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ABSTRACT

Widgets are embeddable objects that provide easy and ubig-
uitous access to dynamic information sources, e.g., weather,
news or TV program information. Interactions with wid-
gets take place through a so-called widget engine, which is
a specialized client-side runtime component that also pro-
vides functionalities for managing widgets. As the number
of supported widgets increases, managing widgets becomes
increasingly complex. For example, finding relevant or inter-
esting widgets becomes difficult and the user interface easily
gets cluttered with irrelevant widgets. In addition, interact-
ing with information sources can be cumbersome, especially
on mobile platforms. In order to facilitate widget manage-
ment and interactions, we have developed Capricorn, an in-
telligent user interface that integrates adaptive navigation
techniques into a widget engine. This paper describes the
main functionalities of Capricorn and presents the results of
a usability evaluation that measured user satisfaction and
compared how user satisfaction varies between desktop and
mobile platforms.

Categories and Subject Descriptors

H.5.2 Information interfaces and presentation]|: User
interfaces; H.3.5 [Information storage and retrieval]:
On-line information systems; H.3.4 [Information storage
and retrieval]: Systems and software

General Terms

Human Factors, Design

Keywords
Adaptive user interfaces, Mobile Widgets, Mobile Usability

1. INTRODUCTION

Widgets are autonomous objects that can be embedded
into an operating environment. Each widget encapsulates
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a specific information source and provides easy, ubiquitous
access to the information provided by the source. Examples
of popular widget categories include news, weather sites,
travel planners, dictionaries, games and comics [1, 7).

Widgets are typically used through a so-called widget en-
gine. The widget engine is a specialized runtime component
that allows users to interact with widgets and to manage
them. Current widget engines suffer from some usability
problems. First of all, as the number of supported widgets
increases, finding relevant and interesting widgets becomes
increasingly difficult. As an example, both Apple Dashboard
[1] and Nokia Widsets [7] support more than 1,000 widgets.
Another challenge is that the widget engine’s user interface
easily becomes cluttered with widgets that are no longer rele-
vant. On a mobile phone, clutter causes unwanted scrolling,
which decreases usability. Finally, interactions with infor-
mation sources can be cumbersome, e.g., using the mobile
phone to search within a highly-structured website.

In order to facilitate widget management and interactions
on a mobile phone, we have developed Capricorn, an in-
telligent interface for mobile widgets. Capricorn integrates
adaptive navigation techniques into a widget engine, and it is
highly customizable (adaptable). Our target environment is
a mobile phone, though Capricorn is web-based and hence it
can be used also on desktop computers. Capricorn supports
both local and web-based information sources. An example
of a local information source that we support is the mobile
phone’s calendar. The system supports nearly 100 widgets,
some of which are customizable. This paper describes the
main functionalities of Capricorn and presents results from
a usability evaluation that measured overall user satisfac-
tion and compared how the level of satisfaction varies across
different platforms (desktop and mobile). The reason to con-
sider also the desktop platform in the usability evaluation
is that it allows us to evaluate the overall usability of the
interface irrespective of potential problems caused by the
limited interaction capabilities of mobile phones. The re-
sults of the usability study indicate that users are satisfied
with Capricorn on both platforms. Though resource limi-
tations of present day mobile devices caused some problems
with the mobile platform. For example, the browser crashed
a couple of times, and occasionally the screen rendering was
slow (see Sec. 4).

The rest of the paper is organized as follows: Sec. 2 dis-
cusses related work. Sec. 3 introduces the Capricorn inter-
face and describes the adaptive navigation techniques that
we use. Sec. 4 presents the results of the usability evaluation.
Finally, Sec. 5 concludes the paper.
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Figure 1: The Capricorn Interface

2. RELATED WORK

Widgets are related to mashups, which are services that
combine two or more information sources to create a new ser-
vice. Tuchinda et al. specify four tasks in the construction of
mashups: data retrieval, source modeling, data cleaning and
data integration [8]. A widget, on the other hand, encapsu-
lates a single information source and is responsible for the
three first tasks. Mashups are currently widely researched,
and much research is being carried out, especially in order
to facilitate the creation of mashups; see, e.g., [9].

Also intelligent user interfaces for managing complex soft-
ware are related to our work. Debevc et al. introduce an
adaptive toolbar for Microsoft Word that suggests adding or
removing icons [3]. McGrenere et al. also focus on Microsoft
Word and provide the user with two interfaces [6]. One
of the interfaces has all functionalities, whereas the other
one the user can customize. The interfaces include a toggle
button that allows the user to switch between the two in-
terfaces. User evaluations suggest that the combination of
adaptive techniques and customization can facilitate man-
agement of complex software and improve user experience.
These results have also motivated our work.

3. CAPRICORN USER INTERFACE

Capricorn is built as a web application and it can be used
with any standard web browser — both on desktop comput-
ers and on mobile phones. The interface makes extensive use
of JavaScript and AJAX! technologies to provide a smooth
user interface, as well as to reduce load times and network
traffic. The default width of the interface is sufficiently small
for high-resolution mobile phones, but it scales down auto-
matically on devices with lower resolution. This prevents
the interface from expanding over the screen width, which
would require the user to scroll the screen sideways.

! Asynchronous JavaScript and XML

3.1 Main Interface

The main screen of the Capricorn interface is shown in
Fig. 1. The buttons in the toolbar correspond to (left-to-
right): Home, Menu, Help, and Logout. The Home button pro-
vides quick access to the main screen from any other page,
the Help button displays the help page, and the Logout but-
ton allows the user to log out from the system. In addition
to having a help page, hovering over an icon provides the
user with context-sensitive help information (i.e., a tooltip).

The Menu button is a drop down menu that contains links
to the following pages:

e Services and settings: allows selecting what wid-
gets are shown on the main screen and to customize
the order of the widgets.

e View your context: shows what information about
the user the system can currently access.

e Give feedback: allows the user to give feedback to the
developers.

Having a menu button with several functionalities was nec-
essary as otherwise the toolbar would wrap on two lines on
low-resolution devices.

Below the toolbar is a canvas, where widgets are displayed.
Each widget is represented using a icon. The user can in-
teract with the icon by clicking on the corresponding icon.
Each icon can also have one or more badges attached to it.
Badges attached to the right-hand side of widget icons (e.g.,
Weather Underground or Google Calendar in Fig. 1) indi-
cate that the widget is a quick-access service that provides
aggregated or otherwise visually manipulated information
from the original information source. Widgets that do not
have the quick-access badge take the user to the correspond-
ing website (e.g., Amazon or YouTube in Fig. 1).

The contents of a quick-access service are shown using
a separate information layer that extends over the widget
canvas. This reduces the widget’s load time and makes it
easier to return to the widget canvas. Normal services are
loaded in a separate frame below the toolbar. In certain
cases, the toolbar’s functionalities are extended so that the
toolbar also provides quick access for searching the website
of the information provider. For example, Wikipedia and
Wikitravel support the search functionality.

Badges on the left-hand side of the widget icons are quick-
removal buttons that allow the user to remove infrequently
used widgets (see Sec. 3.3). The quick-removal buttons are
only shown for infrequently used widgets. Other widgets
can be removed through the Services and settings page,
which is described next.

3.2 Managing Widgets

Widget management takes place through the Services
and settings page, which allows users to select and de-
select widgets, as well as to rearrange the order of widgets on
the widget canvas. A screenshot of the widget management
interface is shown in Fig. 2.

There are two ways to add new services to the widget can-
vas. First of all, the user can select suitable widgets from
a list of available widgets. The options in the list can be
narrowed down to a specific widget category. Currently we
have 16 categories and there are 2 to 20 widgets in each
category. In addition to the list of available widgets, the
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Figure 2: The Services and Settings Page
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management interface provides shortcuts for adding certain
services. More specifically, the user is shown the most re-
cent widgets and we use collaborative filtering to recommend
potentially interesting widgets (see Sec. 3.4).

In order to provide visual feedback to the user, the Ser-
vices and settings page provides an automatically up-
dated preview of the widget canvas. The preview can also
be used to remove unwanted widgets by clicking on the cor-
responding icon in the preview.

Active widgets are automatically laid out on the widget
canvas so that newly added widgets are inserted at the bot-
tom of the canvas. However, the user has the option of
(manually) rearranging the widgets on the canvas. As drag-
and-drop interaction is difficult on mobile phones (except
touchscreen enabled mobile devices), the reordering inter-
face uses click-based interaction instead. When the user is
in the reordering view, clicking on an icon selects the icon
and arrows appear on the sides of the icon that was clicked.
Clicking on one of the arrows swaps the widget with the
widget pointed to by the arrow; see Fig. 3.

3.3 Information Dimming

The user interface of a widget engine easily becomes clut-
tered when the user does not bother to remove widgets that
are no longer relevant. Capricorn automatically identifies in-
frequently used widgets and it uses dimming to present the
findings to the user. In addition, the widget canvas provides
a quick-removal badge for each dimmed widget. In Fig. 1,
examples of dimmed widgets include YouTube, Amazon UK
and Google Maps. The quick-removal badge is shown on
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Figure 3: The Reordering Interface

the left-hand side of these widgets. The algorithm that is
used to determine infrequently used widgets is described in
[2]. We have chosen not to automatically remove unused
widgets, since we believe that a spontaneously disappearing
widgets would only confuse the user. Additionally, an un-
used widget is not necessarily unwanted, and removing it
would work against the user’s intentions.

3.4 Collaborative Filtering

Commercial widget platforms have demonstrated that the
number of supported widgets easily becomes unmanageable.
For example, Apple Dashboard supports more than 1,000
widgets, and most widget categories contain several hun-
dreds of widgets [1]. Our preliminary analysis on widget
usage has indicated that users tend to use (i) relatively few
widgets per category, (ii) certain popular widgets will domi-
nate the selection of widgets, and (iii) user choices are often
uncorrelated unless the user selects one of the less-popular
widgets. Motivated by these observations, we are currently
using association rules to generate recommendations about
suitable widgets. Association rules are able to capture the
most frequently used items, and they are also able to provide
recommendations about commonly occurring combinations
of items. The algorithm we use is described in [4].

4. USABILITY EVALUATION

Participants

Twenty-six users participated in the study. The study was
conducted as an intercept study at the public areas (e.g.,
cafeteria, library) of a Faculty of Science. Each participant
was given a movie ticket for participating in the study.

The majority of participants were males (19). With the
exception of one user, the age of the participants was be-
tween 19 and 30. More specifically, 18 participants were in
the age range 19-25, and 7 participants in the age range 26-
30. Six users had previous experience with widget platforms,
but only two users said they were using widgets regularly.
The other users with previous experience were using widgets
once a month or less frequently.

Procedure

The study was carried out as a crossed-design where the
used platform was considered as the experiment condition.
We had two experiment conditions: desktop computer and
mobile phone. The platform that was used first was varied.
Eleven users started with the mobile phone and fifteen users



# || Question

Q1 || Overall, I am satisfied with the ease of completing
the tasks.

Q2 || Overall, I am satisfied with the amount of time
it took to complete the tasks.

Q3 || Overall, I am satisfied with the support informa-
tion (help messages, icons, other visual cues).

Table 1: The Usability Questionnaire

Desktop Mobile Phone
Median IQR Question Median IQR

2 1 Q1 3 2

2 2 Q2 3 2

2 2 Q3 3 2

Table 2: Summary of the responses. IQR corre-
sponds to interquartile range, which can be used to
characterize spread (variance) in ordinal data.

started with the desktop.

In the experiment, users were given a set of tasks that they
needed to perform using Capricorn. The nature of the tasks
included information retrieval and widget management. Af-
ter completing the tasks, the user was given a short ques-
tionnaire with three questions. The same procedure was
repeated for both experiment conditions. After completing
both experiment conditions, the user was given a post-study
questionnaire with 26 questions. In this paper we focus only
on the short questionnaires. The questionnaire that was
used is based on the IBM computer usability satisfaction
questionnaire [5]. The questions that were used are shown
in Table 1. All questions were presented on a seven point
Likert scale with the value one (1) corresponding to strong
agreement and value seven (7) to strong disagreement.

Analysis

We analyzed separately the responses that were given after
completing the tasks on a desktop computer and on a mo-
bile phone. As the first step of analysis, we performed fac-
tor analysis on the responses and interpreted the varimax
rotations. The factor analysis indicated that the answers
to questions Q1 and Q2 (see Table 1) depend on the plat-
form that was used. We also verified that these differences
were significant using a Wilcoxon rank sum test. Both Q1
(z = 337, p < .001) and Q2 (z = 3.42, p < .001) were
found significant. Finally, we performed multinomial logis-
tic regression on the responses using age, gender, previous
experience and first experiment condition? as the control
variables. None of the regression coefficients were signifi-
cant, which suggests that the variability is fully explained
by the platform that was used.

The responses to the questionnaire are summarized in
Table 2. As expected, the responses indicate that people
are more satisfied with using Capricorn on a desktop than
on a mobile phone. However, both platforms receive pos-
itive scores for all questions. Moreover, most of the users
that gave significantly lower scores to the mobile phone had
external problems with the mobile phone. For example,
the mobile phone’s browser crashed for some users because

2I.e., whether mobile phone or desktop was used first

of memory running out. In addition, several users com-
plained about the phone’s browser being slow and difficult
to use. These issues are related to the inherent resource
limitations of present day mobile devices and the heavy
use of AJAX/Javascript in Capricorn. Support for Web
2.0 technologies has only recently been introduced in mo-
bile browsers, and running AJAX applications requires more
CPU and memory from the device than running traditional,
non-AJAX based web applications.

S. SUMMARY AND DISCUSSION

We have presented Capricorn, a web-based widget engine
that uses adaptive navigation techniques to facilitate widget
management. Results from a usability study indicate that
the usability of Capricorn is good both on desktop and mo-
bile platforms. This furthermore suggests that the interface
techniques that we have adopted can be used to build usable,
web-based mobile applications. Though, our results also in-
dicate that, even though capabilities of mobile browsers are
getting closer to their desktop counterparts, there are still
some challenges that require careful consideration from the
application developers.
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