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Introduction

Telecommunication ismerging
with information processing, in-
tersecting with mobility and
internet technology, creating
the New TelecomsWorld.

Communication deviceswillbe
the largest consumer product
segment in the world. Snce we
believe thatitisnecessary to
increase and deepen research
effortsto lay the foundationsfor
"good" userinterface design for
thisclassof deviceswe organ-
ized a workshop during CHI
2000 which addressed the issue
of Uldesign for future mobile
devices.

Userinterface design for mobile
communication deviceshas
not been a centralresearch
topic in the past. Future com-
munication deviceswillincor-
porate much of the functional-
ity of today'sinformation proc-
essing devicespreserving im-
portant characteristicslike the
fact that the devicesmust be
personaland highly individual-
ized and increase the quality of
life for their users.

Mobile communication and
information processng isdiffer-
ent from stationary communi-
cation and information access
in itsinherent nature of variable
contextsof use, affecting the
way in which the terminalisop-

erated via itsuser interface, the
guantity and quality of the con-
tent which userneedsto access
through the terminal, and the
interconnectionsto otherde-
vicesand servicesin usersenvi-
ronment.

Currently a number of trends
can be seen in the field of mo-
bile communication which
open up new design dimen-
sonsformobile communication
userinterfaces:

New applicationsand ser-
vicessuch asmobile Inter-
netaccessbhecome poss-
ble.

Communication networks
become global. Devices
are expected to reactin an
individualized manner.

Convergence of informa-
tion processing and com-
munication.

What will tomorrow'scommuni-
cation deviceslook like in the
context of these trends? Willwe
see a trend towards multifunc-
tional devicesor will there be
many different personalinfor-
mation applianceswith differ-
ent userinterfaces? And how
will these future communication
devicesinteract?
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Topics of the Workshop

Four majortopic areaswere
covered in the workshop, in or-
derto answerthe questions
above. These areashave sig-
nificant effect on the use of
personal mobile devices. More-
over, they are the majorfactors
that differentiate mobile de-
vicesfrom the stationary office-
based systems.

1. Context of use. Physical, so-
cialand cultural contextsaffect
the way in which the terminalis
operated via itsuserinterface.
The quantity and quality of the
content which usersneed to
accessthrough the terminal,
and the interconnectionsto
otherdevicesand servicesin
the usersenvironment have
theirimplicationsto the Ul de-
sign. Being able to use the de-
vice anywhere, anytime isone
of the majorfactorsthat differ-
entiate mobile personal de-
vicesfrom stationary office-
based deviceslike PCs.

2. Personalization of mobile de-
vicesisa central design issue.
Mobility allowstotally different
degreesof personality even to
the extent that new paradigms
of personal computing seem to
be arising. However, there
seemsto be very little research
so faron the nature and extent
of the personalization of de-
vices. Moreover, the effectsof



the context of use on the per-
sonalization have not been ex-
plored before in relation to per-
sonal mobile products.

3. Applicationsand servicesare
the driving force from the end
user perspective. The variety of
individual needsimpliesthe ne-
cessity to offertoolsto fulfil us-
ers "mobile needs’'such asfun,
work and personalcommunica-
tion.

4. Connectivity and inter-
working of communication ap-
pliances. We do not believe
that there willbe one "universal
communication appliance"in
the future, but a variety of com-
munication appliancesthat are
operating in harmony
supporting usersin their every-
day life [2]. Communication
and personalcomputing de-
vicesget more task specific,
increasing the need forinter-
device communication asthe
only way to smplify the task of
the userin the most transparent
way.

Contents and Schedule of
the Workshop

The workshop washeld asa
one-day event. During the first
phase, the 4 topic areasde-
scribed above were discussed.
The second phase included
work in groupson a design ex-
ercise forthe mobile userinter-
face of the future.

The schedule included:

Introduction to the topic by
the organizers

Individual statementsand
group discussion

Presentation of resultsand
plenary discussion

Scenario building and pres
entation

Requirement list/design
challenges

Prototype building

Prototype consolidation

Summary and future actions

Scenarios and their char-
acters, requirements and
resulting prototypes

Group |: Peter (35 years) isa
family man who runs hismedia
design company from home.
He needsto attend to family
affairsduring the day and thus
shiftsbetween family and pro-
fessonal life. He must be avail-
able forclientsat alltimes, and
seem professonal — even when
out with hiskidsordog. In addi-
tion, he hasa specialinterestin
comicsand readsthem regu-
larly. He hasa numberof spe-
cific requirementsfor hisdevice:

The device should advice
and remind Peter of histasks
and daily duties.

- The device should provide
an instant and constant
accessto variousdata and
mobile services.

The device must have a
large enough screen for
comicsreading.

The device should help in
hiding the personal life from
the businesspartners, if so
desred by the user.

In orderto appear profes
sionalhe must be able to

FHgure 1: The armtop proto-
type includesa large touch
display, a camera, and an
optional stylus.

shift swiftly between work
and home contexts(e.g.
looking at businessinfo

while working in garden)

Also, he wantshisdevice to
be fashionable and non-
intruding. (Thiswasa re-
guirement stated forallde-
veloped prototypes.)

The resulting prototype wasan
armtop solution with a large
touch display and optional sty-
lus(see Hgure 1).

Group Il: Henri (17 years) isa
Rench exchange student in
Boston who also worksasa
maintenance assistant on
campus He hashisfamily, girl-
friend, and other friendsin
Fance, aswellasa local host
family, co-workers, and friends
in Boston.

Here are some of Henri’sre-
guirements:

-  The device must be wear-
able and novelin design,
and not become outdated;
thiscan be achieved by
flexible and customizable
desgn.

- Henriwantsan individual
device and only the appli-
cationshe needs. The de-
vice must be personalizable
and grow with the user; this
can be achieved forexam-
ple by modulardesign.

- Use of mapsrequiresa large
screen, the system should
be able to give directions.
Also, the device must know
itslocation and be context
sensitive in offering the ser-
vices.

- The device must support
Henrito overcome hiscul-
turaland language barriers
by e.g. offering trangation
services.

The resulting prototype was
fairly smilar to the one devel-
oped by group one. The device
could be attached to the arm



and contained a video camera
and a removable earpiece.

Group lll: Mattias (15 years) isa
schoolboy from Rotterdam liv-
ing with hisparentsand sister.
He hasa physicaldisability — he
usesa powered wheelchair.

Mattiasisan active teenager
and enjoyshanging out with
friends. He isan enthusiastic
soccerfan. He often needsto
find restaurantsetc. with acces
sihility possbilities. He often
needsto operate doorsand
different kindsof devices(e.g.
vending machines) remotely.
He needsto collaborate with his
matesat school and in hisfree
time.

Sample requirementsfrom Mat-
tiasinclude:

In general, the device must
extend hisphysical and so-
cial abilities,by empower-
ing him in a context-
senstive manner. Forexam-
ple, the device should be
able to communicate with
and operate otherdevices.
Also, the device should help
him manage physically de-
manding stuationssuch as
moving in crowds.

The device must be intelli-
gent to the extent that it
can learn Mattias prefer-
ences. Snce Mattiaslikesto
make new acquaintances,
the device should work as
an intelligent "matchmaker"
ormediator (e.g. meeting
new girls).

The device should support
social acceptability. It helps
Mattiasto know more than
hisfriends (therefore looks
cool). Also, being techno-
logically advanced makes
friendscuriouson the abili-
tiesof the device (e.g.
friendscan communicate
with video),

The resulting prototype was
named the “Wearable Pet”, a
device in the shape of a stuffed
animal. The parrot containsa

display underthe wing, speaker
output in itsmouth, a micro-
phone forspeech input, and it
iscontrolled mostly by natural
language. For Mattiasto be
able to find hisway and get
good viewsin crowded envi-
ronmentsthe parrot hasan ex-
tendable telescope head
which extends Mattiaslimited
abilities. The device hasalmost
unlimited powerresources (from
the wheelchair) and can there-
fore contain large processing
and memory capacities(see
Fgure 2).

Group IV: Barbara (22 years) isa
medical student who also works

FHgure 2: The “Wearable Pet”
supports Mattiasin hisdaily-
life activities.

parttime aslibrarian. Her hob-
biesinclude photography,
reading and outdoorsactivities.
She useshercomputer,camera
and GPSdevice astools. She
doesn’t use technology just for
technology’ssake. Barbara has
needsfor note taking, info re-
trieval and sharing, she regularly
listensto music and she isvery

fashion conscious! Her require-
mentsinclude:

- The device must function as
a wearable fashion item.
Therefore it must vanish asa
technology product and
also be a designeritem. The
device must still clearly
function asa utility tool.

Task sequencesand infor-
mation flow must be seam-
less, e.g. the intelligent pen
transfersthe handwritten
notesdirectly to the device.

There must be a high quality
camera in the device to

Hgure 3: The watch commu-
nicatorisa highly fashionable
device. Text inputisdone
with a stylus

support hermain hobby. An
earpiece must support non-
intrusive music listening.

Outdoorsactivitiesrequire
small device size; therefore
the display must be foldable
and stillbig enough for note
reading and picture han-
dling.

The resulting prototype wasa
watch-size communicator, with
earpiece (the "Bud"), a neck-
lace containing microphone
and camera, a foldable display
forthe representation of larger
amountsof information, and an
intelligent pen for free handwrit-
ing (see Hgure 3).



Common themes & solu-
tions

Wearability

Three out of four of the proto-
typesdeveloped in the work-
shop were attached to the
body, and specifically to the
wrist and arm of the user. This
wasa strong requirement from
the scenarios: Userswere highly
mobile in both their professional
and personal life, and the com-
munication device must be
instantly and naturally access-
ble, and must still not look
"techy".

In addition to the "wrist-top
metaphor’, the wearability is
related to the modularity: The
necklace and earpiece were
seen asa natural (and fashion-
able!) way of wearing in-
put/output devices.

Non-intrusiveness
Allgroupsclearly aimed at non-
intrusive input/output tech-
niquessuch asfree speech
recognition, continuoushand-
writing recognition, and large
displays. Wearable itemswould
not require constant attention.
Devicesare used mostly as
practical tools not asthe cen-
ter of their users attention. (The
Wearable Pet may be an ex-
ception but even it isnot seen
aspiece of technology but a
"companion™.)

In particular, none of the proto-
typesincluded any kindsof im-
plantsnorhead-mount displays
that might close the userin
some kind of virtual reality. All
scenariosassumed non-intrusive
technology related to social
acceptability where there isa
strong requirement for both re-
mote and local communication
(e.g. Peterwho may have to
talk to hiskidsin the middle of a
businesscall, using hisArmtop).

Socialacceptability

In the workshop scenarios, Henri
and Barbara were the users
most concerned about looking

"cool"and not astechnology
freaks. In addition, it isimportant
for Mattias— who issitting in a
wheelchair-to be a respected
member of hisgroup of friends.
Socialacceptability of the wrist-
attached prototypesbecame
evident in theirwearability and
non-intrusiveness(see above),
aswellasin their fashionability
(see below). In the case of the
Wearable Pet of Mattias, how-
ever, acceptabilty ison a even
higher level: Hisfriendsactually
admire him for hisintelligent
and clever"companion". Mat-
tiascan "show off"to hisfriends
and even attract attention of
girlsin a positive way.

Fashion and technology
Barbara isthe most fashion-
consciousof the scenario users.
In addition, but perhapson a
lessexplicit way, being "on the
leading edge” of new toolsand
devicesisimportant to all users
described in the workshop. The
armtop concept of Petereven
comeswith different design ver-
sions(e.g."grunge”, imaging)
which are clearly targeted at
different usertypes.

In case of wearable technol-
ogy, the related fashion items
could be matched with cloth-
ing. Forexample, the modular
itemsof necklace and ear-
piece (“the bud") included in
Barbara'sWatch Communica-
torconcept are seen aspieces
of jewelry, and should therefore
match theirusers taste.

Producing and marketing
communication devicesas
fashion itemsmay inherently
mean shorter life-spans. It would
then become a strong issue to
considerthe recycling of such
products.

Multimodality

Each of the teamswere free to
explore different kinds of con-
trolling devicesand methodsfor
theirconcepts. Multimodality
both in inputting, outputting
and controlling of the device

wasconsidered asa necessity:
each of the designsincorpo-
rated severalinput and output
methodologies. There seemed
to be the tendency of design-
ing for more ubiquitousand
perhapsnatural methodssuch
asdirect finger pointing, ges
turesand speech. The more
traditional QWERTY-keyboard
inputting technique remained
nonexistent in the designssince
none of the designshad a con-
ventional keyboard or anything
smilar. Generaltendency to-
wardsallowing usersto select
the most appropriate modality
depending on the physical
context, usage stuation, user's
capabilitiesand preferences
wasclearly demonstrated in the
designs.

Context awareness

Snce one of the majorthemes
in the workshop was the con-
text of use, all of the groups
paid a significant amount of
attention to designing fora
changing context. Different as-
pectsofthe context of use,
namely cultural, social and
physical, and balancing be-
tween them were explored in
the usage scenarios. Designs
were inspirited by mobile com-
munication allowing the con-
stant change between profes
sional and private life aswellas
public and private situations. All
of the designsassumed some
degree of context awareness:
devicescould sense neighbor-
ing devicese.g.vending ma-
chines. Based on that contex-
tualinformation, the devices
could turn to controlling de-
vicesforthat short period of
time. Some of the designs util-
ized location information to
give userdirectionsor map in-
formation.

Modularity

Fnal desgnsdemonstrate vari-
ousdegreesof modularity of
the physicaldesign from a
monoblock 'Armtop’ to a highly
distributed solution of the
‘Watch communicator'. Degree



of modularity in the final designs
seem to vary partly according
to the requirement of fashion-
ability: two of the modularde-
signsboth had the requirement
for fashionability or'coolness.
The more modularthe product
isthe more ubiquitousit seems
to become in the designs.

Discussion and Open Top-
ICS

What do the workshop results
tellusabout Future Mobile
Device User Interfaces ? ltis
interesting to note that all of the
groupsput heavy emphasison
and beyond the industrial de-
sigh, coolness, and functionality
of theirdevices, and we see a
number of cleartrendsin the
design field like modularity and
wearability. The question of
technical feasbility of the de-
sigh modelswasneverad-
dressed and the prototypesre-
guire solutionsthat we don t
expectto be available in the
near future.

There were a number of tech-
nical solutionstaken asgiven,
both in hardware and software.
Language independent tech-
nologiesfortext input like con-
tinuousspeech recognition and
handwriting recognition were
taken forgranted, also voice
output wasconsdered state of
the ant. The question of battery
capacity and the effect on the
weight of the devicesand their
componentswasnot discussed
during the workshop. The exis-
tence of broadband commu-
nication channels, both forlo-
calcommunication (between
device components) and re-
mote voice and data commu-
nication wasalso a prerequisite
foralldesign models.

If we look at the applications
required to fulfill the character s
needsit isobviousthat all the
devicesneed to incorporate
standard organizer functionality
combined with context- and
location-dependant services
which are currently not avail-

able. We are, however, cur-
rently seeing the first of these
context-servicesbeing imple-
mented in mobile communica-
tion environments.

Why were three of the resulting
prototypesfairly smilar? We see
a number of reasonsfor this
outcome. Hrstly the participant
selection processobviously
created a group of people with
very similarinterestsand atti-
tudestowardstechnology.
Secondly, the workshop setup
pushed the different groupsto-
wardsdesignsthat were un-
conventional and interesting at
the expense of being fairly far-
fetched and unrealistic in a
medium term view. Thirdly, the
narrow time frame prevented
the groupsfrom doing serious
user-centered design. Given
more time to analyze the char-
actersin the scenariosand their
technology requirementswe
would expect more differing
approachesto the design of
the mobile devices.

We don t think, however, that
these reasonsfully explain the
obvioussimilarity of the designs.
There seem to be underlying
trendsin the users (ordesign-
ers) attitude towardstechnol-
ogy which favorthe design of
wearable, lightweight and
modularized deviceswhich do
not disturb the social contacts
of theirusers.

The expected lifetime of the
deviceswhich were developed
by the groupsisanotherinter-
esting topic. While three of the
fourdevicesfollow the current
trend in mobile phonestowards
shorter and shorter lifecycles
the parrot clearly could be a
lifetime companion forits
owner. It would then have the
same experiencesasitsowner
and would be able to actasa
personalagent and a memory
support smilarto Donald Nor-
man steddy bear[3]. The cur-
rent state of technology will
make it very hard to create a
device smilarto the parrot be-
cause technology getsout-

dated atanincredible pace,
largely triggered by the ad-
vance of technology and func-
tionality. Last year smobile de-
viceshardly fulfil the basic
needsof thisyear susers. Even if
you have a mobile phone from
last yearyou won t use it, and,
asa fashion-conscioususer, you
don twantto be seen with it in
public. To create a companion
which livesformore than a
decade with you will require
the possbility to change the
underlying hard- and software
during it slifetime.

What we also see in the work-
shop resultsisa fairly strong
tendency towardscreating
toolsand wearable fashion-
itemswhich are fairly non-
intrusive. The joy-factor of using
these devicesseemsto be sec-
ondary to the joy-factor of
wearing and showing-off with
your fancy devices. The impor-
tance of these hedonistic
characteristics[1] for the suc-
cessof consumerappliances
cannot be overestimated.

The four scenario characters
developed during the workshop
were all fairly young, the oldest
one being 35yearsold. Al-
though we believe that many
of the design proposalswillbe
beneficial to more senior users
the validity of thisbelief remains
an open question. Given the
demographic development in
highly industrialized countriesit
might be worthwhile to redo
the workshop experience with a
focuson olderusersof mobile
devices.

What isthe value of the "com-
mon themes'which we identi-
fied during the workshop? Did
they show up just by accident
orare they "sgnsof the time"
representing trendsimpornant
foruserinterface designers?
While they make a lot of com-
mon sense, they differ very
much from the normal mar-
keting messageswhich we re-
ceive from today smanufactur-
ing companies. We don t know
the answer to thislast question



but we assume that in the me-
dium term it willbe answered
by reality.
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