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Abstract

This paper addresses a challenge for the design of
visual analytics software, managing placement of
multiple windows while accomplishing a cognitively
challenging analysis task. We are designing an adaptive
windows layout manager that will support the user's
creativity by facilitating concentration on the task at
hand.
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Introduction

Investigative analysts often need a number of open
windows while accomplishing an analysis task. When
the number of required windows for a task increases,
controlling their size and position adds an additional
task to the cognitively demanding analytic process. A
goal of visual analytics systems is to support the
analyst in being “in the flow” [2] defined by
Csikszentmihalyi as a state of engagement in an
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activity with the experience of satisfaction and
timelessness [3]. Bederson has reviewed characteristics
of flow in the interface design context. Among them is
maintaining control of the activity. In a window
management task, this would suggest giving the
control of placing and resizing of the open windows to
the user. Although this degree of control is inevitable in
adaptive interfaces, in a situation where the primary
task is cognitively demanding (such as analysis), a
windows layout manager would support immersion in
the concentrated activity, which is important for flow
[4]. Accordingly we propose automating layout of
workspace windows in the context of the user's
cognitive process.

In this paper, we proposed a genetic algorithm-based
windows layout manager that generates appropriate
layouts according to the user's current task and
considering the user's reactions to the offered layouts.
Our data include click patterns on windows and the
relationships between the windows. Relative positions
of windows may impact the primary task by making
relationships that may have been overlooked (e.g. by
functional fixedness) apparent. For example, two
diagrams that do not have any known relationship but
do show similar patterns may support the discovery of
novel relationships. We hypothesize that an optimal
layout will support the user's creativity in complex
problem solving tasks, which may lead to new
discoveries in less time.

Based on the currently open windows, a proposed
layout map is offered to the user in a small part of the
screen. She can select the offered layout to be applied
to the workspace. Once a specific layout is selected,
each window has a smooth animated motion to its new
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position in the layout. The smooth transition between
different layouts helps the user to understand the
changes in windows positions. To avoid becoming lost in
different layouts, especially when the new layout is
significantly different, a history of layouts is provided,
which keeps the track of user's layout selection.

Related Work

There has been extensive research in the field of
display space management for windows layout
[9,10,12,14,15]. The main concern in most was
optimizing the use of display screen space, maintaining
the most task-related windows while snipping
unimportant parts of a window [7] and/or making them
transparent [8].

Despite the variety of proposed windows management
systems, there is a need for a windows layout manager
specifically designed for visual analytics tools. Some
visual analytics tools like Starlight [13] have attempted
a solution to this problem using traditional windows
layout management techniques such as tiling and
cascading. These techniques however are inadequate
for larger numbers of windows seen in newer
applications such as Jigsaw. Jigsaw’s approach is to
utilize multiple-monitors to avoid the windows
management problem [5]. However, multi-monitoring
does not eliminate the need for windows management
for each screen. In fact it increases the complexity of
the management problem which must take into account
the presence of information on other monitors in fixed
locations. In practice, users tend to focus on one
monitor for their principal activity and use other
monitors for peripheral awareness of information rather
than switching frequently between monitors [6].

4178



CHI 2009 ~ Spotlight on Works in Progress ~ Session 2

Goals

In the adaptive windows layout manager (AdWiL) we
target analysts as users and focus on organizing
windows related to a single task. Our goals are to
enhance the visual scope and to better match the
surface layout to the cognitive task.

Increasing the Visual Scope

One of the important issues in information visualization
is representing information in such a way that the
visual scope is increased. According to [11] visual
scope is the degree to which the user is able to
integrate information across a display of multiple
windows and to grasp the whole of whatever is being
displayed. The first extreme in increasing visual scope
is putting all the open windows on the display screen.
This extreme is not helpful for two reasons: first, it
reduces the visibility of information in small windows
when the number of windows increases, second,
showing a large amount of information without
sufficient cues and clear patterns to guide focal
attention will distract user. The second extreme is
displaying just the relevant windows to the user's task.

The AdWiL approach considers both extremes by
showing the related windows and also some of the
other windows, taking into account the likelihood that
they might be enlightening or inspiring for the user in
her analysis.

Matching the surface layout to the cognitive layout
Surface layout is referred to the physical positions of
objects on the screen while the cognitive layout is the
mental representation of the visual components'
arrangement [11]. The way in which a user interacts
with the windows should reflect their cognitive thread in
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accomplishing a specific task [1]. Therefore, AdWiL
attempts to match the offered surface layout with the
cognitive one in the user's mind. It tries to achieve this
based on relevant data such as the user's preferences
and interactions, which are used to change the fitness
function’s coefficients in the genetic algorithm. This
leads to more productivity as the user sees what she
expects. Beside the available information on user
preferences and interactions, some rules of thumb such
as having less overlapping sections and more visible
windows are considered in choosing suitable layouts.

AdWIiL Design

In this section, we discuss the factors that are taken
into account in designing the genetic algorithm-based
windows layout manager, how AdWiL designs a layout
based on how different users treat the display screen,
and how AdWiL can learn from the user's interactions.

Problem formulation: genetic algorithm (GA) approach
Each chromosome is representative of a layout of the
open windows, which is a one-dimensional array of
genes. Each gene is a pair of (x, y) indicating the
position of a window on the screen. A Layout is
determined by the positions of the windows and its
appropriateness is determined by the GA's fithess
function. We designed a multi-component fitness
function that includes several criteria in a weighted
linear function. The distances between windows, and
the overlapping area of windows are the two
components of the fitness function, which are weighted
by windows’ importance and windows’ relationships.
These two factors are determined by the user’s
interaction with the windows such as windows’
switching sequence.
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Window's importance

In the design of AdWIiL, widows' importance refers to
the degree of the window's “relatedness” to the user's
task. Importance of a window is estimated by the
user's interaction with that window considering the
frequency and the temporal pattern by which it receives
input from the user. Since window’s importance is a
changing attribute during user's task, the temporal
distance between current usage of the window and the
previous usage is used to weight the importance of that
window. This window’s feature is used in the GA’s
fitness function to weight the overlapping areas.
Important windows should not be covered with
unimportant ones; it has a negative score in the fitness
function.

Windows relationships

A variety of relationships exist between windows in
visual analytic (VA) software. When the analyst is
working on a specific data set, she may open a table
related to that data set, including multiple views on
that data set, as well as reports, and notes that are all
related to that specific data set. This type of interaction
is characteristic of visual analytics tasks, which places
an emphasis on integration of multiple sources of
information. The second kind of similarity is type-
similarity between windows, for example, having
multiple graph views open on different data sets that
might be similar. The closeness of windows according to
the type-similarity may provide insight for the user in
interpreting unexpected patterns when a similar pattern
is seen on a different data set. The last type is in the
form of a parent-child relationship, which refers to the
relationship between the notes or annotations on a
specific data included in a window and that window.
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In this prototype, related windows are shown by the
same background color, see figure 1. Once the type of
the relationships are extracted or specified by users, it
is considered in the GA’s fitness function as the
coefficient of the fitness function’s distance component.

Overlapping Windows

Dealing with overlapping windows is an inevitable part
of a windows layout manager. Although some of the
windows layout managers avoid overlapping windows
by tiling [9], this limits visibility of the data due to their
smaller size. AdWiIL allows overlapping between
windows and also considers the overlapping area in
each layout as a component in its GA’s fitness function.

Properten

Figure 1: Sample layout of the windows. The small window in
the bottom left corner of the screen shows the offered layout
for the open windows.

Focus area in the Display screen

Users usually attend to different parts of the display
screen in different ways; hence, they have different
focus areas. AdWiL accepts user-defined focus area and
it considers putting the important windows in the focus
area in its fitness function.

USA
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Learning module of AdWiL

As the analyst goes through the process of analysis,
AdWiL learns what kind of layouts can best be fit into
the analysts' task at hand by noting the ongoing user
interactions with the current windows and the
suggested layouts. Selecting a specific layout and
continuing to work using that layout for a relatively
long time without changing the position and size of the
windows supports the decision that the suggested
layout is appropriate for the current task. If the analyst
works with a layout in which there are a number of
obscured windows for some time, the system learns
that those windows can be removed from the future
offered layouts. This feature of the system would be
helpful as the analysts used to open a lot of windows
and forget to close the ones that are no longer
required.

Implementation

An early prototype of the system is implemented using
a genetic algorithm for placing windows on appropriate
positions on the screen. We have selected GA as our
algorithm for finding suitable layouts of windows for the
following reasons: 1. GA's basic heuristic is that
combination of two fit chromosomes might lead to a
better chromosome, which is well suited to a position-
based system like this one, 2. The large search space
needs a heuristic search, 3. It offers various layout
choices to the user, as the best solutions found after
each generation is shown to the user, 4. As it is kind of
an interactive genetic algorithm, the fitness function
gets updated during the user’s interaction through the
learning process of the system. The proposed design
guidelines are considered in the genetic algorithm’s
fitness function, which are prone to change due to the
change in user’s interaction.
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Evaluation in progress

Our hypothesis is that AdWIL supports analysts in a
visual analytics task and facilitates the process of
decision making and knowledge discovery as it provides
a situation for the user that enables her to focus on her
activity by spending her cognitive resources on the task
itself instead of dealing with the trivial activities like
managing the size and position of windows. To test this
hypothesis we will design a series of tasks and give
them to two groups of subjects. The first group of
subjects should perform the assigned tasks without a
windows layout manager (control group) while the
subjects in the second group perform the same tasks
using AdWiL as their windows layout manager. After the
experiment, subjects will be interviewed to see how
AdWiL helps them to focus on the tasks. This data will
be used to help the further extension of the system.

Conclusion and future work

We have presented AdWiL, adaptive windows layout
manager, as a solution for an existing problem in the
visual analytics (VA) tools, which is handling a large
number of windows. AdWiL uses genetic algorithm to
find real time appropriate windows layouts for
suggesting to the user. All the constraints and
considerations regarding to the appropriate placing of
the windows on the screen are considered in its GA
fitness function, including the windows’ importance,
overlapping areas, and windows'’ relationships. The
overall goal of the study is to remove the user from the
tedium of dealing with windows management, so as to
provide the opportunity of keep the user in the flow of
analysis, which supports creativity in problem solving.
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By further developing the presented prototype, we are
going to integrate it with real visual analytic software
for a comprehensive evaluation of the system.
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