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Abstract. This article describesdevelopment of the concept of Informa-
tion Art, a type of ambient or peripheral display involving user-speci�ed
electronic paintings in which resident objects change appearance and
position to foster awarenessof personally relevant information. Our ap-
proach di�ers from others, however, in emphasizing end-usercontrol and

exibilit y in monitored information and its resultant representation. The
article provides an overview of the system's capabilities and describesan
initial pilot study in which displays were given to four people to use for
an extended period of time. Reactions were quite favorable and the trial
use provided suggestionsfor system improvements.

1 In tro duction

Our lives are �lled with information that in
uences what we do and how we
feel. What world events are transpiring? How are my investments doing? Is our
project at work nearing completion? What will the weather be like tomorrow?
How much tra�c will there be on the ride home?What's my child having for
lunch at school?

As human beings,we naturally care about such questionsas somemay have
important consequencesfor our liveswhile others may simply alter a small facet
of our day-to-day experience.Maintaining awarenessof such information helps
to keepus more informed and presumably assiststhe multitude of decisionswe
make every day.

How do peoplestay aware of such information? Pervasive sourcesof informa-
tion such as letters, 
y ers, newspapers, radio and television programs each have
played important rolesand they still do. Letters, 
y ersand newspapers,however,
are predetermined and static|the information content is chosenby an author
or editor and delivered as such. Conversely, many di�eren t radio and television
programs exist, thus allowing more choices,but a person must be listening at
the right time to acquire the desired information.

The Internet and the WWW now provide a new option for information dis-
covery. Websiteson almost any imaginable topic exist and can be opportunisti-
cally examined.Accessinga Website, however, frequently takesa few secondsif



the site is known or possibly a few minutes if a search must be conducted.While
that may not seemlike a long time, the simple act of explicitly changing focus
and the time it requires can be a signi�cant disruption to a person's previous
activit y or train of thought.

The use of the periphery of human attention played a key role in Weiser's
vision of ubiquitous computing as a calm computing resource|an attempt to
mitigate these kinds of cognitive disruptions [24]. As he noted, \A calm tech-
nology will move easily from the periphery of our attention, to the center, and
back." Furthermore, thesetypesof calm technologiesoften can becomeaesthet-
ically pleasingadditions to a person'senvironment.

One form of ubiquitous computing, the ambient display, focuseson conveying
low- to medium-priorit y information to people[25,1]. An ambient display resides
in the periphery of a person's attention. The display calmly changesstate in
some way to re
ect changes in the underlying information it is representing.
The designersof ambient displays typically stressdisplay aesthetics,providing
pleasant, attractiv e devicesusually communicating a pieceof information.

In [16], we intro duced the InfoCanvas,a concept for a systemthat maintains
someaspects of an ambient display, but provides greater accessto more varied
information sources.Such a system allows users to create electronic paintings
in which objects in the scenerepresent information sourcesof interest, and the
objects changeappearanceto re
ect state changesin the information sourcethey
represent.

That earlier article was primarily an exploration of the concept of user-
designedinformation art. It alsodescribedan initial Web-basedprotot ypesystem
that sought to allow usersto create their own virtual paintings beginning with
a blank canvas upon which to add geometric objects using drawing tools such
as pens,paintbrushes, �ll markers, etc., or by choosing imagesfrom a palette of
clip-art style objects. We eventually turned away from that approach, however,
aspotential usersstruggled, not knowing whereto begin in creating their scenes.
Also, potential usersexpressedthat they did not feelartistically talented enough
to createscenesthat they would be comfortable displaying. Thus, the initial pro-
tot ype we built was never used outside our research group, and it really only
functioned as an exploration of the concept.

This article describes the details of a new, heavily-redesignedversion of the
InfoCanvas system that is currently being used by many di�eren t people now
and has been the subject of two evaluation studies. Basedupon our earlier ex-
periences,we redesignedthe system around the idea of \themes." A theme is a
prede�ned, visually coherent scenethat consists of a static background image
with nearly all of usual sceneobjects removed, such asthat of a tranquil meadow
with only the grass,mountains, and sky shown. A theme also includes optional
visual elements such as plants, animals, people,and inanimate objects that rep-
resent data of interest. Visual elements �t harmoniously within the background
image, creating the illusion of a static piece of art. Elements also utilize a be-
havior from a set of prede�ned transformations in order to represent changesin
the state of information being monitored.



In the following sections,we describe related research work and then tran-
sition to describing the concepts employed in the system and its architecture
and operations. The InfoCanvas breaks some existing notions of ambient and
peripheral displays, and thesedi�erences will be highlighted. We also report on
an informal pilot study in which the InfoCanvas was deployed to four people
to usefor an extendedperiod of time. We describe reactions to the system and
facts learned that are in
uencing its iterativ e design.

2 Related Work

Recently , a variety of systemshavebeendeveloped to help communicate informa-
tion to a personthrough channelsthat are not the primary focusof that person.
These systemscommunicate important, but typically not vital, information in
a calm manner using output devicesranging from computer monitors to tangi-
ble, real-world objects. The systemshave been labeled with a variety of terms
ranging from ambient displays to peripheral displays to noti�cation systems.

Although no standard, accepted de�nitions of these terms exist, each has
come to refer to slightly di�ering notions. Ambient displays typically commu-
nicate just one, or perhaps a few at the most, piecesof information and the
aestheticsand visual appeal of the display is often paramount [25,8,13]. Periph-
eral displays refer to systemsthat areout of a person'sprimary focusof attention
and may communicate one or more piecesof information [19,14]. Thus, periph-
eral displays would likely include ambient displays as a proper subset. Other
types of displays such as scrolling tickers or animated news blurbs, however,
would also be consideredperipheral displays but likely not ambient displays.

Noti�cation systemsalso deliver information in divided-attention situations
in e�cien t and e�ectiv e manners, but they more clearly including monitoring
as a fundamental user task with the potential for people to react to important
stimuli [15].Ambient and peripheral displays more typically do not communicate
critical, urgent information.

In addition to thesetypesof systems,other awarenessdisplays such as Web
portals similarly may communicate many di�eren t piecesof information, but
they typically do so as a person'sprimary focus of attention.

Examples of ambient displays, the �rst category described above, include
Ambient Orb [2], Busmobile [13], Dangling String [24], Information Percola-
tor[10], Lumitouch [4], Table Fountain [8], and Water Lamp and Pinwheels[5].
Thesesystemsoften employ physical artifacts to represent information. The In-
foCanvasdi�ers from thesesystemsin communicating more information in wider
variety of representations.

Many peripheral displays, the secondcategory listed above, use computer
monitors to present information. They typically can communicate a greater vari-
ety of information in more 
exible forms than the ambient display systemslisted
above, but do soby minimizing aestheticconsiderations.Examplesinclude KISS
the Tram [12], Noti�cation Collage [9], Scope [23], Sideshow [3], Tickertape [6],
and What's Happening [26]. The InfoCanvasstressesaestheticsmore than these



system and provides a more abstract, symbolic representation of information.
Another altogether di�eren t peripheral display approach is to use audio rather
than visual presentations of information [17].

A few recent systems have used computer displays to convey information
in artistic, attractiv e manners, and thus attempt to bridge the divide between
information bandwidth and aesthetic considerations.

The Digital Family Portrait (DFP) [18] usesa computer display to simulate
a picture frame and enclosedpicture of a loved one. Iconic imagesin the display
(chie
y the frame) represent data about the person'shabits and well-being . The
InfoCanvas and the DFP share general goals and presentation styles, but the
DFP is a much more focusedsystemon one particular domain. The InfoCanvas
intro ducesa more general infrastructure, presumably one that could be usedto
implement a system just like the DFP.

The Kandinsky system[7] provides an artistic collageof imagesto represent
email notesand newsarticles. Keywords in the text areusedto retrieveparticular
related pictures that then aremadeinto collagesfollowing di�eren t artistic styles.
Kandinsky focuseson aestheticsasa primary goal, with information conveyance
abilities consideredalmost an addedbonus. As a result, information conveyance
quality can vary tremendously from collageto collage.InfoCanvas, on the other
hand, strongly emphasizesclarit y of communication of the information state,
even if the representation usedis abstract and/or symbolic.

The Informativ e Art work project [21,11,22] is the most closely related re-
search e�ort to ours. It usesLCD displays to produce subtly shifting represen-
tations basedon well-known modern art piecesby artists such as Mondrian and
Warhol. The two projects use the same semiotic approach with pictorial ele-
ments representing data, and both have a very similar goal: to facilitate people's
peripheral awarenessof information through attractiv e, artistic displays. Their
focusis more on the aesthetics,however, and the data represented is usually pre-
determined and narrow, such as the current time, computer server tra�c, or a
set of weather forecasts.Each display they have shown hasbeencustom-designed
by the researchers themselves for a particular deployment. Our project di�ers
in that we focus on end-userpersonalization and customization, and we explore
the challenges involved in supporting people to design and specify their own
information representations. Further, InfoCanvas displays typically consolidate
more diverseinformation into a single display.

The SideShow system[3] is typically usedto present very similar information
as is done with the InfoCanvas and it supports user-customization as well, but
that system usesa much more direct data representation including text and
small standard iconic representations. Also, SideShow is primarily a peripheral
computer desktop application that resideson one edgeof a person's monitor,
whereasthe InfoCanvas is designedto be deployed in a more ecologicallocation
and blend into the surrounding decorationsand furniture.



3 The InfoCan vas System

Our objectives in developing the InfoCanvas were di�eren t than any of the ex-
isting peripheral display systems.We sought to provide an attractiv e display,
one that would �t calmly and comfortably into a person's environment much
as many others have, but we also wanted to provide end-userswith the power
and control to monitor information of personal relevance. The system should
stressinformation communication (particularly of a moderate number, e.g.,5 to
15, of di�eren t information items), but do so in a way that provides end-users
with control and 
exibilit y thus fostering their creative abilities. More speci�-
cally, the �v e objectives below have guided our e�orts in building the current
implementation of the InfoCanvas:

{ Personalized - Rather than display somepredeterminedinformation source
that di�eren t peoplemay or may not be interestedin, each InfoCanvasshould
be a highly customized information communicator for the person using it.
The individual's particular personal information of interest should be pre-
sented.

{ Flexible - A variety of information sourcesshould be available for display,
and should include the types of information that are the focus of periph-
eral awareness.If the data can be accessedvia a Web page or an Internet
information service,it should be available for useon an InfoCanvas.

{ Consolidated - The systemshould support the presentation of a moderate
number (5-15) of information sourcesand should consolidatetheir represen-
tation in one location, thus saving a person from having to check multiple
devicesor displays.

{ Accurate - The system should accurately communicate the current state
of monitored information. If for some reason an information source is not
functional or not operating properly (which commonly occurs), this fact
should be communicated to the user in a clear but non-distracting manner.

{ App ealing - Simply put, the systemshould be fun to useand should be an
aesthetically pleasingaddition to a person'senvironment.

The basic premise of the InfoCanvas is to allow a user to create a visual
scenethat serves as an abstract representation of information that is relevant
to them. The result is an aesthetically pleasing \picture" that appears to be
nothing more than an artistic rendering of a scene,such asa beach or cityscape.
The picture is presented on a LCD display and subtly changesto re
ect updates
in the information being tracked. The InfoCanvas can be displayed in a manner
like that of a painting or calendar on a wall, or even a picture on a desk. The
goal is to blend into the physical environment of the user, thus providing a type
of \virtual painting" or an \electronic illustration." Figure 1 shows an example
InfoCanvas mounted on a wall in an o�ce.

As mentioned earlier, an initial protot ype InfoCanvas that provided drawing
tools (pen, paintbrush, �ll, etc.) and a small palette of clip-art icons for display
designwas developed [16], but creating views was too open-endedand di�cult.
This experience led us to redesign the system around the idea of themes. A



Fig. 1. An example installation of the InfoCanvas mounted on a wall lik e a picture.

theme consists of a static background image with most of the usual objects
removed, such as that of a beach with only the sand, the water, and the sky
pictured. A themealsoincludesmany optional visual elementsthat canbeplaced
on it such as seagulls,palm trees, sailboats, crabs, and blankets for the beach
theme. Elements are designedto �t both stylistically and thematically with the
background image, thus mimicking a static illustration, picture, or painting.
Many di�eren t visual elements can be in a display, thus promoting our objective
of consolidation in the awarenessdisplay.

An element added to a view represents a speci�c pieceof information being
\w atched" by the user. A mapping between the state of the information and
the visual presentation of the element is constructed. As the information being
monitored changes,the visual element representing it also updates its rendering
to communicate that change.We call thesechangesto elements transformations.
For example, an InfoCanvas could include a 
o wer element that appearswhen-
ever a person has received an email from their spousewithin the last hour. A
bird in an InfoCanvascould represent the daily changeof the stock market, with
the bird 
ying higher when the market is up and lower when the market is down.
We usethe term sceneto refer to an \activ e" theme that is representing speci�c
data with various mapping transformations applied to it.

The following set of transformations are included in the InfoCanvas:



{ slider - An element movesalong a straight line to represent di�eren t values
of an information source.The two endpoints of the line represent minimum
and maximum valuesof the information. Example: A crab moveshorizontally
along the beach to represent the current airfare betweentwo speci�c cities.

{ swapp er - A setof visual elements is available, and a speci�c oneis displayed
depending on the state of the information source.Example: The bathing suit
color of a person on the beach changesto represent the tra�c speed on a
particular road (green-fast, yellow-moderate, red-slow).

{ app earance - A visual element appearswhen a particular condition is true
and is not shown when the condition is false. Example: A towel element
appears on a chair on the beach when a particular Web page includes a
speci�ed keyword.

{ scaler - An element changessize to represent di�eren t values of an infor-
mation source.Example: A sailboat grows and shrinks to represent the fore-
castedtemperature.

{ population - Repeated copies of an element are displayed to represent a
value of an information source.Example: A drink glassappearson the beach
for each ten unread emails in a user's queue.

{ displa y - An imageor a text string takendirectly from an information source
is displayed on an InfoCanvas. Example: A lead image from a newsWeb site
is displayed on a billb oard in a scene.

Note that the designerof an InfoCanvashasthe freedomto specify mappings
that are either more concrete/direct or more abstract/symbolic. For instance,
the slider element usedto represent a best airfare could be an airplane in the sky
or it could be a crab on the beach. Similarly, tomorrow's weather forecast may
be represented by an image swap putting di�eren t weather icons (sun, clouds,
lightning, snow) in the sky or it could be an image swap placing di�eren t types
of carson a city street. This capability supports the goalsof providing mappings
that are both 
exible and personalized.

Figure 2 illustrates examples from the wide variety of InfoCanvas themes
created by di�eren t members of our research group. Themes range from col-
lections of clip-art and hand-drawn objects to photo-realistic scenesas well as
artistic Japanesewatercolor designs.In the photo-realistic city street theme (at
upper right), the trolley car and the bicyclist are sliders; the police car roof
lights and a street lamp are image appearanceelements (on/o� ); various cars
are imageswaps(di�eren t car or di�eren t color); peopleon the sidewalk provide
a population element; and the awning above a store changescolor in an image
swap.

Although the freedomto 
exibly de�ne a sceneexists,wealsopromote certain
conventions to follow in theme design to ensurecoherent scenes.For instance,
in a display transformation, image or text should only be displayed in a context
and a manner �tting to the theme, thus ensuringvisual continuit y. Thus, rather
than an imagearbitrarily appearing in a scene,it should only appear in locations
that a picture typically would be seen,such as on a billb oard, on a sign, or on a
television screen.Similarly, a text string could appear as a banner being pulled
by an airplane or on a note lying on a beach.



Fig. 2. An assortment of di�eren t InfoCanvas themes that have been built.

Calling these scenes\art" may be a bit presumptuous as they re
ect more
of a clip-art, decorative style. But for a picture to have many di�eren t objects
that can be moved, altered, or scaledand still look properly integrated, displays
likely must take this style. Moving and modifying piecesof great paintings (at
least onesother than abstract art) would surely erode their visual appeal.

Internet-based information resourcessuch as Websitesmay go o�ine or be-
come temporarily unavailable. As a result, information provided will not be
available for presentation on the InfoCanvas.To signify such an event, the data's
visual element on the InfoCanvas becomessemi-transparent. This promotes the
accuracy objectiveby communicating the data acquisition problem to the viewer,
but doesso in a more subtle, non-distracting manner that doesnot destroy the
visual continuit y of the scene.



The InfoCanvas is written in Java, containing modules to monitor informa-
tion sources,display scenes,and update visual elements as needed.Accompany-
ing the system is a growing collection of themes,each residing in its own folder
and providing a background image and a collection of visual element images.
The InfoCanvas takesas input a con�guration �le specifying the visual theme to
be presented, the data to be monitored, and the transformations from data to
representation. The con�guration �le is in XML format and is described in more
detail later in this section.Userssimply createand modify the con�guration �le
with a text editor. The InfoCanvas then usesthe con�guration �le to construct
an initial sceneand thereafter refreshesthe display at preset intervals. Once the
program is started, the no further user intervention is required.

Using a comprehensive \driv er" con�guration �le allows the system to be
used in a variety of ways. First, userscan take pre-existing sceneswith all the
elements and transformations speci�ed, but simply substitute in their own per-
sonal information sourcesto drive the transformations. Second,userscan modify
the transformations in a scene,perhapseven adding new visual elements and in-
formation mappings. Finally, the truly ambitious designercan create a theme
from scratch beginning with a background image and adding as many visual el-
ements as desired.Presently , a GUI interface is being developed to simplify the
transformation speci�cation processand make creating new con�guration �les
easier.Userswill interactively position and scalevisual elements via menus and
control palettes.

Each InfoCanvas sceneis stored in the form of an XML �le whoseformat is
strictly speci�ed by a Document Type De�nition (DTD). The �le speci�es the
theme: name,canvassize,working folder for images,the background image,and
a list of visual elements. Visual elements can either be static or active. Static
visual elements are imagesthat do not change; they are simply decorations for
the sceneand are separatedfrom the background to provide more 
exibilit y in
scenedesign.Activ e visual elements are objects that represent information using
one of the six transformations listed earlier (slider, swapper, appearance,scaler,
population and display). An active visual element consistsof an imageor a set of
images,the data it represents, and a speci�cation of how the data will transform
the image(s).

An exampleof an active visual element with a slider transformation is shown
below. (The XML format usesthe term \ob ject" for a visual elements.) This
transformation usesa 40-pixel-wide by 22-pixel-high seagull that moves from
coordinates (250, 370) to (250, 0) to represent temperature values between 0
and 50 degreesin the geographicarea corresponding to postal code 17837.

Note the useof the term harvesterin the speci�cation. Harvestersare system
objects that collect information. Presently , a wide variety of harvesterclassesex-
ist, gathering data for weather, tra�c, email, stock market data, and Web page
text strings and images.The paramnameargument of a harvester identi�es the
speci�c aspect of the information classto be queried. For example, the weather
harvester includes categories for the current temperature, current conditions,
tomorrow's forecastedhigh and low temperatures, tomorrow's forecastedcon-



ditions, etc. Harvestersalso use data speci�c to the harvester type such as the
zip code of the geographicregion being watched in this example.At a speci�ed
interval, a harvestergathersall of its potential data and storesit in a hashtable.
To prevent harvestersfrom querying sourcesmore than necessary, each harvester
supports a speci�c harvest interval. For example, a stock harvester will have a
shorter harvest interval than a weather harvester.

<object type="active">
<image>gull_small.gif</image>
<action type="slider">

<coord type="start"><x>250</x><y>370</y></coord>
<coord type="end"><x>250</x><y>0</y></coord>
<dimension><width>40</width><height>22</height></dimension>
<data classname="infoart.harvesters.WeatherHarvester"

paramname="curtemp">
<minval>0</minval>
<maxval>50</maxval>
<harvesterdata>zip:17837</harvesterdata>

</data>
</action>

</object>

Once the InfoCanvas reads the XML con�guration �le, an internal data
structure is created. This data structure consists of images (visual elements),
harvesters,and the transformations that link imagesand harvesterstogether by
specifying the data range for the information as well as how the data from the
harvesterwill modify the image.Oncethe data structure is built, the InfoCanvas
polls each harvester at a regular interval by calling its harvest() method, then
extracting the desired information from the updated hash tables. If a harvester
is polled beforeits harvest interval haspassed,it will return the samedata asthe
last query. This cycle of polling, harvesting, and updating the display continues
until the program is terminated.

4 Evaluation

Evaluating any form of ubiquitous computing application or serviceis challeng-
ing, and that certainly holds true for peripheral displays. Manko� et al. observe
that most ambient displays have not been evaluated at all, and little is known
about what makesone display more e�ectiv e than another [13]. To addressthis
problem, they developed and re�ned a set of principles for use in guiding a
discount heuristic evaluation of an ambient display. This technique is aimed at
evaluating a systemin its formative stagesby analyzing the systemwith respect
to various heuristics. These criteria thus can serve as initial evaluation metrics
with which to discussand consider the InfoCanvas.

First, on heuristics such as\Useful and relevant information," \P eripherality
of display," \Aesthetic and pleasingdesign," and \Matc h betweendesignof am-
bient display and environment," the InfoCanvas would, we believe, scorewell.



Each of theseis fundamental to the designof the system. The \Su�cien t infor-
mation design" heuristic is about whether too much or too little information is
displayed. The InfoCanvas allows users to decide how much and what type of
information to convey, therefore it presumably would rate high on that heuristic
as well.

Perhapsmost interesting are thoseheuristics on which the InfoCanvasmight
be rated low. The �rst stressesthe creation of a \Consistent and Intuitiv e Map-
ping." The InfoCanvas, however, may useabstract mappings, someof which are
not intuitiv e at all. Another heuristic encouragesdesignersto provide an \Easy
transition to more in-depth information." The InfoCanvas intentionally did not
allow users to drill down for more information becausewe wanted to promote
a calm, passive interface. (Note that this design decision was questioned and
will be discussedlater in this section.) Finally, the heuristic \Visibilit y of State"
means that a display should make system states noticeable and state-to-state
transitions easily perceptible. The InfoCanvas' use of semi-transparent visual
images follows this heuristic as does the general emphasisof clarit y in repre-
sentation state, but we also promote \change-blind" displays in which image
updates are relatively di�cult to notice and no attention-grabbing visual e�ects
such as animation are employed.

All three of those heuristics would probably not be judged by expert eval-
uators to be fully realized in the InfoCanvas, but this is not an omission on
our part. Rather, thesecharacteristics were consciouslydesignedfeaturesof the
system.We posit that there are other systems,like ours, that by designreject a
heuristic to achieve system goals. In this way, the heuristics can be viewed not
just as assisting the evaluation of ambient and peripheral display systems,but
also in their design.

Our own to-date evaluations of the InfoCanvas have focusedon its objective
abilit y to convey information and the subjective impressionsof peoplewith re-
spect to its usefulnessand appeal. We also wanted to observe just how people
would use the system, the representations they would select,and any problems
or unanticipated �ndings that would arise.

To evaluate its objective information communication capabilities, we con-
ducted an experiment comparing the InfoCanvas to a Web portal-style display
and a text display, examining each display's abilit y to transmit information to
people at a glance [20]. We encoded ten di�eren t types of information (news,
weather, tra�c, etc.) together onto each the three di�eren t display typesrespec-
tiv ely, and then we showed instancesof each display to experiment participants
for eight seconds.Each instanceencodeda di�eren t setof ten values.The individ-
ual then had to recall the value or state of the information sourcesas presented
in the display. Participants in the experiment recalleda statistically signi�cantly
higher number of information valuesper display with the InfoCanvas than with
the other two display types. Becausethe information source-to-visual element
mappings were de�ned by us and not the participants, the result is particularly
meaningful in showing that peoplecan learn the typesof abstract mappingsin an



InfoCanvasquickly, and they are able to comprehend,translate, and understand
the visual transformations relatively well.

To evaluate the perceived usefulnessand aestheticsof InfoCanvas displays,
a longitudinal study of actual system use was conducted. Four people were re-
cruited to create their own version of the InfoCanvas and use it in their o�ces
for a period of about two months. We consideredthis an initial trial evaluation
e�ort and our goalswere relatively modest|to gather initial impressionsabout
people's impressionsof the system and to gain suggestionsfor changesor im-
provements to feed our iterativ e design process.We were not evaluating their
abilit y to create or con�gure a display.

A secondvideo card and LCD monitor were purchasedto attach to a par-
ticipant's primary computer. This choice was made for a number of technical,
�nancial, and practical reasons.This decisionlikely would a�ect the study in that
participants could potentially utilize the secondmonitor asadditional workspace,
placing application windows on top of their canvas display. While this could not
be easily prevented, participants were instructed that the monitor should be
solely for useas an InfoCanvas display.

4.1 Study Metho dology

At a �rst meeting with each participant, we asked them to list information that
they currently check semi-regularly, such as email, weather forecasts,or news
headlines. The interviewer probed for more details on each item, such as the
speci�c Web site(s) visited, what time(s) throughout the day the information
is examined, what information in particular is of the most interest, their mo-
tivations for checking, and how they might respond to the information. The
interviews lasted approximately thirt y minutes.

Within oneto two weeksfollowing the initial interview, we performeda more
intensive designinterview session.At the start of the interview, the information
currently monitored by the participant was reviewed, and the person was able
to make further clari�cation or additions.

After the review, we explained to the participant the conceptof the InfoCan-
vas in detail. We summarizedhow the display will function in their environment
and the meansby which information can be graphically represented. The study
useda set of six themesfrom which a participant could selecttheir own personal
scene.Each theme had at least twenty visual elements that could be used for
representing data.

In order to provide a natural, creative processfor participants to designtheir
InfoCanvas, we decided to use paper protot yping in the design sessions.This
hands-on approach involved giving participants paper cut-outs of images that
could be moved around the background image. Participants were told that the
sizeof an element could easily be changedto �t better in the scene.

When a participant selecteda theme for usein their canvas,we presented the
individual with a paper copy of the theme's background image and the paper
cut-outs of visual elements available for use. We would then suggestan item
to monitor from the participant's list of information and provide any needed



assistanceas they created a mapping of that data to a visual element. The
mapping was made by placing a cut-out image onto the paper background of
their canvas and verbally describing how it would function. This processwas
repeated for each piece of information to be represented. At the end of the
interview, we asked the participant to point out each element and explain what
it represented and how it functioned. This action clari�ed the �nal mappings
as well as tested the participant's abilit y to remember their design. The entire
design interview lasted about an hour.

Within a few days of the designinterview, we implemented a functional ver-
sion of the participant's designand installed it in their o�ce. Participants then
were contacted weekly and asked a short seriesof questions to gaugeusageof
their InfoCanvas. The questionsexamined how frequently they looked at their
InfoCanvas,what information wasmost useful, if they had any di�cult y remem-
bering or interpreting the visual mappings,and whether any technical di�culties
had arisen over the past week.

During the weekly interviews, we encouragedparticipants to suggestaddi-
tions or changesto their design, some of which we subsequently implemented
depending on the feasibility. This provided the participants added control, al-
lowing them to keeptheir InfoCanvasuseful by updating the representation and
adjusting inadequate representations.

After roughly two months had passed,the InfoCanvaswas removed from the
environment and a �nal interview was conducted. The participant was asked to
comment on their overall experiencewith the system, including their likes and
dislikes,and if the system had any e�ect on their daily routine.

Our study involved four local people: two faculty members in our own de-
partment and two administrators at a nearby university. Two participants chose
an aquarium theme, one selecteda beach theme, and another selectedan o�ce
view. (Only the beach theme from the set shown in Figure 2 had beencreated
at the time of the study.) Figure 3 shows where the InfoCanvas was positioned
for each personand a sampleview of their theme while it was running.

4.2 Study Findings

Utilit y
All participants stated that they enjoyed having the InfoCanvas display and
thought that it wasa useful meansto portray information. Participant A, before
receiving her InfoCanvas, questioned \Ho w is this di�eren t from a My Yahoo
page? Why would you need a separate screen, a separate application?" She
wonderedwhat the advantage would be and thought that a direct, textual rep-
resentation of information would make more sense.However, after having used
the InfoCanvas for an extended period of time shecommented, \[The InfoCan-
vas] has a di�eren t feel. It is more private, becausethe casualobserver will not
know the meaningof theseicons.They won't know you just got email from [your
spouse].In that regard it was unique and di�eren t from anything that I have on
my computer."



Participan t A

Participan t B

Participan t C

Participan t D

Fig. 3. Shown are the deployment con�gurations and a sample view from each of the
four study participan ts using the InfoCanvas.



All participants reported that they would look at their InfoCanvasfrequently
throughout a day. Participant B stated, \I check it when I �rst come in, in
between tasks, and whenever I come back from a meeting. It's situated right
where my eyesgo when I sit back to think for a second,so I'm always noticing
it." In addition, no participant reported their canvas as distracting or felt that
it interrupted their normal work
o w.

Data Represen tations
We noted certain trends in the manner that each type of data was represented
by the participants. Boolean data, such as whether or not a Web page has
been updated, was represented by appearancetransformations or by an image
swapper with two visual elements. These transformations were apparently the
most intuitiv e mappings, even though others are equally feasible, such as an
image slider moving from one side of the display to the other.

Ordinal data wasrepresented by an imageswapper or by a population trans-
formation. For example, participant C's coral changed color according to the
temperature, using blue for below 50, hot pink for above 80 degrees,and orange
for valuesin between.Tra�c was represented by the number of boats sailing on
participant B's canvas, with more boats signifying more congestion.

Continuous data was represented by almost every meanspossible,including
sliders, swappers, or direct displays (value shown as digits). The method chosen
appearedto correlate with how important the data wasto the personand thus it
dictated the precision of the representation. For example, participant C's scene
utilized an image swap with a happy or sad �sh to represent Coca-Cola's daily
stock price movement. This mapping conveyed very little about the actual value
of the stock, as a gain of half a point would show the samehappy �sh as a gain
of ten points. However, shestated \I really love the happy and sad �sh! They're
just so cute!" and was satis�ed with the level of awarenessprovided. However,
participant D wanted to monitor the three major stock market indices precisely
and chose to have the current day's change shown directly as numeric values
written on a notepad.

The textual data monitored wasmostly limited to newsheadlinesor weather
forecasts and was commonly represented in a fairly direct or literal mapping
using a swapper or a text display. The natural weather imagesof the sun, clouds,
and rain wereusedto represent forecasts,and newsheadlineswerealways written
out textually . One exception was the monitoring for the appearanceof stories
about evolution on a newspaper Websiteby participant C, which wasrepresented
by a stingray appearing.

Not all themes had elements that lent themselves to intuitiv e mappings for
all of a participant's data. However, participants were innovative in layering
elements and creating abstract representations that allowed them to overcome
the limitations of the pre-designedthemesand paper cut-outs. For example, the
stingray usedby participant C to represent newsstoriesabout evolution doesnot
have a strong visual correlation to evolution, but shehad beenstung by one in
the past and her personalexperiencehelped her to make the connectionbetween
the imageand the data monitored. Participant A wanted to know the exact high



temperature forecast, but was using the aquarium theme. She decided to layer
the numerical value on top of a little sign with the forecastedcondition dangling
in the water from a hook and line. Thus the numerical value was contained
within an element and maintained the visual continuit y of the theme. It worked
so well that when participant C, who worked at the sameinstitution, happened
to seeit, she immediately requestedthat we add it to her scene.

Many of the representations chosenby the participants were not intuitiv e.
As mentioned brie
y earlier, this �nding potentially con
icts with the Manko�
[13] ambient display evaluation heuristic stating that a display should use in-
tuitiv e representations, becauseabstract transformations may require too much
cognitive processingby the user. Our to-date use of the InfoCanvas has illus-
trated that peopleenjoy the highly symbolic mappings it facilitates. The system
even generatesits own lingo, with expressionssuch as \The crab's really to the
left today|The market is plummeting," becoming commonplace.If one inter-
prets the intuitiv e heuristic as simply meaning that states of the display are
perceptually easyto recognize,then the InfoCanvas matchesbetter.

Abilit y to Remem ber and In terpret
No participant reported any di�cult y in remembering the mappings that they
had created between data and visual elements. Participants also reported that
they had no problem understanding the information portrayed on the InfoCan-
vas. However, two participants did report some di�cult y in interpreting the
value represented by sliders.Participant A's jelly�sh moved horizontally along a
path to represent the daily performanceof a mutual fund. While shecould tell
whether the fund wasup or down, shefound that it wasdi�cult to translate that
into a more meaningful number. Participant B had a seagull that represented
the current temperature basedon the bird's height in the sky. The range was so
large (30 to 90 degrees)that it was di�cult to tell the di�erence betweensmall
but important di�erences in temperature. The other movement basedmappings
employed by theseparticipants were not problematic.

In teraction with the Displa y
The desire to use the InfoCanvas as an interactive data exploration tool to
investigateinformation wasexpressedby all participants. This wasmotivated by
a desireto check information that is represented on their canvas, or by noticing
that an interesting changein a representation when glancing at their display.

Participants stated that they wanted to be able to mouseover a particular
item to receive more information, and furthermore, to be able to click on the
item to launch a Webbrowseror other program that would allow them to quickly
get the full details behind the visual element. In responseto the �rst request,we
added a mouse-over tool-tip capability to the system. When the mousecursor
movesover a visual element, a tool-tip shows a simple detail, such asthe number
of new emailsor the current temperature. This wasoneexamplewhere feedback
from the study has directly in
uenced system functionalit y.

We were slightly uneasy about adding this tool-tip capability becauseit
seemedto violate one of our primary goalsof making the InfoCanvas be a calm



information communication conduit not requiring explicit user interaction. We
wonderedif this capability was requestedbecausethree of the four participants
had their monitors on a nearby desk rather than in a more peripheral location
such as being mounted on a wall. Interview feedback indicated to us that the
participants still thought strongly of the display as a computer monitor, not as
a separatestand-aloneservice.

This initial study provided us with some initial feedback about actual use
of the InfoCanvas, but a more careful, comprehensive study is still needed.
Presently , we are preparing a more in-depth, longitudinal study that will in-
volve more users and will include both the subjective, qualitativ e analysis as
present in this study and more highly analytical comparisonsof people'suseand
perceptions of the system. In the new study, the InfoCanvas will be hung on a
wall or on a shelf more appropriately, and we will seeif user views, such as the
desire for interaction, still occur.

5 Summary

We have described the concept of Information Art and how it is manifested
through the InfoCanvas system. While the system stressescalm, aesthetically
pleasing communication of information like other peripheral displays, it di�ers
in providing a user with more control over the information being monitored
and the representation of that information. We described the use of themes
with visual elements that undergo transformations as a way to assist users to
construct attractiv e and illuminating scenes.We also presented results from an
initial study of extendeduseof the system.

Although current use of the InfoCanvas is primarily as a picture on a wall
or desk, one can imagine any number of other possible uses.For instance, an
InfoCanvasscenecould be shown asa computer's screen-saver or displayed on an
extra monitor in a multi-monitor display.1 Similarly, astelevisionsand computers
becomemore integrated, an InfoCanvas could be shown on a television when it
is turned o�. Further, it is possibleto imagine simple InfoCanvas themesbeing
usedas the \o� " displays for small devicessuch as PDAs and watches.
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References

1. Ab owd, G., et al.: The Human Experience. Pervasive Computing 1 (2002) 48{57
2. Ambient Orb. Ambient Devices Inc. www.ambientdevices.com
3. Cadiz, J. J., et al.: Designing and deploying an information awarenessinterface.

Proc. CSCW (2002) 314{323
4. Chang, A., et al.: Lumitouc h: An emotional communication device. Extended Ab-

stracts of CHI (2001) 371{372
5. Dahley, A., et al.: Water Lamp and Pinwheels: Ambient projection of digital infor-

mation into architectural space.CHI Extended Abstracts (1998) 269{270
6. Fitzpatric k, G., et al.: Tickertape: Awarenessin a Single Line. Proc. CHI (1998)

281{282
7. Fogarty, J., et al.: Aesthetic information collages: generating decorative displays

that contain information. Proc. UIST (2001) 141{150
8. Gellersen, H. W., et al.: Ambient display media for peripheral information display.

Personal Technologies 3 (1999) 199{208
9. Greenberg, S., Rounding, M.: The Noti�cation Collage: Posting information to pub-

lic and personal Displays. Proc. CHI (2000) 515{521
10. Heiner, J. M., et al.: The Information Percolator: Ambient information display in

a decorative object. Proc. UIST (1999) 141{148
11. Holmquist, L. E., Skog, T.: Informativ e art: Information visualization in everyday

environments. Proc. Graphite (2003) 229{235
12. Lunde, T., Larsen, A.: KISS the Tram: Exploring the PDA as support for everyday

activities. Proc. Ubicomp (2001) 232{239
13. Manko�, J., et al.: Heuristic evaluation of ambient displays. Proc. CHI (2003)

169{176
14. Matthews, T., et al.: A Peripheral Display Toolkit. Intel Research Berkeley Tech.

Report IRB-TR-03-018 (2003)
15. McCric kard, D. S., et al.: A Model for Noti�cation SystemsEvaluation|Assessing

User Goals for Multitasking Activit y. ACM Trans. on Computer-Human Interaction
10 (2003) 312{338

16. Miller, T., Stasko, J.: Artistically conveying information with InfoCanvas. Proc.
AVI (2002) 43{50

17. Mynatt, E., et al.: Designing audio aura. Proc. CHI (1998) 566{573
18. Mynatt, E., et al.: Digital family portraits: Providing peaceof mind for extended

family members. Proc. CHI (2001) 333{340
19. Pedersen, E. R., Sokoler, T.: AROMA: abstract representation of presencesup-

porting mutual awareness.Proc. CHI (1997) 51{58
20. Plaue, C., et al.: Is a Picture Worth a Thousand Words? An Evaluation of Infor-

mation AwarenessDisplays. Proc. Graphics Interface (2004) 117{126
21. Redstrom, J., et al. Informativ e Art: Using Ampli�ed Art works as Information

Displays. Proc. DARE (2000) 103{114
22. Skog, T., et al.: Between aesthetics and utilit y: Designing ambient information

visualizations. Proc. Information Visualization (2003) 233{240
23. van Dantzich, M., et al.: Scope: Providing awarenessof multiple noti�cations at a

glance. Proc. AVI (2002) 267{281
24. Weiser, M., Brown, J. S.: Designing calm technology. Power Grid Journal 1 (1996)
25. Wisneski, C., et al.: Ambient Displays: Turning Architectural Spaceinto an Inter-

face between People and Digital Information. Proc. CoBuild (1998) 22-32
26. Zhao, Q. A., Stasko, J. T.: What's Happening?: Promoting Communit y Awareness

Through Opportunistic Peripheral Interfaces. Proc. AVI (2002) 69{74


