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Abstract

Information pyramids compactly visualise large
hierarchical structures in three dimensions using
pyramid-like structures, which grow upwards as the hi-
erarchy deepens. A plateau represents the root of the
tree; other, smaller plateaus arranged on top of it repre-
sent its subtrees. Separate glyphs are used to represent
leaf nodes such as files or documents and navigational
facilities are provided for interactive exploration. Two
generations of information pyramids prototype are de-
scribed and discussed.

1. Introduction

Hierarchical structures are increasingly common in
our information rich society as a means for organising
large amounts of information. Examples of informa-
tion hierarchies include the hierarchical organisation of
employees in a company and the files and directories
stored on a hard disk. Hierarchies are becoming ever
larger; even the hard disk of an ordinary home PC may
contain thousands of files. Provision of explorable, vi-
sual representations is essential to make large hierar-
chies accessible.

Traditional visualisation techniques, such as outlines
or tree diagrams, are not ideal for visualising large hier-
archies. Such methods are perfect for visualising small,
compact hierarchies, which can be drawn on one sheet
of paper or presented on a computer screen without
having to scroll. However, if the hierarchy is too large,
the visualisation fails to be simple and understandable.

Traditional tree browsers, such as the Macintosh
File Finder or the Windows Explorer, use an outline
method to visualise hierarchies. They are simple to
implement and can also be used in text-based systems.
Typically, not all subtrees of the hierarchy are ex-
panded initially. Instead, the user navigates by specifi-
cally expanding and collapsing subtrees, and hence de-
cides explicitly how broadly or deeply the hierarchy is
displayed at any one time.

2. Related Work

In recent years, numerous techniques for visualising
and exploring large, hierarchically organised informa-
tion structures have emerged, which go beyond the tra-
ditional approach taken in 2d scrolling browsers with
horizontal tree layout.

WebTOC extends the traditional tree view by
overlaying supplementary statistical information [1].
Coloured bars to the right of the tree outline indicate
the proportion of files of various media types by size.
Their shadows indicate the number of files present. For
conciseness, the bars are displayed using a logarithmic
scale.

Tree maps [2] are an interactive visualisation method
which map hierarchical information onto a rectangular
two-dimensional display in a space-filling manner. The
display space is partitioned successively into vertical
and horizontal strips representing the tree structure,
whereby the size of a child node within the rectangular
boundary of its parent is proportional to its weight,
typically the total number or size of items within it.

Market maps are a recent development of the tree
map idea and are used to visualise stock market perfor-
mance [3]. The original tree map algorithm was modi-
fied to generate more aesthetically pleasing layouts by
avoiding excessively thin horizontal and vertical strips
[4]. Harel and Yashchin [5] present an algorithm for
the layout of an inclusion hierarchy using rectangular
shapes. The layout attempts to strike a balance be-
tween various aesthetic layout criteria such as impor-
tance and proportions.

The hyperbolic browser [6] uses a focus plus context
technique for visualising and manipulating large hierar-
chies: the entire hierarchy can be seen in context while
focusing on a particular part. The hierarchy is initially
laid out on a hyperbolic plane, a non-Euclidean geom-
etry with infinite space available in each direction, and
is then mapped to the unit disc for display. SInVis [7]
achieves a similar visual effect using Euclidean geome-
try and projection onto the surface of a hemisphere.

Cheops [8] is a technique based on multiple re-use
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Figure 1: An information pyramids visualisation
showing a directory “3dexpl” and its subdirectories
and files. Grey plateaux represent directories not yet
scanned in. The area allocated to each subdirectory
is proportional to its weight, typically the total size or
number of files it contains.

of overlaid triangles in the display. Working top-down,
the selection of a node (triangle) at a particular level
designates that node’s children are to be represented
by the next lower level of triangles.

Cone trees [9] lay out hierarchies in three dimen-
sions. Each node in the hierarchy is the apex of a
cone. The root of the hierarchy is placed near the top
of the three-dimensional display space and its children
are evenly spaced along its base. The next layer of
nodes is drawn below the first layer, recursively until
the whole hierarchy is drawn. Cone trees suffer from
problems of occlusion as hierarchies become broad and
branches become hidden behind their siblings, and in-
teractivity is employed to rotate hidden branches.

The File System Navigator (FSN) [10] and the Har-
mony Information Landscape [11, 12] lay out a hier-
archical structure on a plane, whereby directories (col-
lections) are represented as pedestals, files (documents)
within them are shown as icons atop the pedestal, and
subdirectories (subcollections) are arranged behind the
corresponding parent. The overall impression is that of
hierarchies receding towards the horizon.

3. Information Pyramids

The information pyramids approach utilises three di-
mensions to compactly visualise large hierarchies. A
plateau represents the top of the hierarchy (or root of

Figure 2: During navigation interactive frame rates
are maintained by drawing at less detail or as wire
frames, until the user again becomes stationary.

the tree). Other, smaller plateaus arranged on top of it
represent its subtrees. Separate icons are used to rep-
resent non-subtree members of a node such as files or
documents. The general impression is that of pyramids
growing upwards as the hierarchy grows deeper.

The first implementation of information pyramids
was the 3D Explorer file system browser [13], imple-
mented in Java and using OpenGL for its 3d graphics
output. An updated, revised version of the 3D FEx-
plorer [14] is shown in Figure 1, displaying the source
and class files of its own implementation in Java. By
default, the space allocated to a directory’s plateau is
proportional to the total number of files belonging to
it and all of its subdirectories. The grey plateaux in-
dicate subdirectories whose contents have not yet been
fully scanned.

In order to maintain interactive frame rates, the
quality of rendering gracefully degrades during move-
ment. Drawing performance is monitored, and less
detailed representations are used when time becomes
scarce, as shown in Figure 2. Once the user comes to
a halt, the scene is rendered in its entirety once more.

Users can freely navigate around the pyramid land-
scape. As pyramids are approached, more details are
revealed. In Figure 3 the user is approaching a close-
up of the particular pyramid representing the “javarsc”
subdirectory and its children.

The ordering of children atop a plateau can be based
on alphabetical, chronological, or other criteria. In Fig-
ure 4, colour coding is used to indicate a file’s type,
but could also be mapped to age, or any of a number
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Figure 3: Zooming in on the subdirectory “iicm" of

“javasrc”.

of other characteristics.

As the user approaches the “utils3d” subdirectory
in Figure 5, its contents become identifiable and the
file names become readable. Notice how the file name
labels are inclined towards the user’s point of view. By
default, the height of the glyphs representing files is
logarithmically proportional to their size.

A bird’s eye view of the pyramid landscape provides
a space-filling, freely zoomable overview. In this view,
illustrated in Figure 6 for the Java JDK 1.2.2 distribu-
tion, it is easy to recognise (visually) which directories
contain the largest number of files by their relative ar-
eas.

The visual representation is only one component of
the interface. Equally important is the provision of
suitable navigational facilities, in order support intu-
itive exploration of the hierarchy. In the 3D Explorer,
users can choose between a wide variety of navigation
facilities. Clicking on a file glyph or directory plateau
flies the user smoothly to view that object.

Special facilities in the navigation panel at the bot-
tom of the screen allow users to freely navigate. Ex-
amine mode allows the user to rotate and scale the
pyramids visualisation, Explore mode allows users to
freely move their own viewpoint within the visualisa-
tion, and Fly mode allows the user to steer and control
speed whilst flying over the visualisation. Two buttons
provide direct access to a top view and a front view. Fi-
nally, the user can define customised viewpoints (place
stakes in the ground), which can be returned to at will.

Directories are scanned and loaded in a separate
thread, so that users can navigate whilst the visual-

Figure 4: By default, files are colour-coded according
to their extension. Here, for example, purple indicates
“java", red “.gif", and blue “.html”. The ordering of
children atop a plateau can be based on alphabetical,
chronological, or other criteria.

isation is being updated. In order to reduce clutter,
users can “prune” the pyramid to a particular directory,
making its plateau the current root of the pyramid, and
(temporarily) eliminating all other elements from the
display. The reverse operation, “unprune”, makes the
directory’s parent and siblings visible once more.

Formative usability evaluation of the 3D Explorer
suggested that the information pyramids technique
scales well to both wide and deep hierarchies. Nodes
deep within the tree are not (initially) individually vis-
ible but contribute to the overall proportions of their
parents. Broad hierarchies result in many pyramids at
each tier, but remain manageable. Users were positive
in their comments and liked the overview which infor-
mation pyramids provided.

However, users had some difficulty in locating spe-
cific individual files of which they knew the location
within the hierarchy. They also displayed a tendency
to become immersed in the 3d navigational facilities
and rather forget their initial intentions. Several users
reported finding the textual labels to be too cluttered.

4. Java Pyramids Explorer

To incorporate some of the lessons learned, a second
prototype information pyramids hierarchy browser was
implemented, called the Java Pyramids Explorer [15].
The main changes were:
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Figure 5: The file names of individual files are inclined towards the user’s viewpoint and are now readable.

e To facilitate directed browsing in a known hierar-
chy, a traditional outline browser, the Java JTree
component, was paired and synchronised with the
information pyramids browser.

e The extensive 3d navigational facilities were re-
placed with three simple sliders controlling the 3d
view.

e For increased portability, the OpenGL 3d graph-
ics was replaced with Java2d code implementing
simple 3d projection.

e In order to reduce clutter, textual labels are now
displayed in the margins of the pyramids view, and
only for selected nodes and their parent, siblings,
and children.

Figure 7 shows the Java Pyramids Explorer display-
ing the Java source tree of its own implementation.
Figure 8 shows the Java JDK 1.2.2 distribution in the
Java Pyramids Explorer. Here, individual files are not
being displayed, only the directory structure.

5. Discussion and Future Work

This paper presented the information pyramids tech-
nique for visualising and exploring large hierarchies.
Although the example prototype applications of infor-
mation pyramids presented in this paper refer to the
tree structure of files and directories in a file system,
the information pyramids metaphor is of course appli-
cable to any kind of hierarchical structure: hierarchical
classification schemes, decision trees, or the hierarchi-
cal structure of a web site derived by traversing hyper-
links from a selected initial page.

Work is currently ongoing to define and implement
a framework for hierarchical visualisation. The frame-
work will provide multiple, synchronised visualisations,
of which information pyramids are one component, and
search facilities.

In information pyramids, future work includes the
implementation of user-configurable mappings between
an object’s metadata (such as age, owner, or size) and
its visual representation. It is also intended to explore
the placement of items (files) on a plateau into clus-
ters according to similarity of their content using force-
directed placement techniques.
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Figure 6: The hierarchical structure of the Java JDK
1.2.2 distribution, which contains 6 first level subdi-
rectories, extending down to a depth of six. It can be
seen at a glance that the subdirectory “jre” is by far
the largest and that subdirectories “bin” and “jre/bin"
contain many files.
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