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Con
eptual Multi-Devi
e Design: Improving Theoreti
alFoundationsRodrigo de Oliveira∗ Heloísa Vieira da Ro
haAbstra
tThis work presents the Con
eptual Multi-Devi
e Design (CMDD) with a deeper dis-
ussion about its theoreti
al assumptions. The proposal suggests multi-devi
e designby maintaining the appli
ation's 
on
eptual model (wider perspe
tive, in
luding navi-gational and presentation models) on every interfa
e to avoid ambiguities on the user'smental model. This 
onsisten
y gives support to de
ision making problems, allowingusers to behave a

ording to their previous experien
e while exe
uting one task on dif-ferent interfa
es of a given appli
ation. The CMDD framework that provides mobilea

ess (with po
ket PCs or smartphones) to desktop web interfa
es is improved and the�rst impressions with beta prototypes are presented. We expe
t to 
ondu
t 
ompleteuser evaluations sooner for a better identi�
ation of this proposal's advantages.1 Introdu
tionMobile devi
es introdu
ed a great 
hallenge for Human Computer Intera
tion: to developmulti-devi
e interfa
es for existent appli
ations. Some have tried devi
e oriented designswith linear transformations, 
reating mobile interfa
es from s
rat
h, like Avantgo (www.avantgo.
om) and Usable Net (www.usablenet.
om); others looked for dynami
 and au-tomati
 adaptations, but still fo
using on the devi
e [2, 5, 8℄. These and other relatedapproa
hes were well re
eived by many mobile users who 
ould �nally a

ess appli
ationson their handhelds with better usability. The main reason is that the appli
ation had itswhole interfa
e restru
tured a

ording to ea
h devi
e's feature (smaller s
reen spa
e, abilityto talk, no keyboard available, et
.). However, the new interfa
es generated are usually dif-ferent from the original and la
k in usability when users need to 
hange from one interfa
eto another (e.g. desktop 
omputer to a 
ell phone), espe
ially for re�nding and/or 
ompar-ing information [9, 11℄. Isolated usability tests on these new adapted interfa
es guaranteethe desired goals, but they 
an't do it when the user needs to intera
t with all of them toexe
ute the same task. This happens be
ause the original interfa
e was built under a 
ertain
on
eptual model whi
h is forgotten on the next interfa
es development, overlooking manyof the user's 
ognitive pro
esses.These observations led to the Con
eptual Multi-Devi
e Design (CMDD) proposal [15℄,defending the hypothesis that one appli
ation shall not demand as many 
on
eptual models
∗Institute of Computing, University of Campinas, 13081-970 Campinas, SP.1



2 Oliveira & Ro
haas the �nal media devi
es to a
hieve its maximum usability. Sin
e then, many 
ontribu-tions were re
eived from resear
hers, students and handheld users, whi
h demanded betterexplanations about the CMDD assumptions and appli
ation on real 
ase studies. This workpresents a deeper dis
ussion about the main theoreti
al issues 
on
erning the CMDD andalso improves the web system transformation framework [16℄ proposed on a previous workfor dynami
 adaptation of desktop web interfa
es to smaller s
reens. The �rst prototypeswere 
onstru
ted and some informal results point to the a

eptan
e of this approa
h.2 Dis
ussing the Con
eptual Multi-Devi
e DesignThe multi-devi
e interfa
e design approa
h proposed by Oliveira & Ro
ha [15℄ states that oneappli
ation should have the same 
on
eptual model presented on the n interfa
es availablebut also ensuring good usability. Here, the term 
on
eptual model is in a

ordan
e with thede�nition given by Pree
e, Rogers & Sharp [18℄: it's a des
ription of the proposed systemin terms of a set of integrated ideas and 
on
epts about what it should do, behave and looklike, that will be understandable by the users in the manner intended. From the de�nition, itis 
lear that this 
on
eptual model has a mu
h wider perspe
tive, 
on
erning not just 
lassdiagrams with attributes and relationships between them [1, 20℄, but also the interfa
e'sbehavior (navigational model), look and feel and implementation (presentation model).A�rming that CMDD suggests not 
hanging the 
on
eptual model between the interfa
esof an appli
ation means that the user's model for this appli
ation should always be the same.It doesn't matter if he/she wants to 
he
k an a

ount balan
e on an ATM ma
hine or byphone. The intera
tion should be as 
lose as possible to his/her previous experien
e withother interfa
es for the same appli
ation. On this sense, CMDD is mu
h more oriented tothe user than to the devi
e.This last paragraph is enough to start a long dis
ussion about the CMDD assumptions.In the next subse
tions, many gaps between theory and pra
ti
e for this design methodologywill be �lled in order to make things less obs
ure within the CMDD proposal.2.1 The User Mental ModelThe main question about this topi
 raises the doubt if users will build a mental model ofan appli
ation domain on the �rst devi
e they use and, if so, if they will have di�
ulty inadapting these mental models to a new and di�erent platform [19℄. A

ording to the logi
de�nitions for indu
tive inferen
e, de
isions are made based on previous experien
es, whi
hmeans they must, somehow, be stored in the brain. These internal 
onstru
tions that 
an bemanipulated enabling predi
tions are 
alled mental model [6℄. If users weren't able to buildthis mental model from a �rst intera
tion, they would be like a RAM memory, loosing its
ontext state after every shutting down. In fa
t, humans not just build this mental model,but also adapt it. The problem is that bad results will be obtained by using this gift on a
ontext full of di�erent devi
es to a

ess the same appli
ation. Di�erent 
on
eptual modelsdemand individual maintenan
e, generating new in
onsisten
ies to whi
h the user will haveto readapt. Hen
e, it doesn't matter how good people are to adapt their mental model;



Con
eptual Multi-Devi
e Design 3misunderstandings will arise from these improvements, 
ausing frustration, un
ertainty anddistrust.2.2 Maintaining the Con
eptual Model on Contrasting Devi
esConsider the example of a system designed for users with many diversi�ed needs, like mobile,stati
 and spee
h intera
tions. Hen
e, in this 
ase, the desktop PC (graphi
al user interfa
e),the po
ket PC (pen-based interfa
e) and the telephone (spee
h user interfa
e) are reasonabledevi
es to attend the requirements. However, ea
h one has di�erent 
on
eptual models andit seems like the CMDD user 
entered approa
h got itself into trouble letting the user 
hoosethe a

ess medias with 
on�i
ting intera
tion modes (instru
ting, manipulating, 
onversing,et
. [18℄). The best way to solve this misunderstanding is to forget the devi
es' 
on
eptualmodel and fo
us on the appli
ation's 
on
eptual model. Users will get all the intera
tionmodes they need, but these will be externally 
onsistent. In other words, the voi
e 
ommandsmay be dis
ursive on the phone, whi
h is di�erent from the desktop, but the system willinterpret them as if they were mouse �
li
ks�. In the user's mental model, the tasks alwaysfollow the same a
tion �ow, despite being words written, typed or said.2.3 Does Di�erent Contexts Suggest Di�erent Appli
ations?The argument of di�erent tasks on di�erent 
ontexts requiring di�erent 
on
eptual modelshas a similar dis
ussion as in the latter subse
tion. The key assumption about maintain-ing the appli
ation's 
on
eptual model on ea
h interfa
e doesn't prevent additional or lessfeatures on ea
h devi
e, but suggests the same a
tion, behavior and visual appearan
e forsimilar tasks. Consider an example of browsing web pages on a handheld and on a desktopPC. Will users see them as the same kind of browsing? People are very di�erent from ea
hother and it's probably a 
onsensus that mobile users have di�erent perspe
tives than otherregular users. The CMDD proposal doesn't stay against this assumption, but there is asubtle misunderstanding here. If we 
ould a�rm that none of these mobile users would everhad to browse web pages on a desktop nor the regular users would browse on a handheld,there would be no problem on 
hanging the 
on
eptual models. But if any of these usershave to a

ess the system through more than one of its interfa
es, than the task shouldbe a

omplished a

ording to his/her previous experien
e. No doubt there will be di�erentprograms performing the same task, some with additional features and others with less, but
ommon tasks should always share the user's model developed on the �rst intera
tions withthe referent devi
e.2.4 Moving from Theory to Pra
ti
eAlthough these questions emphasize some important theoreti
al issues, there is still theneed to �ll gaps between knowing and applying the theory. In other words, to 
he
k ifthe appli
ation's 
on
eptual model hasn't 
hanged on its interfa
es. First, it's important toremember that maintaining the 
on
eptual model is a mean to a
hieve an end: good usabilityfor multi-devi
e interfa
es. Hen
e, 
he
king the usability through 
ommon user evaluationsand other testing methods is enough 
onsidering the main interests for Intera
tion Design.
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haAnyway, the designer will probably need guidelines or formal methods to maintain the same
on
eptual model. The best approa
h is analogous to bla
k-box tests; it doesn't matter whatte
hnologies are involved or how the system pro
esses the user instru
tions: the intera
tion�ow to exe
ute a 
ertain task and the system's look and feel should be as 
lose as possibleon every interfa
e. A

ording to Oliveira & Ro
ha [15℄, this 
an be a

omplished with alife
y
le model that 
onsiders the intera
tion design an endless pro
ess beyond the s
opeof a single produ
t development, whi
h is just one of the interfa
es that will be availablefor the appli
ation. Designers 
on
entrate on prospe
tive user needs ensuring new potentialrelated produ
ts will be identi�ed and built a

ording to the same design model. Figure1 presents a CMDD adaptation of Norman's framework [14℄ illustrating the relationshipbetween a system's design and what the user understands of it.

Figure 1: Intera
tive 
omponents from Norman [14℄ adapted for CMDD. Changing the
on
eptual model would result in n models for ea
h 
omponent.Following the best idea of 
he
king the 
on
eptual model through user evaluations, it
ould be argued that opposing approa
hes, defending a more devi
e 
entri
 design, realizedthese evaluations on their works with su

ess. But again, these evaluations tend to be
ondu
ted with just one of the interfa
es for a given appli
ation and not with all of them.Without su
h additional analysis, the users' satisfa
tion with the given produ
t has nothingto do with the appli
ation, but with one of its interfa
e instan
es. Therefore, it would bebetter to apply a mix of diagnosti
 and de�nitive evaluation te
hniques using task orientedintera
tion experiments together with inspe
tions. For example, 
ognitive walkthroughs[17℄ might help to identify problems related to 
on
eptual model 
hanges and also 
ontrastresults from evaluations of ea
h interfa
e. We plan to 
ondu
t these user studies for theCMDD prototypes dis
ussed on the next se
tion.These are just a few but important theoreti
al issues 
on
erning the CMDD that shouldbe 
lari�ed for a better proposal maturing pro
ess. There is no expe
tation to put a 
lo-sure on the subje
t, but to improve the arguments towards user 
entered approa
hes forappli
ations with multi-devi
e a

ess needs.



Con
eptual Multi-Devi
e Design 53 Towards An Empiri
al ValidationOliveira & Ro
ha [16℄ presented an example to implement the CMDD proposal through aframework able to adapt desktop web pages to handheld devi
es with smaller s
reens, likepo
ket PCs and smartphones. This framework is readdressed here after some improvementsidenti�ed for its implementation and appli
ation. The e-learning domain was 
hosen to il-lustrate the prototypes due to the fa
t that s
hools and universities are a
tual great sour
esfor spreading te
hnologies and, 
onsequently, future multi-devi
e a

ess needs (ele
troni
boards, proje
tors, laptops, po
ket PCs, 
ell phones, et
.). The following subse
tions de-s
ribe the theory behind the framework, the 
onditions proposed to implement/use it andthe impressions identi�ed on informal tests realized with the �rst prototypes.3.1 The Framework For Web System TransformationA

ording to Ma
kay, Watters & Du�y [11℄, web page transformations 
an be divided intothree 
ategories:
• Dire
t Migration - No transformations are made to the web page. The user generallynavigates using extensively both horizontal and verti
al s
rolling. Although the same
on
eptual model is maintained, the interfa
e design la
ks in visibility and e�
ien
yof use;
• Linear Transformation - The original web site is 
hanged to a long linear list that�ts within the width 
onstraints of the small display. Used by sites like Avantgo andUsable Net, it usually breaks the original appli
ation's 
on
eptual model;
• Overview Transformation - An overview of the original page is provided and, for themost, 
ontent remains the same.Among these 
ategories, the latter is the one with the 
losest works related to the CMDDproposal. Following are listed three of them:
• Smartview [12℄ - A thumbnail view of the original web page in zoom-out, �tting thes
reen horizontally. As a result of this shrinking, texts be
ome illegible and the ap-proa
h tries to over
ome this problem partitioning the page in logi
al regions boundedwith lines (Figure 2); when one of these regions is sele
ted, 
ontent is presented withgood visibility inside the s
reen spa
e on a detailed view;
• Gateway [11℄ - Similar to Smartview, but without the region bounds. Also, the detailedview uses a fo
us-plus-
ontext te
hnique, enlarging the sele
ted region over the detailedview, as shown on Figure 2;
• Summary Thumbnail [9℄ - Preserves the page layout using the same thumbnail ap-proa
h of Smartview and Gateway, but the texts are summarized enabling a goodlegibility (fonts are enlarged to a legible size and 
hara
ters are 
ropped from right toleft until the senten
e �ts on the respe
tive area). However, the detailed view with full



6 Oliveira & Ro
hatext (a

essed through one 
li
k to a 
lean area of the page) is a dire
t migration andhas no adaptation to the s
reen size. Moreover, the summary is language dependentand may get undesirable results, as 
an be seen on Figure 2.

Figure 2: Comparison between three overview transformation approa
hes: Smartview is
ompletely illegible until a region is sele
ted; Gateway has a 
leaner aspe
t, but also requiresan intera
tion to read any text; Summary Thumbnail has the best visibility, but the textredu
tion generates ambiguities (in the example, two di�erent links with the same label).Also, the detailed view a

ess requires pointing a non-hyperlink obje
t (
ausing intera
tionfear) and then a Dire
t Migration approa
h is applied, with extensive s
rolling.Among the transformation te
hniques presented, Summary Thumbnail has the best us-ability trade-o�s, ensuring good visibility and still providing almost the same 
on
eptualmodel. Basi
ally, this isn't the same be
ause of:1. A simpleton summarization approa
h generating ambiguities on the senten
es redu
edfor the navigational links;2. The new 
on
epts of thumbnail view and detailed view along with their a

ess pro
e-dures, resulting intera
tion fear and 
ontext lost with Dire
t Migration.
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eptual Multi-Devi
e Design 7If lo
alization testing [13℄ is 
onsidered, the �rst problem 
an lead to even worse results. InEnglish, adje
tives 
ome before nouns, whi
h is �ne on most of the 
ases for the right-to-left
ropping approa
h. For example, an
hors named �previous evaluations� and �future evalu-ations� are 
ropped to something like �previous� and �future�, mu
h better than two linkswith the same label �evaluations� (at least when these links are available on an evaluation
ontext). However, for languages su
h as Portuguese, Spanish, Italian and others whi
hnouns tend to appear before their adje
tives, this text redu
tion approa
h won't work.Figure 2 shows an example in whi
h the summarization generates two links with the samelabel even for English senten
es. This 
ould be solved by a summarization pro
ess based onlexi
al or semanti
 analysis. Lexi
al analysis 
hooses the most important words based ontheir o

urren
es on the do
ument and the whole 
olle
tion of do
uments. This approa
h
an solve most of the problems, but doesn't handle grammar issues, like synonymy (di�erentwords with the same meaning) and polysemy (several meanings for the same word). Forexample, while analyzing a text with the words tea
her and professor, the lexi
al analysiswould 
onsider them as distin
t words, giving ea
h one a di�erent weight. A better approa
hwould identify these words have the same meaning and would 
onsider them as the sameword. This improvement 
an be done by a semanti
 analysis like the LSA [7℄. However,this approa
h redu
es the 
omputational e�
ien
y with too many matri
es produ
ts andde
ompositions [10℄.In order to adequate e�
ien
y on runtime web page transformations and the semanti
analysis, we suggest applying lexi
al analysis like the one given by Buyukkokten et al. [4℄with some restri
tions. This method uses the TF/IDF te
hnique (term frequen
y / inversedo
ument frequen
y) to 
al
ulate the importan
e of ea
h word and 
hooses the appropriateones to be extra
ted from the do
ument. The word is important if it o

urs frequently withinthe do
ument but infrequently in the larger 
olle
tion. This 
olle
tion may be a database
ontaining web pages from a spe
i�
 domain (e.g. sports news, e-learning environments,et
.). Equation 1 shows the formula used to 
al
ulate ea
h word's importan
e.
wij = tfij × log2

N

n
(1)

wij is the weight of term Tj in do
ument Di;
tfij is the frequen
y of term Tj in do
ument Di;
N is the number of do
uments in 
olle
tion;
n is the number of do
uments where Tj o

urs at least on
e.A

ording to Buyukkokten et al. [4℄, the TF/IDF should be used together with theirwithin-senten
e 
lustering te
hnique. In summary, the TF/IDF is used to identify relevantwords and the within-senten
e 
lustering to 
hoose the relevant text fragments a

ording toea
h word's weight. As stated before, we suggest using this method with some restri
tions,whi
h are explained following by dividing the texts to be summarized in two major groups:

• Long texts summarization - the results of long texts summarization are always ques-tionable. We suggest using the right-to-left 
ropping approa
h that will also avoidadditional pro
essing time waste with 
omplex text redu
tion methods;
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ha
• Navigational links summarization - an
hors, buttons, hyperlinks and other a

essstru
tures are the only interfa
e obje
ts that we expe
t to be 
onsidered for summa-rization as their 
orresponding a
tions may be 
riti
al and shouldn't be misunderstood.And as they are usually 
omposed by short senten
es with no more than a few words,there is no need to use the within-senten
e 
lustering, but only the TF/IDF te
hnique.Additionally, it should be extended with domain orientation using a database 
olle
tionwith do
uments from a spe
i�
 domain. This means that, for e-learning appli
ations,the database will have pages of many web learning environments, like the TelEdu
(http://teledu
.nied.uni
amp.br/teledu
), Moodle (http://moodle.org), Sakai(http://sakaiproje
t.org), among others. However, to a
hieve a more generi
 pur-pose for this web system interfa
e transformation framework, the database should
omprise other domains, but the text redu
tion pro
ess would still have to be domainoriented. In this sense, di�erent di
tionary domain �les 
ould be generated remotely,ea
h one 
ontaining information of term o

urren
es in ea
h parti
ular domain, andused by the interfa
e adapter a

ording to the web page being summarized.

Attempting to improve the lexi
al analysis with the semanti
 bene�ts, we suggest a brutefor
e stemming approa
h (pro
ess for redu
ing in�e
ted/derived words to their stem formusing a lookup table). For example, the words tea
her, tea
hers, professor and professors
an all be related to the same stem inside the lookup table. As a result, ea
h one will be
onsidered as the same word by the TF/IDF method. Improvements will 
ontemplate notjust the handling of synonymies, but also grammati
al in�e
tions: gender, number and 
ase.The Summary Thumbnail's se
ond problem 
on
erning the 
on
eptual model 
hangewhen the user needs to move from the thumbnail view to the detailed view and ba
kwardsis a more 
ompli
ated one. This 
on
ept doesn't exist on the original appli
ation's interfa
ebut is fully ne
essary on the approa
h. Even 
onsidering a fast learning 
urve for the userto master the 
on
ept, the detailed view should be more elaborated than just applyingDire
t Migration and letting the user deal with extensive verti
al and horizontal s
rolling.Probably this problem wasn't 
onsidered that important be
ause of thinking the user will�rst s
an the thumbnail and, at last, move to the desired detailed view to read the full text.That's probably what he/she will do, but as the whole 
ontent is summarized, the need forreading full text here and there must be 
onsidered. What's the best way to bring usersba
k to the thumbnail view? Will they get lost on the detailed view, trying to �nd otherfull texts? We believe user evaluations should be taken towards �nding adequate solutionsfor these questions and identifying the best approa
h to smooth the transition between thethumbnail and detailed views. Some ideas 
ould 
ome from 
ombining the approa
hes givenby Gateway and Smartview, inserting their 
on
epts of detailed view adapted to the s
reensize. The �rst prototypes developed for this proposed framework follow this dire
tion and,even for simple implementations of the detailed view, good impressions 
ould be per
eivedby its use. These issues will be addressed on a later subse
tion des
ribing the prototypes.
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eptual Multi-Devi
e Design 93.2 Dire
tions For Applying The FrameworkThe framework proposed for mobile a

ess to web system interfa
es relies upon the Inter-net 
lient/server ar
hite
ture: the server software runs on powerful 
omputers to provideservi
es for the 
lient software installed on any Internet enabled devi
e. Although generi

lient/server ar
hite
tures are two-tier, many a
tual appli
ation servers store data on athird ma
hine, known as the database server. Although the pro
essing 
ore of this three-tier
lient/server paradigm is generally attributed to the server side, the 
omplexity transitionto the network's edge experien
ed on the last years has proved this isn't a mandatory rule.In fa
t, we propose another logi
 tier on the 
lient side to perform every interfa
e adapta-tion needed for the web page transformation framework. Figure 3 presents an appli
ationexample running on this ar
hite
ture.

Figure 3: Example of an appli
ation running on the framework ar
hite
ture. The logi
 tieron the 
lient side delivers the user's requests to the server and adapts its responses. Thisapproa
h 
ontributes to an easier installation of the CMDD module, better personalizationof the user's preferen
es, higher e�
ien
y on the HTTP requests and good portability.This enhan
ement of the presentation tier is more suitable to this proposal be
ause manyusability and te
hnology issues will be ful�lled, like the following:
• Ease of installation and personalization - if it was the other way around (interfa
eadaptation on the server side), every web server should improve its logi
 tier by in-stalling the web system interfa
e adapter. On
e it is the mobile user's interest, onelo
al installation shall enable the whole web a

ess through his/her handheld. Also,many personal 
hoi
es 
an be done easily and safely on the 
lient side (e.g. minimumfont size, image 
ropping, text summarization, et
.);
• Better e�
ien
y - The network 
ongestion 
an be de
reased avoiding unne
essaryfurther server requests. For example, when the 
lient tries to see a detailed view froma 
ertain thumbnail region, the adaptations 
an be done faster on its side, withouthaving to resend request messages to the server;
• Portability - Cross-platform solutions for many operational systems (e.g. Mi
rosoftWindows, Linux, AIX, Solaris, Ma
OS, BSD, HP-UX, OpenVMS) and portable devi
es
an be obtained using, for example, the XPCOM open sour
e te
hnology (http://
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hamozilla.org/proje
ts/xp
om). Besides that, there is no need to 
on
ern with serverside programming languages as the 
lient presentation tier will always deal with theresulting HTML web page delivered by the server.
3.3 First Impressions With First PrototypesThe web page transformation framework proposed on this work is still on its early stages ofimplementation. The interfa
e adaptation pro
ess doesn't require any additional Internettra�
, but is performed lo
ally by the browser s
ript interpreter. Although the �rst resultsindi
ate an a

eptable delay on the interfa
e adaptation, we expe
t better out
omes byimplementing the prototype as part of the web browser, just like the Opera Fit To S
reen1feature. The hardware used for testing is the HP iPAQ Po
ket PC h2400 running WindowsMobile 2003 operating system, but 
ould be any other po
ket PC or smartphone with a CSS,DHTML and JavaS
ript 
ompatible browser, like Opera Mobile, Opera Mini (www.opera.
om/produ
ts/mobile) or A

ess NetFront (http://nfpp
.a

ess.
o.jp/english). Eventhe outdated model used for testing is able to pro
ess the web pages in less than twose
onds, whi
h has being 
onsidered a

eptable for an undisturbed navigation. This is agood indi
ator that the logi
 tier doesn't have to be implemented on the server side or on aproxy server to avoid pro
essing delays on 
omputationally weak mobile devi
es [9, 11℄.As mentioned on a previous subse
tion, the Summary Thumbnail proje
t has the 
losestideas to the CMDD proposal for a web system transformation framework, but still hassome issues to be 
onsidered in order to maintain the same 
on
eptual model. With the�rst prototype generation, the main fo
us was on smoothing the transition between thethumbnail and detailed views, leaving the summarizing pro
ess aside (the simple right-to-left 
ropping approa
h was used). The idea was to provide a faster detailed view rightover the thumbnail using the fo
us-plus-
ontext te
hnique to prevent lo
alization loss withfrequent zoom-in and zoom-out. In this sense, the hint 
on
ept present on almost everygraphi
al user interfa
e was used to reveal full texts and normal sized images whenever theuser points to any obje
t on the page. This approa
h also removes the intera
tion fear ofpointing to something and wondering if a zoom-in or a link navigation will be performed(when the user points to a hyperlink, the hint presents both the full hyperlink text and abutton to visit it). Re
apturing the personalization advantage of a logi
 tier implemented onthe 
lient side, the hint approa
h is used with an additional button so the user may 
hooseif the full text should be on the page. Figure 4 shows a sequen
e of the prototype s
reensto give a good idea about the hint detailed view.1The Fit to S
reen is a feature provided by the Opera Mobile and Opera Mini web browsers that uses theSmart-S
reen Rendering te
hnology to reformat web pages �tting them in the po
ket PCs and smartphones's
reens. This 
ommer
ial solution for automati
 transformation has re
eived many awards (www.opera.
om/produ
ts/mobile/reviews/).
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Figure 4: Detailed view on �rst prototype generation: (a) The TelEdu
 desktop interfa
eis shrunk, texts are summarized (right-to-left 
ropping) and fonts are sized up. (b) Whenthe user points to summarized text, detailed view appears over the thumbnail withoutloosing 
ontext (full text 
an be shown on the thumbnail using the "on page" button andthis information is stored for future a

esses). (
) If the user points to any navigationalstru
ture, an additional button is provided on the detailed view to visit that link.Although the detailed view presented on Figure 4 preserves layout without strong tran-sitions between the thumbnail and the Dire
t Migration, it loses formatting attributes thatmay be useful on systems more i
oni
 than TelEdu
. To solve this problem, it was useda mix of the Dire
t Migration 
omplete 
ontext and the hint smoothing feature. Figure 5presents this approa
h used on the se
ond prototype generation.

Figure 5: Detailed view on se
ond prototype generation: similar to the fo
us-plus-
ontextte
hnique used on the Gateway proposal but with a lower opa
ity level to improve the 
ontextvisualization. As this feature isn't available on 
urrent po
ket PC browsers (requires CSS3
ompatibility), evaluation studies will probably be 
ondu
ted using Tablet PC simulations.
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haRe
ently, the �rst prototype generation was presented and informally tested on a few in-stitutions, in
luding the Campinas State University (www.uni
amp.br), CPqD (www.
pqd.
om.br/usa/) and a workshop demonstration for the Tidia-Ae proje
t (http://tidia-ae.in
ubadora.fapesp.br/portal). These informal evaluations revealed some good impres-sions, indi
ating several users interested on the prototype with a 
lear majority preferen
efor this proposal instead of the well established 
ommer
ial solution given by Opera. Figure6 
ompares s
reens generated by both approa
hes.

Figure 6: Comparison between the interfa
es generated by the framework prototype and theOpera Fit to S
reen solution. The informal tests revealed a 
lear preferen
e for the CMDDapproa
h.
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e Design 13It's important to state that, by no means, the 
omparisons presented on Figure 6 areused to validate the CMDD ideas, but just to start moving on this dire
tion. As soon as these
ond prototype generation is ready, user evaluations will be 
ondu
ted to better identifythe pros and 
ons of this proposal. We plan to follow an experiment proto
ol similar tothe one used by Botherel and Karsenty [3℄, where the devi
es alternative use was tested bya di�erent group than the referent devi
es 
onstant use. This seems to be an interestingapproa
h to evaluate the impa
ts on usability when the 
on
eptual model is 
hanged.4 Con
lusionsMany arguments were presented using well known HCI 
on
epts on behalf of a user-
enteredapproa
h for any kind of design, espe
ially for those appli
ations predisposed to multi-devi
eneeds. These ideas were used to 
larify the Con
eptual Multi-Devi
e Design proposed on aprevious work [15℄, improving its theoreti
al foundations and providing a healthy dis
ussion
on
erning the pros and 
ons of user and devi
e oriented designs. Also, the web system in-terfa
e transformation framework [16℄ was enhan
ed with better dire
tions for applying thetext redu
tion and swit
hing between thumbnail and detailed views. The �rst prototypesrevealed some prosper impressions with a simpler detailed view for full text presentation.Next prototypes are improving this visualization with the Dire
t Migration approa
h insidethe hint detailed view, whi
h shall prevent the user from loosing the 
ontext. User evalua-tions will be taken sooner with the se
ond prototype generation to investigate the advantagesof CMDD over design approa
hes that 
hange the appli
ation's 
on
eptual model on ea
ha
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