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ABSTRACT 
User interface design consists of a collaborative activity 
where various stakeholders can all sketch the future interac-
tive system at different levels of fidelity on different devic-
es and computing platforms. User interfaces sketches are 
also intended to support prototypes on multiple computing 
platforms and operating systems that all impose their own 
capabilities and constraints. In order to support the needs 
for user interface design by sketching, this paper describes 
Gambit, a multi-platform system that provides a light-
weight approach for prototyping graphical user interfaces 
by sketching with HTML5. The paper reports on an exper-
iment for the most preferred platform/devices for three 
primary sketching functions by designers and developers in 
a Gambit-supported session. 

ACM Classification: C.2.4 [Computer-Communication 
Networks]: Distributed systems – Distributed applications. 
D2.2 [Software Engineering]: Design Tools and Tech-
niques – Modules and interfaces; user interfaces. D2.m 
[Software Engineering]: Miscellaneous – Rapid Prototyp-
ing; reusable software. H5.2 [Information interfaces and 
presentation]: User Interfaces – graphical user interfaces, 
user interface management system (UIMS). 

General terms: Design, Human Factors. 

Keywords: collaborative sketching, level of fidelity, user 
interface design. 

INTRODUCTION 
User Interface (UI) design is the collaborative activity 
where many stakeholders (e.g., end user, designer, devel-
oper, graphic expert, project leader, marketing people) [26] 
could provide their own input [29] in order to contribute to 
the goal of producing the most usable UI for an interactive 
system (e.g., a web application, a commercial software, or 
an in-house development) based on the user experience and 
usability engineering.  

This activity therefore attempts to accommodate these dif-
ferent inputs into one cohesive design environment that is 
always made for the ultimate benefit of the end user, thus 
trying to resolve conflicts posed by the different viewpoints 

(e.g., between technical view and end user view, between 
managerial view and marketing view) [15]. UI design is 
recognized as a complex activity that has unique character-
istics over traditional design [28]: open (any stakeholder 
could introduce input at any time), ill-defined (not all con-
straints imposed by the target system are yet posed), in-
complete (not all the UI specifications are known at design-
time, but rather evolve significantly over time when design 
sessions are organized), and iterative (many iterations of 
the cycle “determine needs – build prototype – evaluate 
prototype” may be required to end up with an acceptable 
usability) [26].  

UI design by sketching is an efficient and effective mean 
[32] that is frequently used for supporting UI design: 97% 
of interaction designers and UI practitioners rely on sketch-
es [21] to convey their design ideas because it supports cre-
ativity while not restricting ideas [1], because it ensures a 
smooth transition from early prototypes to final UIs at a 
reasonable cost [6, 32] for the aforementioned design char-
acteristics. 

On the one hand, the “paper and pencil” [1,32] or the 
whiteboard approaches [4, 5] are frequently used because 
existing software for UI design by sketching share the same 
shortcomings: only one person at a time can sketch a UI on 
one device or computing platform at a time with little or no 
capability for sharing sketches, only one level of fidelity 
(e.g., low, medium, or high) is often offered [32]. On the 
other hand, some systems were developed to support a col-
laborative design process [3, 10, 11, 13, 16] based on tab-
letops and related platform/devices [6], but their deploy-
ment requires significant hardware and software costs [18] 
and are not tailored to the specific needs of UI design by 
sketching. 

In this paper, the best of both worlds is taken for inspiring 
Gambit (Gatherings And Meetings with Beamers and In-
teractive Tablets), a distributed software environment 
where any user can sketch on any platform/device at any 
time in a configuration that is flexible enough to address 
the specific needs of UI design by sketching. The system is 
developed in HTML5 in order to centralize the develop-
ment so as to run on many different platforms through a 
browser.  

For this purpose, this paper is structured as follows: Section 
2 reports on previous work; Section 3 motivates Gambit by 
discussing the design challenges and Section 4 details the 
software architecture built to address them. Section 5 re-
ports on an experimental study conducted to assess the 
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most preferred configurations during a design session. Sec-
tion 6 concludes the paper and presents future work. 

RELATED WORK 
UI design by sketching and tabletop environments for col-
laborative design are two main fields of research that are re-
lated to this work since its originality lies in considering the 
latter for the former. Table 1 compares some significant 
works belonging to these two main fields of research. 

User Interface Design by Sketching 
UI design by sketching is recognized for several proved 
virtues such as, but not limited to: maintaining an informal 
representation to foster creativity [6, 22], complementarity 
between paper and pencil and software [1, 32], capability to 
take one design idea at a time and work it out in details [17] 
or consider alternative designs at a time [15], ability to re-
veal as much usability problems as if it was a real UI [32, 
33]. In addition, paper and computer media have been es-
timated equally valid for testing sketches [32]. 

Several software exist for supporting UI design by sketch-
ing (e.g., [1,6,7,10, 22]) but they are mostly oriented to-
wards supporting one designer a time (see column “# 
Stakeholders”) working on one computing platform (col-
umn “#input device”) at a time serving for both input and 
output (column “#output device”) simultaneously. These 
softwares usually support platform/devices running the 
same operating system, apart from some exceptions that 
accommodates Java platforms (see column “Operating sys-
tem”). One notable exception is Designer’s Outpost [18] 
that uses computer vision to transform physical sticky notes 
posted on a vertical whiteboard into their digital counter-
part for representing navigation between webpages. The 
deployment cost (see the related column) is probably the 
highest since it requires calibrating stereoscopic cameras 
for a single platform/device. 

Environments for Collaborative Design 
Software for UI design by sketching also typically support 
one or two of the three primary sketching functions that a 
system should offer (as validated empirically in [31]): 
submit an individual sketching (always), share various 
sketching from different stakeholders (rarely), and manag-
ing the design history (rarely) – see corresponding columns 
in Table 1).  

Software for collaborative design or other activities (e.g., 
[3, 5, 10, 11, 13, 14, 20, 27, 30, 9, 24]) are typically excel-
lent in gathering different inputs from different stakehold-
ers to gather them on one output platform/device. They also 
typically support most of these three primary functions, but 
only at one level of fidelity (see column “levels of fideli-
ty”). In other words, they all consider sketches as drawings 
or images that are manipulated per se, without any recogni-
tion behind (see column “recognition engine”). 

Since the needs of rapid UI prototyping vary depending on 
the project and allocated resources, the level of fidelity ex-
presses the similarity between the final UI and its corre-
sponding sketch. The level of fidelity is said to be high if 
the sketch is the closest possible to the final UI. The fideli-
ty is said to be low if the sketch only partially evokes the 
final UI without representing it in full details. Between 
high-fidelity (hi-fi) and low-fidelity (low-fi) [18] exists 
medium-fidelity (me-fi) [6, 32]. A UI sketch usually in-
volves one level of fidelity in current software. But due to 
the variety of stakeholders’ input, several fidelities are re-
quired [7], thus leading to the concept of multi-fidelity, 
where several levels of fidelity are supported.  

Gambit, the system that will be described and tested in this 
paper, is different with respect to the state of the art in that 
it satisfies simultaneously the criteria used for the compari-
son in Table 1, as depicted at the bottom line. 

Software/ Crite-
ria 

UI design by sketching Collaborative Design 
# Stake-
holders 

# Input 
devices 

# output 
devices 

Op. sys-
tem 

Recog-
nition  

Levels of fi-
delity 

Multi-
platform 

Submit a 
sketch 

Share 
sketches 

Design history Deploy-
ment cost 

Denim [22] 1 1 1 Many 
(Java)  

No 1 (low) Web sites 
   

Low 

Designers’ Out-
post [18] 

Many 1 1 1 No 1 (low) Web sites
   

High

SketchiXML [6] 1 1 1 Many 
(Java) 

Yes 3 (low, me-
dium, high) 

Yes 
   

Low 

TeamStorm [13] Many Many 1 1 No No No 
   

Medium 

Calico [20] Many 1 1 1 Low No No
   

Medium

DEMAIS [1] Many 1 1 1 No 1 (low) No 
   

Low 

Cross-device 
workspace [11] 

Many Many 1 1 No 1 (low) Yes 
   

Medium 

Discussion room 
[9] 

Many Many Many 1 No 1 (low) No 
   

Medium 

Caretta [27] Many 2 2 1 No 1 (low) No 
   

Medium 

WebSurface [30] Many Many 1 1 No 1 (low) No 
   

Medium 

MemTable [16] Many 1 1 1 No 1 (low) No 
   

Medium 

Gambit Many Many Many Many Yes 3 (low, me-
dium, high) 

Yes 
   

Low 

Table 1: Comparison table for work related to Gambit.
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MOTIVATIONS AND DESIGN CHALLENGES 
General Motivations 
Sketching is largely recognized as an inexpensive way of 
producing low-fidelity prototypes, which helps to frame 
design problems, therefore producing better design. How-
ever, before start to discuss sketching in UI design, the 
main subject of the research presented on this paper, some 
definitions of classical sketching and UI design need to be 
done.  

Firstly, we refer to sketch as described in [17]: quickly 
made depictions that facilitate visual thinking, which may 
include everything from abstract doodles to roughly drawn 
interface. The aforementioned work restricts neither the 
drawing medium nor the subject matter.  

Secondly, our work is related to both interaction and inter-
face designs. Interaction design is the discipline "related to 
design interactive products to support people in their eve-
ryday and working lives" [26]. Interfaces of interactive sys-
tems are one example of such product. 

Sketching in Design 
When designing, people draw things in different ways, 
which allows them to also perceive the problem in new 
ways. Designers engage in a sort of “conversation” with 
their sketches in a tight cycle of drawing, understanding, 
and interpreting [23]. As the findings of [12] point out, the 
presence of ambiguity in early stages of design broads the 
spectrum of solutions that are considered and tends to de-
liver a design of higher quality. Van der Lugt [31] conduct-
ed an experiment to analyze the functions of sketching in 
design, in which participants produced individual sketches 
and then presented them for the group for discussion. Three 
primary sketching functions were identified: 

F1: Sketching Stimulates a re-interpretive cycle in the indi-
vidual designer’s idea generation process: Schön and 
Wiggins [23] describe design as a cyclic process of 
sketching, interpreting and taking the sketches further.  

F2: Sketching Stimulates the designers to re-interpret each 
other’s ideas: when sketching to also discuss (as op-
posed to sketch for self-interpretation), the designer in-
vites others to interpret her drawings as well. The func-
tion of inviting re-interpretation is especially relevant 
for the idea generation process, as re-interpretation 
leads to novel directions for generating ideas [31]. 

F3: Sketching Stimulates the use of earlier ideas by enhanc-
ing their accessibility: Since it is externalized, sketching 
also facilitate archiving and retrieval of design infor-
mation. 

Sketching in User Interface Design 
In order to support sketching into UI design, we need to an-
alyze the process in which UI design is included. Currently, 
the development life cycle of interactive applications con-
sists of a sophisticated process that does not always pro-
ceed linearly in a predefined way. The tools available for 
UI development are usually not focused on UI design, in 

which designers usually explore different alternatives but in 
UI modeling as a final product, where designers must at-
tend to formal standards and notations. There are many 
tools available for both modeling and design, however 
practitioners are currently forced to choose formal and flex-
ible tools. Whichever they choose, they lose the advantages 
of the other, with attendant loss of productivity and some-
times of traceability and quality. 

A great care must be taken to support the designer’s reflec-
tion when making design software that employs sketch 
recognition [17]. If the system interprets drawings too ag-
gressively or at the wrong time, it may prevent the human 
designer from seeing alternative meanings; recognize too 
little and the software is no better than paper. 

Designers desire an intelligent whiteboard because it would 
not require hard mental operations while sketching during 
meetings or design sessions [5]. Calico [20] is a good ex-
ample of “vanishing tool” once it keeps itself out of the 
way between the developers and the models, and this can 
be useful especially during early design stages. However, it 
is not obvious to explain why software designers resist 
adopting them, despite of the ubiquity and low cost of pen-
based and touch devices [5]. 

Design Goals for Collaborative Sketching 
We would define Collaborative Sketching (CS) as a mix of 
Collaborative Design and Design by Sketching. Although 
CS is already defined and supported by [10, 2, 8, 13, 14], 
our goal is to define a specific domain of CS for User Inter-
face design. 

We have observed design sessions conducted in two com-
panies related to user interface development. The people 
involved on those sessions were designers, project manag-
ers, programmers and frequently stakeholders. In overall, in 
these companies the design sessions are usually done 
around a central topic, about which people discuss in order 
to produce some artifact, usually a report with a list of re-
quirements, wireframes and some session log of the deci-
sions made around the interaction.  

It is important to note that this report is not produced on 
site but after the meeting, for what people usually take pic-
tures for remembering and registering what was discussed. 
Nevertheless, the design sessions most often proceeded 
with three distinct phases: 

1. Mental model construction and concepts: the mediator 
leads the task, asking the participants the essential ele-
ments of the tasks. 

2. Scenario construction: the participants are usually di-
vided into groups to focus on one scenario each. They 
usually do it using a big sheet of paper and use post-its. 
After each group agrees on its own scenario, the sheets 
are arranged as a storyboard on a wall for discussion.  

3. Interface prototyping: the participants’ sketches the user 
interface based on what was discussed and learned on 
the scenarios discussion. 
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Figure 1: Physical setup of Gambit.

During the interviews, designers frequently reported an in-
teresting fact that happens on some design sessions, relative 
to some participants quite often being uncomfortable on 
sketching in front of the rest of the group. According to 
them, the participants are mostly end-users who do not feel 
very capable of any graphic production in front of design-
ers.  For those participants, the designer usually gives a pri-
vate sheet of paper, to be placed on the wall after the user 
feels his/her design is good enough for discussion.  

One of the designers also mentioned that is sometimes dif-
ficult to envision a design for a specific platform without 
seeing how it would look like on it. According to that de-
signer, a lot of redesign could be avoided simply by draw-
ing the interface on the very device it is indented to run, for 
they use sheets of paper of the device’s size to simulate 
how the design would look in the ‘real world’. 

Requirements 
Based on the study presented by [31] and on the observa-
tion of the design session, preliminary list of requirements 
for a system to support collaborative sketching was con-
structed as follows: 
• R1 - Support sketch production and visualization on dif-

ferent devices 
• R2 - Support session storage and retrieval 
• R3 - Support private/public production of sketches 
• R4 - Provide a broad view of the drawings (like papers 

arranged on a wall) 
• R5 - Provide a fine view of a drawing 
• R6 - Support the UI design with different level of fideli-

ties 
GAMBIT SOFTWARE ARCHITECTURE 
Based on the requirements, the system was designed to be 
physically deployed around a table, with tablets and a pro-
jector. The system is currently developed as depicted on 
Figure 1 (left) shows the deploy scheme of the system, with 
designers using different devices each around a projector in  

 

the middle. The many input devices (1 and 2 in the figure) 
can be tablets, mobile devices, large graphical tablets, etc. 

The input devices are used by designers to sketch and sub-
mit drawings to the device representing the wall (W) show-
ing the sketches as if they are real sheets of papers orga-
nized onto a real wall. 

The wall is projected using a common projector (P) and can 
be controlled using a tablet, called ‘control tablet’ (C). The 
roles of the devices are interchangeable – a user might re-
quest the wall’s control at any time, organizing and group-
ing the sketches. 

Figure 2. Gambit interface for sketch production 
Figure 1 (right) shows a picture taken during a preliminary 
study with designers (not to be described on this paper): 
three subjects operating different devices each around a 
projector in the middle. In the right part the wall shows the 
sketches being organized by the participant with the control 
tablet. Since Gambit is a web-based system operating 
through a browser, the wall (W) can be a full-screen 
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browser window opened on a desktop computer, a projec-
tion or a large interactive display.  

The system was developed in HTML5 in order to centralize 
the code for different platforms. In this sense, the system 
can run on any device with a browser. Figure 2 shows the 
sketching interface of the system, with a drawing area that 
uses HTML5’s <canvas> element and Javascript routines 
to capture the mouse/pen/touch events. At the current state, 
the system not yet allows different brush sizes or colors. 

The left part shows a toolbar that can be used to switch 
from sketching to control functionalities. Figure 3 shows 
the wall being displayed, with the sketches arranged like 
sheets of paper that can be dragged and grouped. The black 
background is intentionally put in order to make only the 
“sheets” to be projected on the wall, so as to mimic the 
physical storyboard mentioned during the interviews. The 
wall is the main part of the system, since the design session 
progresses around it. Figure 3 shows a diagram depicting 
what happens during a design session. 

 
Figure 3. Interface for “Wall sharing” on big displays 

Gambit was logically designed as depicted in Figure 4, 
with many HTML5 clients running on tablets, smartphones 
and/or desktops, while being managed by a central web 
server. The various components of this software architec-
ture are further explained in the next sub-sections. 

HTML5 + Javascript clients. The application is essentially 
a website with sketching capabilities. The clients run the 
same application frontend trough a browser or a wrapping 
application that only displays the website (without browser 
controls). The communication with the server is made 
through asynchronous requests via Javascript (AJAX). The 
designers might choose the device that better suit their 
needs, for instance, a designer might want a light device 
such as a tablet for a face-to-face meeting with a client in 
order to start a design, and a large interactive surface for 
online meetings or solo work. 

Gambit server. The server is responsible for managing the 
users, their collaborative activities and their sketches. Also, 
it relies on a sketch recognition API that is originally part 
of Eclipse Sketch project (http://www.eclipse.org/sketch) – 
an eclipse project created to add sketching capabilities to 
meta model editors built with Eclipse.  

Eclipse Sketch Applications. The sketches can be also used 
on any native desktop application constructed with Eclipse, 
such as graphical editors for meta-models.  

Sketch API. This component processes the sketch separate-
ly from the rest of the system, in a way referred in the liter-
ature as 'lazy or postponed recognition', which means that 
the sketches are not actively recognized and replaced by 
high-fidelity versions of what the algorithm interpreted the 
sketch to be. This is important in order to maintain the orig-
inal look of the sketch, not stopping the designer's creativi-
ty flow and 'conversation' with the sketch [17] [23]. The 
sketches are stored in InkML format (http:// 
w3.org/TR/InkML/). 

 
Figure 4. The logical components of Gambit  

In the future, the gambit server will be able to receive a UI 
sketch in low-fidelity and to transform it progressively into 
medium-fidelity and high-fidelity according to the style of 
the platform running the system.  

Figure 5 depicts a UI being merely sketched in a low-
fidelity (a). This sketch is in turn beautified into medium-
fidelity expressed in terms of wireframes (b) and high-
fidelity rendered (c). A slider enables the designer to ensure 
a smooth transition between any level of fidelity with a 
toggle on names of recognized widgets.  

The current prototype of the system was built in order to 
perform the experimental study, its current state in regard 
of the requirements is outlined below: 

R1 Support drawing sharing, visualization and consequent-
ly discussion - The wall device acts as a sharing reposi-
tory of sketches, aiding the discussion around a design. 
It is possible to send sketches to the wall, organize 
them, put them side-by-side for comparison, etc.          

R2 Support session storage and retrieval - Sessions storage 
is not yet supported. 
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R3 Support private/public production of sketches - Each 
input device is able to produce live sketches or to pro-
duce a sketch separately for later publication on the 
wall. Sub-group collaboration of two or more partici-
pants to produce a sketch is planned, but yet to be sup-
ported. 

 

 
Figure 5. A user interface represented at different 
levels of fidelity: low (a), medium (b), and high (c).  

R4 Provide a broad view of the drawings (like papers ar-
ranged on a wall) - the wall was designed to serve ex-
actly as a physical wall with 'projected sheets of paper', 
which are the images and sketches. 

R5 Provide a fine view of a drawing - the input device can 
serve as a fine view of any sketch, and they can be re-
drawn and sent once again to any other device. 

R6 Support the UI Design with different levels of fidelity - 
For the moment, only low fidelity is supported. 

EXPERIMENTAL STUDY 
Since Gambit supports multiple platform/devices either as 
an input or as an output, the most preferred configuration 
for each design activity by what type of stakeholder was 
considered worth to be determined through a study. The 
level of fidelity is not considered here because has already 
been subject to some experiments [6, 34]. 

Method and protocol 
Participants and apparatus. We conducted a user trial of 9 
participants (1 female, 8 male) who were recruited from a 
database of volunteers having different backgrounds (e.g., 
psychology, management, communication, computer sci-
ence) and having different ages. All participants were de-
signers, developers, usability experts, human factors ex-
perts or graphic artist and are working in development 
means in public and private organizations (e.g., software 
vendors, web agencies) developing software in different 

domains of human activity (e.g., management, medicine, 
distance learning). No participant has any prior knowledge 
or exposure to the Gambit system. 

Task and procedure. The experimental study was initiated 
with a demographic questionnaire, also capturing UI design 
and/or development experience of participants. Then, a 5-
minute video was projected with general information and 
instructions about the system and the goals of the experi-
ment. The video ended with a guideline that specified what 
to do and which platform/devices to use in which room ac-
cording to a setup summarized in Table 2. 

In order to explore different design situations (i.e. coopera-
tion and collaboration among stakeholders), the 9 partici-
pants were divided into two groups of 6 and 3 participants, 
one group by room. In the first room (A), the 6 participants 
were randomly grouped in pairs while in the second room 
(B) participants were alone.  

Participants were instructed to sketch a system UI for chil-
dren to use during car travels, on the backseat. The system 
is aimed at bringing children face to face and must have 
two different parts: a game enabling children counting and 
validating the number of items they see first during the 
travel (cars with defined colors, trucks, wind turbines, etc.) 
and a second one for parents to add new items in the game. 
No other constraint was elicited in order to preserve the 
creativity process and to foster the discussion among the 
participants. 

Device Details 
Small device (input) - iPhone 3Gs 

- Resolution: 320x480 
- OS: iOs 4.3.3 

Medium device (input) - iPad 2 
- Resolution: 1024x768 
- OS: iOs 4.3.1 

Large device (input) - Tabletop 
- Resolution: 1600 x 1200 
- OS: Mac OS X 10.6.7 

Wall screen (output) - Dell server & video projector 
- Resolution: 1920 x 1200 
- OS: Windows 7 

Table 2: Overview of the physical setup. 

Since the purpose of the study was to let participants expe-
rience different devices supported by Gambit, 3 devices 
with 3 different device sizes (i.e., small, medium and large) 
were selected in order to collect their feedback regarding 
comfort and accuracy. Each room was equipped with an in-
put platform/device for each device size (i.e., small, medi-
um and large) and a wall screen as a shared output device. 
The large device in Figure 6 is original as it combines a 
very-high resolution and luminosity video projector pro-
jecting a screen on a magnetic SmartBoard tabletop syn-
chronized with a pen.  

The goal was to observe the behavior of the participants 
thinking and sketching the system UI either individually (in 
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room B) or by pair (in room A), then discussing their re-
sults and refining the resulting UIs. For this purpose, the 
task was split into three iterations, each iteration being 
composed of two sub-steps: 

 

 
Figure 6. The physical setup of the rooms. 

1. During the first sub-step (about 10 min.), the partici-
pants sketched the UI on the assigned input device.  
They were instructed to submit their sketches to the 
wall (output device) whenever they wanted, be it to fin-
ish the design or to clear the device to a new design. 

2. In the second sub-step (about 5-7 min.), each participant 
of the room stopped sketching for gathering around the 
wall controlling it with the medium device (control). 
Participants were free to use it as they wanted to organ-
ize the projected images on the wall and discuss them.  

After each iteration, participants switched to another plat-
form/device according to a random moving-window 
scheme, in a way they finally were able to manipulate all 
input platform/devices with all device resolution involved 
in the experiment. All sessions were videotaped for further 
analysis. 

The preference for each input/output device was first cap-
tured by a set of 9 questions asking each participant to rank 
each device by decreasing order of preference and by fre-
quency where it matters, while commenting the reasons 
they chose this order.  

Satisfaction was measured with respect to the user’s per-
ceptions of system usefulness, information quality, inter-
face quality, and overall satisfaction. Overall satisfaction is 
an aggregation of the three other perceptions. All these 
measures were derived from answers to the Computer Sys-
tem Usability Questionnaire (CSUQ) [19], so they are indi-
rect measures. Answers to CSUQ were expressed using a 7-
point Likert scale in which 1 represents the best perception 
score (strongly agree) and 7 represents the worst perception 
score (strongly disagree). Following the indications given 
by the designers of CSUQ, the 19 numerical answers of the 
CSUQ were upgraded from the Likert scale to the interval 
scale. Then, the four perceptions of satisfaction (i.e., system 
usefulness, information quality, interface quality, and over-

all satisfaction) were obtained applying the rules specified 
in [19].  

Justifications. The global experiment has been defined and 
conducted according to the ACM Protocol for Empirical 
Software Engineering (ESEM) [33]. The various plat-
form/devices involved in the experiment were selected as 
they are considered representative cases of typical devices 
and platforms used today, but also with respect to a cluster 
analysis of devices into categories according to screen reso-
lution based on platform data available on different sources 
(e.g. http://mobiforge.com/designing/story/effective-
design-multiple-screen-sizes).  

The case study of the design session, i.e., the car system, 
was selected because it does not require any special 
knowledge or previous experience of this kind of system. 
The various configurations of the experiment have been de-
fined based on the three primary sketching functions: indi-
vidual sketching, sharing sketches, and reviewing the 
sketching history, as presented on section 3. The IBM 
CSUQ questionnaire was used for the subjective satisfac-
tion measure since it has excellent psychometric reliability 
properties [19] and benefits from a high correlation 
(r=0.94) between the system usability under evaluation and 
the answers to the 19 questions. 

Results and discussion 
The survey was based on a 9x6x4 factorial design: 9 partic-
ipants were involved, 6 sub-steps were selected and 4 de-
vices. All the nine participants completed the 24 trials, thus 
giving a total sampling of 216 trials. No outlier was re-
moved since all tasks have been completed without any 
problem and interruption.  

Figure 7 depicts the aggregated average preference of par-
ticipants for different platform/devices for input/output for 
the 3 primary sketching functions [31] (Q1/Q2 for in-
put/output device for drawing a sketch; Q3/Q4 for in-
put/output device for sharing sketches; Q5/Q6 for in-
put/output device for managing the design history; 
Q7/Q8/Q9 for low/medium/high fidelities for input/output). 

 
Figure 7: The cumulated histogram for device prefer-

ence. 
The first cumulated bar (Q1) reveals that the most preferred 
platform/devices for sketching are respectively Tabletop, 
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Wall screen, Tablet, iPad and iPhone, thus suggesting that 
dimensions and resolutions of the platform/devices matter. 
The larger the dimensions and resolutions of the devices 
the better for performing input.  

Other alternatives suggested by participants include, by de-
creasing order in two categories: without software support 
‘paper and pencil’, ‘whiteboard based approach’; and with 
software support ‘screen mockup software’, ‘presentation 
software’. The main reasons for these choices are: (i) the 
very first sketches are preferably done on paper, which cor-
roborates observations made by [32]; (ii) presentation soft-
ware is widely available and largely used for flexibility rea-
sons, which corroborates observations made by [1]; (iii) 
paper and pencil or whiteboard approaches are quick and 
cheap to use since they do not require special resources. 

The second cumulated bar (Q2) reveals that the most pre-
ferred platform/devices for rendering the sketches fall into 
two categories, depending on their level of significance: (i) 
Wall Screen, Tabletop and iPad; (ii) Tablet and iPhone. 
The main reason for these categories is again the dimen-
sions and resolutions of devices, that should be large 
enough to accommodate viewing by everyone in the design 
session. The reasoning for questions Q3 to Q6 can be done 
by analogy to the aforementioned reasons.  

The seventh cumulated bar (Q7) reveals that the tabletop is 
the most preferred input device for low fidelity, probably 
most preferred than in any other questions. Beyond the 
aforementioned reasons, two additional reasons matter: the 
flexibility and the precision the sketches can be made on 
large devices.  

The eight cumulated bar (Q8), respectively the ninth cumu-
lated bar (Q9), reveals the devices for medium fidelity, re-
spectively for high fidelity. The Wall screen, Tabletop are 
considered significant for both medium and high fidelity, 
but in a reverse order. Other devices are considered not 
significant. 

The cumulated histogram in Figure 8 summarizes the re-
sponses to the 19 questions included in the IBM CSUQ ques-
tionnaire. The distribution for question Q1 (“Overall, I am 
satisfied with how easy it is to use this system”) revealed that 
nobody had any negative feeling about the satisfaction to use 
the Gambit-supported configurations (neither orange nor red 
areas). The observation remains the same for the three fol-
lowing questions Q2 (“It is simple to use this system”), Q3 
(“I can effectively complete my work using this system”), 
and Q4 (“. I am able to complete my work quickly using this 
system”). But some participants were concerned about the 
efficiency as expressed in Q5 (“I am able to efficiently com-
plete my work using this system”) because they were not 
immediately able to locate how to operate the Gambit func-
tions.  

Once demonstrated and learned, they felt comfortable using 
the system (Q6) and were able to operate the functions 
properly (Q7). All participants were unanimous in reporting 

the systems as easy to learn once they get the opportunity to 
learn how to operate the system (Q7). No particular concern 
about Q8 (“I believe I became productive quickly using this 
system). Questions regarding information quality (Q9-Q15) 
were estimated rather negatively because of lack of guidance 
and error management of the system: the system does pre-
vent users from making errors, but no immediate feedback is 
provided when this occurs.  

Q13 (“The information provided with the system is easy to 
understand”) and Q14 (“The information is effective in help-
ing me complete my work”) were perceived rather positive-
ly, but with some significant neutral part (i.e. significant yel-
low portion). Q16 (“The interface of this system is pleasant”) 
reveals that one fourth of the participants were really con-
cerned about the cluttering of the Gambit UI after a certain 
amount of time. Q17 (“I like using the interface of this sys-
tem”) confirms this trend in a less contrasted way. The most 
negative question was Q18 (“This system has all the func-
tions and capabilities I expect it to have”) because people did 
not discover the functions immediately, did not use functions 
that were implemented but not tested, but also because they 
identified some needs that were hard to predict before the 
experiment (i.e., who is discussing what at what time).  

 
Figure 8. Distribution of participants’ responses. 

A percentile analysis of the answers provided to this ques-
tionnaire by the participants also reveals that the 75%-
percentile (x75%) is in favor of the Gambit system for most 
of the questions and that the 50%-percentile (x50%) is in fa-
vor of the system for questions with concerns. 
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Figure 9: The IBM CSUQ results. 

Figure 9 depicts the results obtained from the IBM CSUQ: 
The system usefulness (SysUse: µ=5.28, σ=1.13, medi-
an=5.0) has been highly appreciated, thus demonstrating 
that Gambit provides the capabilities required for adequate-
ly conducting UI design sessions by sketching, which is al-
so supported by the positive trends of Q1-Q8.  

The information quality (InfoQual: µ=3.87, σ=1.26, medi-
an= 4.0) has not been however appreciated mainly for the 
following reasons (extracted from the questionnaires): par-
ticipants were glad to be able to sketch individual design, to 
share them, to control them, etc., but clearly lacked infor-
mation on who, when, and on which platform/device each 
sketch was operated.  

For instance, some participants were discussing some 
sketches but wanted to highlight a particular sketch, wheth-
er it is individual or shared, during discussion time, and to 
link them.  

The interface quality (InterQual: µ=4.0, σ=1.26, median= 
4.0) suggests that the Gambit user interface itself is consid-
ered acceptable (since above 4), but still requires some im-
provements in the information that is lacking and some 
other basic operations that are related more to the manage-
ment of sketches among devices than on the distribution of 
sketches among these devices. For instance, some partici-
pants want to have layout facilities for group-
ing/ungrouping sketches in packages for different parts of 
the UI being designed. The overall satisfaction (Overall: 
µ=4.56, σ=1.13, median= 5.0) suggests that the Gambit 
system is positively perceived in overall, but that there are 
missing features that are desired.�
CONCLUSION 
In this paper, we introduced, motivated, developed, and 
tested Gambit, a distributed system across multiple in-
put/output platform/devices. The system is aimed at con-
structing prototypes and will evolve to be used at design 
sessions in companies with a low cost of deployment. 

Gambit is original with respect to the state of the art in that 
it supports user interface design by combining the follow-
ing pre-eminent features: multiple stakeholders, multiple 
input devices, multiple output devices, multiple levels of 

fidelity, multiple ways on introducing a sketch (from paper, 
from a general-purpose drawing application, from a dedi-
cated sketching software) multiple computing platforms, 
thus supporting multiple configurations in a flexible way.  

Among the configurations potentially supported by Gambit, 
an experimental study identified the most preferred ones by 
various stakeholders for three primary sketching func-
tions:  sketching individual designs, sharing sketches 
among stakeholders, and reviewing design history.  

This study also enabled us to assess the portfolio of Gambit 
features: some features were implemented and tested, some 
other features were implemented (e.g., rotating a sketch, re-
scaling a sketch, bring a sketch to front, send a sketch to 
back, stack sketches into a deck) but not tested to keep the 
experiment controllable, and some new features not yet im-
plemented in Gambit (e.g., designate a sketch being dis-
cussed on a shared output platform/device, arrange sketches 
in a particular way so as to reflect that they are alternative 
design of the same UIs, but with different hypotheses, stack 
sketches over a period of time).  

Future work is aimed at addressing these different needs as 
well as the following questions in mind: so far, only col-
laboration and cooperation situations have been investigat-
ed, but other situations might be interesting to consider 
such as competition (many stakeholders are in competition 
with different sketches for the same design, thus posing the 
need to record the pros and contras for each candidate) or 
coopetition (many stakeholders compete with different 
sketches for the same design but could cooperate for some 
portion of the design process, as opposed to no cooperation 
in pure competition). 
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