Linguistically Annotated Corpora:
Quality Assurance, Reusability and

Sustainability

51 I ntroduction
The creation and use of linguistically
annotated corpora for a wde variety of
| anguages has been one of the npst
prom nent devel opnents in conputationa
10l'i ngui stics over the last fifteen years.
Wiile earlier attenpts were |argely
restricted to norpho-syntactic
annot ati on (part-of-speech tagging,
nor phol ogi cal anal ysis, and
151 emmati zati on), nore recent devel opnents
have concentrated on deeper |evels of
annot ati on includi ng phrase structure,
dependency structure, predicate argunent
structure, |exical semantics,
20i nformation structure, and di scourse
structure. As the conplexity of
annotation increases and the sane data
are often annotated with regard to
different | evels of analyses, questions
250f quality assurance, reusability and
sustai nability have becone key issues in
the creation and mai ntenance of
| i ngui stically annotated corpora. This
article surveys the current best
30practices in each of these three

domai ns, introduces the underlying



research issues, and provides pointers
to future research directions in these
ar eas.
35 We will mainly be concerned with
textual corpora. Sound recordi ngs of
| anguage and other primary data in non-
textual nodalities are normally
transcribed in sone way or the other
40before they are linguistically
annot ated. We, thus, take the textua
representation of | anguage as the
starting point of our discussion. For
i ssues of reusability and sustainability
450f multi-nmodal corpora, see especially
article 33 in this vol une.

The remai nder of this article is
structured as follows: Section 2 reviews
the different | evels of analyses that

50can be found in current linguistically
annot ated corpora and gi ves exanpl es of
reuse of data in the sense of nultiple
use of the sane electronic text resource
by different researchers or in different

55research contexts. ‘Reuse of text’ in
the sense of plagiarismis discussed in
article 60. Section 3 focuses on the
rel ati onship of data reuse and
annotation quality as well as

60t ransparency of annotation. Section 4
consi ders corpora with distinct |ayers
(or tiers) of annotation and focuses on
i ssues of alignnment and mar kup. Section
5 is concerned with netadata,

6bdocunent ati on and st andardi zati on



efforts. Section 6, finally, presents an
I ntegrated architecture for the
sust ai nabl e representati on of corpus
dat a.
70
2 Corpus Resources and Reusability
The first linguistically annotated
corpora that went beyond pure norpho-
syntactic annotation were concerned with
75syntactic annotation in the form of
phrase structure trees for English. One
of the first efforts of this kind was
t he Got henburg Corpus (Ellegard 1978),
whi ch was a hand- parsed section of the
80one mllion token Brown Corpus of
Anerican English (Francis/Ku¢era 1979).
The Got henburg Corpus conpri sed
approxi mately 130,000 words and is a
smal | resource by current standards. Its
85annot ation was | ater reworked according
to a very rich and detail ed annotation
schenme and then published as the SUSANNE
Cor pus (Sanpson 1995) conprising also a
smal | sanpl e of speech fromthe London-
90Lund Corpus (Svartvik 1990). An early
proj ect involving automati c annotati on
and manual post-editing was the
Lancaster Parsed Corpus
(Garsi de/ Leech/ Varadi 1992, see al so
95article 17). It is based on 140,000
wor ds of the part-of-speech tagged
Lancast er-Osl o/ Bergen (LOB) Corpus of
British English (Garside/Leech/ Sanpson
1987). Subsequently, the Penn Treebank



100pr oj ect was | aunched at the University
of Pennsyl vania, which resulted in the
creation of the Penn Treebank for
Anerican English. The first prelimnary
rel ease of the treebank in 1992
105presented a corpus of nore than 2.8
mllion tokens of skel eton-parsed text
i ncludi ng, anong others, a one mllion
t oken subcorpus of Dow Jones Newsw re
articles and the one nmllion token Brown
110Cor pus, which was parsed and conpl etely
ret agged usi ng the Penn Treebank tagset
(Mar cus/ Sant ori ni / Mar ci nki ewi cz 1993).
In the follow ng rel eases, the Dow Jones
primary data was slightly changed and
115has since been referred to as the Wl
Street Journal Corpus. It is fair to say
that the Penn Treebank has served as a
nodel of best practice for the creation
of treebanks for many ot her | anguages.
120We refer interested readers to article
17 for nore detailed information.

This short survey of the first English
treebanks shows that the sane primry
data have found their way into different

125annot ati on projects. For exanple, part
of the carefully sanpled and bal anced
Brown Cor pus was syntactically annotated
in the Gothenburg Corpus as well as in
t he SUSANNE Cor pus. The Brown Corpus as

130a whol e was first part-of-speech tagged
with the Brown tagset (Francis/Kucera
1982); later, it was retagged and parsed

as part of the Penn Treebank. Another
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maj or textual resource of the Penn
Treebank, the one mllion token \al
Street Journal section, was originally
taken fromthe TIPSTER I nformation-
Retrieval Text Research Coll ection,

whi ch conprises, anong other texts, a
three-year Wall Street Journa

col I ecti on.

The reuse of resources is not limted
to the primary data. The Wall Street
Journal section of the Penn Treebank is
the nost prom nent exanple of how an
al ready annotated resource is reused for
further annotation. It has not only been
used as a reference source for a w de
variety of natural |anguage processing
applications but has al so served as a
basis for further |inguistic annotation
in the areas of semantics and discourse
anal ysis. The annotation of the second
rel ease of the Penn Treebank (Penn
Treebank 11, Marcus et al. 1994),
conprises informati on on phrase
structure, basic predicate argunent
structure, and sone semantic
distinctions of adjuncts. Figure 1
exenplifies a sentence in the Penn
Treebank Il bracketing format, which is
rem ni scent of the programm ng | anguage
LI SP. The |l ocative adjunct is marked
with the | abel PP-LOC and the subject
wi th NP-SBJ.

{insert figure 1 here}



The PropBank project created
170Pr oposi ti on Bank |
(Pal mer/ G | dea/ Ki ngsbury 2005), which is
based on the Wall Street Journal section
of the Penn Treebank 11. PropBank
annot ates predi cate-argunment relations
175in the sense of assigning coarse-grai ned
word senses to the predicates and
prototypical semantic roles to the
argunments. The annotati on process nade
use of the treebank's phrase structura
180i nformati on: a rul e-based argunent
t agger preprocessed the corpus, which
was then manual ly post-edited. In sone
cases, the PropBank argument structure
di sagrees with the Penn Treebank
185syntactic structure
(Pal mer/ G | dea/ Ki ngsbury 2005: 81ff). In
Figure 2, the subject is marked with the
prototypi cal agent role ARG, the direct
object with the prototypical thene role
190ARG1, and the |ocative adjunct-Ilike
argunent w th ARGW LOC.

{insert figure 2 here}

195 The NonBank project (Meyers et al.
2004) again ains at creating a
suppl enentary annotation to the Wl
Street Journal section of the Penn
Treebank. In NonmBank 1.0, nom na
200predi cates are marked, and their

argunments are annotated with



prototypi cal semantic roles in
accordance with the PropBank annotati on.
In the Penn Di scourse TreeBank project
205(M I tsakaki et al. 2004), the Wl
Street Journal Corpus is annotated
according to a theory of |owlevel
di scourse structure. It treats discourse
connectives, sonetimes also referred to
210as di scourse markers, such as because,
when, but, or as a result as a kind of
predi cate between two argunents. In
addition to the explicit use of such
connectives in corpora, inplicit
215rel ationshi ps are al so annot ated by
i nvoki ng the same connectives. |nstead
of building on the syntactic annotation
of the Penn Treebank, the project
decided to use the raw t okeni zed text
220for their annotation to avoid errors in
t he Penn Treebank, and allow for cases
wher e di scourse argunents do not align
with syntactic structures (Dinesh et al.
2005). The CC&hank (Hockenmui er/ St eednman
2252005) is the result of an automatic
conversion of the whole Penn Treebank
into a corpus of Conbinatory Categori al
Grammar derivations. It pairs syntactic
derivations wth sets of word-to-word
230dependenci es, whi ch approxi mate the
under | yi ng predicate-argunment structure.
There are various other projects which
added annotation levels to parts of the
Wall Street Journal Corpus only. For
23b5exanpl e, the Ti neBank Corpus
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(Pustejovsky et al. 2003) conprises
texts fromvarious sources, anong them
articles fromthe Wall Street Journa
Cor pus, which are annotated with event
240cl asses, tenporal information, and
aspectual information according to the
specifications of TinmeM (Pustejovsky et
al. 2004). The Rhetorical Structure
Di scourse Treebank
245( Carl son/ Mar cu/ Gkur owski 2003) cont ai ns,
anong ot her data, a selection of 385
Wall Street Journal articles fromthe
Penn Treebank, which were annotated wth
di scourse structure in the framework of
250Rhetorical Structure Theory
(Mann/ Thonpson 1988). C auses and | arger
sequences are hierarchically ordered by
a set of discourse relations such as
background, el aboration and contrast.
255For the nessage understandi ng
conmpetition MJUC 6 (1995), a subcorpus of
318 Vall Street Journal articles was
publ i shed, annotated w th anaphora and
coreference informati on. The PARC 700
260Dependency Bank (King et al. 2003)
consi sts of 700 sentences, which were
randomy extracted from one section of
the Wall Street Journal Corpus, parsed
with an LFG grammr, and given gol d-
265st andard annotations of grammmatica
dependency rel ati ons by manual
correction and extension. The FrameNet
proj ect (Bake/Fillnore/Lowe 1998), which

itself does not aimat creating an



270annot at ed corpus resource but a |exica
dat abase, provides five texts of the
Wal | Street Journal Corpus annotated
wi th FrameNet semantic roles and word
senses for evaluation of the relation
275between its own senmantic annotation and
t he one of PropBank.

There are various exanples of nultiply
annotated data i n | anguages ot her than
English. One of the earliest is the

280300, 000 token Swedi sh Tal banken (Tel eman
1974) which was manual |y annotated with
nor pho-syntactic and syntactic
i nformation (see also article 17,
section 1). Recently, Tal banken was

285revived, its format updated and the
annotations to sone extent autonmatically
re-encoded (see, e.g., Saxena/Borin 2002
and Nil sson/Hall /N vre 2006). A major
non- Engl i sh resource is the Prague

290Dependency Treebank for Czech (Bdhnova
et al. 2000), which conprises annotation
of norpho-syntactic information,
surface-oriented dependency structure,
and a non-isonorphic tectogrammtica

295structure includi ng, anong ot hers,
annotati on of semantic roles in the
framewor k of Functional Generative
Description (Sgall et al. 1986), topic
focus articul ation, coreference, and

300i nformation structure. The German Ti Ger
Treebank (Brants et al. 2004) consists
in its second rel ease of 50, 000

sent ences which are annotated with
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nor pho-syntactic i nformation, part-of-
305speech tags, phrase structure, and
functi onal dependencies. The SALSA
project (Burchardt et al. 2006) enriches
the Ti Ger Treebank wi th FranmeNet
rel ati ons. The Ti Ger Dependency Bank
310(Forst et al. 2004) is a sanple of 2,000
sentences fromthe treebank, which are
automatically converted and subsequently
ext ended and corrected in correspondence
to the English PARC 700 Dependency Bank.
315The second nmj or treebank of Gernan,
TuBa-D/Z (Hinrichs et al. 2004),
consi sts of about 27,000 sentences in
its third rel ease and conpri ses
i nformati on on norpho-syntax, phrase
320structure, topological structure,
functional structure, naned entities, as
wel | as anaphora and coreference
annot ati on. Another smaller resource is
The Pot sdam Conment ary Cor pus ( St ede
3252004). In addition to norpho-syntax,
phrase structure and functional
information, it is augnented with
di scourse relations in the framework of
Rhetorical Structure Theory
330( Mann/ Thonpson 1988), information
structure and anaphoric relations.

These exanpl es show that different
aspects of linguistic description cone
into play in linguistically annotated

335corpora. In an ideal world, the
different annotation |levels could be

interpreted as distinct anal yses of the

20
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same data. In the real world, however,
they are often nmaintained as separate
340r esources which are |argely disparate.
This | eads to the question of how to
integrate different | evels of annotation
into a conprehensive corpus resource. It
woul d be desirable to use a conbi ned
345representation of all |evels of
information, to be able to search a
conpl ex database and to specify
restrictions on all |evels of
annotation. In the context of
350sustai nability an integrated
representation is desirable too, since
it would allow the specification of
general tools and format conversions
whi ch reduce the risk of |o0sing one
355resource or the other due to obsol ete
formats or software. The representation
of different |evels of annotation,
however, especially if they are created
in different projects, places great

360denands on the data format.

3 Quality and Consistency of Annotation
Reuse of data is one of the

notivations for creating annotated

365resources in the first place (Leech
1997). The very sane corpus data can
then be used and interpreted by
different researchers potentially from
different fields pursuing diverse

370r esearch questions. Linguistic

annot ati ons of corpora can be regarded
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as useful resources if they are well -
formed and consistent. For the
annotation a data format is defined and
375used, for exanple, the brackets and the
position of the labels in the Penn
Bracketing Format. A corpus annotation
Is well-fornmed if it conforns to this
defined format. General markup | anguages
380l i ke XML define well-formedness
constrai nts which can be checked by
software tools. Therefore, XM-based
| i ngui stic annotation may be carried out
by nmeans of general or specialized XM
385t ool s (see Di pper/ Gitzel/ Stede 2004).
Mor eover, XM. provi des neans of
val i dating annotations formally
according to a docunent grammar that
can, for exanple, be encoded as a
390Docunent Type Definition (DTD). If an
XM. docunent conforns to such a gramar
t he docunent is said to be valid with
regard to the docunent grammar. A
docunent granmar m ght, for exanple,
395require that nouns have to be included
i n noun phrases. O course, validity
constraints are only formal constructs
and do not prevent the annotator from
annotating incorrect structure due to
400w ong anal yses. The linguistic adequacy
can only be determ ned through human
I nspection. |nter-annotator agreenent
and met hods of automatic consi stency
checki ng, however, may help to find
405potenti al probl ens.



25 13

Consi stency in annotation is the nost
I nportant factor in determning the
quality of the annotated resource.
Consi stency here neans that the sane
410l i ngui stic phenonena are annotated in
the sane way, and simlar or related
phenonmena nust receive annotations that
represent their simlarity or
rel atedness if possible. Consistency is
415i mportant for all rmajor applications of
annot ated corpora, regardl ess of whether
they are used as training data in NLP
applications, as gold standard in the
eval uation of NLP applications, or as
420data for qualitative or quantitative
i nguistic studies. If one phenonenon
receives different annotations in the
corpus, then a machi ne | earning
al gorithm cannot learn the regularities
425concerni ng the phenonenon, and the
eval uati on of NLP applications based on
i nconsi stent data is msleading. Even if
applications treated this phenonenon
consistently, the evaluation would
430puni sh the systemin cases where the
systemis consistent, and the annotation
is inconsistent. In the case of corpus-
based |inguistic studies, the |inguist
iIs msled by the annotation, either
435finding only a part of the occurrences
of a phenonenon in a quantitative study,
or being forced to assune two different
phenonena where only a single one

exi sts.
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440 Depending on the techni ques used for
the creation of the corpora, different
strategi es for providing consistency can
be appli ed:

(i) Annot ati on gui del i nes

445 (ii)Sem -automatic annotation

(ii1)Manual or automatic consistency

checki ng

(iv)yMultiple annotation by different

annot ators

450 These strategies can be applied
I ndependently or in conbination, nost of
t hem are i ndependent of the type of
annot ati on. However, sone of them
necessitate the adaptation of the nethod

455t 0 the annotation schene.

Annot ati on gui delines are crucial for
manual annotation. They describe the
general principles in the design of the
annot ati on schenme as well as given

460exampl es of different phenonena, and
tests for difficult cases. They
constitute a set of evolving | aws of
good annotation practice rather than a
conpr ehensi ve grammar (the inportance of

465annot ati on guidelines is also stressed
in article 17, section 3.1). These
gui delines provide a list of all synbols
used in the annotation such as term na
and non-term nal synbols and their basic

470definitions. The annotation guidelines
provi de a resource for the user of the
cor pus: phenonena can only be searched

for in corpora if users know how t hey
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are annotated. For exanple, if linguists

475search for relative pronouns in the Penn

Treebank, they need to know that
rel ati ve pronouns are annotated as WOT
If they search for subordinating

conjunctions, they should be aware that

480t hese received the sane part-of-speech

tag, IN, as prepositions in the Penn
Treebank. Additionally, annotation
gui delines help in training new

annotators and as a reference for

485annot at ors when they are uncl ear on how

to annotate certain phenonena. A
detail ed set of annotation guidelines
can help preventing different annotators

from maki ng different decisions

490concerni ng the sane phenonenon. Exanpl es

of annotation guidelines are the Penn
Tr eebank part-of-speech taggi ng

gui delines (Santorini 1990), the Penn
Treebank 11 bracketing guidelines (Bies

495et al. 1995), the PropBank annotation

500

505

30

gui del i nes (Babko- Mal aya 2005), and the
Ti meBank 1.2 docunentation (Pustejovsky
et al. 2006). Dipper/ Gotzel/ Skopet eas
(2007) exenplify a joint effort of a
nunber of annotation projects to create
common gui del i nes for phonol ogy,
nor phol ogy, syntax, semantics, and
information structure as realised in the
Pot sdam Comment ary Cor pus.

Anot her possibility of ensuring
consi stency is the use of software that

assi sts the annotator in the annotation
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process. Sem -automatic annotation is a
process in which a program (1) suggests
510annot ati ons, which then have to be
approved or corrected by the annotator,
and/ or (2) visualises the annotation so
that mssing links in the annotation
beconme evident. The first type of
515program general ly uses a nachi ne
| ear ni ng conponent that is trained on a
previ ously annotated data set. This
ensures that suggestions are nade for
phenonena that are consistent with
520previ ous annotations. Thus, to create
new annot ati ons, a conscious effort on
the part of the annotator is required.
Exanpl es for such annotation prograns
are annotate (Pl aehn 1998) and
525TreeBanker (Carter 1997). The second
type of program presents the annotation
in such a way that it hel ps users see
gaps in the annotation. Such prograns
can be useful in the annotation of
530anaphori c or coreference chains (see
article 28). If a link between two
coreferent entities is mssing, the
I ntended single chain is interrupted,
resulting in two different discourse
53bentities. Tools that help with this type
of annotation are, for exanple, MVAX2
(Mil ' er/ Strube 2003), PALi nkA (O asan
2003), or WordFreak (cf.
htt ps://sourceforge. net/projects/wordfre
540ak/) .

Aut omati c consi stency checking is a
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very general |abel for annotation-
specific strategies to discover
i nconsi stencies. The strategies are
545dependent on the type of annotation as
wel | as on the annotation schene. They
are based on the assunption that humans
wi |l always make m stakes, no matter how
careful the annotators are. Thus, it is
550a good strategy to enploy gl obal search
strategi es, which can find questionable
annotations (see al so transverse
correction in article 17). In treebank
annot ation, for exanple, one can check
50bwhet her there are clauses in the
treebank that have nore than one
subject. If such exanples are found,
they need to be checked manual |y
because, in sone cases, the double
560subj ect may result from coordi nation
rather than from an annotation error.
Since these searches are highly
dependent on the type of annotation and
t he annotation schene, it is difficult
565t 0 envi sage a general tool. Thus, the
searches are either inplenented as
speci alized prograns or as queries in a
tool that is capable of searching the
annotated structures. Returning to the
570exanple with the two subjects in a
cl ause, the tools Tl CGERSearch
(Koni g/ Lezius 2000) or tgrep (also
tgrep2 (Rohde 2001) or tregex
(Levy/ Andrew 2006)) query tree

57bstructures, so that they can find
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cl auses with two subjects. A nore
general approach is to performa
statistical analysis to detect rare
constructions, which then need to be
580checked by humans. Such an approach is
based on the assunption that very rare
constructions are likely to be errors
(cf. e.g., D ckinson/Meurers 2005).
The nost tinme-consumng strategy for
58bdet ecting inconsistencies in the
annotation is the nultiple annotation of
the corpus by different annotators or by
the same annotator after a sufficient
period of tinme. This neans that every
590part of the corpus is annotated at | east
twice. A conparison of these two
annot ations reveal s annotation errors or
probl emati c cases in which the
gui del i nes provide no gui dance or are
595not specific enough to cover the present
phenonena. Such nultiple annotations
allow for the evaluation of inter-
annot ator agreenent (also referred to as
inter-coder reliability) or - if it is a
600si ngl e annotator - as intra-annotator
agreenent), i.e., the degree to which
the different annotators agree on a
single annotation for a specific
sentence or paragraph. If a high inter-
605annot at or agreenent is reached, one can
concl ude that the corpus has been
annot ated consi stently. Brants (2000),
for exanple, reports 92.43% agr eenent

bet ween two annotators in assigning
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610syntactic annotation to the Gernman NEGRA
Cor pus and, after a discussion and
correction phase, an inproved agreenent
of around 95%

Hi gh inter-annotator agreenent also

615suggests concl usion that the annotation
schene is well-bal anced between
provi di ng enough specialized informtion
and being too specific. If the
annotation schene is too specific, it

620beconmes difficult for the annotators to
di stingui sh the rel evant cases, and the
annot ati on becones inconsistent. One
exanpl e of such a situation is the
annotation of a text with word senses.

625Mbst of these annotations are based on
the inventory of WrdNet (Fell baum 1998)
or related wordnets for other |anguages.
I f WordNet provides too few senses for a
word, then certain distinctions are

630l ost, and the annotator needs to decide
whi ch of the existing categories fits
the word or whether to use a
superordi nate, |ess specific category.
However, if WirdNet provides a very

635fi ne-grai ned set of senses, then it is
often difficult for the annotator to
decide which is the correct sense for
the word in question (see also Véronis
2001 and Pal ner/ Dang/ Fel | baum

640f ot hcom ng). Thus, finding a good
granularity for an annotation is
I mportant for ensuring a consistent

annotation of the corpus (see also
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Bayerl et al. 2003b). Additionally,
645recent studies show that the granularity
al so influences the quality of NLP
applications based on these corpora (cf.
(Kilgarriff/Rosenzwei g 2000) for word
sense di sanbi guation, as well as (Kubler
6502005) and (Kubl er/ Hi nrichs/ Mai er 2006)
for parsing). Finally, we would like to
poi nt out that inter-annotator agreenent
is not an absol ute nmeasure of quality;
there is always the possibility that two
655annotators just agree by chance. A
wi del y used nmeans for neasuring inter-
annot at or agreenent is the kappa
statistic (Cohen 1960). It conpares the
observed proportion of agreenment with
660t he expected proportion of chance
agreenent and i ndi cates whet her an
I nter-annotator agreenent is at a
satisfactory level. As a rule of thunb,
a kappa coefficient of less than or
665equal to 0.67 nmeans that the inter-
annotator agreenent is too close to
chance agreenent and that one can
t herefore not draw any concl usi ons about
it. If it is between 0.67 and 0.80 it
670al | ows tentative conclusions; only a
val ue of 0.80 and above allows for
definite conclusions about inter-
annot at or agreenent (Krippendorff 1980).
For di scussions on the interpretation of
675t he kappa coefficient see for exanple
(Carletta 1996), (D Eugeni o/ d ass 2004)
and (Krenn/ Evert/ Zi nsnei ster 2004);

40
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article 28 in this volune di scusses an

alternative neasure. New devel opnents
680concerni ng the eval uati on of

i nguistically annotated data are

present ed anong others at the biennia

Li ngui stic Resources and Eval uation

Conference (LREC) as well as in the
685Journal on Language Resources and

Eval uati on.

4 Representation of Annotation
This section deals with the question

690as to how different linguistic |evels of

annotation are to be technically

realized and how they are related to a

shared source of primary data. W

di stingui sh conceptual |evels from
695t echni cal | ayers: a conceptual |evel

need not correspond to a single

techni cal | ayer and vice versa (cf.

Bayerl et al. 2003a). Different |evels,

such as the word level (which is a
700f undanmental but still not fully

understood | evel, see the discussion in

article 25), the part-of-speech |evel,

and the phrasal |evel mght, for

exanpl e, be realized by nmeans of one
705t echnical layer, as is the case in the

Penn Treebank bracketing format (see

figure 1).

The type of representation of the

annotated corpus is a cruci al

710prerequisite for ensuring its

reusability. It is inportant to use a
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data format for which there are tools to
access and search the corpus. The issue
is conplicated by the fact that the
715st andards that are devel oped by
I nternational standardi zation committees
are often not wi dely accepted, e.g., the
base tagset for the transcription of
speech of the Text Encoding Initiative
720(TEl). In nost cases, the data format of
a specific corpus is chosen to fit the
primary application for which it is
created. Thus, part-of-speech-tagged
corpora, which are mainly used for
72b5training statistical part-of-speech
taggers, are represented in pure text
files, either in a colum format, in
whi ch each word with its part-of-speech
tag is placed on a separate line, or in
730runni ng text, in which the part-of-
speech tag is separated fromthe word by
a special character. Once the annotation
becones nore conpl ex, or when there are
mul tiple annotation |levels, the issue of
735r epresentati on becones nore difficult.
In general, linguistic annotations can
bel ong to one of two conceptually
di fferent annotation nodels: either a
sequenti al nodel (sonetines also
740referred to as graph-based nodel) or a
hi erarchi cal nodel (cf. article 33 and
article 36).

4.1 Hierarchies and Sequences
745 There are ongoing efforts for defining
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a representational standard for corpora
in which nultiple types of annotation
are present, for exanple, norphol ogical,
nor pho-syntactic, syntactic, |exical-
750semantic, information structure, or
di scourse annotation. Bird/Liberman
(2001) propose a graph-based
representation, in which each type of
annotation is treated as an i ndependent
755l ayer of graph annotation. The graph
approach is very flexible for the
representation of text-based corpora as
wel | as speech corpora, each
necessitating a different interpretation
7600f the fundanmental nodes in the graph.
If the underlying data type is text, the
position in the sequence of characters
serves as the reference point for
distinct layers. In contrast, if the
765underlyi ng data type consists of speech
data, the tine stanp of each token in
the utterance will serve as the basis
for the nodes. Additionally, annotation
graphs are flexible enough to allow for
770crossi ng segnent boundari es between
| ayers as well as crossing edges inside
a single layer. Wile this approach is
very flexible for the representation of
different types of corpora and
77bannotations, it is difficult to inmagine
a general tool that would allow the user
to access the whol e range of annotations
wi t hout having an overly conpl ex and

cryptic user interface.
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780 In contrast to flexible annotation
schenes designed specifically for
multiple | ayers of annotation, there are
annot ati on schenmes that are devel oped to
optimal Iy encode a specific single |evel

7850f annotation. One exanple of such an
approach is the so-called Pie-in-the-
Sky initiative (Meyers 2005) which ains
at optim zing the representation of
semantic i nformation and which shoul d

790serve as a basis for a general standard
I n corpus annotation. Hence, semantic
information is the main | evel of
organi zati on and the other types of
informati on need to conformto this
795primary annotation | evel. Because of the
restrictions inposed by the underlying
organi zati on of annotations, it would
be, e.g., inpossible to cross a boundary
that is inposed by the semantic
800annotation. Wiile this restriction may
be seen as a di sadvant age for
representing information other than on
the semantic | evel, one needs to keep in
m nd that such a representation allows
805for a very sinple and direct access to
the semantic data. Thus, it is, for
exanpl e, nmuch easier to search for a
specific type of predicate-argunent
structure than it would be in a graph-
810based representation. A simlar
representation i s suggested by
(Hi nrichs/ Kubl er/ Naumann 2005). Their

representation, however, is based



25

primarily on syntactic information.
815Apart fromthis |evel of annotation, the
aut hors include norphol ogi cal and
nor pho-syntactic as well as anaphoric
and coreferential annotations. Again,
the decision that the syntactic
820constituents serve as the basis for the
annotation of other levels restricts the
annot ati on especially on the anaphoric
and coreference | evel. However, it also
ensures that the two levels are
825consistent with regard to each other.
Thus, a markable, i.e., a potenti al
referring expression, on the referentia
|l evel will always correspond to a
syntactic constituent. This is in
830contrast to other annotations which have
been perfornmed nore independently. In
PropBank, for exanple, sone of the
semantic roles intentionally conflict
with the syntactic information in the
835under | yi ng Penn Treebank
(Pal mer/ G | dea/ Ki ngsbury 2005: 81ff).
Consequently, if the user needs to align
the semantic information from PropBank
with the syntactic information fromthe
840Penn Treebank, these m smatches nust be

resol ved sonehow.

4.2 Enbedded and St andoff XM. Markup
Besi des concept ual deci sions,
845especi ally the devel opnent or adoption
of an appropriate tagset and the

decision for a hierarchical or a graph-

50
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based annotati on approach, annotated
corpora differ in the way they conbi ne
850annot ati ons and textual resources. Since
the creation of large linguistically
annotated corpora is an extrenely tine
consum ng endeavor, many of these
corpora are based on technical decisions
855made in the 1980s. The resulting
physi cal representation is therefore
realized as a record-and-field or
col um-based format and frequently as a
bracketing format, often influenced by
860t he syntax of the progranm ng | anguage
LI SP. Nowadays |inguistic (and ot her)
annot ati ons use the syntax of XM, at
| east as an interchange format. O ten,
existing linguistic corpora are
865converted into an XM.-annot ated resource
as well (see, e.g., TiGer Treebank,
Prague Dependency Treebank).
The main reason for the use of XM in
| i ngui stic annotation is obvious: XM is
870the lingua franca for text annotation in
general (cf. article 33). Hence, XM is
supported by nost rel evant software
products, ranging fromtext editors,
dat abases, web browsers to libraries for
875progranm ng | anguages. Based on
experience with the technica
devel opnment in the |ast decades, XM. was
devel oped as a pure text format w thout
any inplicit formatting. This ensures
880t hat XML will be accessible in the

future, even after it has ceased to play
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an inmportant role. An additional reason
for the wi despread use of XML is its
flexibility. As a result of this
885flexibility, the XML annotation in
corpora varies trenendously. The nost
striking difference concerns the
connection of markup and annotations. It
is possible to enbed the markup used to
890annotate portions of text in the text
itself or to refer to this text by neans
of links. The first technique is called
enbedded or inline annotation whereas
mar ki ng by referencing is usually called
895st andof f annot ati on ( Thonpson/ McKel vi e
1997). Bot h approaches have advant ages
and drawbacks. Standoff annotation is
nore flexible and allows for the
di stribution of different |evels of
900annot ati on over several independent
| ayers wi thout duplicating the textua
resource that is annotated by the
different levels. The distribution of
annotations of different |inguistic
905l evel s (e.g., syntactic and di scourse
structure) over separate annotation
| ayers not only leads to better
conceptual nodeling but al so avoi ds
probl ens which arise due to the fact
910t hat the XM. standard forbids
over | appi ng el enents. But since XML was
designed with the enbedded annotati on
technique in mnd, only a few XM
software products allow for the

915processi ng of standoff annotated corpora
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in a way acceptable for non- XML experts.
This, and the fact that single
annotation | ayers cannot be interpreted
or exchanged separately, since they are
920dependent on the | ayers they thensel ves
poi nt to, goes agai nst the vision of
sustainability of annotated text(see
Hi | bert/ Schonefel d/ Wtt 2005). To reach
nor e sustai nabl e annotations, also
925st andof f annot at ed docunents shoul d be
stored and exchanged as XM. docunents
W th enbedded XML annotations. ldeally
each annotation level is encoded in a
single XML file. Several of these XM
930docunents can be nerged into a single
docunent if they share their textua
primary data (see Wtt at al. 2005).
Alternatively, a parser which is
descri bed by I1de/ Sudernman (2006) can be
935used to yield a single XM. inline
representation. This parser integrates
annotations distributed in separate XM
standof f | ayers. Both approaches to
nmergi ng can deal wth overl appi ng
940hi erarchies (cf. articles 33 and 36),
whi ch can be represented by neans of
m | est ones (DeRose 2004). Such tools
enabl e users, for exanple, to nerge
rel evant parts of the Penn Treebank with
945t he annot ati ons of PropBank, NonBank,
Ti mebank, and the Penn D scourse

Tr eebank.

5 Docunent ati on
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950 It should be clear fromthe previous
sections that the creation of |arge
l i nguistically annotated corpora is
extrenely | aborious. O course, this
hol ds al so for smaller corpora, but the
955efforts and the procedures necessary for
the creation of corpora do not sinply
scale linearly with the corpus size.
Typically, the starting point for the
creation of a smaller corpus is a single
960l i ngui stic project that is concerned
with a particular research question. To
provi de enpirical evidence, |anguage
material is collected, and a corpus is
created. This often results in small,
965speci al - purpose corpora that are barely
reusable in projects concerned with
slightly different research tasks. Even
though this is a deplorable situation
because the nunerous snall corpora would
970constitute a val uabl e resource for
linguistics, it is alnost inpossible to
change the situation. Typically
I ndi vi dual researchers start collecting
| anguage nmaterial; afterwards they
975create a corpus, and |later analyze or
interpret their data. A single person or
even a small group is likely to try to
mnimze the effort which is invested in
the creation of a corpus. However, for
980t he creation of large corpora it is
i nperative to devote considerable effort
to building the prerequisites of corpus

reuse and distribution. ldeally, such
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i ssues are considered in the early

985st ages of corpus buil ding, otherw se
there is a risk of wasting serious
amounts of tinme and noney on the
creation of annotated data that end up
as data graveyards (Schm dt et al. 2006)

990t hat are not accessible for the research
comunity.

One of the nost inportant tasks for
facilitating reusability is a thorough
docunent ati on that goes beyond

995annot ati on gui del i nes described in
section 3, which are exclusively
directed at the human user. A
conpr ehensi ve docunentati on that
addresses all corpus-rel ated tasks and
1000t hat can al so be expl ored by machi nes
conprises different types of
I nformati on:
-Linguistic tagsets: Linguistic concepts
are marked with tags such as NN as part-
10050f - speech tag for normal nouns or PP-LOC
for locative prepositional phrases in
the Penn Treebank tagset or ARQD as
semantic tag in the PropBank tagset.
-Content Model s: XML based- annot ati on
1010schenes often use docunent grammars for
formally defining constraints on the use
of tags as content of other tags. To
update and to process corpora annotated
according to formal docunment grammars
1015(e. g., DIDs), an extensive docunentation
of the grammars is extrenely inportant.
-Met adat a: As described thoroughly in

60
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article 13, the use of netadata, i.e.,
I nformati on describing corpora or sub-
1020corpora, is extrenely inportant for the
organi zati on of corpora in general and,
especially, for the retrieval of
i nformati on contained in corpora. The
nost prom nent netadata schenmes defined
1025for linguistic data are the ones defined
by the Isle Metadata Initiative (1MI)
and by the Open Language Archive
Community (OLAC).
-Li ngui stic Data Categories/ Linguistic
10300nt ol ogi es: To ease the interoperability
of different |inguistic resources sone
researchers pronote the use of
| i ngui stic ontol ogi es. Because annot at ed
corpora contain arbitrarily defined tags
1035to refer to linguistic concepts (e.qg.
nunber: dual, case: genitive), an
ontology, i.e., a formal representation
of the concepts, can be used to
associ ate these tags with genera
1040l i ngui stic concepts. The Data Category
Regi stry (DCR, 1SO 12620-1 (2003)) and
the General Ontology for Linguistics
(GOLD, Farrar/Langendoen 2003, see al so
article 13) were devel oped for this
1045pur pose.
Large corpora shoul d be docunented on
all of these levels. This is not only a
prerequisite for the reuse of the
corpora. Since |large corpora are created
1050and eval uated by several people over a

| ong period of time, extensive
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docunentation is necessary for the

creation of a consistent |inguistic

resource of high quality (cf. also
1055section 3).

6 An Architecture for the Sustainable
Representati on of Corpus Data
Many |inguistic projects collect and

1060annot ate corpora, it has becone nore and

nore apparent that many of the

| aboriously acquired resources are not

useabl e and sonetines not even

accessi ble after the research project
1065f or which they were created has cone to

an end.

At the time of witing this article,
the issue of sustainability of
linguistic data is the subject matter of

1070a joint research project undertaken by
the Col | aborative Research Centers in
Tuabi ngen (SFB 441), in Hanburg (SFB
538), and in Potsdam (SFB 632) (the
joint project’s honepage:

1075ht t p: / / www. sf b441. uni -
t uebi ngen. de/ c2/i ndex-engl . htm ). Each
of these centers has independently
devel oped their own annotated cor pora.
This joint project has the practical

1080goal of transforni ng these heterogeneous
corpus collections into a uni formdata
representation. At the sane tine, the
proj ect ains at devel opi ng net hodol ogi es
and rul es of best practice for new

1085cor pus-oriented projects in general (see
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al so Dipper et al. 2006). Wthin this
project, an architecture for the
sust ai nabl e representati on of corpus
data was devel oped and published in
1090Wsrner et al. (2006). A generali zed,
i.e., less project-specific, version of

this architecture is given in figure 3.

{figure 3 here}
1095
The architecture can be subdivi ded
into an input-oriented and an out put -
oriented part. Wen dealing with
exi sting corpora, the input-oriented
1100conponent is necessary for unifying
het er ogeneous corpus formats. This
nmer gi ng process may result in a docunent
that contains all the information of the
source docunent but its representation
1105bel ongs to anot her nodel, for exanpl e,
data originally represented in a graph-
based nodel is now represented according
to a hierarchical nodel. In this case,
the transformation is an information-
1110preserving (| ossless) procedure. In
ot her cases, however, the generalized
cor pus nodel does not allow for the
inclusion of all the information of the
source. In such cases, the nerging can
1115be regarded as a generalization to a
| east common denom nator. Wether a
generalization or unification is used
depends heavily on the diversity of the

i nput formats. If they belong to
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1120di fferent paradi gns, especially if the
mer gi ng process needs to conbine a
gr aph-based format and a hierarchy-
oriented format (see section 4), a non-
| ossl ess transformation is nore |likely

1125t o0 be defined and inplenented. As a
consequence, the result of such a
conbination is not re-convertible to the
I nput format. To circunvent this
drawback, the generalized format needs

1130to allow for the inclusion of
I nformati on whose sole purpose is to
enabl e back-transformations into the
original format.

A corpus represented in a format that
1135confornms to the generic corpus node
must contain all the netadata of the
original corpus, but potentially
represented in another netadata schene
(see article 13).

1140 The output-oriented part of the
proposed architecture for the
sust ai nabl e representation of linguistic
data follows the idea that the best way
to inprove accessibility is to provide

1145t he sanme data in as nmany different
representations as possible. Therefore
the data can be partially or conpletely
converted into several |inguistic and
non-1linguistic formats (e.g., TEl, LAF

1150(1 de/ Ronmary/de la Clergerie 2003), or
XHTM.) .

For a general discussion of

sustainability we refer the reader to
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the sem nal paper by Bird/ Sinons (2003)
1155i n which they address the probl em of
portability and sustainability of
digitized | anguage data in general with
a speci al enphasis on recorded spoken
| anguage. They suggest rul es of best
1160practice for the creation, storage and
distribution of linguistic resources,
whi ch they specify along the foll ow ng
seven di nensions: content, format,
di scovery, access, citation,
1165preservation, and rights. For exanpl e,
they recomend the use of Unicode for
character encodi ng and XM for
annotation. They strongly recomend
usi ng open, non-proprietary standards
1170f or storing | anguage data and
descriptions. They suggest that creators
of corpora docunent the process for
access as part of the netadata,
I ncluding any |icenses and charges.
1175Finally, Bird and Si nons reconmend
maki ng an additi onal paper print-out of
the data, for this is still the nost
sust ai nabl e way of preserving
I nformati on. An updated version of the

1180rul es of best practice is available on

t he OLAC pages (http://ww.| anguage-
archives.org). For an exhaustive

di scussi on on aspects of | anguage
docunentation interested readers may

1185al so consult (G ppert/H nmel mann/ Mose
2006) .

70
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7. Concl usion
In this article, we discussed
1190l i ngui stically annotated corpora and
descri bed an approach for the
sust ai nabl e representati on of such data.
The availability of |arge collections of
el ectronic texts and the need for
1195corpora augnented with |inguistic
I nformati on especially for natura
| anguage engi neering purposes has led to
the creation of |arger and | arger
| i nguistically annotated corpora. In
1200addition to these large corpora, an
I mrense anount of rather small special -
pur pose corpora have been annotated as
well. Naturally, the creation of al
these corpora is a | aborious process but
1205t he effort involved in the creation of
| arge corpora is not only greater than
for the creation of smaller resources,
It also requires different strategies:
di fferent annotators are invol ved,
1210het er ogeneous software mni ght be used,
potentially nore | evels of information
are annotated, the creation of |arge
corpora is nore tinme-consumng (in sone
cases taking even decades), and so on.
1215For these reasons, every effort should
be made that such resources are
accessi bl e and reusable after their
creation. Therefore, the linguistic
communi ty shoul d not any |onger tolerate
1220cor pus-oriented projects ignoring

aspects of sustainability and agreenent
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on rul es of best practice in corpus

creation.
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Figure 1. Penn Treebank Il: In such
an environnment, a nmarket naker can

absorb huge | osses.

1670

[ARGMH LOC I n such an environnent] , [AR& a
mar ket nmaker] [ ARGV MOD can]
[rel absorb] [ARGL huge | osses]

1675
Figure 2. PropBank; prototypica

semantic roles of verbal arguments

1680

100



51

Corpus Corpus Corpus
Format X Format Y Format Z
[ ] .
' Data Modelling NITE/NOM i Generic Corpus
! (NITE Object Model) | Data Model
Homogenisation of the heterogenous ~ ——————— o - - _ - - _ _ _ _ _ _ _ _ __ _______ ! i
source markup languages Metadata Multrooted tree
Format X e __
| 6 _mg o !
Serialising Data NITE/NOM |
- Metadata : (NITE Object Model) I
ling. terms Format Y I !
and concepts I LAF |
i TTECHIRE
Metadata ! (ISOrIC 37/SC 4) :
Format Z : ANNIS, PAULA
| |
|
|
L e e e e e e e e e e e e e e e e e |

———————— XML- |2 _FemaY___ 7Y SQL-

-7 7T7Z] database N _- data base
-7 - ‘x\\F()rrnalZ,—’/

/ -

i 1

L //

Query
""""""""""""""""""""""""""""" > dispatcher

Web interface

1685 Figure 3: An architecture for

sust ai nabl e data representation



	1 Introduction
	2 Corpus Resources and Reusability
	3 Quality and Consistency of Annotation
	4 Representation of Annotation
	4.1 Hierarchies and Sequences
	4.2 Embedded and Standoff XML Markup

	5 Documentation
	6 An Architecture for the Sustainable Representation of Corpus Data
	7. Conclusion
	8 Acknowledgements
	9 Literature 

