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Introduc tion 

Telec ommunic a tion is merg ing 
with information p roc essing, in-
tersec ting with mob ility and  
internet tec hnology, c rea ting 
the New Telec oms World .  

Communic a tion devic es will be 
the la rgest c onsumer p roduc t 
segment in the world . Sinc e we 
believe  tha t it is nec essary to 
inc rease and  deepen researc h 
efforts to lay the founda tions for 
"good" user interfac e design for 
this c lass of devic es we organ-
ized  a  workshop  during CHI 
2000 whic h addressed  the issue 
of UI design for future mob ile 
devic es. 

User interfac e design for mob ile 
c ommunic a tion devic es has 
not been a  c entra l researc h 
top ic  in the past. Future c om-
munic a tion devic es will inc or-
pora te muc h of the func tiona l-
ity of today's information p roc -
essing devic es p reserving im-
portant c harac teristic s like the 
fac t tha t the devic es must be 
persona l and  highly ind ividua l-
ized  and  inc rease the qua lity of 
life for their users.  

Mob ile c ommunic a tion and  
information p roc essing is d iffer-
ent from sta tionary c ommuni-
c a tion and  information ac c ess 
in its inherent na ture of va riab le 
c ontexts of use, a ffec ting the 
way in whic h the termina l is op -

era ted  via  its user interfac e, the 
quantity and  qua lity of the c on-
tent whic h user needs to ac c ess 
through the termina l, and  the 
interc onnec tions to other de-
vic es and  servic es in users envi-
ronment. 

Currently a  number of  trends 
c an be seen in the fie ld  of mo-
b ile c ommunic a tion whic h 
open up  new design d imen-
sions for mob ile c ommunic a tion 
user interfac es: 

- New app lic a tions and  ser-
vic es suc h as mob ile Inter-
net ac c ess bec ome possi-
b le.  

- Communic a tion networks 
bec ome g loba l. Devic es 
a re expec ted  to reac t in an 
ind ividua lized  manner. 

- Convergenc e of informa-
tion p roc essing and  c om-
munic a tion.  

What will tomorrow's c ommuni-
c a tion devic es look like in the 
c ontext of these trends? Will we 
see a  trend  towards multifunc -
tiona l devic es or will there be 
many d ifferent persona l infor-
mation app lianc es with d iffer-
ent user interfac es? And  how 
will these future c ommunic a tion 
devic es interac t?  

Topic s of the Workshop 

Four ma jor top ic  a reas were 
c overed  in the workshop , in or-
der to answer the questions 
above. These a reas have sig-
nific ant effec t on the use of 
persona l mob ile devic es. More-
over, they a re the ma jor fac tors 
tha t d ifferentia te mob ile de-
vic es from the sta tionary offic e-
based  systems. 

1. Context of use. Physic a l, so-
c ia l and  c ultura l c ontexts a ffec t 
the way in whic h the termina l is 
opera ted  via  its user interfac e. 
The quantity and  qua lity of the 
c ontent whic h users need to 
ac c ess through the termina l, 
and  the interc onnec tions to 
other devic es and  servic es in 
the users environment have 
their imp lic a tions to the UI de-
sign. Being ab le to use the de-
vic e anywhere, anytime is one 
of the ma jor fac tors tha t d iffer-
entia te mob ile persona l de-
vic es from sta tionary offic e-
based  devic es like PCs.  

2. Persona liza tion of mob ile de-
vic es is a  c entra l design issue. 
Mob ility a llows tota lly d ifferent 
degrees of persona lity even to 
the extent tha t new parad igms 
of persona l c omputing seem to 
be a rising. However, there 
seems to be very little researc h 
so fa r on the na ture and  extent 
of the persona liza tion of de-
vic es. Moreover, the effec ts of 



the c ontext of use on the per-
sona liza tion have not been ex-
p lored  before in rela tion to per-
sona l mob ile p roduc ts.  

3. App lic a tions and servic es a re 
the d riving forc e from the end  
user perspec tive. The va riety of 
ind ividua l needs imp lies the ne-
c essity to offer tools to fulfil us-
ers' "mob ile needs" suc h as fun, 
work and  persona l c ommunic a -
tion. 

4. Connec tivity and  inter-
working of c ommunic a tion ap -
p lianc es. We do not believe 
tha t there will be one "universa l 
c ommunic a tion app lianc e" in 
the future, but a  variety of c om-
munic a tion app lianc es tha t a re 
opera ting in ha rmony 
supporting  users in their every-
day life [2]. Communic a tion 
and persona l c omputing de-
vic es get more task spec ific , 
inc reasing the need  for inter-
devic e c ommunic a tion as the 
only way to simp lify the task of 
the user in the most transparent 
way. 

Contents and Sc hedule of 
the Workshop 

The workshop  was held  as a  
one-day event. During the first 
phase, the 4 top ic  a reas de-
sc ribed  above were d isc ussed . 
The sec ond  phase inc luded  
work in groups on a  design ex-
erc ise for the mob ile user inter-
fac e of the future. 

The sc hedule inc luded :  

-  Introduc tion to the top ic  by 
the organizers 

-  Ind ividua l sta tements and  
group  d isc ussion 

-  Presenta tion of results and  
p lenary d isc ussion 

-  Sc enario build ing and p res-
enta tion 

-  Requirement list/ design 
c ha llenges 

-  Prototype build ing 

- Prototype c onsolida tion 

- Summary and future ac tions 

Scenarios and their c har-
ac ters, requirements and 
resulting prototypes 

Group I: Peter (35 years) is a  
family man who runs his med ia  
design c ompany from home. 
He needs to a ttend  to family 
a ffa irs during the day and  thus 
shifts between family and  p ro-
fessiona l life. He must be ava il-
ab le for c lients a t a ll times, and  
seem professiona l --- even when 
out with his kids or dog. In add i-
tion, he has a  spec ia l interest in 
c omic s and reads them regu-
la rly. He has a  number of spe-
c ific  requirements for his devic e: 

- The devic e should  advic e 
and remind  Peter of his tasks 
and da ily duties. 

- The devic e should  p rovide 
an instant and  c onstant 
ac c ess to va rious da ta  and  
mob ile servic es.  

- The devic e must have a  
la rge enough sc reen for 
c omic s read ing. 

- The devic e should  help  in 
hid ing the persona l life from 
the business pa rtners, if so 
desired  by the user. 

- In order to appear p rofes-
siona l he must be ab le to 

shift swiftly between work 
and  home c ontexts (e.g . 
looking a t business info 
while working in ga rden) 

- Also, he wants his devic e to 
be fashionab le and  non-
intrud ing. (This was a  re-
quirement sta ted  for a ll de-
veloped  p rototypes.) 

The resulting  p rototype was an 
a rmtop  solution with a  la rge 
touc h d isp lay and  op tiona l sty-
lus (see Figure 1). 

Group II: Henri (17 years) is a  
Frenc h exc hange student in 
Boston who a lso works as a  
ma intenanc e assistant on 
c ampus. He has his family, g irl-
friend , and  other friends in 
Franc e, as well as a  loc a l host 
family, c o-workers, and  friends 
in Boston. 

Here a re some of Henri’ s re-
quirements: 

- The devic e must be wear-
ab le and  novel in design, 
and  not bec ome outda ted ; 
this c an be ac hieved  by 
flexib le and  c ustomizab le 
design. 

- Henri wants an ind ividua l 
devic e and  only the app li-
c a tions he needs. The de-
vic e must be persona lizab le 
and  grow with the user; this 
c an be ac hieved  for exam-
p le by modula r design. 

- Use of maps requires a  la rge 
sc reen, the system should  
be ab le to g ive d irec tions. 
Also, the devic e must know 
its loc a tion and  be c ontext 
sensitive in offering the ser-
vic es. 

- The devic e must support 
Henri to overc ome his c ul-
tura l and  language barriers 
by e.g . offering transla tion 
servic es. 

The resulting  p rototype was 
fa irly simila r to the one devel-
oped  by group  one. The devic e 
c ould  be a ttac hed  to the a rm 

 

Figure 1: The a rmtop  p roto-
type inc ludes a  la rge touc h 
d isp lay, a  c amera , and  an 
op tiona l stylus. 



and c onta ined  a  video c amera  
and a  removab le ea rp iec e.  

Group III: Mattias (15 years) is a  
sc hoolboy from Rotterdam liv-
ing with his pa rents and  sister. 
He has a  physic a l d isab ility --- he 
uses a  powered  wheel c ha ir. 

Ma ttias is an ac tive teenager 
and enjoys hang ing out w ith 
friends. He is an enthusiastic  
soc c er fan. He often needs to 
find  restaurants etc . with ac c es-
sib ility possib ilities. He often 
needs to opera te doors and  
d ifferent kinds of devic es (e.g . 
vend ing mac hines) remotely. 
He needs to c ollabora te with his 
mates a t sc hool and  in his free 
time. 

Samp le requirements from Mat-
tias inc lude: 

-  In genera l, the devic e must 
extend  his physic a l and  so-
c ia l ab ilities, by empower-
ing him in a  c ontext-
sensitive manner. For exam-
p le, the devic e should  be 
ab le to c ommunic a te with 
and  opera te other devic es. 
Also, the devic e should  help  
him manage physic a lly de-
mand ing situa tions suc h as 
moving in c rowds. 

-  The devic e must be intelli-
gent to the extent tha t it 
c an lea rn Mattias' p refer-
enc es. Sinc e Mattias likes to 
make new ac qua intanc es, 
the devic e should  work as 
an intelligent "matc hmaker" 
or med ia tor (e.g . meeting 
new g irls). 

-  The devic e should  support 
soc ia l ac c ep tab ility. It helps 
Mattias to know more than 
his friends (therefore looks 
c ool). Also, being tec hno-
log ic a lly advanc ed  makes 
friends c urious on the ab ili-
ties of the devic e (e.g. 
friends c an c ommunic a te 
with video), 

The resulting  p rototype was 
named the ‘‘Wearab le Pet’’ , a  
devic e in the shape of a  stuffed  
anima l. The parrot c onta ins a  

d isp lay under the wing, speaker 
output in its mouth, a  mic ro-
phone for speec h input, and  it 
is c ontrolled  mostly by na tura l 
language. For Mattias to be 
ab le to find  his way and get 
good  views in c rowded envi-
ronments the pa rrot has an ex-
tendab le telesc ope head  
whic h extends Mattias limited  
ab ilities. The devic e has a lmost 
unlimited  power resourc es (from 
the wheelc ha ir) and  c an there-
fore c onta in la rge p roc essing 
and  memory c apac ities (see 
Figure 2). 

Group IV: Barbara  (22 years) is a  
med ic a l student who a lso works 

part time as lib ra rian. Her hob-
b ies inc lude photography, 
read ing and  outdoors ac tivities. 
She uses her c omputer, c amera  
and  GPS devic e as tools. She 
doesn’ t use tec hnology just for 
tec hnology’s sake. Barbara  has 
needs for note taking, info re-
trieva l and  sharing, she regula rly 
listens to music  and  she is very 

fashion c onsc ious! Her require-
ments inc lude: 

- The devic e must func tion as 
a  wearab le fashion item. 
Therefore it must vanish as a  
tec hnology p roduc t and  
a lso be a  designer item. The 
devic e must still c lea rly 
func tion as a  utility tool. 

- Task sequenc es and  infor-
mation flow must be seam-
less, e.g . the intelligent pen 
transfers the handwritten 
notes d irec tly to the devic e. 

- There must be a  high qua lity 
c amera  in the devic e to 

support her ma in hobby. An 
earp iec e must support non-
intrusive music  listening. 

- Outdoors ac tivities require 
small devic e size; therefore 
the d isp lay must be foldab le 
and  still b ig  enough for note 
read ing and  p ic ture han-
d ling . 

The resulting  p rototype was a   
wa tc h-size c ommunic a tor, with 
ea rp iec e (the "Bud"), a  nec k-
lac e c onta ining mic rophone 
and  c amera , a  foldab le d isp lay 
for the rep resenta tion of la rger 
amounts of information, and  an 
intelligent pen for free handwrit-
ing  (see Figure 3). 

 

Figure 2: The ‘‘Wearab le Pet’’  
supports Mattias in his da ily-
life ac tivities. 

 

 

Figure 3: The wa tc h c ommu-
nic a tor is a  highly fashionab le 
devic e. Text input is done 
with a  stylus  



Common themes & solu-
tions 

Wearab ility 
Three out of four of the p roto-
types developed in the work-
shop  were a ttac hed  to the 
body, and  spec ific a lly to the 
wrist and  a rm of the user. This 
was a  strong requirement from 
the sc enarios: Users were highly 
mob ile in both their p rofessiona l 
and  persona l life, and  the c om-
munic a tion devic e must be 
instantly and  na tura lly ac c essi-
b le, and  must still not look 
"tec hy". 

In add ition to the "wrist-top  
metaphor", the wearab ility is 
rela ted  to the modula rity: The 
nec klac e and  earp iec e were 
seen as a  na tura l (and  fashion-
ab le!) way of wearing in-
put/ output devic es. 

Non-intrusiveness 
All g roups c lea rly a imed  a t non-
intrusive input/ output tec h-
niques suc h as free speec h 
rec ognition, c ontinuous hand-
writing  rec ognition, and  la rge 
d isp lays. Wearab le items would  
not require c onstant a ttention. 
Devic es a re used  mostly as 
p rac tic a l tools, not as the c en-
ter of their users' a ttention. (The 
Wearab le Pet may be an ex-
c eption but even it is not seen 
as p iec e of tec hnology but a  
"c ompanion".) 

In pa rtic ula r, none of the p roto-
types inc luded  any kinds of im-
p lants nor head-mount d isp lays 
tha t might c lose the user in 
some kind  of virtua l rea lity. All 
sc enarios assumed non-intrusive 
tec hnology rela ted  to soc ia l 
ac c ep tab ility where there is a  
strong requirement for both re-
mote and  loc a l c ommunic a tion 
(e.g. Peter who may have to 
ta lk to his kids in the midd le of a  
business c a ll, using his Armtop). 

Soc ia l ac c ep tab ility 
In the workshop sc enarios, Henri 
and  Barbara  were the users 
most c onc erned about looking 

"c ool" and  not as tec hnology 
freaks. In add ition, it is important 
for Ma ttias --- who is sitting  in a  
wheelc ha ir --- to be a  respec ted  
member of his group of friends. 
Soc ia l ac c ep tab ility of the wrist-
a ttac hed p rototypes bec ame 
evident in their wearab ility and  
non-intrusiveness (see above), 
as well as in their fashionab ility 
(see below). In the c ase of the 
Wearab le Pet of Ma ttias, how-
ever, ac c ep tab ility is on a  even 
higher level: His friends ac tua lly 
admire him for his intelligent 
and  c lever "c ompanion". Ma t-
tias c an "show off" to his friends 
and  even a ttrac t a ttention of 
g irls in a  positive way. 

Fashion and  tec hnology 
Barbara  is the most fashion-
c onsc ious of the sc enario users. 
In add ition, but perhaps on a  
less exp lic it way, being "on the 
lead ing edge" of new tools and 
devic es is important to a ll users 
desc ribed  in the workshop . The 
a rmtop  c onc ep t of Peter even 
c omes with d ifferent design ver-
sions (e.g . "grunge", imaging) 
whic h a re c lea rly ta rgeted  a t 
d ifferent user types. 

In c ase of wearab le tec hnol-
ogy, the rela ted  fashion items 
c ould  be matc hed  with c loth-
ing. For examp le, the modula r 
items of nec klac e and  ear-
p iec e ("the bud") inc luded  in 
Barbara 's Watc h Communic a -
tor c onc ep t a re seen as p iec es 
of jewelry, and  should  therefore 
matc h their users' taste.  

Produc ing and  marketing 
c ommunic a tion devic es as 
fashion items may inherently 
mean shorter life-spans. It would  
then bec ome a  strong issue to 
c onsider the rec yc ling  of suc h 
p roduc ts.  

Multimoda lity 
Eac h of the teams were free to 
exp lore d ifferent kinds of c on-
trolling  devic es and  methods for 
their c onc ep ts. Multimoda lity 
both in inputting , outputting  
and  c ontrolling  of the devic e 

was c onsidered  as a  nec essity: 
eac h of the designs inc orpo-
ra ted  severa l input and  output 
methodolog ies. There seemed 
to be the tendenc y of design-
ing for more ub iquitous and  
perhaps na tura l methods suc h 
as d irec t finger pointing, ges-
tures and  speec h. The more 
trad itiona l QWERTY-keyboard  
inputting  tec hnique rema ined  
nonexistent in the designs sinc e 
none of the designs had  a  c on-
ventiona l keyboard  or anything 
simila r. Genera l tendenc y to-
wards a llowing users to selec t 
the most appropria te moda lity 
depend ing on the physic a l 
c ontext, usage situa tion, user's 
c apab ilities and  p referenc es 
was c lea rly demonstra ted  in the 
designs.  

Context awareness 
Sinc e one of the ma jor themes 
in the workshop  was the c on-
text of use, a ll of the groups 
pa id  a  signific ant amount of 
a ttention to designing for a  
c hanging c ontext. Different as-
pec ts of the c ontext of use, 
namely c ultura l, soc ia l and  
physic a l, and  ba lanc ing be-
tween them were exp lored  in 
the usage sc enarios. Designs 
were insp irited  by mob ile c om-
munic a tion a llowing the c on-
stant c hange between p rofes-
siona l and  p riva te life as well as 
pub lic  and  priva te situa tions. All 
of the designs assumed some 
degree of c ontext awareness: 
devic es c ould  sense neighbor-
ing devic es e.g . vend ing ma-
c hines. Based on tha t c ontex-
tua l information, the devic es 
c ould  turn to c ontrolling  de-
vic es for tha t short period  of 
time. Some of the designs util-
ized  loc a tion information to 
g ive user d irec tions or map  in-
formation. 

Modula rity 
Fina l designs demonstra te va ri-
ous degrees of modula rity of 
the physic a l design from a  
monob loc k 'Armtop ' to a  highly 
d istributed  solution of the 
'Watc h c ommunic a tor'. Degree 



of modula rity in the fina l designs 
seem to va ry pa rtly ac c ord ing 
to the requirement of fashion-
ab ility: two of the modula r de-
signs both had  the requirement 
for fashionab ility or 'c oolness'. 
The more modula r the p roduc t 
is the more ub iquitous it seems 
to bec ome in the designs.  

Discussion and Open Top-
ic s 

What do the workshop  results 
tell us about ��Future Mob ile 
Devic e User Interfac es��? It is 
interesting to note tha t a ll of the 
groups put heavy emphasis on 
and beyond  the industria l de-
sign, c oolness, and  func tiona lity 
of their devic es, and  we see a  
number of c lea r trends in the 
design fie ld  like modula rity and  
wearab ility. The question of 
tec hnic a l feasib ility of the de-
sign models was never ad -
d ressed  and  the p rototypes re-
quire solutions tha t we don� t 
expec t to be ava ilab le in the 
near future. 

There were a  number of tec h-
nic a l solutions taken as g iven, 
both in ha rdware and  software. 
Language independent tec h-
nolog ies for text input like c on-
tinuous speec h rec ognition and  
handwriting  rec ognition were 
taken for granted , a lso voic e 
output was c onsidered  sta te of 
the a rt. The question of ba ttery 
c apac ity and  the effec t on the 
weight of the devic es and  their 
c omponents was not d isc ussed  
during the workshop . The exis-
tenc e of b roadband  c ommu-
nic a tion c hannels, both for lo-
c a l c ommunic a tion (between 
devic e c omponents) and  re-
mote voic e and  da ta  c ommu-
nic a tion was a lso a  p rerequisite 
for a ll design models.  

If we look a t the app lic a tions 
required  to fulfill the c harac ter�s 
needs it is obvious tha t a ll the 
devic es need  to inc orpora te 
standard  organizer func tiona lity 
c omb ined  with c ontext- and  
loc a tion-dependant servic es 
whic h a re c urrently not ava il-

ab le. We a re, however, c ur-
rently seeing the first of these 
c ontext-servic es being imp le-
mented  in mob ile c ommunic a -
tion environments. 

Why were three of the resulting  
p rototypes fa irly simila r? We see 
a  number of reasons for this 
outc ome. Firstly the pa rtic ipant 
selec tion p roc ess obviously 
c rea ted  a  group of peop le with 
very simila r interests and  a tti-
tudes towards tec hnology. 
Sec ond ly, the workshop  setup  
pushed  the d ifferent groups to-
wards designs tha t were un-
c onventiona l and  interesting a t 
the expense of being fa irly fa r-
fetc hed  and unrea listic  in a  
med ium term view. Third ly, the 
na rrow time frame p revented  
the groups from doing serious 
user-c entered  design. Given 
more time to ana lyze the c har-
ac ters in the sc enarios and  their 
tec hnology requirements we 
would  expec t more d iffering 
approac hes to the design of 
the mob ile devic es.  

We don�t think, however, tha t 
these reasons fully exp la in the 
obvious simila rity of the designs. 
There seem to be underlying 
trends in the users�  (or design-
ers�) a ttitude towards tec hnol-
ogy whic h favor the design of 
wearab le, lightweight and  
modula rized  devic es whic h do 
not d isturb  the soc ia l c ontac ts 
of their users.  

The expec ted  lifetime of the 
devic es whic h were developed  
by the groups is another inter-
esting top ic . While three of the 
four devic es follow the c urrent 
trend  in mob ile phones towards 
shorter and  shorter lifec yc les 
the ��pa rrot��  c lea rly c ould  be a  
lifetime c ompanion for its 
owner. It would  then have the 
same experienc es as its owner 
and  would  be ab le to ac t as a  
persona l agent and  a  memory 
support simila r to Dona ld  Nor-
man�s teddy bear [3]. The c ur-
rent sta te of tec hnology will 
make it very ha rd  to c rea te a  
devic e simila r to the pa rrot be-
c ause tec hnology gets out-

da ted  a t an inc red ib le pac e, 
la rgely triggered  by the ad -
vanc e of tec hnology and  func -
tiona lity. Last year�s mob ile de-
vic es ha rd ly fulfill the ��basic ��  
needs of this year�s users. Even if 
you have a  mob ile phone from 
last year you won�t use it, and , 
as a  fashion-c onsc ious user, you 
don� t want to be seen with it in 
pub lic . To c rea te a  c ompanion 
whic h lives for more than a  
dec ade with you will require 
the possib ility to c hange the 
underlying hard - and  software 
during it�s lifetime. 

What we a lso see in the work-
shop  results is a  fa irly strong 
tendenc y towards c rea ting 
tools and wearab le fashion-
items whic h a re fa irly non-
intrusive. The joy-fac tor of using 
these devic es seems to be sec -
ondary to the joy-fac tor of 
wearing and  showing-off w ith 
your fanc y devic es. The impor-
tanc e of these ��hedonistic ��  
c ha rac teristic s [1] for the suc -
c ess of c onsumer app lianc es 
c annot be overestima ted . 

The four sc enario c harac ters 
developed  during the workshop  
were a ll fa irly young, the oldest 
one being 35 years old . Al-
though we believe tha t many 
of the design p roposa ls will be 
benefic ia l to more senior users 
the va lid ity of this belief rema ins 
an open question. Given the 
demographic  development in 
highly industria lized  c ountries it 
might be worthwhile to redo 
the workshop  experienc e with a  
foc us on older users of mob ile 
devic es. 

What is the va lue of the "c om-
mon themes" whic h we identi-
fied  during the workshop? Did  
they show up  just by ac c ident 
or a re they "signs of the time" 
representing trends important 
for user interfac e designers? 
While they make a  lot of c om-
mon sense, they d iffer very 
muc h from the ��norma l��  mar-
keting messages whic h we re-
c eive from today�s manufac tur-
ing c ompanies. We don�t know 
the answer to this last question 



but we assume tha t in the me-
d ium term it will be answered  
by rea lity.  
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