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Introduction

The notion of what constitutes a computer displagrsaisingly changing. No longer is
a display confined to the typical CRT monitor withnglesiuser, paying focused
attention while interacting with virtual objects onstireen. Rather, computer displays
are found in such diverse forms such as small scremisléenphones and handheld
computers to video projectors enabling a shared view aneagdamgces.

However, perhaps the most interesting developmesplafyd is not primarily technical
but conceptual. In 1988, Mark Weiser coined the term uhigwtamputing, denoting
a kind of computing that departs from the view of human competactiin as matter
between an individual and a computer. Rather, as Wwisened, human-computer
interaction needs not to be confined to an interadtioranding the users full attention.
On the contrary, Weiser sought for a disappearance oftexsp the sense of moving
them off to the background, the environment of human experience

The most profound technologies are those thapdaaphey weave themselves into the
fabric of everyday life until they are indistihgbie from it. (Weiser, 1991, p. 66)

Associated to this paradigm is the notiomnolbient displaythat is, displays that
unobtrusively convey information to users, without reguiménusers’ full attention.

In this paper we wish to articulate what we appresiatmearesearch issues when it
comes to designing for attention. As such, this pdgst idescribed as a position paper
suggesting an agenda for an increased understandemgicg ambient displays and
attention. The paper starts out with a section defamdgdescribing the notion of
ambient displays, together with representative esashach technology. We then
open up for a more general discussion around théengnedrambient displays in
relation to issues of how we as humans are veit goaking use of peripheral cues in
our everyday, unmediated experience. In this seetiafsovoutlines an agenda for
future research when comes to designing for attentitwe. flollowing section we then
introduce the “One pixel display”, a prototype ambisptay designed according to our
suggested agenda before concluding the paper.

Ambient displays calling for attention

As the termambiensuggests, ambient displays are, unlike ordinaryteowhgplays, a
class of displays that does not call for its usevsdeddttention. Rather, it is a kind of
display that alongside furniture and other fixtergsessits role by constituting a part of
the user’s background environment.

Wisneskiet al(1998) describes ambient displays as a technology thHzygoesthe
traditional graphical user interface:



Ambient displays takes a broader view of displayhd conventional GUI, making use of
the entire physical environment as an interfadeital information. Instead of various
information sources competing against each otherdtatively small amount of real estate
on the screen, information is moved off the sdrdgenthe physical environment,
manifesting itself as subtle changes in form, rantesound, color, smell, temperature, or
light. (Wisneskét a] 1998)

However, moving information off the screen is noajostter of extending the notion
of what should be considered as a display. Ambieayslispbly a different kind of use
with a different kind of attention on part of the us®hereas traditional use of
computer displays typically requires the user'sdatian, ambient displays capitalizes
on different perceptual mechanisms:

An ambient display normally communicates on thighpey of human perception,
requiring minimal attention and cognitive load. (Mdnkoffet aJ 2003)

As such, ambient displays cater to a different kiniditgftiman traditional task oriented
computer use. Rather than requiring the user’s, dedli@itention, an ambient display
is supposed to unobtrusively call for the user’s attentiomeduzd.

There are many possible use contexts for ambientsdisylaypost current displays can
be described as falling in the category of awarenesgiapgliWisneski et al (1998)
suggests that ambient displays are apt at kespisgaware of what other people are
doing and the state of large systems (for instanceerwetick market, computer
networks, etc).

Examples of ambient displays include the ambientROQ&besbed by Wisnesitial
(1998). The ambientROOM is not one single display but mthemvironment in form

of a cubicle-like office fitted with a number of ambientagsplf different modalities.
One display of the ambientROOM monitors the actofity hamster as it spins a wheel
inside the cage. The activity of the mouse is mapttedntmtion of a solenoid that, in
turn, causes an actual water surface to ripple. The @pplerojected to the ceiling of
the ambientROOM. This display later evolved to whateRahlal(1998) refers to as
the Water Lampvhich is a more general device (not specifically tpr@fetesinster
activities). The water lamp allows digital informatiogeimeral to be expressed as
projected water ripples.

Yet another example of a display evolved from thienédROOM project is the
Pinwheelslisplays. The intention of this display is to visuatiformation flows in
architectural space. Basically, the abstract flow of injarmsamapped to a concrete
representation in the form of motorized pinwheels that s@inadile speeds.

These examples are research prototypes used ® tepldesign space of ambient
displays. There are also examples of ambient disgldysve made its way from the
research laboratories to the marketplace. The compaeyntAbvices offers a number
of different displays, including what they refer to as\ifiient Orb. The Orb is a
translucent sphere that dynamically changes color as trenBewdex fluctuates.

What is the meaning of ambient displays?

The examples presented in the previous sectiosentpnehat we consider to be
interesting ambient displays, both conceptually eimoi¢ally. However, in spite of the
sophistication of the research on this kind of tedyiatarrent research on ambient
displays do not address what we take to be a cena isdation to attention: what is
the meaning of ambient displays?; or putted inwtrds: On what kind of foundation



should design of ambient displays be based as tthavthé representation chosen is
not completely arbitrary in relation to what it is intendéanabiently” displayed?

This very general question can be broken down intmtzen of related questions. Is it
at all possible to talk about the meaning of amhigpiayl expressions or does the
meaning reside external to the expression pdrsse?s the content that people
experience from ambient displays internal and privateugetfRe

These questions are not specific to the design of adigéants. On the contrary, they
represent longstanding issues of practical and phitataoelevance and we have no
intention, or ambition to the settle these issues. ydowibe fact that the design of
ambient displays run into and concretizes elusiblerpsorelated to the meaning of
expressions in general does not necessarily hatpbné should stay away from the
difficulties of searching for a stable foundation for ngednirthe following we will
outline what we take to be an interesting and inmpoesearch direction that will guide
our future research on ambient displays and attention.

A suggested agenda — Designing beyond arbitraveoons

A motivation for ambient displays for visualizatiombstract information is that
human’s are very good at making use of periphesahdheir everyday, unmediated
experience. The use of ambient displays can be undasstefiecting an ambition to
capitalize on this competence. However, there is antanipdifference between the
unmediated, use of “real” peripheral cues and fi@adrtrirtual kind of peripheral cues
as manifested in ambient displays. Largely thisndiéf@sea difference concerning the
mapping between the expression and the content or meahegxgiression.

Consider the sound of the wind as it blows througineitte a windy day. The sound is
not the wind, but rather a necessary, material conseg@fi¢me wind. This sound could
be considered as a natural ambient display, infornoplg p&out some of the wind’s
characteristics. For a slightly different example, eoti@dsound emanating, as a door
is being violently slammed shut by an angry persar. fAgm being a door that
separates physical space, the door may also be ath@desrsto “ambient display” that
may serve the purpose to inform people in thetyiabout the mood of people closing
the door.

In comparison and contrast, abstract information gsadisieypically made concrete
through ambient displays do not have any inheremi fow inherent perceivable
gualities. Any design of an ambient display involdesisaon on part of the designer
concerning the form that she must give the representatiomédriin@tion in question.
We take it to be an important question if this parthef design process can be
supported. Is it possible to ground such decisi@mrankind of general foundation? Is
each design situation so unique that any general thearp®otlittle or no help?

On the one hand, the design of ambient displays codldqae seem to be) based on
what we refer to aarbitrary convention$he designer postulates a convention
concerning how a particular expression relates toeaopi@formation without there
being an existing, established connection between tessiexpiand that which is
intended to be expressed. This seems to be the catiee Wihter ripple display
mentioned previously.



This kind of approach demands an explanation of weapeession signifies. This may
very well be possible under some circumstances. Howenget for ambient displays
to be more self-contained with respect to their meardifégrent approach is necessary.
What such an approach could be is an open issue, bujgast shat plausibly it
requires a foundation, a theoretical basis that oéarch ithe design in such a way that
the expressions of ambient displays are intersubjectigslipladoepotential users.

Our suggested research agenda is therefore to treddeehnical complexities of
ambient displays to a bare minimum in order to shuftsfédrom the intricacies of
electronics and mechanics to the underlying concsptied concerning non-arbitrary
expressions of abstract information.

The One Pixel Display — Towards design for attenti@yond
arbitrary conventions

In order to explore design of ambient displays bayitrdry conventions we take it to
be important to keep the technology as simple d8gd3s, although it is quite easy to
see how various kinds of features or functionalitylm®added to this one pixel display
as presented below we instead wanted to avoid thkaegnithe design really simple as
to highlight the important question of how to represent smg&tithout having to rely
on cultural or social conventions or representingca pf information by simply
choosing any arbitrary form.

The One Pixel display consists of a bright lightiegniiode connected to a small
micro-controller that communicates serially with a compitite brightness of the
diode can then be set from the stationary computéowo different kinds of light
patterns (e.g. bright fast flashes or calm changesagtieess like a light dimmer).
Figure 1 shows a picture of the One Pixel Display. Helheyer@utted the display in a
pot and covered it with half transparent small s&enés make the technology itself
visually disappear.

Figure 1. The One Pixel Display

Since the One Pixel Display has a universal intékéaeeny other kind of computer
display it can be used to visualize all variousdtististus changes in the periphery of
the users attention. It could for instance be useditati& changes in the stock market,
indicate weather changes like a barometer, or beo ussabtrusively notify its user
about incoming email and whether the priority of il @eceived is set to normal or
highest.



Now, if we take the case of email as an example of hOwetlixel display can be
used, we can think of a constant stream of e-mails;dabagxef spam, private and
professional emails, more or less important or ungdniAllegedly, an ambient display
like the One Pixel Display can help a user maintaemaoount of awareness about this
stream of mails without the need to pay full attetwidhe email application as such.
Rather, the display, if well designed, unobtrusively cooates some aspects of the
information while the user can attend to things amdtiast other than email. If for
instance an email is received that is sent by samé#wmeisers contact list it could be
announce by a very bright light from the One PixglgisOn the other hand, if just
another spam arrives it could be visualized wittooalyeally weak light. In this way
the announcing of an incoming really important etoaid be designing in the same
fashion as e.g. the sirens on an ambulance are desgglleldr our attention beyond
any arbitrary convention. And similarly, the annound¢eyhan incoming unimportant
email (e.g. a spam mail) could be announced as unehtras a clock announces each
second of an hour by just moving its arrows one small step feceadhhat passes.

Conclusions

In this paper we have taken a departure in the tcareeds towards ubiquitous
computing and ambient displays in our efforts to desigttention in an unobtrusive,
and for us as human beings, natural way. In our effalés weahave thus tried to
highlight one of the core questions related to defsagnbient displays which has to do
with how to chosen an appropriate representatiors thatt conventionally bounded on
a social or cultural level, nor just arbitrary chossrath we have made a first attempt
to outline an agenda for research into design adrardisplays, highlighted a couple of
interesting research question in relation to terslagand illustrated how our ideas can
be concretizes by introducing the One Pixel Displggcprdhe next step in our
research will be to carry out some user studies smahel@xperiments on how the One
Pixel Display should be configured as to provideeitsmitt relevant “background”
information without calling for its users full attention.
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