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Abstract

Radial, space-filling visualizations can be useful for de-
picting information hierarchies, but they suffer from one
major problem. As the hierarchy growsin size, many items
become small, peripheral slices that are difficult to distin-
guish. We have developed three visualization/interaction
techniquesthat provideflexible browsing of the display. The
techniques allow viewers to examine the small itemsin de-
tail while providing context within the entire information
hierarchy. Additionally, smooth transitions between views
help users maintain orientation within the complete infor-
mation space.

1. Introduction

Information hierarchies are evident throughout computer
science as well as society in general. Organization charts,
family ancestry diagrams, object-oriented program classes
and file/directory systems are all examples of hierarchical
structures. The most common way to visualize a hierarchy
is by using a tree. Many different node-edge tree layout
algorithms have been developed ranging from simple 2D
planar algorithmg[ 15, 4] to 3D algorithmg[8] to hyperbolic
methodg[6].

Most tree drawing agorithms utilize edges between
nodes to indicate parent-child structure. Space-filling tech-
niques such as the Treemap[5, 12] use more implicit con-
tainment and geometry features to present a hierarchy.
These methods are very good at communicating different at-
tributes, such as size and type, of nodesin the hierarchy, but
they are not able to convey structure as well as traditional
node-edge diagrams. Refinements of Treemaps such as the
use of more balanced aspect ratios[14] and 3D shading[13]
even have been suggested to help convey structure better.

The use of circular or radia space-filling® techniques
has been suggested as an alternative to the (rectangular)
Treemap technique[3, 1]. Developers believed that the ra-
dia layout methodology better conveys a hierarchy's struc-
ture, without sacrificing the use of area to present attributes
of the hierarchy's nodes.

We have built a radial visualization system called Sun-
burst that we have been using as a file system examination
tool. An example Sunburst visuaization is shown in Fig-
ure 1. Additionally, we conducted an experiment comparing
the use of Sunburst to a Treemap-style tool in performing
typical file and directory-related taskg[11, 9, 10Q]. It isdiffi-
cult to briefly summarize objective task performance (suc-
cessful completion and time taken) in the experiment, but
performance was relatively comparable using the two tools,
with a trend favoring Sunburst, particularly when compar-
ing initial use of each. Subjectively, participantsin the ex-
periment strongly preferred the Sunburst tool.

As part of the study, we asked participantsto critique the
two different visualization techniques. While Sunburst re-
ceived a number of different positive comments, one partic-
ular weakness was consistently cited: Participants pointed
out the small “dlice” size of files and directories that were
near the periphery of the visualization and said that it was
difficult to distinguish the different attributes (name, type,
size, quantity, etc.) of such dlices. Figure 1 shows examples
of this phenomenon in the narrow-banded slices of periph-
era files in the top and right regions of the visualization,
in particular. Obviously, as the file system being examined
growsin size, this problem becomes more prevalent.

This issue led us to investigate ways of improving the
Sunburst tool to remedy the problem. We did not want to
change the fundamental attributes of the visualization since
it seemed to be generally useful. Rather, we sought to aug-

1We usethe term “ space-filling” here, but thisis somewhat amisnomer
in that the radial techniques do not completely occupy the display space as
doesthe Treemap, for instance.
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Figure 1. Example Sunburst visualization of a file structure.
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ment the system to help peopl e distinguish and examine the
small, peripheral items (files or directories) in the hierarchy
being presented.

2. Background

Existing tree visualization systems have addressed this
genera item-size problem and provided techniquesto help
viewers examine peripheral nodes. Plaisant, Carr and
Shneiderman provide a good summary of general image
browsing techniquesin [7], and below we focus on two of
the most pertinent projects that have influenced our work.

Andrews and Heidegger's radia space-filling system[1]
uses two semi-circular areas to represent a file system, as
shown in Figure 2. Selecting a focus (typicaly small) di-
rectory in the left overview window makes that directory
and its descendant file/directories appear in the other view.
This providesaform of two-level “overview and detail” in-
formation visualization.

The hyperbalic tree browser uses a hode-edge tree visu-
alization technique, but it is implemented using hyperbolic
geometry[6]. In doing so, the tree is drawn in a more space
efficient manner—AlI the nodes and edges fit within a cir-
cle, and the viewer is able to focus on elements to bring
them to the center of the display. The system animates tran-
sitionsin focus to help viewers track changes.

We felt that aspects of these two approaches could help
to make the Sunburst tool more useful, but each also has
drawbacks. Like Andrews and Heidegger's system, we an-
ticipated providing some notion of a “focus’ area, but we
till wanted to be able to smoothly and flexibly aternate
between both global and detailed views, and we wanted
to maintain a full circular image thus giving each element
more display real estate. We found the animated transitions
of the hyperbolic tree browser to be appealing and useful,
but we still wanted to utilize a space-filling visualization
methodology and we wanted to avoid the relatively signifi-
cant node position changes that the hyperbolic browser can
exhibit.

Based on our experiences with the Sunburst system, ob-
servations from the experimental study of it and Treemap,
as well as analysis of related systems such as those dis-
cussed above, we developed a set of design guidelines for
an improved version of Sunburst:

e Maintain afull circular space-filling methodology and
global view of the entire hierarchy

e Allow amore detailed examination of small peripheral
filesand directories, but keep it in context of the entire
information structure, that is, both should be visible
simultaneously

e Ensure that the overview of the entire hierarchy re-
mains relatively stable in layout to promote compre-
hension and familiarity

e Maintain a balance between the visibility of both the
hierarchy overview and the detailed focus display,
when present

e Be more space-efficient (leave less blank boundary
area), particularly when presenting the peripheral files

e Avoid the use of multiple windows or scrollbars, if
possible, that would force viewers to mentally connect
separated areas or |ose context of the entire space

o Allow the viewer to easily track display changes be-
tween a global view and a detailed view of the periph-
eral nodes

In the next section, we describe three techniques devel-
oped to meet these requirements. The techniques are not
simply new visualizations. Rather, they are combinations
of new visualizations together with navigation and interac-
tion techniques to provide a more complete system useful
for illustrating hierarchies. This kind of more integrated
methodol ogy, visualization coupled with powerful, flexible
navigation, isbecoming more prevalent ininformationvisu-
alizations devel oped to address challenging problemstoday.

3. Designs

All three techniques that we have created follow the gen-
era format of the Sunburst system. Files and directories
deeper in the hierarchy are drawn further from the center.
Child nodes are drawn within the arc subtended by their
parents. The angle of an item's arc corresponds precisely
to the item's size in the file structure. The color of an item
can represent the file's type or its most recent modification
date. (Directoriesare alwayswhite.) User interface controls
allow the viewer to move deeper or higher in the file hier-
archy and to show dl files at once. When the mouse settles
momentarily over an item, its name and path are shownina
pop-up balloon.

Due to space concerns, we only present the three final
display methods here, but all are the result of an extensive
design and prototyping process. We iterated through many
different designideas. Some proved lacking oncethey were
prototyped; Others turned out to be impractical to imple-
ment. The three final methods described here each have
relative strengths and weaknesses, but none appears clearly
best viaan initial assessment.

The three techniques are similar (and different from the
original Sunburst) in that each shows a selected focus sec-
tion of the hierarchy within the context of an overview of
the entire hierarchy. By simply double-clicking on an item,
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Figure 2. Andrews and Heidegger's connected semicircle visualization technique. (Image courtesy

of Keith Andrews.)

the viewer selects it for more focused display. The three
methods differ in how they display the focus region. Below
we describe each method in more detail and compare the
three techniques.?

3.1. Angular Detail method

When theviewer selectsan item for detailed examination
in the Angular Detail method (Figure 3 shows six frames
captured from an example sequence of this process with a
focus selection made in the lower left of the structure), the
drawing of the entire hierarchy first shrinks and moves to
the boundary of the enclosing window on the side diamet-
rically opposite where the selection was made. Next, the
selected item appears to extend out of the overview, and
then it and its children expand radially outward to occupy a
larger display area. Within the overview, the selected item
is colored in an orange cross-hatch pattern and a circular
bullseyeicon isdrawn over it to indicate its position within
the global structure. If aviewer returnsto the default global
view of the hierarchy, the small overview moves to the cen-

2Describing the dynamic operations of these three techniquesis diffi-
cult in the (static) text of this article. We have produced a video presenta-
tion that summarizesthe methods. Viewing it isthe best way to understand
the operations.

ter of the display and grows back to its default size.

In this method, the user interface allows viewers to con-
trol the radii size and the sweep angle of al the items in
the focus region. Both controls can help increase the arc
lengths (circumference) of elements in the local structure,
thus providing better visibility.

3.2. Detail Outside method

The Detail Outside method, shown in Figure 4, uses a
relatively different focus methodol ogy than the Angular De-
tail method. When a viewer selects an item, the entire hi-
erarchy shrinksin the center of the display and stays there.
The selected item emerges from the overview on the edge of
the overview closest to its position, and the item expands to
be a new complete circular ring-shaped region around the
overview. Further, al its children expand to their appro-
priate relative positions and sizes outside the selected item.
Just asisdoneinthe Angular Detail method, the selected fo-
cus item is highlighted via the cross-hatch pattern and icon.

3.3. Detail Insidde method

The Detail Inside method, shown in Figure 5, workssim-
ilarly to Detail Outside, except that the selection of an item

Proceedings of the IEEE Symposium on Information Visualization 2000 (InfoVis'00)
0-7695-0804-9/00 $10.00 @ 2000 IEEE



(e (&)

(f)

Figure 3. Sequence of snapshots from the Angular Detail method. The overview is shrunk and pushed
to the opposite side from where the focus region grows outward.

for detailed examination resultsin the drawing of the entire
hierarchy being pushed outward and taking on a large ring
shape. The selected item then extends inward to the center
of the window, is drawn as acircle, and expands radially to
occupy the center of the image. All its children fill in sub-
sequent circular layers extending out from the center just as
is donein the basic Sunburst methodol ogy.

In al three methods, items can be selected for detailed
examination from the general view of the hierarchy, the
smaller overview, or the expanded focus area. When the
display aready is showing a focus item, a new focus se-
lection causes the current detailed view to disappear, then
the overview smoothly moves to its new position (under the
Angular Detail method) or it remains in its current position
(under the other two methods). Next, the newly selected

item grows from itscurrent positionin the overview display
region, dides to its new position in the detail view region,
and smoothly expands its sweep angle to the appropriate
size. Being able to select items for detailed study from an
already focused view isimportant in supporting the user to
select extremely small items that might be difficult to pick
otherwise.

Each state change onthe display isillustrated viasmooth
animated transitions between viewing configurations. This
includes changes from focusto overview, overview tofocus,
focus to different focus, and changes in viewing method.
We feel that smoothly animated state changes alow the
viewer to track the context of focus changes, assimilate up-
dates to the display more easily, and maintain a more clear
sense of the entireinformation hierarchy. Smooth, animated
transitions also offload the viewer's understanding of dis-
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Figure 4. Sequence of snapshots from the Detail Outside method. The overview shrinks into the
center and the focus area is drawn in aring around the overview.

play updates from their cognitive system to their perceptive
system[2, 8]. The speed and pacing of the animations is
user-controllable, with default values determined viainfor-
mal testing and feedback.

3.4. Comparison and Analysis

As mentioned earlier, each of the three techniques has
relative strengths and weaknesses. Here, we more carefully
assess the characteristics of each display.

Angular Detail — Because this method orients the
overview to the side opposite the focus area and the fo-
cus area itself appears to grow out from its customary po-
sition, this method is, in some sense, the most “natura.”
By that, we mean that it reconfigures the display the least,
and it is easy for the viewer to resolve positioning of the

focus area within the entire hierarchy. On the negative side,
this method typically utilizes the least area of the display
window, so it can be relatively inefficient as a space filling
method. Also, thismethod isthe most user-controllable (fo-
cus radii and sweep angle), which can be interpreted either
as a positive or negative.

Detail outside — This method is relatively intuitive and
visualy consistent in that the overview area is aways
shrunk in the center of the display window, thus exhibiting
a miniature view of the entire hierarchy. Taking the focus
item and expanding it to be a complete ring can be some-
what visually disconcerting, however. A very small diceis
changed to be acompletering, and al itschildren are drawn
relative to that. This will probably require the viewer to
mentally assimilate the change more than the Angular Dis-
play method. An important advantage of this technique is

Proceedings of the IEEE Symposium on Information Visualization 2000 (InfoVis'00)
0-7695-0804-9/00 $10.00 @ 2000 IEEE



Figure 5. Sequence of snapshots from the Detail Inside method. The overview is shrunk and pushed
outward and the focus region is drawn in the center circular area.

that the focus region is given alarge area and a full 360 de-
grees to be drawn within, thus supporting easier inspection
and analysis. This method is also relatively space efficient.

Detail inside — This method may be the least intuitive
and may exhibit the most significant display change because
it distorts the overview by pushing it outward toward the
window boundary. However, by pushing the overview out-
ward, it actualy increases the arc length (circumferences)
and therefore the visibility of the individua items in the
overview. Even though the focus region is relatively small
in the center of the display, it utilizes a full 360 degrees of
sweep angle which is often sufficient to show a local struc-
ture that has a relatively small sweep angle and little depth
to its descendants.

In general, to focus on a directory and its children, one

can either increase the sweep angle of that segment, in-
crease the radius to it, or both. Since a sweep angle can
expand to at most 360 degrees, increasing the angle will not
be too beneficial for a directory whose size isalready large.
For much smaller directories, the gain from expanding the
sweep angle becomes substantial. As for radius increases,
in both the Detail Outside and Detail Inside methods, the
maximum radiusfor expansion is bounded by the maximum
radius of the display window. Inthe Angular Detail method,
alarger potential increase in the segment'sradiusispossible
since the slice can extend across the entire display window,
thus making it more helpful for focusing on relatively large
directories with many children and levels.
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4. Implementation | ssues

The Sunburst system augmented by the techniques dis-
cussed here was implemented using Visual Basic and the
Windows' API. The demonstration shown in an accompa-
nying video was filmed while running on a personal com-
puter with an Intel Pentium 111 processor (550 mhz).

The hierarchical file structure shown in the video and in
the example figuresin this article consists of approximately
500filesand directories. Thefile systemisinitially read and
stored in a Microsoft Access database. Attributes for each
item include file-related attributes (path, name, date last
modified, size, and so on), hierarchica linking attributes
(level from root, parent, etc.) and display attributes (rela-
tive start angle, sweep angle, etc.).

At the core of all three methods is an animation update
routine that utilizes the current display positional parame-
ters and the destination positional display parameters, and
linearly interpolates between them. The display parameters
includethe center position, theinnermost and the outermost
radii of the hierarchy, and the start angle and end angle for
the animated region. This routine is called at most three
times for each transitiona scenario. For instance, in the
case of atransition from the overview to a focused display
in the Angular Detail method, the animation routinein in-
voked as such:

e Animate the the shrinking and sliding of the overview
to its final size and the the side towards its fina des-
tination, respectively. The center and the radii change
over the course of animation, while the start and end
angles remain 0 and 360 degrees.

e Animate the growing and sliding of the focus elements
out of their positionsinside the shrunken overview to
their destination position. During this process, center
and radii change while angles remain constant.

e Animate the expansion of the focus elements from
their original angles to the exaggerated angles. This
process involves the changing of angles only.

Because the graphics primitive we used to draw individ-
ual filesor directories only draws complete pie-shaped seg-
ments emanating from the center of a circle, we must a-
ways redraw the hierarchy from the outside in, in order to
have inner elements overlay the central areas of the more
peripheral elements.

In terms of performance, the main bottleneck for draw-
ing and animating the display is simply the number of
file/directory segments to be drawn. Each operation re-
quires trigonometric, floating point calculations to deter-
mine the coordinates of the “pie dice” being dravn. We
utilizethree primary “short cuts’ to reduce the total number
of items drawn in a display, and thus speed up redraw times.

First, in the normal Sunburst view, we only draw seg-
ments with a sweep angle greater than 0.0001. Actually,
this occurs because the conversion in attempting to draw
segments of smaller angles results in an error, making the
angle appear to be greater than 360 degrees. We could prob-
ably increase this general cut-off value without a significant
degradation in the view, but we want to communicate to
the viewer extremely small areas with many densely packed
filesand directories.

Second, we pre-draw and cache particular key frame im-
ages of the file hierarchy expanded out completely, so that
these can simply be loaded as needed, rather than redrawn
repeatedly. In particular, we store the normal view of the
entire hierarchy, the ending shrunken view of the hierarchy
used as the overview in both the Angular Detail and De-
tail Outside methods, and the “pushed out” overview of the
complete hierarchy shown in the Detail Inside method. Of
course, thisneeds to be done for both the color-by-type and
color-by-age modes. To highlight the individual focusitem
inthe overview, we simply draw the cross-hatch pattern and
circleicon over theimage at the correct location.

Third, during transitions, we only draw elements with a
relatively large sweep angle, i.e., the largest 100 elements.
Using this approach, we are able to maintain relatively con-
sistent redraw times no matter how large the hierarchy is.
Further, if we only redraw elements larger than a particular
angle, some focus areas may have no elements of that size
and nothing would be redrawn! At the end of transitions,
we simply use the cached images for the overview region.
With ongoing increases in processor speeds and graphics
capabilities, we would expect soon to be able to redraw all
items during view transitions and still maintain sufficient
animation speeds.

Because of thislast optimization, al our techniquesscale
up well to handle larger file hierarchies. We have found per-
formance to be reasonable on a hierarchy of almost 70,000
filesand directories.

5. Conclusion and Future Work

We have introduced three visualization/navigation tech-
niquesto help viewers explore small, indistinguishable por-
tions of radial, space-filling displays of hierarchies. The
techniques always keep some overview of the entire hier-
archy present to preserve context, and they utilize smooth,
animated transitionsin state to help peopletrack changesin
focus. They differ inwhere and how the focus and overview
regions are shown. Each of three techniques hasrelative ad-
vantages and disadvantages, and it is likely that subjective
preference would dictate which method an individual uses.

While we have described these focust+context update
techniques withinthe context of our radial Sunburst tool, we
expect that they could be generalized to other information
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visuaizations and browsers of large information spaces.
Each of our techniques is an example of a more general
algorithm for handling the relative placement of and transi-
tion between overview and detail portionsin a multi-focus
information visualization.

A number of future improvements to the techniques, as
well as the development of aternative methods, are possi-
ble:

e Currently, each level in an overview or focus area has
the same radius. It would be interesting to see if some
scaling of the radii on different levels could improve
the displays. Alternatively, levels could be collapsed
to utilize space better.

e Updates for new focus selections picked from an al-
ready focused view could be made smarter by perform-
ing fewer display changes in certain circumstances.

e For the Angular Detail method, it appears possible to
automatically calculate the value and proportion be-
tween the expansion angle and the radius per level in
order to maximize use of the display window.

e It would be challenging to allow multiple foci within
the structure, but this might be useful to facilitate com-
parisons.

e A fourth general method is possible—onethat expands
afocus item radially in place (increasing its sweep an-
gle) while compressing all other items. Thistechnique
would have the advantage of having less overal up-
date and motion than the three techniques presented
here, but it would also distort relative sizes between
the focus and other items more.

Our objectiveinthisarticlewastointroduce and describe
three display techniques, but clearly, an important area of
future work would be an evaluation of their utility. It would
be interesting to learn how these techniques would perform
in an experimental evaluation of typical file/directory tasks
such asin[11, 9, 10]. In addition to utility, personal sub-
jective preference of the methods would matter as well. In-
formally, we presented all three techniques to our local re-
search group and asked for preferences. As expected, all
three methods had backers with no clear-cut favorite. A
more careful subjective evaluation of the techniques would
be helpful in understanding the rel ative advantages and dis-
advantages of each more clearly, and might elicit useful sug-
gestions on further improvements as well.
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