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Fi gu re 1: Sche ma tic r e  pre sen ta ti on or phy si cal and elec t r o  n i c  spa c e .  



4 Combining Context-Aware Devices and User Awareness
In the fol lo wing sec ti on we will des cri be our star ting points and main in put by two im ple men ted
sys tems. HIPPIE is a no ma dic in for ma ti on sys tem that adapts to the Con text of Use [Op per mann
& Specht 2000]. As men tio ned abo ve, ENI is an event-based awa re ness en vi ron ment, which in -
clu des va ri ous sen sors for the cap tu ring of events and va ri ous in di ca tors for their pre sen ta ti on
[Prinz 1999]. In the fol lo wing we will in tro du ce the ba sic ide as of HIPPIE and ENI and show up
new pos si bi li ties that we see in their com bi na ti on.

4.1 HIPPIE—A Context-Aware Nomadic Information System
Hip pie is a con text awa re no ma dic in for ma ti on sys tem that supp orts users with lo ca ti on awa re
in for ma ti on ser vi ces. Be si de the adap ta ti on of in for ma ti on pre sen ta ti on and se lec ti on ba sed on
the users lo ca ti on the sys tem tries to uti li se the con text of use for adap ta ti on. The con text of use is 
de fi ned by the phy si cal en vi ron ment, the geo gra phi cal po si ti on, so ci al part ners, user tasks, and
per so nal cha rac te ris tics. The more con text pa ra me ters are con si de red for the in for ma ti on se lec ti -
on and pre sen ta ti on, the more ef fec ti ve, ef fi cient and sa tis fac to ry the user in ter ac ti on will be.
Hip pie of fers ad ded va lue to cur rent in for ma ti on fa ci li ties by sup por ting all along the pro cess of
mo bi le ac ti vi ties. Pro cess sup port is made pos si ble by the no ma dic cha rac te ris tic of the sys tem
that al lows the user to have ac cess to his or her per so nal in for ma ti on spa ce from whe re ver they
are, in de pen dent ly from spe ci fic de vi ces. The in for ma ti on se lec ted and pre sen ted to the vi si tor
re flects the lo ca ti on (at home or in front of an ex hi bit), the in te rests, the knowled ge and the pre -
sen ta ti on pre fe ren ces of the user. Dy na mic ele ments for ani ma ted in ter pre ta ti on and au dio pre -
sen ta tions com ple ment the vi su al mo da li ty pre oc cu pied by the phy si cal en vi ron ment. The user is 
equip ped with a hand held com pu ter and a he adpho ne to lis ten to ex pla na tions of the cur rent ar te -
fact and en vi ron ment to im mer se into the sub ject of in te rest. The user is left alo ne with the phy si -
cal en vi ron ment, and the com ple men ta ry ex pla na tions; via the com mu ni ca ti on functi on of the
sys tem, he or she can also get in touch with ot her in di vi du als pre sent in the real or vir tu al ex hi bi -
ti on for ap point ments or sug ge stions.

In the fol lo wing we men ti on the main fea tu res of the sys tem to ex plain the be ne fit for the users: 
the pro cess sup port by per ma nent sys tem ac ces si bi li ty, the lo ca ti on awa re ness of the sys tem to
pre sent in for ma ti on suit ab le to the cur rent po si ti on of the vi si tor, mul ti mo dal in for ma ti on pre -
sen ta ti on to ex ploit the ran ge of hu man per cep ti on, and in for ma ti on adap ta ti on to the user’s
knowled ge and in te rests. The se fea tu res are just des cri bed short ly, for ad di tio nal in for ma ti on see
[Op per mann & Specht 2000].

Lo ca ti on Awa re ness: By in fra red in fra struc tu re the po si ti on and by an elec tro nic com pass the
di rec ti on of the vi si tor are iden ti fied and trans mit ted from the hand held com pu ter to the ser ver,
so that the ser ver can au to ma ti cal ly send the ap pro pria te in for ma ti on for the vi si tor. By the se me -
ans, a con ti nu ous lo ca li sa ti on of the user can be used for in for ma ti on se lec ti on and be dis play ed
on an elec tro nic map, if the vi si tor user sup port for the na vi ga ti on in the phy si cal spa ce, e.g., to
find a pla ce of in te rest. If a new item of in te rest is de tec ted by in fra red the sys tem pre sents an
“ear con” com bi ned with a blin king click sen si ti ve “News” icon on the screen. 

Mul ti mo dal In for ma ti on Pre sen ta ti on: The sys tem adapts the pre sen ta ti on of in for ma ti on to
the cur rent mo bi le con text of use. The de fault in for ma ti on pre sen ta ti on for vi si tors du ring the
pre pa ra ti on and eva lua ti on pha ses is uni mo dal, con tai ning pic tu res and text. The de fault in for -
ma ti on pre sen ta ti on du ring the mo ve ment in phy si cal spa ce is mul ti mo dal con tai ning writ ten
text on the screen and spo ken langua ge via he adpho nes, and mul ti co dal, in clu ding text, gra phics
and ani ma tions. The vi si tor’s vi su al at ten ti on is free for the phy si cal en vi ron ment. Most in for ma -
ti on is pre sen ted au ral ly wit hout re qui ring the user to look at the screen.

In for ma ti on Adap ta ti on to User’s Knowled ge and In te rest: The adap ti ve com po nent runs a
user mo del des cri bing the knowled ge and the in te rests of the user. The user mo del con tains a his -
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to ry of the user’s in for ma ti on se lec ti on from the sys tem and the user’s roa ming in the phy si cal
spa ce. The his to ry is con ti nu ous ly eva lua ted for user-preferred items or user-preferred at tri bu tes
to iden ti fy par ti cu lar in te rests com pa ring the user’s se lec ti on with the ta xo no my of the do main.
For the fol lo wing pre sen ta tions it can adapt the in for ma ti on to the user’s as su med pri or knowled -
ge and in te rests. Adap ti ve tips pro vi de adap ta ti on to the as su med in te rests of the user. Espe ci al ly
his or her knowled ge and un der stan ding of the ex hi bi ti on in ge ne ral and the ex hi bits in par ti cu -
lar, but also the rich ness of ex pe rien ce, which can be in ten si fied by per so na li sed in for ma ti on.

An no ta ti on, Ex pla na ti on and Com mu ni ca ti on: Hip pie pro vi des ad di tio nal fea tu res to sup port
the in di vi du al user and a user group mo ving in phy si cal or elec tro nic spa ce. 

By the com bi na ti on of fea tu res des cri bed abo ve, Hip pie ma kes use of Wei ser’s vi si on, cal led
calm tech no lo gy by ubi qui tous com pu ting [Wei ser 1991]. The equip ment used and the in for ma -
ti on and com mu ni ca ti on in ter fa ce is de sig ned to let the vi si tor walk in the phy si cal spa ce whi le
get ting ac cess to a con textua li sed in for ma ti on spa ce tai lo red to the in di vi du al needs and the cur -
rent en vi ron ment.

4.2 TOWER—An Awareness Information Environment
Users who have to coo pe ra te as a group need to coor di na te their ac ti vi ties; for this coor di na ti on
they need in for ma ti on. The per va si ve knowled ge of who is around, what the se ot her users are
doing, how avai la ble they are, what they are doing with elec tro nic ar te facts, and so forth is in the
CSCW li te ra tu re of ten cal led awa re ness (so me ti mes with pre po si tions such as group awa re ness
[Be go le et al. 1999; Gross to ap pe ar] or work spa ce awa re ness [Gut win et al. 1996]). If the coo pe -
ra ting in di vi du als are at the same phy si cal pla ce this in for ma ti on is ob vi ous and can be ga the red
ea si ly; if in di vi du als who are at dif fe rent pla ces have to coo pe ra te as a group tech no lo gi cal sup -
port is ess en ti al. 

We have de ve lo ped an event-based awa re ness en vi ron ment, which in clu des va ri ous sen sors for 
the cap tu ring of events and va ri ous in di ca tors for their pre sen ta ti on [Gross & Prinz 2000]. Fi gu re 
2 shows the ar chi tec tu re of ENI (event no ti fi ca ti on in fra struc tu re).

Sen sors are as so cia ted with ac tors, sha red ma te ri al, or any ot her ar te fact cons ti tu ting or in flu en -
cing a coo pe ra ti ve en vi ron ment. Sen sors can cap tu re ac tions in the elec tro nic (e.g., chan ges in
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do cu ments, pre sen ce of peo ple at vir tu al pla ces) and in the phy si cal spa ce (e.g., mo ve ment or
noi se in a room). Some ex am ples of sen sors we have rea li sed so far are pre sen ce sen sors chec -
king for the lo gins of users in elec tro nic spa ce; web pre sen ce sen sors chec king vi sits on Web si -
tes; web con tent wat chers chec king up da tes to Web pa ges; sen sors for office do cu ments; and
sen sors for sha red work spa ce sys tem.

The ge ne ra ted events are sent to the ENI ser ver—eit her via an http ser ver or via an ENI client.
They are des cri bed as at tri bu te-value tu ples. The ENI ser ver sto res the events in an event da ta ba -
se. Users can use the ENI clients to sub scri be to events at the ENI ser ver and to spe ci fy in di ca tors
for the pre sen ta ti on of the awa re ness in for ma ti on. Sub scrip tions have the form of event pat terns.
The client re gis ters the se pat terns at the ser ver. When the ser ver re cei ves an event that mat ches
the pat tern, the event is for war ded to the re spec ti ve client. Ad di tio nal ly, users can spe ci fy how
they want to be in form ed about the event; that is, which in di ca tors should be used for the pre sen -
ta ti on. 

In di ca tors are of fe red in va ri ous sha pes ran ging from a 3D gra phi cal pre sen ta ti on of a mul ti-
 user en vi ron ment to pop-up wind ows, to ap plets in Web pa ges, to ti cker ta pes, and so forth. For
the pre sen ta ti on of in for ma ti on in the real world ENI has some Am bient In ter fa ces such as a bal -
loon, a plas tic fish tank, and lamps. 

The con text da ta ba se con tains the des crip tions of the awa re ness con texts. The con text mo du le
ana ly ses the con text of ori gin of an event and adds this in for ma ti on to the re spec ti ve event. It also
ana ly ses the work con text of the user and sto res in for ma ti on about it in the con text da ta ba se. If
the con text of ori gin of an event and the work con text of a user match, the user is in form ed ac cor -
ding ly. 

A con text des crip ti on in ENI does not re qui re the spe ci fi ca ti on of all at tri bu tes. For ins tan ce, a
con text can be crea ted and some at tri bu tes like lo ca tions or ap pli ca tions are spe ci fied only la ter
on; or a con text could have no lo ca tions or no ap pli ca tions at all. Ne ver the less, the more de tails
are avai la ble for a con text, the bet ter events can be mat ched to the con text. In many ca ses the at -
tri bu tes of a con text can be ge ne ra ted au to ma ti cal ly. For ins tan ce, if a con text con sists of a sha red 
work spa ce the list of mem bers and ar te facts of the con text can be dy na mi cal ly gai ned from in for -
ma ti on about the sha red work spa ce. 

4.3 Awareness for Nomadic Users
For the pur po se of sup por ting mul tip le user sce na ri os whe re an in for ma ti on sys tem can take into
ac count sen sors from phy si cal spa ce (like in hip pie) and sen sors from the elec tro nic spa ce (most -
ly used in ENI) we com bi ned the two sys tems for pro vi ding awa re ness to no ma dic users. Ta king
into ac count a wide ran ge of sen sors in phy si cal and elec tro nic spa ce al lows sup por ting awa re -
ness about in ter esting events in phy si cal and elec tro nic spa ce. As an in ter esting sce na rio to rea li -
se the com bi na ti on of ENI and HIPPIE we de ci ded to ex tend an ex hi bi ti on gui de at Cast le Bir -
ling ho ven at the GMD cam pus [Op per mann & Specht 2000]. In the art ex hi bi ti on at Cast le Bir -
ling ho ven we have around 75 ex hi bits with mul ti mo dal in for ma ti on pre pa red for them. The re is
an in fra red in stal la ti on for lo ca ting vi si tors and dif fe rent ty pes of wea ra ble and mo bi le com pu -
ting de vi ces can be used for vi si ting the ex hi bi ti on. Sen sors for the cur rent lo ca ti on and the orien -
ta ti on (elec tro nic com pass) of the user are at ta ched to the mo bi le de vi ces. In this sce na rio we in -
te gra ted the do main mo del of the art ex hi bi ti on, the lo ca li sa ti on in fra struc tu re, the user mo del -
ling com po nent, and the awa re ness en vi ron ment to en ab le new forms of awa re ness in con -
text-aware ap pli an ces.

Vi si tors of the ex hi bi ti on can be eit her mo ving in the in for ma ti on spa ce about the ex hi bi ti on
re mo te ly (re mo te vi si tors) or move in Cast le Bir ling ho ven loo king at the real art works (real vi si -
tors). When a real vi si tor mo ves in the ex hi bi ti on spa ce his mo bi le hip pie client sends out an
event about the cur rent po si ti on, the orien ta ti on, and the phy si cal, and elec tro nic en ti ties the user
in ter acts with. For dis play ing awa re ness in for ma ti on re mo te vi si tors can use clas si cal ENI
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clients for real vi si tors we are using am bient sounds in an au di to ry dis play that is over laid with
the in for ma ti on pre sen ta ti on in the HIPPIE client. The com bi na ti on of HIPPIE and ENI al lows
for ad di tio nal sce na ri os whe re awa re ness in for ma ti on can be gi ven to no ma dic users:

Real vi si tors mo ving in the ex hi bi ti on can be in form ed about re mo te users loo king at the same
art work: The ex pe rien ce of an art work in an ex hi bi ti on could of ten be en han ced by dis cus sing
aspects of the art work with ex perts or ot her vi si tors. In this case the ar te fact in the real world is
the com mon cue that brings to get her peo ple in dif fe rent spa ces.

Re mo te vi si tors can ask real vi si tors to ask que stions about the art work from a real world per -
spec ti ve. An ab strac ti on of this sce na rio is al rea dy used in com mer ci al e-shopping si tes, whe re
re mo te vi si tors ask a lo cal shop ping as si stant equip ped with a ca me ra for a spe ci al view.

Real vi si tors can be in form ed about si mi lar tracks of pre vi ous real vi si tors. The sys tem keeps
track of the users mo ve ments in phy si cal and elec tro nic spa ce and the re fo re could give in for ma ti -
on about re cent vi si tors that took si mi lar tracks in the phy si cal spa ce.

Re mo te vi si tors can spe ci fy si tua tions for awa re ness con texts in the pre pa ra ti on of a vi sit, e.g.,
in form me when an ex pert in the art of the 13th cen tury ac ces ses the ex hi bi ti on gui de eit her re mo -
te or real, or in form me when I pass this art work in the real world. 

The se sce na ri os exem pli fy the ge ne ral idea be hind the com bi na ti on of con texts in the phy si cal
spa ce and in the elec tro nic spa ce—that is, to com bi ne the strength of both are as. In to day’s of fi -
ces users work in the phy si cal en vi ron ment with phy si cal ar te facts (e.g., prin ted pa pers, books,
re cei ved let ters) and in the elec tro nic en vi ron ment with elec tro nic ar te facts (e.g., elec tro nic do -
cu ments, sha red work spa ces). In or der to ful fil their tasks they have to orient in both worlds.
Group work adds furt her chal len ges to this orien ta ti on: users have to orient in their own phy si cal
and elec tro nic world and need to know what is going on in the phy si cal and elec tro nic world of
their col lea gues as well as in the sha red world (e.g., phy si cal li bra ries, sha red elec tro nic work -
spa ces). A com bi na ti on of HIPPIE and ENI pro vi des a sha red fra me for orien ta ti on, which al -
lows users to coor di na te their tasks and to act and re act ba sed on up-to-the-moment knowled ge
of the si tua ti on. 

5 Conclusions and Future Work
We have in tro du ced a com bi na ti on of a no ma dic in for ma ti on sys tem (HIPPIE) and an awa re ness
en vi ron ment (ENI) to al low for awa re ness of no ma dic users. Com bi ning real world user trac -
king, user mo del ling tech ni ques, and an event ba sed awa re ness en vi ron ment al lows us to sup port
sce na ri os whe re real users and re mo te users can ex pe rien ce an ex hi bi ti on joint ly. The pro to ty pe
for sup por ting art ex hi bi tions is a star ting point and can be ge ne ra li sed to many use ful and po -
wer ful ap pli ca ti on fields. Ge ne ral ly many ap pli ca tions fields whe re no ma dic users need to be
awa re of the sta te and the ac ti vi ties re la ted to elec tro nic and phy si cal en ti ties to ful fil a task are a
rich ba sis for furt her de ve lop ments. Awa re ness in for ma ti on in this sen se could be used to mo ni -
tor com plex mul ti va ria ble pro ces ses whi le mo ving in phy si cal spa ce. To tar get this area of ac ti vi -
ties we will espe ci al ly en han ce our awa re ness clients ba sed on am bient sound to en ab le awa re -
ness whe re the phy si cal en vi ron ment oc cu pies the user’s vi su al sen se. Be cau se users are mem -
bers of se ve ral awa re ness con texts and want to be in form ed about se ve ral awa re ness con texts at
the same time, we need me cha nisms for mer ging in for ma ti on from dif fe rent awa re ness con texts
and dis play ing it in one in di ca tor such as a ti cker tape. This le ads also to a pro blem of prio ri ti sing
awa re ness con texts; that is, it has to be cons tant ly de ci ded which kind of in for ma ti on from which 
awa re ness con text is to be dis play ed im me di ate ly and which kind of in for ma ti on of which awa re -
ness con text can be dis play ed af ter a de lay. Al go rithms could cal cu la te the cur rent ac tua li ty of an
awa re ness con text form in for ma ti on like the num ber of pre sent users (in ab so lu te fi gu res and re -
la ti ve ly to the who le num ber of mem bers of an awa re ness con text), the fluc tua ti on of an awa re -
ness con text, the fre quen cy of chan ges to do cu ments in an awa re ness con text (eit her with equal ly 
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im por tant do cu ments or with a hie rar chy of im por tan ce of do cu ments). Fur ther mo re, the cur rent
awa re ness con text a user is in will vast ly in flu en ce the type of in for ma ti on to be dis play ed and
also the me ans of pre sen ta ti on.

Fur ther mo re the coo pe ra ti on of no ma dic wor kers shows up se ve ral needs for awa re ness about
co- workers and their ac ti vi ties. No ma dic wor kers in the field can be eit her made awa re of re mo te
ex perts for sup port of their field task, or of elec tro nic ar te facts like ma nu als or de tail in for ma ti on
avai la ble. Coo pe ra ti ve pro blem sol ving in the field is anot her in ter esting area whe re awa re ness
about the ac ti vi ties of ot her no ma dic wor kers in dif fe rent phy si cal lo ca tions is ess en ti al. 

The ENI sys tem is being de ve lo ped in the IST-10846 pro ject TOWER, part ly fun ded by the
EC. We would like to thank all our col lea gues from the TOWER team.
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