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ABSTRACT

For various reasons, the World Wide Web is an appealing pla

form for CSCW systemsWeb-enabled handheldomputers
will raise further opportunities, enablingcantinuousnetwork
connection. Th&Veb is becoming a global nervousystem,
providing support for all kinds afeal-timesignals. Aperma-
nent flow of messages will help us staware ofour social
environment. But tccreate asmoothbridge betweerthe real
world and cyberspace, we needvel interactiortechniques for
communicationdevices. We presewiur current effort inthis
directionandillustrate our discussion with th€yberWindow
prototype. This handheld device conceptually connectsetile
world with cyberspace. Iffirst allows people to maintain
awarenessbout the activityoccurring on theitWeb site, by
means of natural soun@sdspeechsynthesis. It also allows
visitors of a site to more easily engage a communicatioo-
ess with the information publishers.
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INTRODUCTION

The World Wide Web is receiving ayrowing attentionfrom
the CSCW community. BSCW [2], Futple{8] and
GroCo [15] are a fewexamples ofWeb-basedcollaborative
systems. Among other reasons, Web is attractivebecause
it is based onopen standardsSoftware implementations are
available on awide range ofplatforms, which ensuresasy
access, atow costand across an organizationtsoundaries.
Dix [4] provides with a discussion on this issue.

Web-enabled handhettbmputers should furthetimulatethis
interest. In a ubiquitous computing environment, thveyl
contribute to offer aontinuousnetwork connection, fostering
a range of unforeseempplications.Today, the Web is still
close to a hugelocumentrepository, where information is
accessed byntermittentconnections. Collaboration isssen-
tially asynchronousand peoplerarely meet each other. But
tomorrow, theWeb couldevolve to become global nervous
system, to whicheveryone would besmoothly and perma-
nently connectedNot only will synchronous communication
be possible. We believe that the medium willused tocarry

a vast diversity of real-timsignals, helping us to maintain
awareness about our environment. Instant messayistgms,
such adCQ [18], are afirst steptowardsthis vision. These
applications allow users to know when thaoguaintances are
on-line and to sendhem brief messages. Thayould greatly
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benefit from thewidespreaduse of networkedhandheld

tdevices,users being on-lin@nd reachablemost of the

time.

Of course, peoplare alreadyollaborating on théNeb.
Electronic commercand distance education amot vi-
sions of thefuture any more. Butlespite relativesuc-
cess, theweb is still far from a real social space. It
seems that a major problem lays in the very stépara-
tion between our physicalorld andthe emergingnfor-
mational universe. As wareable tohear somebody en-
tering our office, we should be able tear somebody
entering our home page. With th@®ncern, ubiquitous
and mobile computing environments are vprgmising.
Once the semantic linkbetween physical and virtual
spaces is established, they willake it possible taon-
stantlysensehe activity occurring in cyberspace.

In this paper, we first look at the notion of socalare-
ness on the Web and review soreatedwork. We then
describeour approach tahat problem. In particular, we
focus on the role of handheld computers, whach envi-
sioned as amooth articulation poinbetweenthe real
world and cyberspace. We argue fioe need ofappropri-
ate interactiontechniquesand look at the metaphor of
glass windows. We illustrate oideaswith the Cyber-
Window prototype system, which allows people to
maintain peripheral awareness about the activityheir
Web site. The systemintegrates handheld computers
wirelesslyconnected tahe network. Natural sounds and
speechsynthesisare used tosenseWeb visitors in the
real world. Figure 1 proposes a sketch of what could be a
wearableCyberWindow. Our first prototypehowever,
uses more conventional palmtops computers.

Slider (for opening and
closing the
CyberWindow)

Wireless network connection

Display

Speaker

CyberWindow, open on the
user’s virtual territory

Figure 1. Tentative sketch of a wearable CyberWindow



SOCIAL AWARENESS ON THE WEB

Awareness is avell-known issue forCSCW systems. Al-
though various kinds odiwareness have been identifi@ur-
ish [5] provideswith a general definition :"awareness is an
understanding of the activities of others, which providesra
text for your own activity". Thedifficulty of maintaining
awareness contributes to make remote collaborationdiffiry
cult. Systems likemedia space§3] or AROMA [11] have
addressedhis issue, making it possible to monitor what is
happening at a remote location.

It is interesting to look at how thé/eb relates to awareness.
A first perspective is to considére Web simply as an im-
plementation support. INYNEX Portholes [6] or@Work
[13], Web pagesre used talisplay live images frondistant
locations (usually theworkspace of colleagues). In other
words,the Web is used to carry information thiaflects activ-
ity occurring in the real world

But another viewpoint is taonsiderthat the Web itself is a
space where social activity is takipipce Peoplearecoming
andgoing, ordering products, answering questions, elhis
raises two interesting questiorBirst, how could we make
"nearby" Webusersaware of eaclother. Second, howould
we make people in theeal worldaware ofwhat is happening
in their on-line territory. The first question hbsenaddressed
in various systems [7],[10],[12],[14]. Thaternet Foyer [1]
and in some respectsthe Dangling String fromJeremi-
jenko [16] and the Tangibles from Ishii [8felooking at the
second one.

In Figure 2, we propose a classification of the previously

mentioned workwith regards tothe two spaces i) where the
activity is captured and ii) where it is reported.

System captures
activity occurring in

System captures
activity occuring on

the real world the WWW

CoBrow
Activity is made N@wgé Portholes Awareness on the WWW
explicit on the WWW WebCams MetaWeb

GroupWeb
Activity is made Media space :S;?umlsrf Fg[}ﬁienr
explicit in the real AROMA Tanggbl egs 9
world CyberWindow

Figure 2. Classificiation of related work

Bridging the real world with the Web

The problem we are focusing on is ¢reate a bridge between
the realworld andthe Web, allowing eventsccurring in one
dimension to beropagated irthe other. With this aim, we
propose to adopt a strategy in three phases :

1. Develop mechanisms to capture and notify activity on the
Web. This means for example monitoring and interpreting

HTTP requestsand designing proper user interfaces to
"look" into real world spaces.

2. Providewith solutions tocaptureand notify activity in

the real world. This essentially implies the use of sensors

such as cameras, microphoraesllocation tracking
systems. It also suggests the use of displspyesak-
ers and tangibles to materialize cyberspace.

Find out waysfor defining semantic associations
betweenon-line and real-worldspaces. Weneed a
way to knowwhomwe should notify when a given
URL is accessedAlthough this is out okcope for
this paper, let us mention that the emergstan-
dards for metadata on the Web [17] will providih

an appropriate infrastructure to solve this problem.

The need for new communication devices
Handheldcomputersare ofprime importance irthis vi-
sion of a ubiquitousVorld Wide Web. Communication
devices ardundamentallyimportant, becausehey repre-
sent the connection poitetweentwo dimensions. On
one hand, theyave a physical existenead areable to
producesensorial manifestations, souratsdimages for
example. On the othdrand,they have a computational
existence as they are running softwaredevice provides
therefore apath for the signalexchangedetween the
physical and computational dimensions. Moreover, un-
like conventionalPC's, handheld devicebave the big
advantage to easily maintain this link as the ub@nges
his location.

To illustrate the role of mobildevices, we compare in
Figures 3 and 4 two types of interaction, as they occur in
a co-located situation or over the distance. We e}son-
ine whatdevices aresupporting remote interaction. In
Figure 3, theactive interaction consists in attracting a
person's attentiobefore addressingim a message. In a
co-located situation, a person generally sajswawords
(like "Excuse me...")and when eye contachas been
established starts speakingobile phonesenablethis
kind of interaction over thelistance : gperson dials a
number to attract someone's attentsomd, whencontact
has been established, starts communicating.

The passiveinteractiondepicted inFigure 4 is common

in co-located activity. People continuousgceiveaudio-
visual clues helping them to monitor the status of oth-
ers. Just by glimpsing from time to time, thane able

to tell what is the activity of others. Unfortunately, we
do not know yet of anylevice supporting thiskind of
interaction over the distance. Media spaae=ooking at
that problem, but thénfrastructure is ofterbulky and
therefore prevents people from using it on the move.

co-located remote

& 8 & 8
& o

& & &

Figure 3. Requesting a person's attention




co-located remote Every person carrying a CyberWindow isonstantly

linked to a region of the World Wide Wednd is notified
& & & Iy & of events occurring irthat virtual spaceWeb visitors
0 0 generate two categories of events :
& ””” - & &D:D’& 1. First, eachHTTP request is captured by Monitor-
U U ing Agent and notified to the relevant CyberWin-
dows. This means that the visitors are not aware that
& &D & &D they generate events and correspondthéosituation
where one sees somebody behind a glass window, al-

though that person did noecessary havine inten-

Figure 4. Monitoring a person's status tion to be seen.

Web-enabled handheld computers appear as good candidates, BS Second, special Web pages alluisitors to see the
they allow users taeceive acontinuous flow of messages. virtual side of the CyberWindow. A Java app(ste
Yet the question to know how we should interadth these Figure 9) isused tocommunicate with theperson
devices remains. who is "behind" the CyberWindow, in thereal
Interacting with virtual windows world. This corresponds tdhe situationwhere one
Communicationdevicesshould allow us toglimpse at and approaches aopenwindow andstarts talking with
hear about the activity of our peers. Activity takirgace in the people on the other side.

the real worldbut also incyberspaceWith this idea, aglass An important component of tharchitecture ishe Win-
winc_Jlow appears as a venjce ir_1teracti0n metaphoiWhen dow Server, a TCP/IRlaemonthat can berunning any-
talking about ubiquitous computing and calm technology [16], where onthe Internet. Itacceptsconnections from the

Mark Weiser explains how inneffice windowsallow a mul- software running on handhelddevices, from the Web
titude of small clues tareachthe periphery of ourattention, Monitoring Agentand from the Javaapplets. It links
helping us to stay aware of our environment. them together and allows them to exchange messages.

Windows havemany valuable features, weould like to
briefly mention three of them. First, a window i£@nnection e i !
point betweentwo spaces. For example,vandow connects Webv\/isitor WebVVisiwr Web sitor
the inside of aroffice with the outside. But a virtuakindow

could also connect a physicahd avirtual space, foexample & & &
someone's hompagewith his living room. Second, a win-

dow offers asimple way to filter the amount of information i

transiting between two spaces. When closed, it blocks most
the signals ensuring a low disturbance. Thirayimdow origi- _ , _
nates a communication area. As peopleanh space approach | Qhavmasy || Greweser || Qe meoy o
the window, they are able to talk to each other. A virtval Java Applet Java Applet Java Applet Agent
dow couldallow people toapproachyour vicinity and totalk
to you across the network. ‘ ‘
THE CYBERWINDOW PROTOTYPE
To illustrate ourideas, we have implemented a prototype that
we calledthe CyberWindow. The goal of thgystem was to Toshiba Libretto
. . . Integrated sound card and speakers
give people some real-timand informal feedbackabout the Infrared network connection
activity on their Web site. It was also to allow the visitors of _
; ; ; : Operating Window Server
a Website to more easilyengage acommunicationprocess wogem Java Appiication
. . . . . Inaows
with the information publishers. Space prevents us to give all
implementation detailsieason for which wewill limit the
. . . . Text-To-Speech
discussion to general overviewand to some uselinterface Engine
issues.
System overview TCP/IP Client

The overall system is depicted in Figure 5. People moving in
the real world are equippedvith handheldcomputers,wire-

lessly connected tothe network. Namely, thesare Toshiba Window metaphor
Libretto palmtops (see Figure 6) with a 1Bifrared Ethernet I | CyberWindow Owner
connectionassured bythe Victor VIPSLAN-E system(see
Figure 7). Thesoftwarerunning on theselevicesincludes a
TCP/IP client with auser interface based oithe window Figure 5. System overview
metaphor(seeFigure 10)andintegrates a text-to—speech en-

gine.




Figure 6. Toshiba Libretto palmtop computer

Figure 7. Infrared wireless LAN system
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Figure 8. The two sides of a CyberWindow
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Figure 9. The "WWW" side of the CyberWindow

User interface

It is important to understand theach CyberWindow has
two sides. Figure 8 shows hosomebodyvisiting the
Web site sees onsideandhow the persorcarrying the
handheld device sees the other. We hdasgned aliffer-
ent userinterfacefor each ofthese sides, which we now
briefly describe.

On theWebsite, visitorscan go to a special page and
load the Java appldhat is illustrated in Figure 9. An
icon indicates the aperture angle of the CyberWindow, as
specified byits owner. This gives afdea about the
availability of that persomand if it is appropriate tadis-
turb him/her. A textfield is used toenter short mes-
sages, whiclcan be "whispered”, "said" or "shouted".
Note that a whisper will only bkeard(i.e. rendered by
the text-to-speech engine) if theindow is wide open.
The visitor can also perform a few remote actions (laugh,
applause, knock) thatill result in sounds beingyener-
ated in the real world.

The user interface on the palmtop is shown in Figure 10.
Our mainconcernwith this prototype was talesign a
non-obtrusive tool, whiclwould providethe userwith
some informal information withoutequiring the center

of his attention. Clearly, the user should be abledo-
centrate orhis/her main activities while beingotified

by backgroundsignals. It should also beery easy for
the user to filter the amount of notification events, de-
pending onhis availability. This hasmotivated our
choice for amainly audio interface. Moreover, weave
preferred to use natural sounds (e.g. bird sotgg,bark-
ing, etc.) rather than usual "beep's".

somebody is accessing a slightly related URL

i, HandHeld CyberWindow

Wouah !
Wouah !

| somebody is
accessing a
strongly related
URL

somebody is somebody is
whispering with the shouting with the
Java applet Java applet

. HandHeld CyberWindow

Wouah !

Wouah ! .

| somebody is
accessing a
strongly related
URL

somebody is
shouting with the

Java applet

Figure 10. The "Real world" side of the Cyberwindow



The main reason for this was again our strdagire togently
integrate the communicatiotwol in the user's environment.
Another reason ishat it is possible to use a vast variety of
distinct sounds, whicltan then notify different events. We
haveusedthis feature inthe prototype bydefining levels of
interest for a give®JRL. For example, one is Wery inter-
ested by accesses to his personal home page, ii) sligtely
ested by accesses lhis department'$iome page and iii) not

5.

6.

interested atall by accesses to another department's home7,

page.Access to éighly relevant page ighen notified by a
low pitch sound (such as a dog barking), access to arkfde
vant page is notified by digh pitch sound (such as bird

song). This is easilynterpreted bythe user, whaandiscern
betweenimportant and not important eventsMoreover, by
changing the aperture angle of the window, the uaadecide

8.

whether all sounds, low pitch sounds only, or no sounds at all

are generated.

CONCLUSION

We havearguedfor the need ofcreating asmooth bridge be-
tween thereal worldandcyberspace. Asocial activity is in-
creasingly occurring othe Web, it is important talevelop
mechanisms for maintainin@warenessbout what ishappen-
ing in one's on-line territory. Whave explainedhe role of
Web-enabled handheld devices wiitlis aim, in the sense that
they provide people with a continuous network connection.
We havediscussedhe need ofproper interaction methods for
thesedevices andllustrated ourideaswith the CyberWindow
prototype. This system relies on tndow metaphor and
uses a combination of natural souratel speechsynthesis to
senseWeb activity. Although we still have to conduct a
proper userstudy, early reactionsare very encouraging. Our
future workwill thereforefocus on an extensioand refine-
ment of the system.
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