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ABSTRACT

Designing uis that run across multiple devices
increasingly importantTo address this, we have created
prototyping toolcalled Damaskwhich tagets webuis that
run onPcs and mobile phones, and prorguidresponse

style voice uis. In Damask, designers sketch out their

design for one devicehile usingdesign patternso specify
higherlevel concepts within their design. Daméask
patternsinclude prebuilt ul fragments that are already
optimized for each deviceDesignersalso use layers to

specify whichul parts are common across devices and
which are specific to one device. Damask uses the sketches

and patterns to generate designs for the otleirices,
which the designers can refink.study performed witti2

professionalul designers found that, in the early stages,
designers using patterns and layers in Damask create

crossdevice Uls that arerated at leastas good as those
created without atternsandlayers,without more time
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Figurel. Damaskds wuser i

program to automatically generate interfaces, which often
leads to awkward ietraction.

Currentprototyping toos do not addresthe specific needs

of crossdeviceul design A tool that would allow designers

to quickly prototypeuls for multiple devices at the same
time would allow them to explore a broader design space,
potentially improvingtheir finaluis.

People often use a ve_lriety of computing devices, such aso concepts can aid iprototyping crossdevice UIs:
PCs, PDAs, and mobile phones, to access the samegesign patterndor represering common desigrsolutions

information and applications. The usereiriace needs to be

that have very different deviegpecific implementations

constraints. For example, the home page of a nmestssite

across all devices and which are specific to one device.

typically has dozens of links, but it would not make sense to

display that many links on a mobile phone, or reciteofil
them in a voiceul. Currently, designers designing cross
device uis either have to design @ separately for each
device, which is time consumirand error proneor use a
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To evaluate these conceptswithin this domain, we
incorporated them into ma earlystage design and
prototyping system calle®amask(seeFigure 1). To use

Damaska designesketches out ai design for one device,
using patterns and layeras neededAt the same time
Damask construst an abstract modelfrom which it

generats the uis for other device. The designer cathen

refine the generateduis if necessary.Damask supprts

prototypingthree types of interfacesveb-style interaction
on a pC, web-style interactionon amobile phone display,
anda promptandresponse style voiag on a phone opC.



The contributions of this work are 9ol support for using  them. It would be useful to Damask for creating, for
design pattsis and layeras a novel technique faross example, a smartphong from a desktopi, since many of
deviceul design and prototyping, and 2) an evaluation thatthe controls are the same, but less useful for generating
shows that designers using patterns and lageested  voiceuls, where the controls are very differeBtPPLE[13]
crossdeviceuls that were rated at least as good as, and iralso uses optimization techniques to generate &om an
some ways better than, designingr feach device from abstractul model, a device model, and a traceuokvents
scratchwithout taking more time created by a user. Damask could potentially siserPLE s

In this paper, wefirst describe related work and the algorithms tamprove thegenerabn of devicespedfic uls.

preliminary work that led to Damask. We then describe There are several platforms that allow programmers to
Damask itself, andreport on our evaluation of design create a description of tha of a remote control at a high
patternsand layersn crossdeviceul design level, which can then be realized on a variety of devices
RELATED WORK (e.g, [24, 26). The target domain of universal remote

Our work is closely related tmodetbased user interfaces cgn:rolst |sdnarrc_:v\?nd thetLJlsbthat are andereddfrom t?el
which are used tdesignuis based on an abstract model of apstract description ust beé appealing and Uuselu
the interface rather than visual appearance [28gfor a immediately, without agdmonal twea}klng)amask on the
summary and retrospective). This allows renderinguthia other hand, allows de§|gners to design a brqa}der sa50f
multiple ways, such as using a dsdpwn list or presenting but _the generatedls. will most likely be modified by the
a voice menu instead of radio buttons for selecting an item_de&gners before being released.

Severalmodetbased design systenspecifically address  Design patterns arincreasingly popular for representing

the issue of crtinguls for multiple device§2, 7, 10, 20. commonul design problems and tmesolutions but few
However, modebasedul tools often force designers to design tools directly support patterns (iefor a survey).

think at a high level of abstraction too early in the design STUDY OF CURRENT PRACTICES

process. Designers are accustomestaoting withconcrete  To get a better understanding of how designers currently
interfaces[22, 33] In addition, specifying models often design crossleviceuls, we interviewed nineJi designers
resemblesprogramming, at which most designers are across eight companies who worked on cidsgce webui
unskilled. Specifying modelsthusimpedes their main task projects. All of these projects targete@sétop pcs and

of designinguis. Ui Pilot [27] addresses this problem by mobile phones, and all but one also targeteds. We
presenting the model to theesigner as a simple outline, focused our questions on how the designers handled design
optionallyinferringit from a set ofdata for multiple devices in their project¥hese are some of the
implicationswe drew from our interview$or crossdevice

PIMA [5], Hopi [3], and Mi ASRNETS robile 6 Sul designtools (for more detail, sg&6 (Chapter 2]).

controls[19] allow designers to design credsvice web
applications, by laying out abstraaidgets linearly in a  Presentingretargeting resultgo one designer is usefuhll
constrainedul form designer. The representation is then of the designers designed the for a particular feature
converted into concrete devispecific uis. In contrast,  across multiple device@s opposed to designing the entire
designers in Damask always work with concrate ul for a particuér device) Therefore, a tool that takesua

Ding and Litz have created a prototype so that designergor one device and preseniss for other devices fits within

can annota& a desktopul to describe how it should be currentpractice

transformed into a mobilel [9]. Damask also focuses on Designers need help aimtaining consistency across
concreteuls instead of abstract ones, the design patterns devices.Consistency was identified as a majmrden of

in Damaskallow designers to reuse sets of transformationscrossdevice design The challenge is to keep the
for multiple designs. appropriate content consistent across devices, while letting

There also has been much work on automatically the layout and navigation change to fit the device.

transforming interfaces meant for one device or modality toSupport design patternsUsing design patterns as the
another. Much of it has focused on transforming existingfoundation of a crosdeviceul design tool is a sound idea
desktop wehuis to randhelduis at runtime (e.g.,[6, 18]), (in fact, two of our participants had their ovpattern
which unfortunately often results in awkward interaction. collections) but allowing designers to create their own
Others have worked on convertiayis to audio interfaces patterns is essential for theo oldn@term usefulness.

[2_1, 25] mostly to benefit the blind and visually |mpa|red. PROTOTYPE OF CROSS-DEVICE DESIGN TOOL

With most of these_ tools, dgsers cannot ”_‘Od'fy the In addition to our interviews, we wanted to gefore
resultmgtransforma’qon. By contrast, Damqsk is not meant y.tailed feedback about how an esstgge crossevice

for the _|mplementat|on ahe finalul, so designerare free design tool should behave and what features it should have.
to modify the generated. Since there were no such tools, we quickly designed and
GADGET [12] is an optimization toolkit, which can take an evaluated a prototype of one, callétbpiSketch which
existing collection oful controls and gnerate a layout for targetedpcs and Palm &ndheld devicegplease se¢l6



generates corresponding design sketches for the other
two devices, which the designers can modify if desired.
Finally, designers can use Damaskdast and interact with
their design sketchés a Run mode.

Damaskds wuser i nt erdés@mr ®oOIs,i s s
such asDENIM [23] and SUEDE [28] (see Figure 1). A
pannable, zoomable canvas contains ¢the s i gusexr 0 s
interface design. The design includes which patterns it is
using as denoted by a blue outline and the name of the
pattern. The tabs above the canvas let designers choose
which deviceul they want to view: desktop, smartphone, or
voice. The designer camiew different devicespecific uis

Figure 2. The Run window for desktop (left) and at the same time in multiple mdows.

smartphone (right) Uls. DESIGNING DESKTOP AND MOBILE PHONE UIS
(Chapter J for a detailed description of the tool and |, pamask, alesktop or mobilaveb ui design consists of

evaluation). From their experiences with HopiSketch, thepages of content, linked with arrows défigbehavior.
six participants ofa user studydescribed how a tool for

retargeting designs could be more usefudluding: Pages, Controls, and Arrows
Pagesrepresent a web page or a smartphone screen. The

Provide explicit ontrol over retargeting.Four of the  designer creas them by selecting the pencil tool and
designerssaid they would like to be able to explicitly tag dragging out a rectangle in the canvas. Designers can resize
which sections of a page should be carried over to thepages, move them around by dragging them, mark a page as
retargeeddesign, and which should be omitted. thehomepage and split and merge pages.

Support ferative design.Many designers would rather To add content and interaction to a page, a desigits a
design a little for one device, retarget, look at the results,controls to the pageThe controlsinclude labels, buttons,
design a bit more for the first device, and so Bine tool check boxes, radio buttons, list boxes, ddopvn boxes,
also should be able to propagate changes made in a&ndtext boxes. The designer can also sketch content inside
generated deviespecific design back to the original. a page bwsingthe pencil tool.

Improve page splittingAll of the designers said that the An arrow between two pages represents edationship
algorithms for rearranging and splitting up contevére  petween those pages. To create an arrow, the designer
important One designer said that the tool should not splitdraws a stroke using the pencil tool between two pages. If a
pages automatically, but instead create longer pages an@xt or ink object is the origin of an arrow, that object
allow designers to splthe pages themselves. becomes blue, like a hyperlink in a web page.

Supportdifferent classes of devices.crossdevice design  Run window

tool should be able to support the design of applicationsDamask allowslesignergo testtheir design sketches in a
whose user interfaces have very different interaction flowsRun window (see Figure 2). Inside the Run window, the
depending on the device. HopiSketahd other model  designer can navigate through the design as if it were
based toolsdo not handle such design activities well running in a web browser. If the Run window is displaying
becausehey only transform at the page and widget level. a desktop page, bl and forward buttons are provided to
Higher levels of abstraction, such as design patterns, argimulate a web environment. If it is displaying a
needed. smartphoneul, then a telephone keypad shownbeneath

DAMASK the displayedl.

Building on what we learned in our interviews and DESIGNING VOICE UIS

prototypeevaluation we created a tool for the eaidyage Designing a voice user interface in Damask is quite
design and prototyping of cresviceuls called Damask. different than designg a web or smartphona. Damask©os
Using the approach that weutlined in [17], Damask  voice mode is similartsUEDEA s desi gn graph a
includes a catalog of design patterns for use in designingy is represented by computer prompts, connected by
desktopbased web sites. Some patterns are also useful fopossible human responses. Related prompts and responses
mobile phoneand voiceuls, and these patterrisclude ul are grouped together into forms.

sketches that addre®ep at t e r nmoblend eng forg n
desktop wepone formobile web and one for prompand
response voicels.

Prompts and Responses

Promptsrepresent phrases that the computer speaks (see the
yellow roundedrectangles irFigure3). To create a prompt,
With Damask, designergrototype their ul designs by the designer uses the pencil tool, taps within a form, and
sketchingthem and by adding design pattesketchesto types the prompt.

their design for one devic&Vhile they do this,Damask



