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Abstract

In this paper we describe TaxoNote Comparator, a tool for
visualising and comparing multiple classification hierarchies. In
order to aign the hierarchies, the Comparator creates an
integrated hierarchy containing al the taxa in the hierarchies to be
compared, so that alignment of the hierarchies can be maintained.
A table of assignments reports the taxonomic names that are
common to all hierarchies and the differences between them,
which facilitates structural comparisons between the hierarchies.

CR Categories: 1.3.6 [Computer Graphics]: Methodology and
Techniques — Graphics data structures and data types; J.3 [Life
and medical sciences]: Biology and genetics
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1. Introduction

Recent work on modelling taxonomic names and their relation-
ships has highlighted the need to capture the multiple names and
hierarchies that exist in nomenclature. A number of projects have
considered this problem, including Nomencurator [Ytow et al.
2001] and Prometheus [Pullan et al. 2000]. Data models
incorporating multiple hierarchies are crucia in facilitating the
effective integration of biodiversity data from diverse sources,
since multiple and overlapping taxonomic concepts must be
tracked, as well as the names that have been applied to these
concepts. Equally important are visualisations which permit the
comparison and exploration of severa hierarchies simultaneously.

In this paper we will describe an extension to our previous work
on the Nomencurator data model [Ytow et a. 2001] by giving an
overview of the visualisation and comparison tools within
TaxoNote. TaxoNote (short for Taxonomist’s Notebook) is a
graphical user interface to the Nomencurator data structures.

2. Hierarchy visualisation and comparison

The TaxoNote Comparator hierarchy visualisation and comp-
arison tool is shown in Figure 1. The display is divided into three:

e A Query panel can be used to search the displayed
hierarchies for particular taxonomic names, by text entry.
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e A Hierarchy Comparison panel shows the two hierarchies
that are being compared (centre and right) and an ‘integrated
view' (left) where the hierarchies have been merged into one,
composite, hierarchy. An additional pane would be added for
each hierarchy being compared by the application. The
hierarchy comparison panel provides a list of siblings and
children of ataxon. It aso captures the parent taxon and the
path to the hierarchical root. These may not be displayed if
there are many siblings or children of anode, in which case a
Pop-up panel gives ashort summary of the path to the root.

e An Assignment Table a the bottom shows various
aternative views of where names that appear in the
hierarchies are assigned. It contains information on the parent
taxon and potential equivalence of taxon concepts depending
on its modes. While the Hierarchy Comparison panel gives
a top-down oriented view, the Assignment Table gives a
bottom-up oriented view.
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Figure 1. The TaxoNote Comparator hierarchy visualisation
and comparison tool.

2.1. The Query Panel

In large data sets, efficient search tools are necessary to focus the
display and the user’s attention on the area of interest. Additiona
fields to the taxon Name are included as potential query fields in
order to refine the search. These search fields are metadata which
are important in modelling multiple taxonomic hierarchies, since
they alow you to compare, distinguish between and reconcile
different taxonomic opinions of the taxon concepts that are linked
to the same taxonomic hame.

2.2. The Hierarchy Comparison Panel

In Figure 1, we prefixed al names with an abbreviated form of the
taxonomic rank as an aid to navigation and comparison. We chose



an indented representation for the hierarchies because this is
familiar to taxonomists and to most computer users through
applications such as Microsoft Explorer. As with that interface,
additional levels of the hierarchy can be expanded and contracted
at will. While other representations such as Hyperbolic Trees and
TreeMaps [Bederson et a. 2002; Graham and Kennedy 2001]
may have a higher information density, it is important that the
names retain their visibility and readability at al times. The
hierarchies and integrated view can be scrolled in concert by
holding down the middle mouse button while any of the hierarchy
display panesis scrolled. Thisfacilitates the search for a particular
taxon and the structural comparison of the different hierarchies.

2.2.1 Alignment of taxonomic names

Core to the alignment problem is establishing the BCN (Best
Corresponding Node, see [Munzner et d. 2003]). Idedlly, corresp-
onding nodes would represent equivalent taxonomic concepts.
Unfortunately the taxonomic concept itself is extremely difficult
to pin down [Ytow et a. 2001] and is approximated in one of two
ways, either by consideration of the objects (taxa or specimens)
included in the concept [Pullan et al. 2000; Munzner et a. 2003]
or by anaysis of the attributes of the taxon, i.e. the shared
characters of the group. The former method is very sensitive to the
contained set being incomplete for any reason, and data for the
latter method are rarely available. Other proxy measures of the
taxon concept have to be combined to establish the BCN, which
include the hierarchical position (parent list), the included objects
(the child list), but interpreted in a flexible manner, where positive
matching counts for more than missing data and absence of
conflict counts in favour, conflict against. This set of relationships
is subtle and is currently being explored using rough set
approximations and formal concept analysis[Yao et a. 1997].

In order to dign the two hierarchies and to maintain their
adignment while the display panels are scrolled, a consensus
hierarchy is constructed from the source hierarchies that are being
compared. Thisis shown in the left hand pane in Figure 1, as the
Integrated View. In the Hierarchy Comparison panel, rows which
are aligned have the same names in the same hierarchical position
in both hierarchies (e.g. family Phocoenidae in Figure 1). Rows
which are not aligned are indicative of names missing from one
hierarchy, perhaps because they are newly created (e.g. family
Iniidae) or names whose hierarchical position has changed from
one hierarchy to the other (e.g. genus Lipotes). The necessary
inclusion of duplicates of a name has the potentia to be a way of
indicating regions of difference between trees. Indeed, an estimate
of the number of incompatible views can be obtained by simply
counting the number of duplicate names in the Integrated view.

Congtruction of the consensus hierarchy requires the establish-
ment of the BCN for each taxon in the Integrated View.
Hierarchies proposed by different taxonomists are likely to
embrace different taxon concepts that may or may not have the
same name. Therefore, establishing node equivalence is not trivia
and we are still working on algorithms for constructing the
composite hierarchy that is shown in the Integrated View.

2.3. The Assignment Table

The bottom panel contains the Assignment table which consists of
a number of organised lists whose purpose is to alow the user to
explore the differences and commonalities between taxon
concepts in the hierarchies. The table is structured into columns,

one for each hierarchy pane. The primary taxon is given on the
left, underneath the integrated view while the parent taxon is listed
underneath the appropriate hierarchica pane. Tabs at the bottom
of the Assignment Table alow the user to see those taxa which
are missing from one set or the other (‘Missing taxa tab), while
those taxa with different positions are summarised under the
‘Different taxa tab. Other forms of difference are given on the
‘Inconsistent taxa’ and ‘Synonyms' tabs. Finadly, those nodes in
common are listed under the * Common taxa’ tab.

One use of the Assignment Table isillustrated under the ‘Missing
taxa tab by the species Acomys cineraseus (in Mammals A) and
Acomys cinerasceus (in Mammals B), that looks like a spelling
error either in the original publication or in the data preparation.

3. The InfoVis 2003 Contest Data Sets

It is our contention that no one tool can solve al visualisations of
hierarchical data problems. We have chosen to address one
particular type of data— classification hierarchies — which may be
characterised as being non-quantitative data. Our approach would
need significant additions in order for it to perform well at
visualising hierarchically arranged quantitative data; data which is
often well suited to visualisations using TreeMaps [Bederson et al.
2002]. Such additions to our system could include colour-coded
glyphs or bars alongside, or in place of the text |abels.

Classification hierarchies are unusual in that the names in the
hierarchies should be unique. The appearance of the same name in
different places is indicative of homonymy and is of interest to
taxonomists as an area that requires taxonomic revision. In
contrast, file system hierarchies are replete with duplicated names.
Files called ‘index.html’ abound in websites — the file logs_A_03-
02-01.xml records 3356 occurrences of thisfile, for example.

In classification hierarchies, the name is just that because of the
assumption that taxonomic names in a hierarchy are unique. The
position of the name in the hierarchy — the rank — gives extra
information about the name. In contrast, in afile system hierarchy,
the name consists of the path to the file in addition to the actual
file name. While components of the path may give additional
information about thefile, thisinterpretation is not as strong as the
rank in taxonomy. Clearly very different visualisation techniques
are required in order to navigate and compare hierarchies with
such different properties.
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