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Abstract

We introduce the ABLE project, which
aims to enhance access to collections
of scanned documents from the bio-
logical taxonomy literature. Searching
this literature needs to be robust to
errors introduced by Optical Char-
acter Recognition and other sources.
Biological knowledge, especially tax-
onomic knowledge, is often presented
in a stylised form, generally using
typographical clues to its meaning.
This project aims to use typographical
information and other contextual clues
to identify and tag document content
by its type. We describe some of the
difficulties encountered in interpreting
these scanned texts, and briefly discuss
some methods of dealing with these
issues.

The work in this document is wholly
funded by JISC, the UK’s Joint Infor-
mation Systems Committee.

1 Introduction

The science of natural history began in the
Renaissance and from it the various modern
life-science disciplines have developed. Publi-
cations from the 15th century onwards provide
a wealth of information, rich in observation, as
natural science has moved from descriptive to
the hypothesis-driven science that dominates
today’s publication landscape. The older lit-
erature can inform management practices in
modern concerns, especially biodiversity loss,
land-use patterns, sustainability and climate
change.

Biological taxonomy is the discipline that
manages the names for living and fossil or-
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ganisms, defining the relationships within and
between them. It therefore provides the cen-
tral infrastructure for information manage-
ment in the biological sciences (Knapp et al.,
2004). Unlike most other sciences, taxonomic
research and usage require access to the full
range and history of publications on the sub-
ject. Publication through peer-reviewed jour-
nals is a relatively recent phenomenon. Un-
til the 1930s, scientific observations appeared
in a wide variety of publications, including
learned Societies (e.g.  Proceedings of the
Royal Society), Institutional annual reports
(e.g. Abhandlungen der Akademie der Wis-
senschaften der DDR Berlin) and encyclopae-
dias (e.g Bronn’s Thier-riechs). Many of these
publications are only held in a few libraries
and are difficult to access. The difficulty of
accessing taxonomic information is a severe
impediment to research and delivery of the
subject’s benefits (Godfray, 2002). It has also
been seen as a major impediment to imple-
menting the Convention on Biological Diver-
sity (SCBD, 2008). Taxonomic names change
over time (Roberts, 2008) and while this is
both inevitable and desirable as knowledge
advances, it makes information management
more challenging. For example, the taxonomic
hierarchies used by Catalogue of Life! and the
NCBI? are different, so the collective groups
that might be used in a search comprise dif-
ferent actual organisms.

To liberate the information and data con-
tained in the literature of the last 500 or so
years, it is necessary to be able to search the
documents electronically. This requires that
the collections be digitised (Curry and Con-
nor, 2007), for which industrial-scale scanning
projects are essential. However, current OCR
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(Optical Character Recognition) technology is
not perfect. Errors are introduced at the scan-
ning stage so that key words may be unrecog-
nised by standard search techniques. To main-
tain, or better increase, the rate of scanning, it
is not practical to engage in manual validation
and error checking of documents. Therefore a
mechanism to reduce the impact of OCR er-
rors and to flag such errors for human correc-
tion is necessary.

2 OCR and Terminological
Variation

Terminological variation is known to be a sig-
nificant problem for the management of terms
in biomedical curation (Nenadié¢ et al., 2004)
where orthographic and other linguistic varia-
tions can make automated recognition of simi-
lar terms difficult (e.g. for searching document
collections). Such errors are are introduced
by OCR processes. OCR can have high ac-
curacy when applied to born-digital text (i.e.
modern literature, where the target image has
been computer-generated) as demonstrated by
the PaperBrowser project (Karamanis et al.,
2008), which supports curation of the FlyBase
genomic database.

However, OCR performs markedly less well
on scanned pages, especially of older publi-
cations. These have old typefaces and, to
the modern eye, odd layout conventions (Lu
et al., 2008) so recognition accuracy is conse-
quently worse. Errors introduced by the OCR
process give potential variations in recognised
taxonomic names. For example, erroneous
recognition of ‘0’ in place of ‘¢’ might pro-
pose the taxon Pioa, not a known name, rather
than Pica (European magpie). External data
sources, e.g. Catalogue of Life and NameBank
associate known latinised names with common
names and synonyms, but these are under ac-
tive development and are incomplete, and so
cannot form the only basis for term recogni-
tion. In addition, mistaking ‘o’ for ‘@’ can
change the genus Homa (a hemipteran insect)
into Homo (mankind), so that non-appearance
in an existing database cannot be used to iden-
tify errors. BHL observe 35% of taxon names
in scanned documents contain an error and
50% of those errors are in one or two char-

acters?.

Further, the genus name Pieris is a valid
name for both a plant (Ericaceae) and a but-
terfly (including the cabbage white), so a sin-
gle name can represent two quite separate con-
cepts. Abbreviation within text is also com-
mon, so we would seek to associate F. coli, for
instance, with FEscherichia coli, if it is a bac-
terium, or Entamoeba coli, if it is a protozoan.

3 Layout

PaperBrowser has demonstrated the value of
representing layout information in a suitable
markup language (SciXML). Such layout is
normally self-consistent, but varies between
publications.

The Biodiversity Heritage Library (BHL)*
is pursuing a digitisation programme to im-
prove the accessibility of taxonomy docu-
ments. The industrial scale of the project
means that scanning takes place by volume
rather than by article, so in BHL, the origi-
nal scanned material must be identified by its
volume without being able to identify individ-
ual articles within that volume. Although sci-
entific tradition uses the article as the basic
unit of reference, BHL cannot currently deliver
that level of resolution. Typographical layout
is an integral part of the information struc-
ture (Bringhurst, 2005), but often obeys con-
ventions that have developed within a partic-
ular field of study (Hollingsworth et al., 2005).
This structural information is independent of
the language in which the text is written, so
someone familiar with the principles of layout
within the field of study can readily identify
the section of a work that needs to be trans-
lated (Figures 1 and 2).

In our experience OCR from scanned pages
recovers certain typographical features, such
as paragraphs and headings, but it does not
reliably determine other features, especially
indent position and the distinction between
normal, bold and italic text (Bapst and .In-
gold, 1998). The very best modern OCR sys-
tems available, such as JSTOR, are more accu-
rate than the desktop versions but such soft-
ware is expensive and even the JSTOR sys-
tem does not accurately capture typographi-
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Figure 1: A sample page from the Biologia Centrali
America. This layout includes a page heading (cen-
tred capitals) on the same level as the page number; a
continuation of body text from the previous page; two
centred headings, one in bold and the other in capitals;
a set of synonyms (not indented); body text (first line
indented); two identification key questions (to differ-
entiate species), strongly indented with outdented first
lines; and two footnotes in smaller font.

cal elements. The INOTAXA project found
that scanned images of the Biologia Centrali-
Americana to be intractable and the cheaper
option was to have the content re-keyed®.
The detection of text blocks on a page is nor-
mally achieved by pre-processing in the OCR
package (for instance, the detection of left and
right margins and columns), and these image
features can be quickly determined (Lebour-
geois and Emptoz, 1999). Lu et al (2008)
have recently made substantial headway us-
ing rule-based pattern matching to recognise
and analyse volume- and issue-title pages and
a machine-learning approach to detect arti-
cle title blocks and thus to generate arti-
cle metadata. BHL scanning uses Abbyy
FineReader and produces a light XML out-
put (no styles, only words and paragraphs co-
ordinates). However, certain terms are re-
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Figure 2: A sample page from Biitschli’s (1887 1889)
Protozoa. Note that this has been scanned on a stan-
dard flat-bed scanner (darkening background towards
the spine, on the left) and has not been de-skewed.

stricted or to particular types of narrative
block; typographical cues such as paragraphs
or columns are generally not a sufficiently ac-
curate discriminator (Caracciolo and de Ri-
jke, 2006). The efficient TextTiling algorithm
(Hearst, 1997) can be used to provide a decom-
position of a document into its argumentation
components rather than its physical compo-
nents. The argumentation passages identified
by TextTiling have been shown to be more ap-
propriate for such linguistic analyses than the
typographical structural information.
Additional features such as the synonymy
block in Fig. 1 are significant, and indicate
that the synonymy text is not bodytext. We
believe that Image analysis to recognise such
structural information can be achieved using
the open source application NIH ImageS and
extensions of the work previously carried out

Shttp://rsbweb.nih.gov/nih-image



by Lu et al.

Figure 2 demonstrates taxonomic informa-
tion that can be obtained from the typograph-
ical structure of a document. The taxon head-
ing (Zoothamnium ...) is presented in a ty-
pographical structure very similar to the body
text, except that it includes a list in smaller
font. The synonymy statement is also in list-
form but further-indented with an aligned first
line. The single centred line below the syn-
onymy statement is a direction to the illustra-
tions which, typically for publications of this
age, are gathered into a set of plates rather
than presented near the referencing text. The
single paragraph of body text is followed by
a comment, logically equivalent to a footnote,
with the same typography as the body text ex-
cept in a smaller font. This comment is at the
end of the section and is followed by a heading
and finally more body text.

Techniques based on incremental parsing
and markup are being increasingly used to
manage the huge volume and variation of ter-
minology across scientific literature (for exam-
ple, (Cohen and Hersh, 2005) and in Golden-
GATE"), in particular for the (difficult) task
of Named Entity Recognition. Availability
of the abstract collection Medline® has meant
that research has generally focussed on the
identification of biomedical terminology (typ-
ically gene and protein names) within plain
text records; the preliminary stage of obtain-
ing the documents through OCR and the sub-
sequent possibility of incorrectly scanned ter-
minology has received relatively little atten-
tion. Additional layout markup can be incor-
porated through enstensions to existing XML
schema such as DjVu XML, SciXML (Lewin,
2007) and NLM DTD (used by BHL). Ulti-
mately we are working towards full mark-up
in the taXMLit schema®.

4 Distributional Similarity and
Term Search

Existing taxonomic hierarchies such as the
Catalogue of Life!? are incomplete and, as dis-
cussed, subject to continual change as the dis-
cipline advances. Such taxonomies and on-

"http://idaho.ipd.uni-karlsruhe.de/GoldenGATE
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tologies cannot therefore be used as the sole
basis of search, although it must be possible
to augnment them as additional taxa are ob-
tained through analysis of the scanned docu-
ments.

To make a large quantity of scanned liter-
ature accessible, processing to extract the in-
dex terms must be automatic, and robust in
the face of the OCR and other terminological
variations discussed in section 2.

Initial similarity can be achieved with string
matching techniques such as the Levenshtein
edit distance (Sahinalp et al., 2003), but
Weeds et al (2007) have also demonstrated the
value of distributional similarity in managing
biomedical terminology, where a high distri-
butional similarity means that both words are
surrounded by other similar terms. For exam-
ple, consider the earlier example in which the
taxon Pica has been incorrectly interpreted as
Pioa. If the surrounding terms have contex-
tual link with birds (or Aves, Passeriformes,
Corvidae) or magpies, then the name is likely
to be Pica (European magpie) and the term
can be sensibly returned against a search for
Pica. Similarly, the context should allow a dis-
tinction to be drawn between Pieris as used
for a plant or for a butterfly. In this latter
case there is no error in the OCR or the origi-
nal typography but a single name representing
quite separate concepts. Again, the context
of the name usage should be able to resolve
these instances. Weeds et al discuss possible
distributional similarity measures that could
form the basis for the current project. While
both authors consider deep grammatical anal-
yses as well as shallow measures, grammati-
cal analysis is computationally expensive, and
so in the first instance this project would use
only a measure of co-occurrence of neighbour-
ing terms to estimate term similarity.

There are four main categories of inter-
est to modern research which are significant
for contextual analysis:
(taxon), geographical location and personal
names (e.g. authors, collectors or expedi-
tion members) and observation date. The
first three categories are outside standard lan-
guage, in that they are unlikely to be found

the scientific name
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are the most likely areas in which OCR, errors



will occur (Tong and Evans, ). The routines in
GoldenGATE can be augmented with knowl-
edge about additional clues, such as that per-
sonal names are often associated with an in-
text citation, and that taxon names are gener-
ally italicised (ABLE is also investigating how
the typographic features of a term can assist
matching).

As given strings could match against more
than one potential meaning, the local context
is used to determine which concept is added to
the XML mark-up. As strings potentially con-
tain OCR errors, like the Pioa example given
above, it would be imprudent to try to guess
the correct form in all cases. It is better to
return potential matches against a user query,
so Pioa should be returned against a search
for Pica, but it is also a plausible match for
Rea, also a passerine bird but not a magpie.
Linkage information should enable association
tables to be built so that a search for ‘magpies’
also recovers Pica pica, for instance. Such in-
formation is being used to augment existing
external data sources, particularly Catalogue
of Life, NameBank and Global Names Archi-
tecture (GNA), which can be used for prelimi-
nary associations of latinised names with com-
mon names and synonyms.

5 Conclusion

There is particular urgency for this work in
the fields of climate change and biodiversity
loss, where biodiversity literature can provide
base-line occurrence data and reveal histori-
cal patterns of change that can inform current
management practices. The work pioneered
by Lu et al needs to be extended to make
searching the scanned literature more straight-
forward for the non-specialist, both within the
HE sector and in the broader scientific com-
munity.

BHL currently scans material in units of a
volume without being able to identify individ-
ual articles within a volume. Scientific tradi-
tion uses the article as the basic unit of refer-
ence and, at present, BHL is not able to deliver
that level of resolution. It is this barrier to ac-
cess that the ABLE project is attempting to
lower.
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