdeement-based camera-
space systems. To minimize focus shifts almostha&ldiscussed applications use
overlays or special cursors to present input feeklbzlose to the application
feedback.

Since some of these applications rely on compleetattion with multiple relations
with many properties a standard cursor provideslittte input feedback, hence
specially designed cursors or overlays that vigealhe properties of the relations
need to be considered and designed. In the Image¥mover application the
cursor uses colours and changes in its size taNzsuthe distance to the feature
and the presence/non-presence of a feature. IKitk&AssKungFu input feedback
is addressed by letting the user be the cursoraindovements are thus mirrored
in real time. However, in EyeToy Beat Freak theli@ption feedback is weaker.
Tracking the limbs being or not being in the riglutsition of the camera space to
intersect with an object in space-time only conftha user in being right or wrong,
the application do not provide the user with amyetyf information in orientation,
for instance if leaning too much to the left. Inrésen et al.42] an evaluation of
Sony EyeToy was performed on how movement as inpauld hold as
communication in the interaction. The evaluatioghtiphts how challenging it
would be to facilitate the interaction, without thee of a conventional GUI for
feedback, even though the interaction is not baseddetailed knowledge of
orientation.

A further issue to discuss in relation to designiagnera spaces is frame rate. All
the projects described here are exploiting the mawri possible frame rate for the
camera to give instant feedback. The frame ratebearseen as a property that
connects the relation between space and featuhegledth the match or mismatch
between physical space time and interaction spae twhich could inspire to new
ways of designing camera space interfaces.

6 Conclusion

Building camera tracking systems is not only abadexeloping technically sound
algorithms. Being able to describe and understdned design possibilities and
limitations is an equally important factor in theveélopment of a successful system.

With this conceptual framework we have covered stiasc concepts relating to
movement-based interaction using camera trackingthere are other important
concepts we have left for future work. Mapping,vpdy, tracking inaccuracy,
ambient feedback, and affordance seem equally aetevbut to focus our
discussion we have chosen the space, relationegaithick concepts.
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With the space concept, properties of the settiag the system is deployed in are
taken into account. Relation describes differerirapches for mapping tracked
features to interaction, and feedback address hewsers are informed about the
events taking place within the digital applicatidiese concepts have proven not
only to be useful for analysing our own four apations, but also to point out
interesting aspects of a number of other very difie movement-based camera
tracking applications.

We believe the framework and table presented maticle can be used to describe
and analyse a wide variety of movement-based agifits in camera spaces. The
aim has been to present both a general concepauakivork for comparison as
well as provide concrete suggestions for the aisbyfsindividual applications. We
also hope that this framework will be useful forpkxing novel variants and
approaches to the design of movement-based applisavith camera spaces.

10.2 References

1. Barkhuus M, Chalmers M, Tennent, P, Bell M, Hd|l Sherwood S and Brown
B, (2005) Picking Pockets on the Lawn: The develepinof Tactics and Strategies
in a Mobile Game. In Proceedings of Ubicomp pp 338-Springer 3-540-28760-
4.

2. Dance Dance Revolution UltraMix 3.
Available at http://www.konami-usa.com/productioa/dultramix3/index.html

3. Samsung SCH-S310
Available at http://www.samsung.com/

4. Patridge K, Chatterjee S, Sazawal V, Borriello @ant R, (2002) TiltType:
Accelerometer-Supported Text Entry for Very Smadhvizes. In Proceedings of the
15th annual ACM symposium on User interface sofenamd technology UIST'02,
October 27-30, 2002, Paris, France 2pp- 204.

5. Pavlovic V, Sharma R, Huang T,(1997) Visual iptetation of Hand Gestures
for Human-Computer Interaction. IEEE Transactions Pattern Analysis and
Machine Intelligence vol. 19 nr. 7 , IEEE , pag@3-®95.

6. Bradski G, (1998) Computer Vision Face Trackiag Use in a Perceptual User
Interface, Intel Technology Journal Q2 , Intel ges1-15, 1998.

7. Hansen T.R, Eriksson E, Lykke-Olesen A.(2005keédi Interaction Space —
Designing for Camera Based Interaction with Molilevices. Conference on
Human Factors in Computing Systems In CHI '05 edenabstracts on Human
factors in computing systems, Portland, Oregon, |/S&M Press.

124



8. Mackay, W.(1998) Augmented reality: linking restd virtual worlds: a new
paradigm for interacting with computers, Proceesliofjthe working conference on
Advanced visual interfaces, May 24-27, 1998, L'Agyitaly

9. Benford S, Gaver B, Boucher A, Walker B, PentongS, Schmidt A, Gellersen
H, Steed A., Schnadelbach H, Koleva B, AnastasiGReenhalgh C, Rodden T,
Green J, Ghali A, Pridmore T. (2005) Expected, sénand desired: A framework
for designing sensing-based interaction. ACM Tratisas on Computer-Human
Interaction (TOCHI) Volume 12 , Issue 1 (March02) Pages: 3 — 30, ACM
Press.

10. Abowd G, Mynatt E (2000) Charting past, presamd future research in
ubiquitous computing. In ACM Transactions on Congptiluman Interaction
(TOCHI), Volume 7 , Issue 1, Special issue on hewoamputer interaction in the
new millennium, Part 1 Pages: 29 — 58, ACM Press.

11. Ulimer B. and Ishii H. (2000) Emerging framew®rfor tangible user
interfaces. IBM Systl. 39, 3-4 (Jul. 2000), 915-931.

12. Holmquist LE, Redstrém J, Ljungstrand P (199@ken-Based Access to
Digital Information. In: Proceedings of the 1st dmtational Symposium on
Handheld and Ubiquitous Computing (HUC’99), Karlsey Germany, September
1999, pp 234-245.

13. Fishkin K (2004) A taxonomy for and analysistafigible interfaces. Personal
and Ubiquitous Computing 8(5): September 2004 3g{-358.Springer-Verlag

14. Underkoffler J, Ishii H. (1999) Urp: a luminetangible workbench for urban
planning and design. Conference on Human FactorCamputing Systems,
Proceedings of the SIGCHI conference on Human fadto computing systems.
Pittsburgh, Pennsylvania, United States, pp. 3883-

15. Krogh PG, Ludvigsen M, Lykke-Olesen A. (200&etp Me Pull That Cursor”
- A Collaborative Interactive Floor Enhancing Commty Interaction. In
proceedings of OZCHI 2004, 22-24 November, WollamgoAustralia. CD-ROM.
ISBN:1 74128 079.

16. StorySurfer. Available at http://www.interagspaces.net

17. Hansen TR, Eriksson E, Lykke-Olesen A.(2005xedi Interaction Spaces —
expanding the interaction space with mobile devitesProceedings of The 19th
British HCI Group Annual Conference, 5-9 Septembé&tingburgh, UK
18. Hansen TR, Eriksson E, Lykke-Olesen A.(2005)édi Interaction Spaces — a

new interaction technique for mobile devices. lrodeedings of The Seventh
International Conference on Ubiquitous Computingkylo, Japan

125



19. Forty A, (2000)Words and Buildings - A Vocalhwlaf Modern Architecture,
Thames and Hudson, New York.

20. Gehl J, (1987) LIFE BETWEEN BUILDINGS - Usingulilic Space, Van
Nostrand Reinhold, New York.

21. Bellotti V, Back M, Edwards WK, Henderson A,das C. (2002) Making sense
of Sensing Systems: Five Questions for DesignetlsRasearchers. Conference on
Human Factors in Computing Systems. In ProceedifigdHl 2002, ACM Press,
Minneapolis, USA, pp. 471-509.

22. Larssen AT, Loke L, Robertson T, Edwards JO2Movement as Input for
Interaction — A Study and Evaluation of two Eyefy{) Games, In Proceedings of
OZCHI 2004, 22-24 November, Wollongong, AustraltzD-ROM. ISBN:1 74128

079.

23. Badker S, (1996) Applying Activity Theory todéo Analysis: How to Make
Sense of Video Data in Human-Computer InteractionNardi, B. (ed.) Context
and consciousness. Activity theory and human coerpaoteraction, MIT press, pp.
147-174.

24. Sony Eye-Toy. Available at http://www.eyetoyrto

25. Lyons M, Haehnel M, Tetsutani N. (2001) The Mwasizer: A Facial Gesture
Musical Interface. Conference Abstracts, Siggrap®l? Los Angeles, p. 230.

26. Hamalainen P, llimonen T, Héysniemi J, Lindhdil Nykanen A. (2005)
Martial Arts in Artificial Reality. In Proceedingsf CHI 2005 conference on human
factors in computing systems, Pages 781-790, Pdrt@regon.

27. Henrysson A, Billinghurst M, Ollila M. (2005)Ee to Face Collaborative AR

on Mobile Phones. In Proceedings of the Internali@®ymposium on Mixed and
Augmented Reality (ISMAR 2005), October, 2005, VianAustria.

126



127



Paper 5

128



129



Bthere or be Square: A Method for
Extreme Contextualization of Design

Eva Eriksson
IDC | Interaction Design Collegium, Dept. of ComguBcience and Engineering
Chalmers University of Technology, Goteborg Sweden

Martin Ludvigsen

Andreas Lykke-Olesen

Centre for Interactivespaces

Department of Design, Aarhus School of Architecture
Aarhus, Denmark

Rune Nielsen

CAVI — Center for Advanced Visualization,
University of Aarhus

Aarhus, Denmark

Abstract

In this paper we describe the Bthere method airtonigcrease the context
awareness among designers. The method and a wprkskeaario will be
presented, as well as the results and evaluatiom that. Based on the
methodology from contextual and participatory destbe paper describes a
method for dividing the context in different layeobserved from different
perspectives. This reveals hidden structures innthabitant's everyday life
and the environment among them, using a full scaigext and user study
as background material for brainstorming and designices. The aim of
the workshop was to accomplish an expanded notidrawareness of some
of the aspects of the city environment that arésible or unnoticeable.

We claim that the Bthere method increases awarasfessicher full scale
context, and points to an alternative approachsgr involvement in the
design process.

Keywords: critical design; design and public; design methodser-
centered design research methods; teaching
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INTRODUCTION

The user is in focus in all types of user centngstesn development, but to
what extent the user is involved in the procesgesagxtensively (Preece et
al 1994). In various types of design educatiorodfly there is often a focus
on context awareness, meaning the designer isaonte familiar with the

user and the environment. In contextual design austlogy (Beyer et al

1998) this is performed by user studies within toatext, where results
from interviews, observations, films and photos hreught back to the

studio for analysis. Based on these findings, a-used task analysis is
performed, and requirements are set up in accoedahc¢he information

found in this phase. When evaluating, these remdér#s are used as
measurements for success. This process is ofteatives meaning the

different phases are done over and over again tiatisystem is satisfying.
In professions like architecture the awareness afswand other physical
frames is very high, but that is just one parth&f entire context. This fact
made us interested in finding a new way for desgne open their minds
for more aspects of the context and create a methdihd more input to

their work. We wanted designers to understand ihatmany cases

appearance is deceptive, that even things perceisesimple and obvious
are more complex than you would think from start.

Design work is an unstructured process, since tiene the beginning is no
well-defined problem, the solutions and the prolsleare rather developed
hand-in-hand (Schon, 1983). This means that the rfiee having direct

contact with the context and its users is importanbughout the design
process, not only when data is collected or fotirigspurpose, but also
when analyzing and brainstorming.

The goal for theBtheremethod we propose in this paper is to give bioth t
new and perhaps controversial design ideas in tea af context-aware
computing systems. Developing digital context-ansystems and artefacts
has been a major direction for human-computer actesn (HCI), to
explore new types of interaction achieved by imi#gg computer
technology with our everyday physical world. Theaof interest has over
the past decade developed in different directioitis eifferent names, but it
started when Weiser introduced the notion of ulbajus computing in 1991
(Weiser, 1991). The central idea is a future widmputation embedded into
the context around us, not using the classic coenpaterface, but rather a
range of familiar looking devices with added funoflity.
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This paper describes a method for enhancing theexbawareness among
all types of designers, suggesting a way to brivggdesign work into the
context, not to bring the users context back todffiee. Thus enhancing
context awareness in the designers’ process as desglop design
proposals. Although the method has only been usgtd axchitectural and
design students, we believe that its applicabiditgyeneral to most designers
dealing with context; industrial designers, urb&mpers, artists, interaction
designers and more.

The paper describes related work, the general gbrmfethe Bthere method for
designing context-aware computing systems, a worksetup with architect and
design students as participants using this metand, finally a discussion of the
method and the results of the workshop.

Definitions in this paper

In this section some definitions used throughoigt work will be presented.
In the Btheremethod described below, three different perspestivill be
mentioned, physical, digital and social. We defiigsicalas appearance,
location, physical interaction, and physical tinpadse. We defindigital as
computer model, infrastructure, protocol, relattume/space. We define
socialas attention, activity, intention, understanding aommunication.

In our experimental workshop, the facilitators loé tmethod are referred to
as the workshop leaders The students that were participating in the
workshop are calleddlesignersand the people from the context who
contributed to the workshop as it progressed alteccaontributors — both
groups being participants in the design wodfnally those who only passed
by and were in the context are referred tmhabitants

Related work

Context in its general sense can be defined asthorgeelated to, but not
within our current focus of attention. The genetefinition of context and
its relationship with computation is a primary cent in HCI research.
Dourish claims that the context in which ubiquitaanputing systems are
embedded into is used in two different ways, an@et and a social notion
(Dourish, 2004). The first type encode context glovith information to
conceptualise human action and the relationshigvdmt the action and
computational systems to support the technologye ®econd type
dynamically analyzes certain social aspects of ¢betext to have the
behaviour of the system respond to patterns of Dserish’ goal in his
paper is to explore the relationship between tecr@ind social aspects, and
to examine the mismatch of these two. He does ltigaseparating the
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context and the content of activities that peopightnperform. Our primary
concern is that systems are responsive to therdliffesocial settings in
which they are used, but we also claim that theecdris more complex,
and that there are more and dynamic aspects eéattilre design should be
responsive to. Thdthere method is therefore focused on spending the
major part of the process in the context of theritdesign, and to analyse
it in small steps.

In the field of participatory design, Mambrey et(&lambrey et al, 1998)
uses the term “osmosis” to refer to the multi-lewslormation that a
designer receives by visiting the workplace andirfgacontact with users.
They consider that this gives a rich picture of tisers’ working life which
cannot be reproduced in any other form, and thiat dbntact encompass
interviews, user workshops, active user serviced, samply being present
at the workplace. The Bthere method proposed i plaiper is based on
osmosis, but differs from (Mambrey et al, 1998}he sense that also the
design process is performed in the users contexhdir work Mambrey et
al describe that designers reported that theylikelta “sponge” soaking up
information, while we would like to propose a maetive role for the
designer. We suggest that the designer should te docollector and
receiver.

Several methods are concerned with finding morecspof the user and
the use of things or environments. “Extreme charattis a method that
helps designers to explore sociocultural aspects tladir designs
(Djajadiningrat et al, 2000), and “Interaction ted#ling” helps designers to
understand the richness of actions (Djajadiningtal, 2000). Both of these
are methods to use when finding inspiration andenaspects in the design
process, but they are also trapped in the traditioray of designing in a
sense, staying safely in the office or design studsing their imagination.
The Bthere method differs from this in the sense that we tiigeextreme
characters from reality, not only providing us tmportunity to observe the
phenomena and persons, their use of things andxentut also having
contact with them and getting their direct inputhe data collecting phase.

Gaver et al. (Gaver et al, 1999) present a methathich they use cultural
probes that they hand out to the inhabitants dewifit sites, for them to
personalize and then return their personal stortheéodesigners (Dunne et
al, 2001). Similar to this approach, the task af method is to understand
the particularities of a site. Both methods ainpmttviding possibilities to

discover new forms of sociability and culture, aodbe provocative through
design. Furthermore the cultural probes were desigo live their own
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lives uncontrolled by the designers, as is the @iraur confrontation with
the site by placing an open tent on the square. &defront an
uncontrollable dynamic environment hoping it wilfifg us a better
understanding of this context.

Just like Gaver et al. we are looking for inspoatl data with our method
rather than to define a set of problems, and hetsliyg to create greater
awareness of the complexity of the site. The dateected is inspirational
for the design process and also as a way for ugdond designs in the
detailed textures of a local site.

The Bthere concept

Context is a central issue in interaction desigwel as in architecture, and
we propose a method with an increased focus orcahngext in both the
process and in the final proposals. The goal ferBthere method is to
enhance the context-awareness in the design, hyruuthe design process
out into the context. By creating a deep and layemalysis of the context
and the inhabitants while being in the context,ittetification process of
the tasks and behaviours can be adopted immediatéige design ideas.

The general concept of the method is to divideta and its surroundings
into different layers, and thereby unfold aspecis ind depths that are not
visible from the surfaceBthereaims at focusing on one thing at the time,
discuss it from different perspectives, and finabnnect them, instead of
trying to study and register everything simultarsypu

The Bthere method is mainly divided into two phases; the daikection
phase, and the design phase. During the data tiollephase, three
different perceptionsor ways of looking at the city are to be considere
during the day. The perceptions could be:

- Social

- Digital

- Physical

The perceptions are ways of looking at the contaxt, could be compared
to wearing three different pairs of glasses. (segirE 1). To every data
collected, it has to be defined from a personahiopi why it was collected
and what perception was used.

The perceptions are used during the data collegbingse to look for
material in different predefined categories, caliaers and these could be:
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- Trash
- Roles
- Commercials

The layers are used to put words to and defineilsletad aspects in the
environment. The layers are revealed one by onanimg that only one

layer is in focus at the time. The layers are oobé presented from only
your own point of view, the aim is tipying to get into discussions with the
people who are in the site using it, to also bee abl present their opinions.
Between each layer, the data collected should hesiqddly presented,

discussed and defined from its perception. Eaclglesigata should be

physically annotated to a large shared surfacewgitien down on a post-it

note, with one colour for each layer. The sharedfasa should be a

representation of the site, so that the data deliecan be attached to the
exact location of where it was found.

The second phase is the design phase, where tliaginfrom the data
collection phase are discussed in groups and cadbim different
constellations to be used as design material. dt ¢g®nceptual intervention
based on the findings made in the first phddee groups shall discuss, augment
and intensify three different aspects of the shadedign space in the
context, i.e.:

- Public space
- Private space
- Commercial space

The goal of the design phase is to develop idedsnthéie a significant change to
how the site will be perceived in the future, omhlife is lived on the siteThe
collected data will be used to create new techricdbglesigns in both the
digital, social and physical world.
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Figure 1. Table of the concept; The perceptions areays of looking at the site, and used
to define data from the three layers; trash, rolesnd commercials, which will be the
base for the final interventions.

The common denominator of the three layers is et that these are often
unnoticeable aspects of urban environments, bilieasame time we claim that it is
often these aspects, along with a few others,dbfibhe a space as urban, bustling
and interesting. Combining the three layers with fierceptions forces you to
conceive the otherwise well-defined physical spatea new fashion. As an
example, it is relatively simple for most architeand designers to analyze a site on
the physical level, but when it must be definedoaging to what roles they play
and shape for or dictate to inhabitants of that, shien they will see the square in a
new light. We take a range of relatively well-knotemms and then combine them
to challenge the conception of the participants @ndiscover new aspects of the
city.

The workshop setup

The Btheremethod was used in a workshop that took placeathé&hburg,
Sweden during one day in late spring, and theresvidr designers from
three different architect and design schools. Tdmext in focus was a city
square, a bustling urban environment with manyedéffit kinds of activities
and personalities during the day. It is a centrédiyated open site with
trams, busses, cars and bicycles, a meeting ptateaining shops, fast food
restaurants and open-air cafés. It is a heavilg psiblic space, but still not
touristy.

The setup was an open tent serving as a studidainorg a table in the

middle. (See Figure 2). The 2,5 x 0,8 m table wathp covered with a
large print of the square, which was attached tckthardboard. A web-
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camera attached to the ceiling of the tent, doctimghe activities on the
table during the day, how the original map was cedevith observations in
layer by layer, how it was growing thicker and echand finally how
physical thread was used to link material from edight observations
together and outputted scenarios for interventmmshe map. (See Figure
3).

Figure 2. The workshop setup with tent, table, posts, designers and inhabitants.

The designers were given the three diffeparceptionsor ways of looking
at the city, at the beginning of the day. The tHegersthat the designers
were to work with during the day were revealed hes tvorkshop
progressed, they wer®t only to look at them from their own point oew but
also trying to get into discussions with the peapl® were in the site using it.

The designers had to define and relate their oaiens from each layer to
one of the three perceptions, and then place aiqahysotation of it on the
map where they had found it. The template of thatian were post-it notes
in different colours describing the specific laperwhich they were to write
down the things or phenomena they had observedcli¢d to the map were
also photos shot by digital cameras and printetherily in the tent. Finally
a coloured pin had to be added and hereby speh#y point of the
observation on the cartographic table. The colduthe pin defined the
perception of the observation; whether if it wasigidered as physical,
digital or social.

In the first part of the data collecting phase thsk was to observe and

collect things that were categorizedtassh. During the discussion with the
designers, trash was defined as something thatoldidsed its use or
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something that was disturbing to the atmospherthefsquare, which of
course brought forward the differences in opiniohavhat the designers
would then label as trash. Examples of what thekslwp labelled as trash
was a surveillance camera considered as digitah tfar one person, but
considered as a security by someone else; an dicaonld be defined as
social trash, and noise from the streets and tigoitgy by were defined as
physical trash even though the workshop discusseether it could be
defined as a simple and maybe even appropriateasperban space.

The participants worked in smaller groups of 3-Gspas, and lively

discussions took place within that constellationpebple, but also when
presenting their observations and opinions to titeeegroup when placing
it on the map. At this point, interesting discugssicame up, and several
aspects that the designers had never considerectlveére revealed.

During the day two more layers were addressed. eThege focusing the
designers’ attention towards the roles played mpfgeand the aspects of
commercials in the urban environment through theg weey shape e.g.
movement and attention for the inhabitants of thie. &£ach of these
observations were again annotated on their owrucabpost-it notes, and
defined as digital, social or physical by the pins.

Figure 3. The map after the annotation process in gnworkshop; the disappearing
physical square.

The groups had to discuss the findings during tag @nd augment and
intensify three different aspects of the sharedgdespace in the context,
meaning public, private and commercial space. Theetgroups had to deal
with one type of space each and in their work amd$entation be aware of
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eventualoverlaps, shared interests or conflicts with tHeeoigroups. Furthermore
we asked the groups to make interventions withelatting to the other themes, so
that e.g. the group working with commercial spatidsnot consider whether or not
their idea would be disturbing to the ideas or goafl the group working with
public space.In addition to this, the interventions had to ‘et and
combine observations in the different layers. Thhguld investigate how
different types of use and phenomenon’s of the ipidpace, positive and
negative, can work together and thereby enhancthtbe aspects.

To demonstrate which aspects had been relevathdarideas, they had to connect
the relevant pins with a thread, and hereby ilatstithe linking of properties and
spatial relation between the observations placettiendifferent layers. Finally the
results from the ideas and prototypes were attatthédte map too.

Results from the workshop

The final task was for the three groups to comemitp ideas on how to
increase the private, public or commercial spadhiwthe context, and use
the experiences from prior data gathering and aisphases as a base. As
a result from being in the context, the designsesiiexperience prototyping
(Buchenau, et al, 2000) when communicating thegdeproposals to the
audience, to some extent while trying to understamedexisting context and
user experience, and when exploring design idetiénathe group.

The ideas varied from pure physical changes tolputgital and from
public to private use.

Examples of design proposals to enhance the progatee are:

- Install a machine where you can pay to record youn movie and when
you leave, you receive the movie on a DVD. The idebuilt upon the
fear people have for being in the scene when tlesy & personal or
surveillance camera or video camera. When the madhi recording, a
red lamp will blink, keeping other people away fréimat part of the site
and thereby create a personal sphere in the pgjidice. (See Figure 4).

- Install live projections on a wall on the opposide of the street from the
entrance of a porno shop. By this the embarrassstmers can enter or
leave the shop without being detected, since dtitebitants will study
the live and colourful projection and not the dobthe porno shop.
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Figure 4. Design proposal from the workshop; A persnal sphere is created when the
video camera is recording, as people try to avoidkposure to the camera.

Examples of design proposals to enhance the conahepace are:

- An agent checking your personal profile through ryghone when
entering a certain space, so that when you paggital cadvertisement
board, it will be adjusted to your personal nedelsamples of personal
ads could be cheap drinks at the nearby bar to gea8 old guy, or a
picture of yourself with much thinner body as awveatisement from a
plastic surgery. (See Figure 5).

Figure 5. Design proposal from the workshop; Persally directed advertising from a
plastic surgery.
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- To have advertising from the local shops mixed whihlive digital traffic
information displays inside the bus stops.

- Have red digital tracks on the ground to lead peadplto the fast food
restaurant. They should be connected with the Ivealport system, so
that when the bus stopped and the doors openeslimarid be a red light
like a red carpet on the ground leading a potectiatomer from door to
door. (See Figure 6).

Examples of design proposals to enhance the psiice are:

- A wide and large staircase up to the rooftops atibeepublic plaza, to
expand the public site, and creates a view andlanieover the square
and its surroundings.

- A real time guide in your mobile phone, recognizihg surroundings and
displays it in the phone with a digital layer ofdmrmation; what is inside
the buildings or the profile of the persons aroyad.

Figure 6. Design proposal from the workshop; Red diital tracks leading the flow of
potential customers into the fast food resturant.

Apart from the actual design proposals, there veeneimber of interesting
findings to be found from the paper representatibrihe square on the
table. The map stores the layers of information,dtso information about
what was most relevant or inspirational for theagleThe designers were
asked to link the different data they had useda@irtideas with a physical
thread, so that one would get a visible proof dhlibe information but also
the location of it. There were interestingly twaedes that had been used in
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almost all the projects, and they were an advenise board and the
culture of illegal posters, both located very calhgron the square.

The results were of different quality, but they fadid in common that they
were pioneering to both the context and to thegihess themselves. The
sketches and discussions showed that the desigaérsxpanded their view
of the city, that they had learned something frdyaesving reality by using
different perceptions. During the day their argutsegot stronger and
stronger, and the designers learnt to discussaaddlyze aspects in a way
they had not done before.

DISCUSSION

The tent placed in the middle of an open square driot of attention to the
workshop. The inhabitants of the square, meaniegpiople passing by,
people waiting for the bus or friends of the woidgstparticipants, people
living or working in the houses, or the peopleriyion the street, all came
in to the tent, and some of them contributed toriap with a new and
personal aspect of the space, e.g. one personairedjone of the design
groups and worked with them for the entire day eweh participated in the
presentation the following day.

When evaluating the workshop we compared the it the final map,
and discussed if the final map maybe gave a moree@opicture of the
square than the original picture did. During théadaollection and design
process the accumulated design material were slobdguring the physical
map and thereby redrawing and creating a new utaaelieg of the square
from both material and immaterial observationsngesn the site during the
design session made it possible to state arguntentsigh the design
material and emphasize these by relating them tirdo the physical
context, due to the short visual distance. In thay the physical context
and the new representation of the square begamnplement each other in
the discussion.

The use of the web-camera for documentation magesible to have an
ongoing discussion and evaluation of the procesaning which types of
data were collected where and by what perceptidding new discussions
to the overall understanding of the design space.

The results from the design phase varied a lott mbthem were extreme
and daring, and the proof of new thinking and iregmn. Other design
suggestions were more careful and classic, but @so in the sense of
being based on more untraditional design matefiaé method seems to
succeed in providing an opportunity for the designaf the workshop to
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successfully focus on new aspects with differemgpectives, and also with
stronger arguments and provocative design ideassldhat in themselves
show new aspects of the context as in parallel thieéhconcept of critical

design.

One interesting notion that came out of the workslvas that data collected
as trash, meaning as something negative, was dpglrectly into the

design proposals. When these data became the dradeeir design ideas,
the notion changed to positive. An example of thithe porno shop, which
was negative trash from start, but turned into s¢hing positive and

working as a base for a creative design proposa.skme was valid for the
surveillance camera and the massive amounts ofriéments. In our

experience, to incorporate negative observatiois tine design is not a
common procedure and these are more often usedrestrains for the

design output.

Another common notion that came out of the disaunssivas a definition of
public spaces where a person is opening up to the surroundiitigsr actively or
inactively. Furthermore that a person can be inlgip physical space, and in there
define a private sphere through either social auéons, the use of physical
objects, or by being connected through digital asfructures. As opposed to
commercial space, access to the public space islapgndant on social status or
potential purchase, it is open to everyone.

This became especially clear during the day as weevapproached by several
residents of the square, who contributed their si¢avthe data collection, and in
one case joined a group and worked with them all da

The background of the workshop participants hadeseffect to the outcome of the
workshop. The designers came from various archaadt design schools, and are
therefore creatively minded and open to new petsgec The major part of them
was first or second year students with very lipttactical training, and none of them
had computers as their major design material. Tdghiothe deep analyses and
discussions in identifying aspects in the dataectibn phase, they gradually got
used to not just the physical, but also the didéger. When arriving to the design
phase, they all adapted easily to using new artthtdogy based design materials
that they were not used to. The fact that they waoe used to think digital
infrastructures as design material was consideredasitive, as they did not
become limited by what ideas are possible or réalig not to implement. On the
other hand, if they would have had a more technoédackground, they would
have been familiar with more advanced technologyg, @ould have come up with
other design ideas. Our conclusion was that fa tontext in focus, the
background of the workshop designers was well duite
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Being on site

It is clear that in a prolonged design assignmiewili not be possible to position a
group of designers on-site for the entire desigocess, but confronting the
information collection phases of the design proceitls the creating phase relates
the designs strongly to the site. This is a knowabfem from some specific design
fields and has been experimentally supported in they WorkSPACE project in
various ways, where e.g. tabletPC’s were used #blenlandscape architects to
design while being on site (Gronbak et al, 200R}ischer et al, 2003). The method
we are proposing here is much more open and threrefanfronting towards the
social and cultural, urban environment, simply heseaof the shared surface of the
table in the tent is much more open than a tab&toP any other shared digital
device

On the other hand one can argue that the speeffip$ased on the open tent in a
public square might frighten potential contribut@siong the public by its bare
presence and maybe even be misunderstood as iagd@ittivity or a place hosting
sale etc. To avoid the worst misunderstandingsepestere placed out, explaining
the project and inviting the citizens to take parthe workshop. Nevertheless the
discussions in the tent challenged the contributoterms of forcing them to argue
in public and thus being prepared to defend tta@as and opinions to the other
designers as well as bypassing strangers. Thisiaila openness did on one hand
allow the designer to meet unforeseen input indékate but might as well have
limited and in worst case held back shy designers.

The possibility to actually be physically on théesin an open tent can be very
dependent on the location, the time of year andwather. The most important
factor is though for the designers to be on the isitone way or the other, it could
be a closed tent with windows, or a hired room bgavith windows out to the site,
however, this would probably influence the partitipn from the inhabitants. In
cases of rain or snow, the workshop constructianiccbe a shelter for interested
contributors and inhabitants.

The general method

We propose a method for the analysis and designepsoof contextual
design in a public place which in this paper ismeplfied in a workshop
performed in the context of an open public squahe context could be of
other kinds, we claim that the method would stillegmeaning and be
highly usable to the data collecting and desigre@ss. The digital, physical
and social perceptions are relevant and applidaldey type of context, but
the layers can change depending on context.

If the context in focus would be e.g. a workplagstéad of a public space,
the layers of trash, roles and commercials would mave the same
relevance. We claim that roles are an applicabtkimaportant aspect in all
types of environments including people, but thaslr and commercials
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could be changed to e.g. culture and informatianthe design phase, the
private and public spaces are still relevant, hatdommercial space could
be changed to e.g. forbidden or invisible space.

The most important aspect of the process is trantbthod allows one to,
step by step and in layers, go through the dathdrcontext. The iterative
process of collecting, analysing, presenting, otifhg and discussing step
by step, with one layer at the time, provides tlesighers with time to
mature and with arguments to relate to. The peimapare also very useful
in the process of identifying, since you are forted@¢onsider why this data
is collected. To be in the context during the entlesign process gives the
positive outcome that things that were overlookedfargotten will be
updated, and you will always have the “power usatsand to study, ask
questions to or perform tests with. The attitudghaf future users for the
new design grows more positive as their involvemernhe design process
increases.

Apart from that théBtheremethod can be used to identify hidden aspects in
a context, and to generate new design ideas, it @so be used as a base
for discussions. The data collected and the dedegs deriving from it can
be used as a base for creating scenarios, andyhdiscuss how the site is
being used or misused.

In a prolonged design scenario, it would be intimggo use thétheremethod for
the major part of a complete design process, dathileauser- and task analysis, the
data collection and the design phase is conductedthe context. The
implementation phase could then be situated badkeabffice, but after that one
returns to the site and places the prototypesth@acontext to continue testing and
conduct user studies there. A one day workshop eidtively inexperienced but
very creative designers gave a lot, and we beliatthe benefits of this method,
when being used for a longer time and with moreceigpced designers, will grow
even more.

CONCLUSION

This paper describes th&there method which aims to increase
context awareness among designers to ensure taatakigner is fully
aware of the different layers, depths and perspestivithin the context.
Different design methods claim for increased cangexareness, but this is
mostly practiced in the data collecting and tesgihgse. Th&theremethod
places the designer within the context, not onlyddimited time or for a
certain part of the design process, but for th@eptrocess. The concept of
the method is to use different perceptions whetectihg data, which is

145



done from different layers in the context. Theselifigs are then used in the
design phase to enhance different aspects oftie si

The Bthere method is described in a scenario where it wasl usea
workshop held with architect and design studemtsl the setup was an
open tent in a public square. The results fromwoekshop demonstrate
that increased and active context awareness camobe effective in terms
of performance and motivation from the designedmpof view.

Dividing the context into different layers, andila¢ same time focusing on different
perspectives, in order to incorporate tasks anéehbrs of users immediately into
the design ideas, contributes to many positive @spef the design process. The
information gathering part of the design processobes more tightened to the
analysis process, since it is done simultaneobsith in private, in a smaller group
and with the entire group. The proposed method dbtreases the load of the
designer, when trying to analyze and collect eveng in the context and the use of
it at the same time.
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ABSTRACT

In this paper a particular design method is profgbas a supplement to existing
descriptive approaches to current practice stuepecially suitable for gathering
requirements for the design of children’s techngloghe Mission from Mars
method was applied during the design of an eletreohool bag (eBag). The
three-hour collaborative session provides a fiesteh insight into children’s
practice in a fun and intriguing way. The methodisposed as a supplement to
existing descriptive design methods for interactiesign and children.
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INTRODUCTION

New methods for designing technology for childrea eonstantly emerging, many
that encourage children to participate in the degigocess. In this paper we
contribute to these methods by propagating thesMisfrom Mars’ workshop as a
fruitful method for gathering users requirementoamchildren by establishing a
shared narrative among the participants in thegdgsiocess.

As participatory design methods are becoming irgingdy accepted, there is also a
growing acceptance of the stance that new techgofog children should be
developed according to children’s existing practicén spite of the general
acknowledgement of user participation, discuss@msut what roles the children
should play during the design process are stilfldjpg. The roles, ranging from
active co-designers [22, 6, 7, 9] to less actifermants as advocated in [21] and
[20]. These different conceptions of children’serah design have a heavy impact
on the way user requirements are gathered durisigr¢8].

Druin [6, 7] has developed a cooperative inquigniework based on participatory
envisioning, contextual inquiry and lab observadioto involve children as

legitimate co-designers in the design process. Mguthe design process, the
children’s practice is reflected in their desigmdutions. The cooperative inquiry
framework is indeed a highly useful methodology daining access to children’s
practice, however [16] emphasize the need of timd affort to establish a

productive intergenerational design team.

To gain access and insight into the everyday lifectdldren, several methods
involving sending out probes to the children haeerbdeveloped. [19] propagate
the use of Photo Diaries as a way to get probes til¢ process of designing
children’s technology. This method is further dexadd by [10] that suggest the use
of technology probes as a way to comprehend thdsnaed desires of users in a
real-world setting. [11] experiment with the useif1S messages to gain access to
children’s everyday life. In these methods the pmlran be seen as static
appearance of the designer, and the user and pinaatice materialized and
represented in the probe.

[1] offer the ‘KidsReporter’ method as a way foiildren to contribute to a design
problem through the making of a newspaper with ¢héddren’s ideas about a
certain topic. [18] provide a similar frame-workhich children’s use of mobile
technology is investigated and reported duringragthour workshop in which the
children create an internet-based News Portal (vmetworkingkids.dk) by means
of new mobile technology. Both the KidsReporter dinel NetKids.News method
provide a framework for gathering user requiremémtsie geographical and social
context of the children. Both methods establislpiiitsg social settings in which
children are encouraged to participate and therekgose their practice and
especially their use of technology for designersese methods are useful, when
conducting open-ended research into children’s tim@cHowever neither of the
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methods provide a frame-work for questioning specier requirements according
to elements in children’s practices.

In resent design projects some of the authors heymerimented with shared

narrative spaces in various participatory designexts e.g. [17, 13, 12]. We define
a shared narrative space as a social constructéement in which conventional

cultural expectations are temporarily bypassedhdlgh these experiments were
conducted with adult users, they convinced us, that potential of a shared
narrative environment might be fruitful when designwith children.

Inspired by both the KidsReporter and NetKids.Ndrmsnework and the resent
studies of design games this paper propagates arathod for gathering specific
user requirements by establishing a shared nagrafiace in the children’s practice.
In the following, the Mission from mars method ieegented as a supplement to
existing methods for gathering user requirement.

Designing an Electronic School Bag

The Mission from Mars workshop was carried out witthe context of the iSchool
project. The iSchool project is a part of the Cerite Interactive Spaces, ISIS
Katrinebjerg; an interdisciplinary research ceninénging together as diverse
disciplines as architecture, engineering, and cdempscience with the research
mission to create new concepts for future intevactspaces. As one of the
application domains, the iSchool project focuses developing software
infrastructure, GUIs and spatial concepts for exére school environments.

Within the context of the iSchool project, a softevaystem focusing upon handling
the pupils’ electronic school material is under @lepment. The system is called
eBag [2, 3], and is each pupils digital countergartthe physical schoolbag; a
personal digital repository where the pupils mayestpictures, videos, music, and
documents to be used for school projects or free.tiThe eBag may exist on
several platforms (mobile phones, large display@'sPand provides pupils with
the ability to seamlessly access and share digigaérial. The mobile phone acts as
each pupil’'s personal key to opening the eBag. Whermpupil approaches a display
connected to a Bluetooth unit, the personal eBdigappear on the screen.

We acknowledge that the point of departure for gléeg new artifacts is the

current practice of the users. Part of this undeding is rooted in the artifacts that
inhabit user context. In our case the school bag efgarticular interest since the
concept of the eBag to some extent was coined edglitfital counterpart to the

traditional school bag. As part of the childrenchgol- and everyday activities the
traditional school bag has been appropriated tthétpractice of the children. As
part of our efforts to design the eBag we wantedg&in an insight into the

traditional school bag as a part of the childrgpractice, and how it had been
appropriated into the activities concerning schaokvas well as their everyday
life. An insight into the qualities that make thraditional school bag a successful
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part of the children’'s practice would be a pivotalteria for succeeding in
designing its digital counterpart.

Figure 5. The first prototype of the eBag

With the Mission from Mars method, we wanted tongasight into:
- The everyday life of the future users

- The context of the future system, in this casestif®ol context

- Social relations and behavior among the futuresuser

- The social relations in the context

- The use of the existing systems today, in this tdasg@hysical school bag

- The use and extent of personalization and custdimizaf the context

- The use and extent of personalization and custdinizaf personal objects

- The use and extent of personalization and custdinizaf the existing system
- The future users’ attitude to order and sorting

- The future users subjective opinion regardingtalthings mentioned above

THE MARS WORKSHOP SETUP

The Mission from mars workshop was conducted ingady phases of the eBag
development process in an effort to understanchétiare and role of the physical
school bag as a point of departure for designirey dhgital counterpart. In the

following we describe the Mission from Mars workghsetup and discuss both how
the results informed our design as well as issekging to the method. Table 1
(next page) provides an overview of the method.
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Participants: 7 children aged 10-11, 5 members of the des
team.

Setting: Two classrooms in a lower secondary school.
Duration: 3 hours total

Equipment: Video camera, monitor, speakers and equipment
connecting the three.

Setup: In one classroom a member of the design teantidd
assuming the role of the Martian. A monitor conedcto the
video camera is placed in this room. The secondnrgthe
broadcast room) is equipped with the video camera.
Primary activities:

1. Establishing the narrative

gn

- A member of the design team introduces the stoay will
provide the frames for the workshop.

- The broadcast setup is introduced — the childrest present
their material in front of the camera.

2. Preparing for the encounter with the Martian
- The children are divided into three groups. A mentdfethe
design team joins each group.

- The children prepare what they want to present ha
broadcast room.

—

3. Encountering with the Martian

- The groups take turns presenting their material thie
broadcast room. The member of the design teamdddat
the other classroom can ask questions to the prggkrding
the material.

Table 1: Overview of the Mission from Mars workshop

We prepared the workshop by contacting the schoolpkermission, and they
appointed a teacher who helped us choose suithiitiran. We did not take any
part in selecting the children who should partitégpasince we did not have any
relation to them at all, and did therefore not knthwir personalities. The teacher
did not take any part in the workshop, she leftmvive arrived.

The workshop took place in a lower secondary schdbk participants in the
workshop were seven children between the age otdesleven. The workshop
leaders were four visible male researchers in th@ities and a fifth invisible

female “Martian”. There was one researcher per gra@and one researcher that
helped out where it was needed, and who also vgattedred documentation.

The children divided themselves into groups so theyked together with their
friend/-s. This was important so they would notdhg in front of each other. The
four girls were divided into pairs of two best fis working together. We had
planned for four boys to participate, but at thd grey were only three, so the three
boys worked together as one group. This turned toutbe an interesting
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constellation, since we got a first hand insigho inow the children behave towards
their best friend but also how they behave to asnatlose class mate. The two best
friends of the three were more dominant than tivd ttoy, who was much quieter.

Finding common ground

Starting out with an informal introduction we tried level with the pupils and
relate ourselves to them in a different way tharwé were teachers. This was
accomplished by small-talking around subjects #ratimportant to them, namely
soccer, fast food and music. In this way they sawdme extent that we were like
them and on common ground, which was a good stap@int for introducing the
narrative.

Establishing the narrative

Secondly we introduced the narrative of the MARSkshop. The idea was to
establish a story in which the pupils should taket po accomplish the mission
stated in the narrative. The story was illustrdigdh range of computer renderings
(see Figure 2) that was projected on a wall duttiregintroduction.

Figure 6. Examples of renderings illustrating the arrative

The start-off was a contact established by MartiEm®ur research center. We
received/picked up some signals, and we made owmputer scientists call for a
translator. We brought the translator to the classm and wanted the pupils to
participate in the translation and decoding of Meatian signals. This was done in
a very simple, and at the same time convincing,. Wég had written all messages
as text chunks in our own language and then chatigedont type to “symbol”.
This results in an unintelligible piece of text kimg mostly like strange Greek
letters. Each chunk was copied to the clipboardhef computer from where we
presented the narrative, and pasted it into notdpatdvas the visual manifestation
of our translator. As notepad only works with orextttype everything was
converted back to normal text with some errors atrdnge symbols but still
possible to read and understand (see Figure 3).
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Figure 7. Examples of coded and decoded text chunks

Slowly we went through the signals and had the Ipugiscuss and translate
everything. The story evolved, creating the shar@dative space as we see it, and
we all understood that the Martians were interestetie way schools function on
earth and especially how pupils spend their timénduthe day. Due to problems in
the Martian space shuttle they could not breakuihahe atmosphere and therefore
communication with them had to be through a videonection to their orbiting
space shuttle.

Preparing for the encounter with the Martian

After we had decoded the signals we divided thelpupto the three groups and
distributed them in the classroom. Together witfagilitator from our research

center each group had to prepare a short presamtatitheir school day mainly

focusing on their school bag. The reason for tlep@ration was related directly to
the story as the transmission connection was plesgiben the shuttle was above
our part of the world. The session had to infore fécilitator in an informal way

and on the other hand prepare the pupils not teaxhe Martian to understand
any of the content of their school bag. Therefbmythad to think thoroughly about
each object in the bag and consider whether it dvbel interesting for the Martian
and hereby informing the facilitator (see Figure 4)

Figure 8. Preparing for the Martian broadcast

The broadcast setup

In two nearby classrooms we established the trasssom setup. In the first room
we installed the Martian stand-in who was suppdesetbmmunicate with the three
groups of experts, namely the pupils. Here we liestaa TV monitor, loudspeakers
and a microphone. In the second room we install&y/acamera connected to the
TV monitor in the first room, loudspeakers and anmphone. In this setup the
Martian would have audio and visual feedback whetba pupils would only have

audio feedback from the Martian. To increase tHecefof the Martian voice we
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used a foreign researcher as stand-in, who spokdamguage with an accent
through a tin can to add a metallic noise (see reidi). Due to a real-time audio
translator “developed” for this mission the Marti@ould speak our language.

Figure 9. The Matrtian tin can microphone and the satp

Encountering with the Martian

In turns the groups went into the broadcast roonh sat in front the DV camera
that was placed behind a desk where the pupilgdddaylout and show the prepared
things for the Martian. The connection got estdibby one of the researchers who
tested the microphone and got feedback from thismge Martian voice (see Figure
6). After that the communication was between thertida and the pupils who
explained about the content of their bags and hey tised it during the day. The
Martian could ask very stupid questions and haeepilipils putting different props
closer to the camera to give a better look at thAm.some of the groups had
difficulties to understand some of the responsemfthe Martian the researchers
helped to interpret. After about 10-15 minutes ¢banection was cut and the next
group would enter the room to give their storytte Martian.

Figure 10. Pupils broadcasting and the watching Maian

LANDING THE REQUIREMENTS FOR THE
EBAG

When returning to our lab at the end of the day, se¢ down and shared
experiences and impressions from the workshop.eSime all had different roles
and locations during the day, it was importanthare this information with each
other to be able to create the whole picture apdlse scope of the results.
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The primary source of data from the workshop was tieo obtained from the
preparation and broadcast. Several methods havegreposed for applying video
data within the context of design [15, 4, 5]. Im]ldversen discusses how video
may be used when designing with children. In otddsring the video data into the
design of the digital school bag we used the lateosa Analysis Lab method as
described by [15]. This method has the advantagdl@fving researchers to gain a
general overview of large amounts of video datalevhaintaining the ability to
work with specific sequences in a collaborativeisgt

The video data from the preparation as well asbifo@dcast was initially logged
into segments, and subsequently specific segmbatswere deemed particularly
relevant for design were chosen for further analirsithe Interaction Analysis Lab.
The goal of the analysis was to understand thetimadl school bag as a part of the
children’s practice and to identify how these cobkd reflected in the eBag. The
results from the analysis ranged from concretegtheisieas to issues that needed to
be addressed in the ongoing process. The key sgeairts for the eBag exposed in
the Mission from Mars workshop are summarized ire¢h categories;
personalization, structure, and sociality.

Personalization

The issue of personalization was very central te workshop and has also
pervaded the following design of the electronic cathbag. All of the pupils
participating in the workshop had given their sdhag their own personal look.
Names of their favorite singer or soccer playeremgritten on the bag. Key chains
and other tokens were attached to the bag so hibgtwould be visible to others.
When presenting the schoolbag to the Martian th@lpwere eager to elaborate on
the different ornaments and their significance.

Apart from the schoolbag, their pencil cases, cdes etc. were also given a
personal stamp of some sort. Perhaps most striking the personalization and
meticulous customization of the pupils’ mobile pesnAlmost all of the pupils

chose the mobile phone as one of the items thgtpgresented to the Martian. Most
of the pupils had custom covers, and some evendiféetent forms of tokens

attached to the phone. All of them had carefullpsgn a sound for their mobile
phone that they found neat or cool. They were atly\eager to display and talk
about their mobile phones and how they used them.

Structure

As the pupils presented their schoolbag and itgecdrto the Martian it became
obvious that they had very different ways of stuuicty the content. Some had a
very explicit and precise system for structuring tontent of their schoolbag; the
calendar was always in one room while the lunchdeck pencil case were stored in
a different compartment. Others had little or nstsgn regarding the structure of
the content; the different items were more or lemsdomly found in different

compartments. The tendency was for the girls toehidne most explicit systems,
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while the boys seemed to store their items morelaaty. The point of these

observations is that it is difficult to formulatenaeaningful general structure of a
schoolbag. Much in line with the issue of persar@lon the pupils had

appropriated the physical structure of the schaplbaifferent ways. In relation to

our design of the digital schoolbag it made us awarthe problem and potential
counter productiveness of imposing a given striectfor the content of the

schoolbag.

Apart from calendars, lunchboxes, and pencil caggish were found in all the

pupils’ schoolbags, other more unlikely items appdaduring the session. In one
example one of the boys found a small rubber figorat the bottom of his bag.

Apparently this had been put in the bag a long tige and had been forgotten until
now. The boy decided to show this figure to the t\ar telling the story about

how he had acquired it and what it was used fois Ticident led us to discuss
another perspective of the schoolbag, namely ata@e pvhere some things are
allowed to ‘sink to the bottom’ and be forgottentiuthey one day are stumbled
upon. Having functional support for serendipidouswsing of content in this way,

could lead to a pedagogical potential for traingggnbinatory skills. Most of us

have probably had similar experiences stumblingr dtems that we had long

forgotten existed; items that bring back memoriepast activities or experiences
and gives us input to a current situation. To sextent the example of the small
rubber figure in the boy's schoolbag is similar;displays how the schoolbag
mediated an experience of serendipity.

Sociality

The final point that we will discuss concerns theislity of the schoolbag and its
content. When the boy found the small rubber fig(ttee example from the
previous section) he was preparing what he wamtesdhow to the Martian. He was
sitting alone with only a member of the design teéarhis company. When initially
finding the rubber figure by himself he did not paymuch attention. However,
when the other two group members joined him thellsmbber figure became the
centre of attention; they quickly created storiesu the figure and played with
him. Analysing the video material, it was strikilmgpw the small rubber figure
gained attention as a social artifact from whicé pupils constructed stories and
played. In relation to the design of the digitah@albag this led us to considerations
about being able to share material and engagernngotivities.

Much in line with this example the pupils’ eagemé&s personalize their schoolbag
and its contents also touches upon the issue délégpc The artifacts that were

personalized by the pupils were all in some wayblasto other students. In many
cases the personalization took the form of makimg/©position visible regarding a
given subject e.g. writing ‘Arsenal’ on your schioad) not only reveals that you are
an Arsenal supporter but it also in some sensendisshes you from another group
in the class who supports Manchester United. Betiarding football and other
subjects such as musical orientation there seemetalifferent fractions within
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which you may position yourself. The issue of posing oneself and navigating
the social structures of the school context hasesyiently been a pervasive issue
in our design of the digital school bag.

The above sections summarize the most centraltsefoim our workshop. The
workshop was conducted as an initial exploratiow enany of the points form the
workshop were elaborated later on in the processmeSof the results fostered very
concrete guidelines for the design of the digitdilamlbag while others raised issues
for further exploration. A preliminary design ofetmew eBag, based on these
findings is presented in figure 7. The new eBagvedl the pupils to personalize the
visual appearance and structure of their eBag. Maneit allows the pupils to
make files public accessible or share them wittugsoof pupils.

Figure 11. The second prototype of the eBag.

Evaluation of the Mars-method

The age of the workshop participants turned ouietan the borderland for buying

the Martian story or not. Most of the children watespicious of the story and did
not believe that they were talking to a real Martidhis turned out to be of no

matter, since they discussed their discovery wiithe other, and then they
continued to play along in the set -up. One grdupyever, was convinced of the

fact that they actually talked to a real and trugrtian, and they even asked for the
Martian’s email address.

Leveling the playground

However, establishing this kind of narrative betwes as outsiders with regards to
children’s everyday lives, and the children, gaseaucommon ground we could
meet on. The normal relationships between young ahdt in the school were
changed and we tried to obtain a role that wasnasramon to us as to the kids —
communicating with Martians - which in return maaeafe space for the children
to expose themselves. Kids of the age we approaateegarticular anxious about
looking childish in front of their peers. It is tlage where they are becoming more
aware of looking adult or like a teenager. The Marstory and the fact that some
of the pupils really didn’t believe it, but wenbaly with it anyway, made us look a
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little ridiculous, but we believe that it helped lasel the playground and get better
input from the kids.

The Mars-method enabled us to get a look into tis’ Kife-world, and most
importantly it allowed us to, in a play-like atmbspe, define a shared envelope in
time and space, within their own context, based oarrative.

Distributed setup

The spatial distributed workshop setup played goontant role for the narrative to
work. Like actors moving from set to set and thgreletting new feedback and
inspiration to the role they are playing, the gr®ugere moved around from “the
introduction and decoding” over “preparation of thesentation” to “the
encounter”, which increased the credibility of tharrative. As mentioned earlier
not all groups were convinced about the genuinenésise story, but because we
could refer to other yet unknown spaces where #ngative would proceed later the
focus and interest were kept intact. The acting want for the researchers as well,
playing or pretending that they did not know therfiéan. We had to help translate
some of the questions asked by the Martian anddcin@reby in a legitimate way
interpret it in a direction that could give newadnhation that would seem silly or
degrading if asked by an adult or researcher caitsids temporary narrative
context.

The representation of the Martian

The physical representation of the Martian wasOiecam and the audio feedback
(see Figure 8). The fact that s/lhe was not visyaisented resulted in the creation
of yet another space, as an imaginative space tmadbe kids. Because a weird
unknown voice responded to the things they predefde the camera, it again
helped keeping focus and interest. If we instead teed dressing the Martian
stand-in up as a Martian and established a phyficatto-face interview we would
most plausible get the same reaction as when Kmsaxe a bit too old to believe in
Santa drag in his long white beard when meeting ihich would take the focus
away from the narrative. In this setup the kidsemegpt as experts of being pupils
and focused by the mysterious Martian “eye” withiakhthey were engaged.
Because of the rather abstract representatioredffdrtian, we believe that the kids
did not dare or wish to insult him/her becauseradtkethe story could be true. The
group that was most convinced by the story askedvthrtian about his/her world
and of course if the general Martian skin color weeen.
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Figure 12. The camera representing the Martian

It would be an obvious critique of the Mars-methttit a really good teacher or
pedagogue would be able to establish the samedfiedfe space or confidentiality
for a specific interaction with the children, eithbrough a narrative or through
other means. However we believe that it is of gliegiortance that the people
designing the application afterwards are the orwdgronted with the children’s
stories and experiences. So the Mars-method ddferspportunity to the technical
developers and designers to engage with the childrgtablish the necessary level
of confidentiality through role-play, and get teethctual requirement for making a
design which is meaningful to its users in the esnt

Our experiences indicate, however, that it doesealty matter if the test subjects
believe in the story or not, because when theyegeited over the task they play
along. This is the positive thing with a workshap sp where we as designers meet
with the children within the game, and where we pmyate towards a common
goal.

The Mars-method proved to have its strength in idiog a shared narrative space
in which questions according to the everyday lifehe kids could be asked and
answered in an informal way. This kind of infornoatiwould be very difficult to
retrieve from e.g. probes [19] where the selectddrgathered and documented
material lies solely on the user, whereas the Mathod facilitates the discussion
between children, which the researchers medidtesugh the shared narrative
which offers the possibility of posing very “stupiguestions.

Comparing the Mars-method to ‘KidsReporter’ [1] whéehe kids are contributing
to the design by gathering information on differeéapics playing the role as
journalist, our method tends to extract anothed lof information. Both methods
work on the basis of a shared narrative or rolg,dat they relate differently to the
context of the children. ‘KidsReporter’ is set in anfamiliar contextual setting
which encourages the kids to explore, whereas thesihethod is established in
the children’s own context why it points more todsrgathering specific user
requirements.

Conclusion

This paper propagates a design method ‘Mission fildlars’ for gathering
requirements when designing children’s technolofiye method is inspired by
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previous work on design games and shared narrafigees as well as dedicated
methods for designing with children. By applying tMission from Mars’ method
to the design of the eBag we were able to supertdiesign process in various
ways. First, the method provides us with informatan how children personalize
their stuff and in which manner this personalizatis carried out. Second, the
individual structures of the children’s physicahsol-bag were spelled out as a
foundation for structuring the digital material one digital eBag. Finally, the
Mission from Mars revealed aspects of the creatibaocial meaning of artifacts.
In this way, the method provided a valuable inputthe design of the eBag.

As mentioned in the introduction, the Mission frdviars method is treated as a
supplement to the existing repertoire of methodsréguirements gathering with
children. However, when comparing the outcome o tission from Mars
workshop with other methods, the potential of thethmod is apparent. The methods
main strengths is that it is a playful and motirgtframework for both children and
designers and the shared narrative space makesssibfe to ask questions that
would be impossible to raise in a conventionalisgttWhether the Mission from
Mars method will work as well with other age groupan the children of 10-11
years has not been tested. However, our reseaparierces with both the Mission
from Mars set-up as well as the work with desigmegs indicate that shared
narrative spaces are indeed a recommendable sédttinthe gathering of user
requirements.

The methods main strengths is that it is a playfspiring framework for both
children and designers and the narrative sharedespaakes it possible to ask
guestions that would be impossible to raise inraveational setting.
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