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Ever-increasing introduction of new types of
Interactive devices

How to support designers and developers?

How to obtain interfaces able to adapt to
multiple devices (any device) while preserving
usability?
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Time Subject Duration

9.00-9.15 Introduction, Basic Concept, Issues 15’
9.15-9.30 Model-based design of multi-device interfaces 15’
9.30-9.45 Task/Platform Taxonomy 15’
9.45-10.00 exercise — Multi-device interface 15
10.00-10.15 Task Analysis and Modelling 15’
10.15-10.45 TERESA 30°
10.45-11.00 Semantic redesign for different interaction platforms 15'
11.00-11.30 Coffee Break 30
11.30-11.45 Model-based design of multi-modal interfaces 15’
11.45-12.15 Migratory Interfaces 30’
12.15-12.30 exercise — Migratory interfaces 15’
12.30-12.45 Architectures for Migratory Interfaces 30°

12.45-13.00 Research agenda & Conclusions 15’



Task and object — / want to select a
work of art

Abstract Interface — Single selection
object with high cardinality

Concrete Interface — Li/st Interaction
object with X elements

Code — L/st object in Java or XHTML or
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Run time
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Adaptablility - Capacity of a Ul to adapt
Its behaviour from an explicit human
Intervention

Adaptivity - Capacity of a Ul to adapt
without any explicit human intervention

What can be adapted? Presentation,
Navigation, Content
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Context-dependent
Adaptation

About the nser

o Preferences

v Knowledge level

About the environment: = Goals
: s  PBackground
= Locahon -
= temperature
= lightlewel .
= npowe level About the device:
»  Screen resohition

Bandwnidth
«  Browser capability
»  MNetwork
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Design of Multi-Device
Interfaces: Current Practice

= Manual solutions,
= expensive

= Transcoders,
= low cost/low usability

= Style sheets,
= partial solution
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Aura project at CMU (adaptation at application
level)

Pebbles project at CMU (limited to appliances
control)

XIML has not public tool support
http://www.ximl.org/ (developed by a forum
driven by RedWhale software)

UIML does not support high-level task descriptions
http://www.uiml.org/ (developed by Harmonia
and cooperation with Virginia Tech)
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Apply concepts from model-based design

Separate presentation from content (form
controls markup Is separated from data-types
and returned values)

XForms 'native' form controls are device-
Independent

Reduce need for scripting through client-side
checking

XML instance is returned allowing strong
typing
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Main usabllity principle:
s Focus on the users and their tasks

Tasks represent the logical activities
performed for reaching user goals

Need for modelling is most acutely felt when
the design aims to support system
Implementation as well

= Especially for large projects and some application
domains
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Task — activity that has to be performed to
reach a goal

Goal
= desired modification of state
= Attempt to receive state information

Each task Is associated with one goal

Each goal is associated with one or multiple
tasks

Multiple abstraction levels - Basic task
Task Analysis
Task Models

Tools and Methods for the Design of Multi-Device User Interfaces
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Platform definition

Same task on multiple platforms in the
same manner

Same task on multiple platforms but
performed In different manner

Dependencies among tasks performed on
different platforms

Tasks meaningful only on a single platform
type
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Desktop system Mobile System

Comparing prices of flights Checking status of a particular
and making reservations. flight.

Gathering background on Getting driving directions to a
a company, including maps. company—while on the road.

Browsing medical information. Monitoring a medical

condition.
Reading a movie review Purchasing a cinema ticket to
and/or watching a trailer. avoid the line.
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Same task on multiple platforms
with different user interface

objects

File  Modifica  Wisualizza  Preferiti  Strumenti 7 #

Indirizzo ‘@ hiktp: v, ananova. comyweather Wai | Collegamenti ™

ANANOVA
Weather Select your area

Your area

Lk location A-Z

Weekend weather

UK summary

Sports weather
Holiday weather

World weather

Weather in the news

Thizs is where you can find the weather infarmation most relevant to
your area. Choose a region by clicking on the map

Corrections

@ D Inkemet
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Same task on multiple platforms
with different task decomposition

{@ Beppu Spa Suginoi Hotel Beppu Japan - Microsoft Internet Explorer M
File Modifica Visualizzea  Preferiti  Strumenti 7 ,’&' Finiel nar_’nei Beppu g
_ || Spa Suginoi Hotel
Indirizzo @ http: e sino.netfpropertiesfreservation. html*hotel_id=1176 ~| . Wai Collegamenti >

J
i
I Yaour name: :

[ vour

maohile number: :

Beppu Spa Beppu

If you would like to fa aur res t | his farm, print it and fax it back to:

Click here to connect to our non-secure server

Hana Wing Single 2003-04-01 - 2003-02-30 (1) USD 160.001| =
Main Wing Single 2003-04-01 - 2003-05-30 (4) USD 136.00
Flease select Roorm Type Hotel Type
! 4 |»|| June b : 3
gj:we | L“ u |'_|E"I’1E"\"\"Ilmg Smgle (1)I1I Style: BusinessiHoliday
2003 v Hotel

Location: City Suburban

pepart| |4 [¥][ June M 5 : Rating: 4 Stars

reakfast: Mot Included
on 2003 VI

Reservation Details

Full Hame as in Passport | | 1zt Room
Full Hame as in Passport | |2nd Room
L (ddimmiynnd: E
Full Hame as in Passport | |3rd Room |'| E 15 =
| Check-out date
Addi i o
s (dammiyyyy: |

City & Pastal code

Courntry

Telefax [include Courntry code]

Telephone [include Country code ) | |

Email Address

£ [ i ] [
||@ # Internet
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Dependencies among tasks
performed on different platforms

[

arwson Wagont ravel - microsog niernet cxplorer

Eile

clndietrn - o - Ia @ @ pCerca *F‘refariti QMuItimedia @ i

Indirizza |@ http: ffwiweng, cwt, travelonline, hufgalform, aspx Wi Collegamenti **

Modifica  Visualizza  Preferiti  Strumenti 7 #

EE INTRODUCTION {55 BUSINESS TRIPS Travel
& NEWS £ PRIVATE TRIPS |’

2® SITEMAP L7 INCENTIVE TRIPS

cna {'111:"!1'1 -U\.ﬁ_‘-— B

o

Search for fares and flights

From: JeupspesT

To: |FRANKFURT Select city

Journey type: & Roundtrip © oreway |
Class:

Date

" Flexible dates ™ Exact Dates
Departure date: |2|:103 Jul\,r 4

Return date: [ 2003 [w] 2uly 14
[ Il |

-TraveIOnllne ‘

4 Internst

Flane Tickets
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Exercise
Multi-device Interfaces
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Mixed Initiative
Model-based
XML-based

Flexible development

Web-oriented but can be extended to other
environments

Available at
http://giove.isti.cnr.it/teresa.html
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One Model - Many Interfaces

Abstract LI
(Desktop)

Abstract U}
i Cellphone)
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TERESA Environment for
Flexible Development

|Task model for envisioned nomadic applications

_— I \\\

System task System task System task
model model model
Cellphone (XML) Desktop (XML) [ l Voice (XML)
b ] L
> Abstract Ul Abstract Ul <| Abstract Ul <
Cellphone (XML) Desktop ( XML) V0|ce (XML)
11

Concrete Ul c | Concrete Ul <| C\;)ncre t)?MLIiI
Cellphone (XML) Desktop ( XML) oice (XML)

740\

VoiceXML, Salt ...

////\\ /) \.\

| XHTML, Java

A -

XHTML MP,
WML ...
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Two platform-independent languages : task (CTT)
and abstract interface

One level (concrete interface) represented
through a number of platform dependent
languages

Designers aware of the potential platforms (not
devices) early on in the design process

Method allows developers to avoid dealing with a
plethora of low-level details (transformation from
concrete description to implementation Is
automatic)

Easy to add support for new implementation
languages 23



® [
Ricerca nel sito | .
u ma ai di i home page | Sgeflzio clienti REIa'non
® Ultimo agglornamento GIOVED 04 ore 11.48

Lavoro & concorsi 24 ore

aq, € una guerra: cento moNi
utobombe a Mossul e Bagda .
i)
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o] T %, ai’ b . L
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> i-rode era kamikaze nen
> Umts autobomba
— sLampedusa, 11:41 40
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*Baghdad, 11:10 Irag,
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guerriglia a Mossul

» Elenco telefonico

» Metrina immobiliare

kma

40 glorni ‘_“ LA DIRE'ITA Iterr0r|st| d| Al Zaran| in azione in dwerse C|tta
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Important !
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Grouping: a set of elements logically
related to each other

Ordering: existing of an order among
Interactors (I.e. temporal)

Relation: One interactor related to a
group of other interactors (i.e. disabling
them)

Hierarchy: a logical hierarchy among a
set of interactors

Tools and Methods for the Design of Multi-Device User Interfaces
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Grouping — Example: Task decomposition ->
grouping of correspoding interaction
techniques

Ordering — Sequential communicating tasks -
> adjacent interaction techniques

Relation — Control tasks (one to many
relations)

Hierarchy — Frequent tasks —= More space
or larger attributes

Tools and Methods for the Design of Multi-Device User Interfaces 27



The Structure of the
Abstract User Interface

[ 1Inmterface
I Conne ction
[ Pre=zemtatio

Language platform- —m “‘x campositio
Independent

Interactors (selection.
navigator, activator,

)
~ Communication- “-

oriented composition _- i T

operators _— —
. hjut cription feedback selection | edit contraol
= Connections among NN S
ﬂrl. -r- b
I I I — I ml |
prese ntatlons Scihmﬂ{':i -U';l's;‘pc": hl.:;}:l" L'-ldi:i_:t ub.j;_!c: 'Pﬂ;l;{‘;ﬂn activator | navi
i : i : 3 I ! Tt 'Il hai le h Ttipl Illn‘i
e hae® |Pingfechotce |FTpgachaT g | A || medous cand ['" e
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The Structure of the Abstract User Interface

User Interface

Tools and Methods for the Design of Multi-Device User Interfaces 29



rlask Frog

Owects | Time Performance | @

Idertifier : iRl':lli further diails .

| ore muse
ame: |
Category ; |Ileumnn

Tvme 2 |sin|numuu|p|n_uur.n

|
Fraquency | Lowe
Fatforms: . POA v Desklop T Cellphon:

Description :

»> & 0> ogs) > | o

Enter museum Select museum section Ac i Return to the start

[7 merathe 1 Optional 1 Part of Cooparative Task

Precondition :

Update || Cancel || Clear | Close

. o>> ke 0> oo
Show list of section's artworks Select artwork artwgrk info ion
). Il o > £

Show artwork info™ Read futthe

E—u—8

Read review] [Read artist's bio ]

etails Return to list of artworks

ﬁ):f _>>_I!.! e ﬁ')?

ﬁ-‘f Submit Show reservation code Read ticket reservation code

'ﬁ’-‘f—»—ﬁ’é‘f—»—'ﬁ’é‘f

Enter name Enter surname Enter date Enter credit card number

E—n—F 01— ——8

Enter name Enter surname Enter date Enter credit card number

Fd



Choice of device platform/type

Settings for general attributes,

How to implement composition operators
How to implement interactors

Summary of design choices and preview

Recording and reuse of concrete aspects
defined

Tools and Methods for the Design of Multi-Device User Interfaces
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Concrete User Interface

Defines some concrete aspects of the user interface

Provides indications for the implementation of abstract
Interactors

EXAMPLE

Abstract levell Concrete level

<interactor id="Go_to_section3">-
<interaction>- <control>-

<navigator>

<button label="Go to selected section"/>
</navigator>

</control>

</interaction>

Tools and Methods for the Design of Mult/iDerimetdtser Interfaces 32

<interactor id="Go_to_section3">-
<interaction category="interaction">-

<control type="control">
<navigator object="navigator"/>
</control>

</interaction>



Example of platform-dependent
concrete Interactor choice

EXAMPLE:
Single choice abstract interactor

Desktop Mobile
Cardinality Computers Phones
Low cardinality Radio Button Radio Button
Medium cardinality List Box Drop Down List
High cardinality List with scrollbars Drop Down List

Tools and Methods for the Design of Multi-Device User Interfaces 33



Example of platform-dependent
omposition operator implementation

EXAMPLE: Grouping Operator

Desktop Computers
= Fieldset
= Bullet

= Column-oriented organization
= Background Color

= Rowe-oriented organization

Mobile Phones
= Unordered List On Column
= Fieldset (only for medium-large phones)
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Example of TERESA-
generated User Interface-
DEMO

File  Edit  ‘Window

o[ o] (@] 2~ (8]0

| =] Presentations | | “RePresentation Abstract Objects

| 1 - Marble Museum
2 - General Info
3 - Sections
4 - Modern Sculpture
9 - Show Artwork
G - Review
7 - Reservation
g - Submit Reguest
9 - Result

El Grouping: Grouping 1 1
Description; Show_intro1
e == Grouping. Grouging_7_0
Mavigator: Select_access_to_gen_infol
Mawvigator: Select_access toartworks1
Mavigator: Select_access_ticket booking 1

Object Concrete Attributes

Interactor Id |Gr0uping_1_1

Interackor Type |Grouping |
= ) Implementation Technigues

W Connections | Fieldsat [ Bullet
[ Interactor Id Target | [ Background Calor
;Select_access_to_artwor. « presentation_3 |
iSelecI:_acn:ess_l:ickﬁt_boo. .. presentation_7 2
| | Elements Position [column v]
\Select_access_to_gen_in... presentation_2
Apply ] [ apply To Al ]

Z}| Marble Museum - Microsoft Internet Explorer

Fle Modfica Visualzza Preferii Strumenti 7 ]

Qreve - © 1 @ €] Lo s @rues @ 355 8- ) [ @

Indirzzo | Cr\UIEditor-Revised\Temp) 1057131625583FUT\nomadicL AST-desktop-CUI xmi-Desktop-FUTpresentation_Lhtml v B vai
Museo del Marmo della Citta di Carrara

@ Access to artworks

[@ General Information| [~ Booking Ticket |

Ji (e

) 5

@ gl Risorse del computer

lti-Device User Interfaces 35

CU| Degktop file CATeresalCUNCHI 2004 nomadicLAST-deskiop-CUlLxml loaded




Tasks and Objﬁés

/" Final Ul

Redesign

Tasks and\ijects

LI

Transcoding

A\(stract ﬁgl
AT

Con\:rete LJ\I

il

Platform X

Final Ul +

Platform y
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Use of abstractions for changing the
design for a new target platform

Use of reverse engineering to obtain
the abstractions

Different possible solutions

Tools and Methods for the Design of Multi-Device User Interfaces
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Semantic Redesign with
Forward Engineering

1

|
1
1
Abstract User

Abstract User Interface
Interface \ 4 5 /

Redesign
2 5
y Y
4 5 Concrete User
Concrete User Interface
Interface

3 } '

Desktop User Interface Mobile User Interface
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Reverse and Forward
Engineering

Abstract User Abstract User
Interface 3 4 Interface
2 Redesign 4
Concrete User 3 4 Concrete User
Interface Interface

L v

Mobile User Interface

Desktop User Interface
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Page splitting based on the composition
operators and the number of interactors

Connections: original ones + those
derived from page splitting

Images: resize depending on target
device keeping the same aspect ratio

Tables for converting terms and labels

Tools and Methods for the Design of Multi-Device User Interfaces 40



From Desktop to Cell-phone

Deownload Software

Please fill in the form and then select the link that will appear on the buttom

Name:
LastName:
Organization:
E-Mail:
City:
Country: Italy v
Purpose:
[OResearch Project
CApplication Designer
O Teaching
JDevelopment
List Subscription:
OVYes
ONo
Grouping 0 TR
CFrench
O English
Grouping 1—-Sy5tem: Pn =
Grouping 22—

Download
Softuarare

T

Hame

Last-
| hatne
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From Desktop to Cell-phone

Name:|
LastMame: I:I

Organization: I:I
Evai:| |

next

Dowmbioad Software

Flease fill in the form and then
select the link that will appear
an the buttom

Form - Fart 1

Language:

Form - Part 2 \ C French ) English

| Submit || Cancel | System:| Win 2000 v |
<.\"ﬂome

o |
country| |

Purpose:

[[IResearch Project
Dﬁpplicaﬁon Designer
DTeaching

] Development

/

List Subscription:
OYes ONo

\

prev
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Another example of
semantic redesign

Sections :

.

* TOUR
S + ACCOMDDATION
2 * DOCUNENTATION
- PASS MURRILLE FOR FORT DE
ACONTACT L,lk e h:?um!'g EEANGIETLE-
eage, complete this form and we will contact you! sedanboulllon mubile_presentatiunz
ort de Sedan castle  Map of Sedan-Boullion  Guide of Paye Sedanals change of data
Pt Sl | /
3 el [ g Seotlons Ve |
S— s e
:II;au. complete this form and wa' T E
contact you:
e |7 M T Mirs T Miss CM‘:!
e s s I Gare Sutin Dot g Lk Souney?:
] T Gulde du Pays Sedanais |
i / [Pirstnams * Phone:|
L Farm
Firstname * : mnin 1
Gentast [emaaten: E-mall * ! |
‘Organigation |
\ \Addrass *
[Address Message :
s mublle)ipresentatwnl pCods *: _
ity * ¢ : 1 Send
S [ nome
Country * : i
tone s {Ladal et mobile_presentation3 mobile_presentationd
E-mail * | s
Message | [ contass
|
Serd 1 | - | Copyright 2003
\ et rouping 3 iz
= == = = = - Tourist Association of Sedan
P Legalnotes i Contact - Copyright © 153 - Tourist V {Boullion
2003 Association of -
Sedan |
Boulllon - (heme
mobile_presentationS
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Task-based Semantic
Redesign

Nomadic
Task Model

Loy

Abstract User
Interface

Y

Abstract User
Interface

Redesign

Concrete User
Interface

3 1

Desktop User Interface

Y

Concrete User
Interface

#

Mobile User Interface

6
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From Desktop to Cell-phone

(B o

Download Seoftware

Please fillin the form and then press the Submit button at the end of the page

Name:

|
LastName: [
Organization: [
E-Mail: [
City [
Country: by
Purpose:
r Research Project
r Application Designer
r Teaching
r Development
List Subscription:
rYes
~No
Comments:
Shirwe Chema
Language:
- English
~French
System: Win 2000 =l
[ St | _Gance |

Thomrmbriiad Sesfbors
Please Ml in the farm and
s#leck the link that will ap
on tha buthom

Farm - Part 1

Language:
r Englsh « French

System: [Symbian =

| home

Eorm - Pars 2

Submit I Cancel I

Pl
o

Mame; |

LastMame: |
(Crganization: [
E-Mai[

city: |
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Semantic redesign - demo

Tools and Methods for the Design of Multi-Device User Interfaces
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Characteristics: linear, not persistent, faster
and more natural for some operations

Provide feedback to check the status of
application

Brief prompts and short lists of options to
reduce memory capability

Management of events (no-input , no-match,
help)

Tools and Methods for the Design of Multi-Device User Interfaces
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Grouping:
Insert a sound

|

= Insert a pause

= Use some keywords

= Use a specific volume of

synthesizer voice
Ordering
= Alphabetical order
Use some keywords
Relation

= Change context
(change type of menu)

Hierarchy

Increase or decrease the volume
of synthesizer voice

File  Edit  indow

ffffﬁ

| Presentatlons

1 - Functionalities

2 - General Information
3 - ACcess artworks

4 - Provide name of artworl
9 - Info on artwork

5 - Section info

7 - Section artworks

8 - Other artwork

9 - Personal data

10 - Provide data

11 - Provide wisit detail
12 - Code reservation

& Connectlons

Interactor Id

™

B |0

)
j i [ P esentatlon P.bstract Interactors P.nd Operators

Interface Default Implen'lentations

Operator Defaults:

Grouping | Insert sound V] I Set audio File l

[Start Grouping) SOLUND

If you would like some general information, say information;

if you would like information about specific arbworks, say arbworks;
if you would like to book a boket, say ticket.

{End Grouping) SOLIND

Ordering | Keywords

[(Start Ordering)

Before you will decided sechon.

after you will decided artworks.

Please say the name of section you prafer.

Welcome to the Museum Voice Response System. ‘
{End Crdering)

Hierarchy | Increase volurme

slart Hierarchy } VOLUME 80%

If you would like some general infermation, say information;
VOULUME 90%

if you weould like information about specific artworks, say artworks;

Seleck_access_to_art..

Seleck_access_ticket_, .. presentati, |

Seleck_access_to_ge...

. presentati. |

presentaki, |

VOULLUME 100%
f you would like to book a bicket, say tickel. (end Hierarchy)

Relation  |Change context - ]

| can provide you with information on artworks in different sections.
They are Roman Archaeology....or Vatteroni's donabions.

ClUlvaice file CASilviallavatters

Remember that if you would like o retum to the main menu,
say home. RELATION {change context)
Pleaze say the name of the section you prefer.

Tools and Methods for the Design ¢

I

Applhy Cancel |

\dong. wav

[4]




Specifying genera
parameters for all
presentations

@Teresa Mobile ¥OICE Generation

File

_1ol x|

E\fnice Ul Generation
D General setting
[y operatars

@[] Abstract presentations
D Canfirm Panel

R

Application name:

Welcome message:

Welcome message onhby once:

Default commands:

Speech Synthesis Propetyr

Speech Recognition Property:

Active barge-in option:

[Untitled

i# short version
) normal version
2 long version

") create message

i true
) false

[+] to disable input device

[v] to exit the application

N e

Speech Synthesis Property

Pitch: medium e

Rate: default B

Yolume medium -
ok

Tools and Methods for the Design of Multi-Device User Interfaces
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Vocal Interaction
Generation -DEMO

Tools and Methods for the Design of Multi-Device User Interfaces
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Fifth
presentation

LE System:

The Boat has been achieved through the
subtle divisions of the planes enveloping its
central part, which is only rough-hewn; the
material is white marble.

(Five second pause)

Remember that if you would like to return to
the main menu, say home or if you would like
to go back to the previous menu, say back.

N Caller:

Home

Welcome message

Management of no input event

Provide feedback
Description Object

Composition operators

Title:"Boat"”

Artist: Branco Ruzic (|
I aterial: White Marble

Ml Back to Home  Back
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X+V

Supported by OPERA Browser, also for
PDAs

EMMA not supported by any public tool
SMIL not interaction oriented

Identification of design criteria for
multimodal platforms

Tools and Methods for the Design of Multi-Device User Interfaces
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Prompt: represents the interface output
Indicating that it is ready to receive an
Input.

Input: represents how the user can
actually provide the input.

Feedback: represents the feedback of
the system after the user input.

Tools and Methods for the Design of Multi-Device User Interfaces 53



Multimodal properties

Complementary
Redundancy
Assignment

Equivalence

Tools and Methods for the Design of Multi-Device User Interfaces
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Identification of new platforms (multimodal
desktop, multimodal PDA, ...)

Design how to support composition operators
and interactors

multimodal desktop:

= compositon operators -> graphically supported

= Interactors -> graphical prompt, input either graphical
or vocal, feedback in both modalities

multimodal pda:

= compositon operators -> supported both graphically
and vocally

= Interactors -> vocal prompt, input either graphical or
vocal, feedback in both modalities
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Composition operators — Graphical
Assignment

Interactors
= OnlyOutput — Graphical Assignment

= Interaction
= Prompt: Graphical Assignment
« Input: Equivalence
« Feedback: Graphical Assignment

Tools and Methods for the Design of Multi-Device User Interfaces
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Composition operators — Redundancy

Interactors

= OnlyOutput — Complementary/
Redundancy
= Interaction
=« Prompt: Redudancy
= Input: Equivalence
« Feedback: Redudancy

Tools and Methods for the Design of Multi-Device User Interfaces
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Welcome in the description page
of Robots film

-——— o EE o EE W

Staniey Tuttl
~ Running time:
! 4f mimte
. Ralease Date:

|| user Rating :
TS 888 §AMG (7 384 voies) Yate

|| Even in 3 woirid poguitated entinely by mechanical beings Focney Copperotiom

(|| {McGregory is considened a genius inventor, Rodney oreans of T things, making &e

B wori 3 Detter piace and meeting Fes wol, Ie master imentor Bigweld (Brooks), On his
journey he encounders Capgry (Halie Bermy), 2 beaubiul executive 'bot wen whom

| Rodney iy instantty smien, S nedanious corporaie fyrand Ratchet (Kinnear) who locks

|| vpimes wietn Rodney_ and @ group of misfit "bots kngen a3 the Fusses, ied by Fender

|| iams) and Piper Pirwharier (Synes)

Example - Demo

Ming sound) \

Welcome in the movie description page.

In the Robots film a world is populated entirely by
robots. This is the story of a young genius, Rodney,
who wants to make robots capable....

(grouping sound)

]
2 s jn of Multi-

Would you like to book a ticket or come back to home?
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