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Abstract
Techniques for visualising hierarchies have concentrated
on displaying static structures or, in the case of dynamic
hierarchies, adding or deleting nodes from the hierarchy.
However none have adequately dealt with the situation
of visualising change occurring in the structure between
existing nodes. We present initial work that outlines the
difficulties of visualising such an event, with specific
regard to the multiple classifications of information that
are produced in botanical taxonomy.

1 Introduction

The field of Information Visualisation (IV) concerns
itself with taking complex information structures and
making them easily understandable and useable to the
user by choosing appropriate ways to address perception,
representation and interaction with visually displayed
structures.

One area to which visualisation is commonly applied is
hierarchical information structures, such as file systems or
organisational structure charts.  However, much of this
research has focused on single instances of such
structures, whereas a general problem occurs in
understanding how they change over time, often a
process of organic, ad hoc growing and shrinking.

This paper addresses the problem of supporting users
in working with multiple information hierarchies that
represent different classifications of a number of sets of
objects.  In particular, this problem occurs in the field of
taxonomy, in which the repeated classification and re-
classification of objects such as plants and animals results
in large, complex databases of historical information which
need to be understood and manipulated by biologists.

The paper is broken down into four main sections,
firstly describing present IV techniques that are
categorised using an existing classification. This is
followed by a description of the general visualisation
problem we are concerned with plus a description of the

specific area where such a visualisation could be of
benefit. We then discuss the visualisation techniques that
address situations that have the greatest similarity to our
own problem, and explain why they still lack suitability for
our purposes. Finally, some possible characteristics of a
suitable visualisation for multiple classification hierarchies
are suggested, and the paper finishes with a short
conclusion.

2 Information Visualisation

Gershon, Card et al [1] classify information
visualisation (IV) research into sub-topics such as human
visual perception, display techniques, and interaction
techniques. A review of visualisation research is
presented using this classification framework. Although
useful for reviewing IV, the boundaries between the sub-
groupings are fuzzy and some work has relevance to more
than one of these categories.

2.1 Human Visual Perception

A number of pieces of research have addressed the
strength of human perception of visual information with
experimental evidence. Generally, they deal with issues
such as motion as an aid for recognising structure [2; 3]
and motion used for encoding further dimensions of the
information set [4]. Other work shows the importance of
colour in differentiating groups of objects or information
[5; 6], and the conflicting effects of several perceptual
visual cues operating simultaneously, such as colour,
shape, and motion [7; 8]. The experimental findings
provide a proven basis for developing IV systems that co-
operate with our visual capabilities. At the very least, they
can be used to ensure the wrong visualisations aren’t
communicated to the user.

2.2 Display Techniques

Information that is to be visualised may be abstract, but
it often has a structure that categorises it, such as a



network or a hierarchy. Research in this area has
concentrated on tackling the conflicting issues of size,
layout, and legibility on limited screen area. Other
information sets have less obvious structures, if any, and
require display techniques that accent the important
dimensions whilst still retaining an overview of the others.

2.2.1 Hierarchies.
The original IV hierarchy visualiser was Cone Trees [9].

Hierarchical information, more generally known as a tree
structure, is displayed in three dimensions in an attempt to
increase the number of nodes that could be presented on-
screen. Selecting any node would bring that node to the
front of the view of the Cone Tree in a smooth animated
sequence. This use of animation preserves the users’
model of the visualisation as a change is taking place. It’s
superiority to the alternative; an abrupt move to the final
position without any intermediate views; has been shown
[3].

Another hierarchical visualisation is ”Information
Pyramids” [10]. A tree, in this specific case a file directory,
is viewed firstly as a flat plane. Each sub-directory is then
viewed as a raised block on the plane, it’s area
proportional to the combined size of the files in the sub-
tree. This process continues recursively down the file tree,
with further sub-directories placed on the blocks their
parent directories formed, until eventually the leaves are
placed on top. Its advantages are that the important parts,
the files, are always on top and visible, as they form the
leaves of the tree. Also enough of the underlying
directories are still visible to obtain a view of the whole
structure.

Other IV hierarchy visualisations include Johnson and
Shneiderman’s Treemaps [11] for efficient use of screen
space, Rapley and Kennedy’s WINONA [12] for object-
oriented database visualisation, and Herman’s visual tree
path navigation [13].

2.2.2 Node and Link structures (Graphs & Networks)
The second structure that accommodates a large

variety of abstract information sets is the graph, or
network. Visual representations of graphs and networks
suit high-dimensional, discrete information, such as
document collections, where nodes can represent
individual items of information, and links represent the
relations or dimensional correlation between them.
Hyperspace [14] visualises the hypermedia structure of
the World Wide Web as a graph, with individual pages
forming nodes, and links between pages forming links in
the visual representation. Hyperspace visualises the graph
by letting the user select an area or keyword of interest,
whereupon related pages concerning this topic move
closer together, and dissimilar pages repel. In the end a

graph with clusters of related pages is formed and
displayed.

This type of self-organising structure, based on the
spring-mass metaphor, occurs in several systems such as
Hyperspace’s successor Narcissus [15], and others [16;
17; 18; 19]. The effect of this clustering is analogous to the
concept of chunking in drop-down menus. Similar items
are grouped together, and the user recognises them as
sharing common attributes due to their visual proximity.

2.2.3 Other Display Techniques
One of the main difficulties with IV is the mapping of

many abstract dimensions to the few spatial dimensions
displayable on a computer monitor. 3D projections can
help, and VR techniques can increase the depth
perception of 3D visualisations, but even this only gives
us one extra spatial dimension. It also introduces its own
set of problems such as occlusion and effective depth
cueing [2; 20; 21]. The general answer appears to be
mapping of dimensions to non-spatial cues such as
colour, brightness, transparency, and shape [22]. If these
are not enough, another approach consists of nesting co-
ordinate systems within the points of other co-ordinate
systems, and thus viewing only a subset of the actual
dimensions present in the information [23; 24; 25].

A number of IV approaches use Benedikt’s ideas of
extrinsic dimensions (position and orientation of object)
and intrinsic dimensions (properties of object), to model
large-dimensional information sets [26; 27]. However, an
initial problem is deciding which dimensions should take
the seemingly more important extrinsic representations.
This can only be decided by analysing the user’s task and
deciding what aspects of the information they are most
likely to be searching for. Even the intrinsic qualities have
a certain precedence, established by the experiments on
human visual perception mentioned earlier. A simple
ordering of these, in descending order of perceptual
effectiveness, are motion, colour intensity, colour hue, and
lastly shape [7].

A further problem with abstract dimensions is that they
are not easily given to fitting on the numeric scales that
Benediktine dimensions use, extrinsic and intrinsic. The
fallback position is to use one of the arbitrary scales that
Benedikt proposes, which are alphabetical, geographical,
and chronological. Dimensions should be able to map to at
least one of these orderings, though doing so might
appear to make no difference to comprehending it.

2.3 Interaction Techniques

There are a range of techniques that have been
developed to allow IV users to search information sets,
and discover specific pieces of information. These are
general techniques that can be applied to the display



techniques previously described, and are grouped by
Gershon into categories such as focusing, filtering, and
linking interaction techniques.

2.3.1 Focusing Techniques
Focusing techniques are mainly concerned with the

distortion of graphical displays, to give greater
prominence to a certain area of the visualisation space,
and hence greater prominence to whatever is displayed
there. They are used to allow navigation of large
structures, but at the same time allow close detailed
inspection of specific pieces of information. This
distortion could be in terms of an actual focal point,
utilising the numerous lens-style viewers, or a uniform
increase in magnification, using zooming, or perhaps other
qualities such as colour brightness, or a combination of
many.

Lens viewers [28], increase the size of the information
at the focal point of a screen, to the detriment of
information which is visualised further away, and so
reduced in scale, but still visible. Sarkar and Brown’s
paper is a specific example of a general lens distortion
technique [29]. Munzner [30], and Lamping and Rao [31]
apply hyperbolic lenses to networks and trees
respectively, whilst Carpendale [32] pushes the lens
metaphor to three dimensions.

Closely linked to lenses are zoom methods; the
difference being that in a zoom, the entire screen is always
at the same magnification. The effect is still to focus on a
particular piece of information, but to lose a lot of the
periphery information. Schaffer [33] describes a way of
combining zoom and lens distortions.

2.3.2 Filtering Techniques
Filtering techniques are used when the user wishes to

home in on information that has common attributes or
values. The query mechanisms underlying the filtering are
outside the scope of this paper; the filter referred to is a
visual filter on the screen, where a set of conditions
initiated by the user affects the visualisation in some way.
The usual effect is to highlight information that matches
the desired conditions, or removal from the visualisation
of information that doesn’t correspond.

Fishkin [34], Eick [35], and Ahlberg [36] describe the
user setting filter conditions on unstructured information
(i.e. not networks or trees.) The use of the filters results in
the removal of the visual clutter i.e. the unwanted
information, and hence the visual promotion of the
information the user is interested in. Colby and Scholl [37]
showed that a similar effect of visual promotion could be
achieved by using transparency and blur effects on
information that did not match user requirements.

Kumar’s [38] filtering of visualisations operates on a
structured information set, namely a tree. The user sets

filter conditions and the effect is to filter out sub-trees
instead of unstructured groups of information. What
remains are the parts of the tree, and thus the leaves and
paths to the leaves, that the user wishes to find.

Therefore these issues should be considered when
devising useful visualisations. One of the challenges of
visualisation is to find the best way of representing the
data. Each type of data has its own particular
characteristics, so that although one technique may work
well for one type of data it may not be applicable to
another. A good visualisation will address the perceptual
issues of IV, display techniques, and interaction
techniques as described above.

2.4 The problem of visualising structural
change in hierarchies

To summarise so far, the visualisation of hierarchical
structures has been a focus of research within the field of
information visualisation since Xerox PARC’s work on
Cone Trees. As discussed, research has since continued
along the lines of increasing the information density of
visualised hierarchies, focusing and filtering techniques,
and improved 2D and 3D layout algorithms. However, to
our knowledge, there are currently no visualisation
methods that allow for the tracking of structural change
within hierarchies, a phenomenon that frequently occurs
with the reclassification of an existing hierarchy.
Alternatively, the situation could be described as tracking
structural differences across a set of hierarchies holding
the same node information.

 One discipline where such information sets occur and
the ability to track information from one classification to
another is required is taxonomy, the study of scientific
classification. A more detailed explanation of the field and
its particular problems follow.

3. Multiple Classification Hierarchies in
Taxonomy

Taxonomists study and then classify organisms to
generate a classification hierarchy depicting their
presumed natural relationships. These classifications are
hierarchical structures where specimens are grouped into
taxa (singular: taxon) which are then placed in higher level
taxa according to some criteria (e.g. DNA relationships,
morphological similarities). Taxa are assigned to ranks that
specify the level of a taxon in a classification hierarchy.
The levels (or ranks) used in generating the classification
hierarchies vary for different groups of specimens and
between taxonomists.

Over time some specimens may end up classified in
different ways. These classifications are all valid, even



though more recently revised versions exist. Taxonomists
do not have the concept of ‘correct classification’: they
regard all published classifications as valid viewpoints.

When taxonomists choose a group to be studied, they
collect preserved and living specimens on which to base
their work. At the same time, they compile information
about past classifications of this group from the literature.
The taxonomist examines the specimens and decides on
the criteria to differentiate them. Using these criteria the
specimens are classified into different groups and
attributed to taxa. Finally a name is assigned to each taxon
defined in the classification. This involves application of
the nomenclatural code, which in simple cases involves
finding the name of the oldest published specimen of its
type in each group. If no type specimen exists in a newly
defined taxon, a new name is created.

The classification is published for other taxonomists to
use and is now considered a valid classification. If other
taxonomists disagree with this classification then they
must undertake a revision of the group and publish their
conflicting viewpoint.

A challenge generated by the way taxonomists work is
the management of the accumulation of old historical
classifications. Indeed, when a classification is revised, it
stays valid (e.g. because of references to it in the
literature) even if it is not the classification that is
recognised by the majority of taxonomists.

A second challenge is that the choice of criteria and the
way a classification is created (e.g. a revision of previous
work or a new study) is largely free. Even the
nomenclatural code has varied over time and hence will
affect the naming of taxa. Thus it is likely that two
taxonomists working on the same set of data will not
produce the same classification. The same specimens may
be seen differently by different taxonomists and may be
classified under many different taxonomic groups.

Prometheus (EPSRC/BBSRC ref. BIO10516), a
collaborative project between Napier University and the
Royal Botanic Garden Edinburgh, is developing a
database to support taxonomic working practice. Full
details of taxonomic working practice can be found in
Pullan et al [39], and a description of the Prometheus
database to support multiple classifications in Raguenaud
et al [40]. The visualisation issues described here have
arisen out of the work with the taxonomists at RBGE.

3.1 An Example of How Multiple Classifications
Evolve

Figure 1 depicts a simplification of the kind of scenario
found in taxonomy. The information available grows over
time, the criteria used for classification vary and the
number of levels (ranks) used in the classification process

varies. The grey shapes at the leaf nodes represent
individual specimens to be classified.

The top figure is the earliest classification based on a
smallish set of specimens. This classification was based
on the shape and resulted in a two-level hierarchy. Square
specimens are typified by the mid-grey square, triangular
specimens by the dark equilateral triangle and circular
specimens by the light-grey circle (i.e. these specimens are
chosen as representative types of the taxons). Shapes in
general are typified by squares and hence are represented
by the mid-grey square.

Subsequently a second taxonomist decides that an
intermediate level in the classification would make things
clearer and introduces the general type square, triangle
and circle and 2 sub-types of triangle, equilateral and right
angle and two sub-type of round shape, circles and ovals.
Due to the naming conventions, squares are still typified
by the same mid-grey square, triangles by the dark
equilateral triangle, and circular shapes by the light-grey
circle. However new types are required for right-angled
triangles (the black one) and ovals .

A third taxonomist then decides that shape is not an
important characteristic and reclassifies the previous
specimens along with some newly found ones, according
to their brightness. This creates a two level classification
with five groups (he ignores one particular shade as there
is only one instance of it). Co-incidentally each group
contains an existing type specimen and therefore no new
types are required to be defined from the classification. In
practice often several types will end up in one group,
requiring the oldest type specimen to be chosen.

Finally a fourth taxonomist comes along, and
reclassifies the specimens by shape again.

The reality in taxonomy is much more complicated and
involves many more specimens. However, the general
principle and reason for the existence of multiple
classifications should be clear.

The lack of tools that handle multiple contradictory
classifications limits the compilation and comparison of
useful global data. In essence taxonomists have a need to
represent overlapping multiple classifications to allow
them to compare and contrast the classifications produced
by different taxonomists or to try what-if scenarios on a
classification. A visualisation that supports the work of
taxonomists must allow them to explore the similarities and
differences between the classifications.



Figure 1 Four classifications with overlapping
specimens and concepts

4 Limitations of Existing Visualisation
Techniques

From the taxonomic problems described it is important
to provide a visualisation that allows taxonomists to
compare and contrast classification hierarchies. Previous
visualisations that have aimed at showing change in
structures have settled on one of two approaches. Firstly,
visualisations have animated the information regarding the
structure, relying on the animation’s inherent perceptual
qualities to enable users to comprehend the change, as is
pointed out by Bartram [4]. Secondly, some visualisations
have laid out a series of snapshots of the structure at
critical phases, allowing the user to visually compare all or
most of the relevant information at the same time. This
type of visualisation is best known as Tufte’s ‘small
multiples’ [41, Ch. 2]. These visualisations are evaluated
below as possible solutions to the multiple classification
problem.

A number of visualisation techniques, including Huang
and Eades’ visualisation of huge graphs [42], and
Wittenburg and Sigman’s Treeviewer [43], use animation
as the cue to show change in the structure of a hierarchy.
In Huang’s technique, a large graph is visualised as a
hierarchy by omitting certain links in the display.
Shrinking and expanding of sub-trees within this hierarchy
cause the animated change in the visualisation, rather than
the display of a succession of differing structures as we
require. Wittenburg’s Treeviewer is a mainly textual
visualisation of web-search queries, and again animates
addition/deletion of nodes, rather than the reclassification
of the hierarchy’s existing nodes.

Animation itself has two intrinsic drawbacks for the
type of information we would like to visualise. Firstly,
animation allows only direct visual comparison between
two states, the last and the next stage of the animation.
Other comparisons between states resulting from the
animation must be recalled from memory. Secondly, whilst
animation works for visualising gradual changes, such as
Chi’s web ecology evolution, it would become overly
complex for drastic structural changes caused by
reclassification of existing nodes. Wittenburg
acknowledges this point by stating that their system could
employ a fade-in/fade-out approach between two states or
structures where there is a poor degree of correlation,
instead of utilising the ‘tweening’ style of animation.
Animation, however, may have advantages in its
perceptual qualities for attracting the user’s attention.

Two visualisations allow comparison using Tufte’s
idea of small multiples, namely Chi’s web ecology
visualisation [44], and Turo and Johnson’s application of
Treemaps [45]. The closest problem we have found to our
own is discussed by Chi et al and involves displaying the



evolution of a website over a number of months. In this
visualisation, certain points during the period are
visualised by displaying the sites’ hierarchy in the form of
a compact ‘disk tree’, with successive disk trees displayed
next to each other, enabling visual comparison. The set of
multiple disk trees is termed a ‘time tube’.

The drawbacks of this technique, when considering our
requirements, are that the visualisation is designed to
highlight evolution of a hierarchy resulting from addition
or deletion of nodes, rather than a restructuring of the
hierarchy resulting from a reclassification of the nodes
from which it is formed. Consequently, the main visual
prominence for the change of structure is given to the
addition or deletion of nodes. Nodes that already exist but
have changed their links, and hence altered their position
within the hierarchy, are not differentiated from nodes that
have remained static within the hierarchies’ organisation.
There is a provision for highlighting a particular node’s
progress through a time tube, but due to the manner in
which the disk trees are drawn, all nodes are displayed at
the same position within each tree. Therefore seeing
‘movement’ due to restructuring is not aided.

Another visualisation prompt that is not present here,
nor in the other techniques, is the ability to see the
context in which a particular node has been restructured.
By context, we are referring to the other nodes with which
it has relations in the hierarchies, namely its parent,
sibling, and child nodes as appropriate. This is needed, as
nodes do not actually move when conceptual structures
are re-organised (reclassified). Rather, they are grouped
differently, possibly with different nodes. This principle
also applies to sub-trees of various sizes, as well as
individual nodes. Knowledge of the other nodes or sub-
trees with which it shares relations in each version of a
hierarchy will hint at the methodology behind that
particular classification.

Turo and Johnson’s visualisation technique, based on
Johnson and Shneiderman’s Treemaps [11], also includes
an option to visualise change in trees or sub-trees over
time, again using the small multiple approach. However,
the changes they are concerned with are to do with
information attached to individual nodes, rather than
changes in the structure of the hierarchy.

The main disadvantage of the small multiples approach
is a simple lack of space on-screen due to the resolution
and size of the average monitor. To visualise a larger set of
hierarchies will require smaller, more compact
visualisations that are still intelligible to the viewer. Also,
it lacks animation’s pre-attentive visual cues, hence

placing more cognitive load on the user when using the
visualisation.

To summarise, these visualisations lack the ability to
track one or more nodes and their contexts across multiple
versions of a dissimilarly structured but similarly
populated hierarchy. Our problem is directly related to this
need, and hence our visualisation will require the abilities
to show these relationships.

5. Visualisation of Multiple Overlapping
Hierarchies

From our reflections on the visualisations mentioned
above and our problem requirements, we have sketched a
number of approaches for evaluation as a suitable
visualisation. Essentially it is a choice between showing
change over time or the change over space. (Chi  et al [44]
express this more formally.)

As mentioned in Section 2, IV can be approached from
a number of angles, namely human visual perception,
display techniques for the information in question, and
interaction techniques.

Display techniques for hierarchies concentrate on
increasing the number of nodes on screen and general
layout. These will also be considerations for our
visualisation. However, as Chi states, a number of trees
will require an extra dimension either in space or time to be
visualised. If we approach the notion of using an extra
dimension in space to show the structural correlation of a
number of trees, we are effectively visualising a 3D
network or a graph, and some of the issues of graph
visualisation such as occlusion and line crossing enter our
problem domain. The problem of how to visualise the
structure of a general graph with regard to placement of
nodes is not such an issue, as the overall network is
formed from hierarchies, giving a coherent conceptual
structure enforced by the individual hierarchies.

Interaction techniques at our stage of development are
difficult to visualise, and will need interactive prototypes
for their demonstration. The principle approaches of
interaction in IV, filtering and focusing, are methods of
increasing the visual impact of information the user has
expressed an interest in. We mentioned that existing
visualisations did not provide a basis for distinguishing
changing structure from static structure. One possibility
would be to incorporate some focusing and filtering
principles in the visualisation under user and/or automatic
control to help in this undertaking.



Figure 2 Filtering of intermediate levels in hierarchy

Figure 3 Tracking of a sub-tree through hierarchies

For example, nodes and sub-trees that did not change
across multiple versions of the hierarchies could be
lessened in visual prominence in a similar manner to
Kumar’s [38] pruning of hierarchies, or via a clustering
method. By comparison, the information that does differ
across the hierarchies would achieve greater
prominence, resulting in a basic form of focusing. It
would also enable saving of screen space as the amount
of duplication visualised across the hierarchies would be
reduced. Alternatively the user could choose which
portions of which hierarchies they wished to observe. A
form of filtering such as observing a slice of the entire
structure could enable a user to see just one hierarchy or

the progress of one particular sub-tree and its
component nodes through all hierarchies.

Human visual perception aspects would relate to
visual cues that could be used to differentiate certain
information, either to avoid clutter or as a form of non-
spatial focusing. An example is shown in Figure 2, where
the intermediate level used in two of the classifications is
faded out to allow easier visual comparison of the levels
common to all hierarchies. In Figure 3, all nodes apart
from the squares are set to the same level of contrast, an
example of filtering, which allows the user to focus more
easily on a sub-group (the squares) of particular interest.



Figure 4 Highlighting of all sub trees that contain triangles

Figure 5 Tracking of individual shapes across hierarchies

Further, in Figure 4, a simple highlighting technique
shows all the sub-trees that triangles appear in. This has a
similar effect to Figure 3 as it draws the user’s attention to
the location of the specimens of interest. For taxonomists
these visualisations would help determine the method
used to formulate the hierarchies. Different methodologies
would result in differing patterns of distribution, as can be
seen from figure 4’s indication that triangles appear in all
of the third hierarchy’s sub-trees.

Another situation would be in order to visualise a
node’s progress through a number of hierarchies, its path
could be highlighted. Other visual cues of lesser
prominence for the sibling, child and parent nodes would
also show their journeys through the multiple
classifications. This would enable a viewer to see the
context change of the various hierarchies, a point we
outlined the need for in the previous section. A small
example of this is shown in Figure 5, tracking one node

and a sibling. It also highlights missing information as one
of the nodes is not represented in the third classification,
and so the nodes’ path skips this hierarchy.

6 CONCLUSION

We have presented a review of current information
visualisation techniques and described a visualisation
problem for which no adequate visualisation technique
has been developed. Issues facing taxonomists in
comparing multiple overlapping classifications exemplify
the generic problem of visualising structural change in
hierarchies. Techniques that might have approached the
visualisation of comparative multiple hierarchies have
been evaluated and their shortcomings highlighted.

The requirements from a visualisation for this problem
were presented and sketches of visualisations and
techniques to address the issue were described.



Further work will include applying to our sketches
Brath’s Metrics for Information Visualization [46], which
judge the appropriateness of a non-interactive screenshot
of a visualisation. Following this, a prototype
demonstration in Java 2.0 for evaluation with the
taxonomists will be developed. A full implementation of
the visualisation will then proceed, which will undergo full
user testing with the taxonomists at the Royal Botanic
Garden Edinburgh.
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