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ABSTRACT 

Designing UIs that run across multiple devices is 

increasingly important. To address this, we have created a 

prototyping tool called Damask, which targets web UIs that 

run on PCs and mobile phones, and prompt-and-response 

style voice UIs. In Damask, designers sketch out their 

design for one device while using design patterns to specify 

higher-level concepts within their design. Damaskôs 

patterns include pre-built UI fragments that are already 

optimized for each device. Designers also use layers to 

specify which UI parts are common across devices and 

which are specific to one device. Damask uses the sketches 

and patterns to generate designs for the other devices, 

which the designers can refine. A study performed with 12 

professional UI designers found that, in the early stages, 

designers using patterns and layers in Damask created 

cross-device UIs that are rated at least as good as those 

created without patterns and layers, without more time. 
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INTRODUCTION 

People often use a variety of computing devices, such as 

PCs, PDAs, and mobile phones, to access the same 

information and applications. The user interface needs to be 

different for each device, due to different input and output 

constraints. For example, the home page of a news web site 

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

display that many links on a mobile phone, or recite all of 

them in a voice UI. Currently, designers designing cross-

device UIs either have to design a UI separately for each 

device, which is time consuming and error prone, or use a 

program to automatically generate interfaces, which often 

leads to awkward interaction. 

Current prototyping tools do not address the specific needs 

of cross-device UI design. A tool that would allow designers 

to quickly prototype UIs for multiple devices at the same 

time would allow them to explore a broader design space, 

potentially improving their final UIs. 

Two concepts can aid in prototyping cross-device UIs: 

design patterns for representing common design solutions 

that have very different device-specific implementations, 

and layers for specifying which parts of a UI are common 

across all devices and which are specific to one device.  

To evaluate these concepts within this domain, we 

incorporated them into an early-stage design and 

prototyping system called Damask (see Figure 1). To use 

Damask, a designer sketches out a UI design for one device, 

using patterns and layers as needed. At the same time, 

Damask constructs an abstract model from which it 

generates the UIs for other devices. The designer can then 

refine the generated UIs if necessary. Damask supports 

prototyping three types of interfaces: web-style interaction 

on a PC, web-style interaction on a mobile phone display, 

and a prompt-and-response style voice UI on a phone or PC. 
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Figure 1. Damaskôs user interface. 

 



The contributions of this work are 1) tool support for using 

design patterns and layers as a novel technique for cross-

device UI design and prototyping, and 2) an evaluation that 

shows that designers using patterns and layers created 

cross-device UIs that were rated at least as good as, and in 

some ways better than, designing for each device from 

scratch, without taking more time. 

In this paper, we first describe related work and the 

preliminary work that led to Damask. We then describe 

Damask itself, and report on our evaluation of design 

patterns and layers in cross-device UI design.  

RELATED WORK 

Our work is closely related to model-based user interfaces, 

which are used to design UIs based on an abstract model of 

the interface rather than visual appearance (see [29] for a 

summary and retrospective). This allows rendering the UI in 

multiple ways, such as using a drop-down list or presenting 

a voice menu instead of radio buttons for selecting an item. 

Several model-based design systems specifically address 

the issue of creating UIs for multiple devices [2, 7, 10, 20].  

However, model-based UI tools often force designers to 

think at a high level of abstraction too early in the design 

process. Designers are accustomed to starting with concrete 

interfaces [22, 33]. In addition, specifying models often 

resembles programming, at which most designers are 

unskilled. Specifying models thus impedes their main task 

of designing UIs. UI Pilot [27] addresses this problem by 

presenting the model to the designer as a simple outline, 

optionally inferring it from a set of data. 

PIMA [5], Hopi [3], and Microsoftôs ASP.NET mobile 

controls [19] allow designers to design cross-device web 

applications, by laying out abstract widgets linearly in a 

constrained UI form designer. The representation is then 

converted into concrete device-specific UIs. In contrast, 

designers in Damask always work with concrete UIs. 

Ding and Litz have created a prototype so that designers 

can annotate a desktop UI to describe how it should be 

transformed into a mobile UI [9]. Damask also focuses on 

concrete UIs instead of abstract ones, but the design patterns 

in Damask allow designers to reuse sets of transformations 

for multiple designs. 

There also has been much work on automatically 

transforming interfaces meant for one device or modality to 

another. Much of it has focused on transforming existing 

desktop web UIs to handheld UIs at run-time (e.g., [6, 18]), 

which unfortunately often results in awkward interaction. 

Others have worked on converting GUIs to audio interfaces 

[21, 25], mostly to benefit the blind and visually impaired. 

With most of these tools, designers cannot modify the 

resulting transformation. By contrast, Damask is not meant 

for the implementation of the final UI, so designers are free 

to modify the generated UI. 

GADGET [12] is an optimization toolkit, which can take an 

existing collection of UI controls and generate a layout for 

them. It would be useful to Damask for creating, for 

example, a smartphone UI from a desktop UI, since many of 

the controls are the same, but less useful for generating 

voice UIs, where the controls are very different. SUPPLE [13] 

also uses optimization techniques to generate a UI, from an 

abstract UI model, a device model, and a trace of UI events 

created by a user. Damask could potentially use SUPPLEôs 

algorithms to improve the generation of device-specific UIs. 

There are several platforms that allow programmers to 

create a description of the UI of a remote control at a high 

level, which can then be realized on a variety of devices 

(e.g., [24, 26]). The target domain of universal remote 

controls is narrow and the UIs that are rendered from the 

abstract description must be appealing and useful 

immediately, without additional tweaking. Damask, on the 

other hand, allows designers to design a broader set of UIs, 

but the generated UIs will most likely be modified by the 

designers before being released.  

Design patterns are increasingly popular for representing 

common UI design problems and their solutions, but few 

design tools directly support patterns (see [8] for a survey).  

STUDY OF CURRENT PRACTICES 

To get a better understanding of how designers currently 

design cross-device UIs, we interviewed nine UI designers 

across eight companies who worked on cross-device web UI 

projects. All of these projects targeted desktop PCs and 

mobile phones, and all but one also targeted PDAs. We 

focused our questions on how the designers handled design 

for multiple devices in their projects. These are some of the 

implications we drew from our interviews for cross-device 

UI design tools (for more detail, see [16 (Chapter 2)]). 

Presenting retargeting results to one designer is useful. All 

of the designers designed the UI for a particular feature 

across multiple devices (as opposed to designing the entire 

UI for a particular device). Therefore, a tool that takes a UI 

for one device and presents UIs for other devices fits within 

current practice. 

Designers need help maintaining consistency across 

devices. Consistency was identified as a major burden of 

cross-device design. The challenge is to keep the 

appropriate content consistent across devices, while letting 

the layout and navigation change to fit the device. 

Support design patterns. Using design patterns as the 

foundation of a cross-device UI design tool is a sound idea 

(in fact, two of our participants had their own pattern 

collections), but allowing designers to create their own 

patterns is essential for the toolôs long-term usefulness. 

PROTOTYPE OF CROSS-DEVICE DESIGN TOOL 

In addition to our interviews, we wanted to get more 

detailed feedback about how an early-stage cross-device 

design tool should behave and what features it should have. 

Since there were no such tools, we quickly designed and 

evaluated a prototype of one, called HopiSketch, which 

targeted PCs and Palm handheld devices (please see [16 



(Chapter 3)] for a detailed description of the tool and 

evaluation). From their experiences with HopiSketch, the 

six participants of a user study described how a tool for 

retargeting designs could be more useful, including: 

Provide explicit control over retargeting. Four of the 

designers said they would like to be able to explicitly tag 

which sections of a page should be carried over to the 

retargeted design, and which should be omitted. 

Support iterative design. Many designers would rather 

design a little for one device, retarget, look at the results, 

design a bit more for the first device, and so on. The tool 

also should be able to propagate changes made in a 

generated device-specific design back to the original. 

Improve page splitting. All of the designers said that the 

algorithms for rearranging and splitting up content were 

important. One designer said that the tool should not split 

pages automatically, but instead create longer pages and 

allow designers to split the pages themselves. 

Support different classes of devices. A cross-device design 

tool should be able to support the design of applications 

whose user interfaces have very different interaction flows 

depending on the device. HopiSketch and other model-

based tools do not handle such design activities well 

because they only transform at the page and widget level. 

Higher levels of abstraction, such as design patterns, are 

needed. 

DAMASK 

Building on what we learned in our interviews and 

prototype evaluation, we created a tool for the early-stage 

design and prototyping of cross-device UIs called Damask. 

Using the approach that we outlined in [17], Damask 

includes a catalog of design patterns for use in designing 

desktop-based web sites. Some patterns are also useful for 

mobile phone and voice UIs, and these patterns include UI 

sketches that address the patternsô design problemðone for 

desktop web, one for mobile web, and one for prompt-and-

response voice UIs. 

With Damask, designers prototype their UI designs by 

sketching them and by adding design pattern sketches to 

their design for one device. While they do this, Damask 

generates corresponding UI design sketches for the other 

two devices, which the designers can modify if desired. 

Finally, designers can use Damask to test and interact with 

their design sketches in a Run mode.  

Damaskôs user interface is similar to other design tools, 

such as DENIM [23] and SUEDE [28] (see Figure 1). A 

pannable, zoomable canvas contains the designerôs user 

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 device UI they want to view: desktop, smartphone, or 

voice. The designer can view different device-specific UIs 

at the same time in multiple windows. 

DESIGNING DESKTOP AND MOBILE PHONE UIS 

In Damask, a desktop or mobile web UI design consists of 

pages of content, linked with arrows defining behavior.  

Pages, Controls, and Arrows 

Pages represent a web page or a smartphone screen. The 

designer creates them by selecting the pencil tool and 

dragging out a rectangle in the canvas. Designers can resize 

pages, move them around by dragging them, mark a page as 

the home page, and split and merge pages. 

To add content and interaction to a page, a designer adds 

controls to the page. The controls include labels, buttons, 

check boxes, radio buttons, list boxes, drop-down boxes, 

and text boxes. The designer can also sketch content inside 

a page by using the pencil tool.  

An arrow between two pages represents a relationship 

between those pages. To create an arrow, the designer 

draws a stroke using the pencil tool between two pages. If a 

text or ink object is the origin of an arrow, that object 

becomes blue, like a hyperlink in a web page. 

Run window 

Damask allows designers to test their design sketches in a 

Run window (see Figure 2). Inside the Run window, the 

designer can navigate through the design as if it were 

running in a web browser. If the Run window is displaying 

a desktop page, back and forward buttons are provided to 

simulate a web environment. If it is displaying a 

smartphone UI, then a telephone keypad is shown beneath 

the displayed UI. 

DESIGNING VOICE UIS 

Designing a voice user interface in Damask is quite 

different than designing a web or smartphone UI. Damaskôs 

voice mode is similar to SUEDEôs design graph area. A voice 

UI is represented by computer prompts, connected by 

possible human responses. Related prompts and responses 

are grouped together into forms. 

Prompts and Responses 

Prompts represent phrases that the computer speaks (see the 

yellow rounded rectangles in Figure 3). To create a prompt, 

the designer uses the pencil tool, taps within a form, and 

types the prompt.  

Figure 2. The Run window for desktop (left) and 

smartphone (right) UIs. 


