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Abstract..List is a simple and useful graphical user interface (GUI) component
for organizing linearly structured information when it contains only a few
elements. However long lists are difficult to use because only a small part of the
list is shown each time, to gain an overview or select elements from a long list
the user usually needs to scroll the list many times. This problem becomes more
serious as the list gets longer. This paper presents a novel solution, LensList, by
applying the focus and context technique to the view of a list. LensList
dynamically changes the elements to bigger sizes to form a focal area around
the mouse cursor while keeping the elements in the peripheral area in smaller
sizes as context. This enables it to display a longer list within the same screen
area. Therefore it can be more efficient for performing browsing and navigation
tasks.
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1 Introduction

List is a simple yet powerful mechanism for organizing linearly structured
information. It is very useful when there are only a small number of elements in the
list. However as the quantity of information grows, lists are getting longer and longer.
A list sometimes contains tens or even hundreds of elements, such as lists used for
selecting monetary exchange rates, countries, character encodings, fonts and favourite
web sites etc. Long lists are not as usable as short lists even though they are normally
equipped with scrolling mechanism. Because only a small part of the list is shown
each time, to gain an overview or select some elements from a long list the user
usually needs to scroll the list several times. For example, in an alphabetically ordered
list of all countries, how can one choose such three countries as Afghanistan, Saudi
Arabia and Yemen. Since the list is long, which contains 266 countries and areas, and
also these three countries separate apart from each other in the list, selecting three of



them needs more interaction. This navigation problem becomes more serious as the
list gets longer.

One solution to the navigation problem mentioned above is to divide the elements
in the list into different categories and change the list into a hierarchy. This would be
a good solution when the elements can be well classified, which means the categories
are intuitive and the user would easily know which element should be in which
category. However this approach prolongs the access path to the target elements by
providing intermediate elements. Moreover selecting many elements in different
categories would be more difficult.

Another solution is to compress the elements into small sizes to form a compact
view in order to show more elements at the same time. Although more elements can
be shown, the sizes of the elements could be too small to read if the total number of
elements is big.

Other solutions are also possible, such as dividing the list into several columns to
display, but it does not save any screen space. This paper presents a novel solution,
called LensL.ist, by applying the focus and context technique to the view of a list.

2 Related Work

Focus and context (sometimes in the form of focus + context, also often
interchangeably referred to as the fisheye distortion technique) has been existing for
many years since first introduced by Furnas in 1986 [1]. In that paper the cognitive
aspects of how people view and remember information was discussed. The fisheye
distortion technique was then applied to a variety of applications [2-5]. Several
variations of the fisheye technique have been explored. They have been used in one
dimension for word processing [6], access to time [7], and for long lists [8,9]. They
have been used in two dimensions for tables [10], graphical maps [11] and space scale
diagrams [12]. They have even been used in three dimensions for document browsing
[13]. Some applications of fisheye distortion techniques have been carefully evaluated
[14], often finding a significant advantage to fisheye views [15-17]. Masui’s work
[8,9] is more relevant to ours in terms of handling long lists. However they adopted
the overview + detail strategy, which is essentially different to the focus and context
method.

3 Objectives

Despite the careful investigation of fisheye distortion techniques, and their application
to a broad set of complex tasks, fisheye views have never been applied to the widely
used lists. By introducing fisheye distortion, LensList becomes fundamentally
different from a traditional list, because every element may change size and they are
not static anymore. This makes the design of LensList more difficult than traditional
lists.



The goal of this work was to alleviate the browsing and navigation difficulty of
traditional GUI lists in handling long linear information structures. To achieve this
goal, four objectives were set up as below:

1. A GUI component was to be designed which should be compatible with traditional
lists in functionality. This is helpful in reducing the users’ learning time.

2. An efficient graphical fisheye distortion algorithm should be implemented, which
relates the mouse movement to locating the visual focus. Since mouse event
listening is not a fast process, an efficient algorithm is necessary to guarantee the
smooth rendering of screen scenes.

3. The screen space occupation of this component ought to be fixed in size, no matter
the focus located anywhere. This is to ensure there is no overlapping with other on
screen components.

4. Multiple foci selection should be supported by this component so that working on
multiple elements simultaneously is possible.

4 Methods

In LensList, elements near the focus are displayed at larger sizes, and elements further
away from the focus are displayed at smaller sizes. In addition, the interline spaces
between elements are also increased in the focal area, and decreased further away
from the focal area. In this manner, more elements can fit into the same screen area.
The elements are dynamically scaled so that as the cursor moves, a “hump” of
readable elements moves with the cursor. The “hump” is like a magnifying lens over

the list, and it is thus named as LensL.ist. The effect can beseen in Figurel.

4.1 Locating Focus

LensList changes elements sizes by a distortion function, and the distortion function
is based on the location of focus. Thus how to locate the focus becomes an important
issue. A simple way is to relate the focus with the mouse cursor. There are two
parameters to determine the position of the cursor, p, horizontal coordinate px and
vertical coordinate py. Pxdoes not matter in LensList, because a list displays elements
in vertical manner, the horizontal position of an element has nothing to do with
distortion. Py is the one that the designer should be concerned with. An element’s
position pe, also has two coordinates pex and pey, again it is the pey that is relevant to
distortion. Pey is the parameter to determine the focus, but it has to be acquired
through cursor position, py. When pey is equal to py, the element at pe is selected as the
focus.



4.2 Degree of Interest

The common approach to implementing fisheye distortion is to compute a “Degree of
Interest” (DOI) function for each element to be displayed. The DOI function
calculates the element’s size. A typical DOI function includes both the distance of an
element from the focal point as well as the element’s a priori
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Fig. 1. LensList displaying a number of countries with three countries being selected.

importance [1]. Thus certain landmark elements may be shown at a large size even
though they are far from the focal point.

The fisheye view of LensList was controlled by a simple Degree of Interest (DOI)
function. The two parameters that determine the degree of the lens effect are the
maximum and minimum sizes of the elements. LensList uses a simple DOI function
to calculate elements’ sizes. The function is shown in Figure2, the horizontal axis
represents the distance to focus, and the vertical axis is the font size. It keeps the
element at the focal point at the maximum size. Then elements get smaller, one point
in font size at a time until the minimum font size is reached at which time, all more
distant elements stay at the minimum font size.

The user may change two parameters of the DOI function, i.e. the maximum font
size and minimum font size. Since elements away from the dynamic focus get smaller
one point in font size at a time, the slope of the function is constant. Increasing or
decreasing the maximum font size would also change the distortion distance. The
result can be seen in Figure 2(a). The middle line is the initial distortion function.



When increasing the maximum font size from 6 to 7, the distortion distance increases
by 2, from -4~4 to -5~5. The function changes to the top line. The bottom line is the
function after changing the maximum font size from 6 to 5. Changing the minimum
font size has the opposite effect. The distortion function will change as shown in
Figure 2(b). The middle line is the initial distortion function. When increasing the
minimum font size from 2 to 3, the distortion distance decreases by 2, from -4~4 to -
3~3. The function changes to the top line. The bottom line is the function after
changing the minimum font size from 2 to 1.
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Fig. 2. LensList DOI function.

The graphical fisheye algorithm uses an array to store the sizes of all the elements.
When the focus changes the array is updated accordingly. The elements sizes are
retrieved from the array when elements are painted on the screen.

4.3 Multiple Foci of Selection

Locating foci by the mouse cursor is a practical solution for a single focus situation.
However it would be different to achieve multiple foci because there is only one
cursor.

The first concern is how to acquire the other foci if the first focus is obtained using
the mouse cursor. Since it is not practicable to set predefined foci, the number and
location of foci must be chosen by the user interactively. As the first focus and the rest
of the foci are acquired differently, two terms are defined to distinguish them. The
first focus is acquired through the mouse cursor, and it changes whenever the cursor
moves. It is therefore called dynamic focus (only one). The other foci are selected by
the user, and their positions do not change with cursor movement. They are hence
named as static foci (may be many).

The second concern is whether all the foci should apply the same distortion
function. If they all apply fisheye distortion, more space will be taken to
accommodate the magnified elements. One of the objectives of LensList is to increase
information density of the traditional lists. If all the foci use the same distortion
function as the dynamic focus, this objective would be compromised. To keep high
information density only the dynamic focus uses fisheye distortion.



Elements at static foci only change to highlighted color without magnifying the
peripheral elements. The effect can be seen in Figure 1. Element Bahamas is the
current dynamic focus. The three elements in highlighted color are selected as static
foci.

When an element is selected by the user, it changes from the dynamic focus to a
static focus, and highlighted in different color until it is deselected. Alternatively we
can also think of it as a landmark, because it is set at a high a priori importance. In
Figure 1, the static focus Austria is in the distortion range of the dynamic focus
Bahamas, but there is no conflict between them because they are emphasized by
different mechanism. This solution not only keeps high information density but also
avoids conflict between foci.

4.4 Length Compensation

As the focus moving towards one end of the list, the length of the focal area is
decreasing. The minimum length, half of the usual length, reaches when the first or
last element becomes the focus. In this process the tail of the list will change its
position, either moving up or moving down. We call this phenomenon “waving tail”
effect for easy understanding. The screen space occupation algorithm compensates the
length of the focal area by increasing the elements sizes on the opposite side of the
focus moving direction. Hence the screen space that LensList occupies is fixed. The
effect can be seen in Figure 3. As the mouse cursor moving from top to bottom, the
length of the list stays unchanged.

5 Implementation

LensList was developed in Java. It subclasses the Java JList component in the Swing
GUI toolkit, so it can be used as a replacement for JList. The example used to
generate Figure 1 is the list of countries. While the system is up and running, it
responds to user interaction immediately. The time lag for computing the distortion
and refreshing the screen is unnoticeable.

6 User Test

A couple of users were invited to try the LensList tool, and they were all experienced
computer users. The trial was more subjective than objective, and the goal was mainly
to find user preference of the new tool comparing to its traditional peers. The task was
set to browse the list of countries and a list of web sites.

The users showed more preference towards LensList comparing to the traditional
list. Some of them thought the LensList view was “visually appealing”. This could be
caused by their first image of the fisheye effect in graphical user in-terfaces. Most
users thought that it was easier to gain an overview with LensL.ist since it was able to



display a longer list. Multiple foci was also thought to be a good feature because more
elements in the list can be processed in a batch.
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Fig. 3. Moving focus on LensList from top to bottom.

Moreover, some users stated that it was easier for them to concentrate on the foci
without being disturbed by other elements.

A problem was also found, which was the difficulty in selecting an element when
the minimum size of elements was set too small. This was an important issue in the
literature. Because it is a common problem for almost all fisheye distortion based
visualization techniques, a good solution is yet to be proposed.

7 Discussion

The goal of this project was reached by fulfilling the four preset objectives, which are

discussed as follows:

1. The GUI component, called LensList, was implemented as a subclass of the Java
JList component. The functionality of JList is fully supported in LensList, and it
can be generally used as a substitute of JList.

2. The graphical fisheye algorithm had been designed twice and modified several
times. The current version is O(n) in memory space consumption. The time
efficiency is O(1) and dependent on the processing speed the mouse event. It was
believed that this algorithm is optimized and can be used on any linear data
structures.

3. The length compensation algorithm was designed independently from the graphical
fisheye algorithm. This algorithm effectively solved the unexpected “waving tail”



effect. It works well in one dimensional fisheye views, and can be extended to two
or three dimensions.

4. Multiple foci selection was implemented in LensList. This is a useful feature when
the user wants to process many elements altogether.

8 Conclusion and Future Work

Browsing and navigating lists are important and frequent tasks in modern GUIs. Long
lists bring challenges to the traditional GUI list component. Fast navigation is
becoming more expected with the increasing quantities of information to be
processed. LensList, an enhanced GUI list is presented in an attempt to gain better
performance in performing this type of tasks. LensList pursues this goal by
introducing the focus and context technique, fisheye distortion, into its view. LensList
dynamically changes the elements to bigger sizes to form a focal area around the
mouse pointer while keeping the elements in the peripheral area in smaller sizes as
context. This enables it to display a longer list than the traditional lists within the
same screen area. Therefore scrolling is less often used and it can more efficient for
performing browsing and navigation tasks.

The merit of this technique had been seen at this stage, therefore it was planned to
continue studying this technique by conducting a series of task oriented user
evaluations and refinements.
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