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Simple matrix keys from Excel 
spreadsheets

Gregor Hagedorn, Mircea Giurgiu, Andrei Homodi

Abstract — An innovative workflow is presented, leading from a simple 
character and taxon matrix, prepared in an Excel spreadsheet, to a functioning 
free-access matrix key, stored in SDD (Structured Descriptive Data) format 
and presented in the flash-based free-access key player IBIS-ID directly on 
the web. The subset of matrix key functionality supported by this workflow 
include categorical and quantitative characters, multiple character states for 
a given taxon, taxon, character, and state illustrations, and a single character 
grouping level. Advanced features such as complex character or taxon trees, 
character dependency, or taxon-specific state images are not supported. 
The workflow aims to attract new contributors for which the learning curve of 
special purpose matrix-key editing software is too steep.

Index Terms — identification tools, free-access key player IBIS-ID, DELTA, 
SDD.

——————————  u  ——————————

1 Introduction

Identification tools such as free-access (= multi-access) or multi-entry keys 
that are based on a character × taxon data matrix (i. e. a table with the taxa 
in one dimension and characters in the other) have certain advantages over 

single-access keys [1, 2, 3, 4]. However, creating a computer-aided matrix key 
typically requires learning a special purpose application. This limits the number 
of matrix-based keys produced by biologists, who tend to produce keys similar 
to the single-access keys typically encountered in the printed literature.

Many biologists are acquainted with spreadsheet applications, especially 
Microsoft Excel, to edit tabular data. Unfortunately, the visualization of a simple 
character × taxon table – for which spreadsheet applications are ideal – is a 
simplified idealization of a more complex data model. All of taxa, characters, 
states, and the descriptive matrix cells may have further structure:
1.	 Taxa may require common and scientific names, web links to taxon pages, 

images, brief diagnostic text, etc.
2.	 Characters may require a data type, a list of supported states (i.  e. 
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constraining the vocabulary), illustrations, explanatory notes.
3.	 States may provide illustrations or explanatory notes.

The cells of the matrix may contain multiple values, modifiers, notes, and 
taxon-specific state or character illustrations. For a character: “flower colour” 
the cell content may be: “usually pink, sometimes red, or blue (immediately after 
opening)”; for a character: “stem hairiness” it may be “long (2-5 mm) or medium 
long (1-2 mm) hairs”. A character having more than one state in a taxa is called 
“polymorphic” in biology. It may occur as a result of a true genetic polymorphism 
in a population, environmentally induced phenotypic variation (e.  g., occur
ring within the set of flowers on a single plant), or relatively minor quantitative 
variation that happens – in the present taxon – to cross the artificially drawn 
borders of a continuously varying character (such as hairiness).

However, when relatively simple rules are followed it is possible to support 
a subset of the potential complexity of matrix keys within spreadsheets 
nevertheless.

Fig. 1 – The workflow from a Microsoft Excel spreadsheet to SDD conversion and 
presentation with the free-access key player IBIS-ID inside and automatically published 

inside a MediaWiki web page.

2 The spreadsheet

The workflow (Fig. 1) starts with the creation of a character × taxon matrix 
by the biologist, following either instructions on the web [5] or supported by a 
downloadable template. The simplest layout is indeed one with characters being 
named in the first row, taxa in the first column and the remainder filled with the 
taxon × character data (Fig. 2).

For categorical characters (ordinal or nominal scale) the categorical value or 
state is expressed directly using its label or “name” (e.  g., “red”) rather than 
using a code. In contrast, the DELTA [6] or SDD formats use numeric character 
and state codes to enforce higher consistency. Multiple states are supported 
by separating the state names with a semicolon, slash or ampersand (exam
ple: “red; blue“). The semicolon is provided as an intuitive delimiter for most 
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biologists; the “/” and “&” to help those who also use DELTA tools.
The drawback of the direct use of state labels is that the vocabulary of avail

able states is not controlled. This is a purposeful design decision. While it is 
possible to devise spreadsheet layouts that include separate state listings, we 
have noticed that our test users found all options to be too difficult and confusing 
and were unable to create them autonomously. The vocabulary control is 
therefore postponed to the publication of a first draft of the identification tool 
in the IBIS-ID player. In the implemented workflow, the IBIS-ID key player will 
make undesirable entries (combinations of states with modifiers or spelling 
variants of states) transparent and users can modify their data for the next 
revision. “Normalizing” the state labels is well supported by the typical search-
and-replace functionality of spreadsheet software. While careful planning and 
control is essential for large matrix projects covering hundreds of characters and 
taxa, the workflow presented here aims at smaller datasets, where a post-data-
entry-validation workflow may result in more agile contributions than a plan-
ahead workflow.

Fig. 2 – A Microsoft Excel spreadsheet with a simple data matrix. Visible are an extra 
column for scientific taxon names (“Wissenschaftlicher Name” in German), the addition 
of a measurement unit (“[cm]”) in brackets after quantitative characters, state images in 
the column “Blattrand”, and the metadata for the entire dataset or identification tool at 

the bottom.
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Fig. 3 – The resulting interactive matrix key running under IBIS-ID (here in stand-alone 
mode, not embedded in a web page).

For quantitative characters a DELTA-like encoding is supported. Various 
combinations of minimum-maximum (in parentheses), “typical range” and a 
mean are possible (example: “(1-) 3-6.4-8.2 (-15)”).

The characters themselves may be grouped into character groupings by 
adding the group name surrounded by “{{…}}” after the character label (i.e. in 
the first row). Presently only a single grouping level is supported.

Matrix cells further support modifiers (“usually”, “rarely”, “about”, “weakly”, 
etc.) and free-form text comments, if they are enclosed in DELTA-like “<…>” 
markup.

The spreadsheet rules further provide for the inclusion of multiple taxon, 
character, and state-specific images. Character and state images must be 
included in double square brackets after the respective label; in contrast taxon 
images may be placed in an extra column. Not supported are taxon-×-character 
and taxon-×-state-specific images.

For taxa, several additional column for images, common and scientific names, 
and web links can be provided. Finally, metadata for the entire key like creators, 
title, copyright, license, source may be added.
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Fig. 4 – Details of IBIS-ID key player, showing character grouping (left) and state 
images (right).

3 The converter

The converter is presently a downloadable Microsoft .NET for standalone 
applications (a web-based version is planned). The converter takes the 
spreadsheet in Microsoft Excel (XLS) format and converts it into SDD. 

The converter supports both wiki-style and direct web image references. 
Uploading images to the wiki allows users to manage their images for both 
matrix keys, single-access keys and species pages. The simple wiki-style links 
are automatically translated by the converter into general web links as they are 
supported by IBIS-ID key player.

If the converter finds unexpected content, it will report this either as warnings 
(e.  g., “name contains opening double brackets (‘[[‘) but no closing ones, a 
malformed image may be present”) or as errors. Error handling is considered 
important and efforts have been made to help biological users to understand 
minor errors. If no errors are encountered, the resulting SDD file will be uploaded 
to a web repository on the MediaWiki based biowikifarm [7].

Furthermore, to enrich the user experience, a wiki page containing the 
necessary statement to embed the IBIS-ID player [8] (Fig. 3 and 4) inside a wiki 
page is also generated.

4 Conclusions

It is possible to replace some features that Excel is missing to directly support 
matrix keys with rules that rely on simple text delimiters. The method is similar 
to that used by DELTA the special purpose Windows DELTA editor software. 
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However, the point of the workflow presented is to provide a simple functionality 
in an environment well known to most biologist, in order to attract new biologists 
and educators and increase the production of matrix-based identification tools. 
Although advanced rules may require some learning effort, it is possible to 
create useful matrix keys not using these features.
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