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Abstract

The central task in constructing a general linguistic ontologyaisping the phenomena
of a given language to the concepts in the ontology, and extendingttiiegy where
no viable mapping exists. Mapping well-known independent featuresaiily f
straightforward, but mapping a new feature or language-spexitaogy to a general
model is a complicated problem. This is especially true wheinopaine meaning of a
language-specific ontology derives from sociocultural phenomenamayt not be
meaningful to store the data independent of its presentationaktcand so the context
itself must be recorded in a structured format, or with riclgotated instances of
photos, diagrams, maps and/or videos.

In this study, we will survey a variety of linguistic documewiatmaterials to report on
the range of ontological categories and structures that mayjbieee to integrate such
phenomena into the GOLD framework. In particular we focus onliligyaof GOLD
to meet the needs of the contributors and users of endangeredgkesguehives. We
find that in order to support endangered languages GOLD needs to texpligiport
uncertainty, variability and phenomena that are inherently indetatenior complex.
We propose solutions for a number of these.



Introduction

The main goal of this paper is to explore how the General @yytdbr Linguistic
Description (GOLD) meets the requirements of portabibiyldnguage documentation
and description (Bird & Simons, 2003). Our approach to roadigkgre is in
evaluating the ability of GOLD to meet the needs of archsers and contributors.
Where we make suggestions for extensions to GOLD we willetempt to justify the
changes in terms of general ontology building.

The Endangered Languages Archive (ELAR) of the Hans Rausinggereal
Languages Project (HRELP) is uniquely placed in the langdageémentation
community. As well as the archive, HRELP supports grantddoamentation projects
and an academic program focusing on language documentation.df@itd the long
term goals of the archive is to preserve data and proviégssta it, we also train
students and grantees in markup and data management ss;atagtenedia
development, and the choice of recording equipment.

There are many ontologies for linguistic description, but GOLkeiag developed to
provide an ontology specific to the issues of documenting endahigeiguages (Farrar
& Langendoen, 2003). It is not surprising to find that it is tfeeeecurrently the most
suitable ontology for supporting data portability. To date, GOlriéén goal has been
in the area of providing ‘datanalysis sets’ (Farrar & lemdpen, 2003). We
demonstrate how GOLD could further enhance its level of potialfilt extended the
focus on data analysis to two other areas:

» data acquisition

» data access

Data acquisition is GOLD’s ability to support language docuarsrgerforming
annotation, including the use of less well-known terms, moddliegincertainty in
annotating new and difficult phenomena or phenomena that are inhéneletlyrminate
or complex. Data access is GOLD’s ability to suppoticstres that allow the
navigation, rendering and interpretation of data by a yeoketsers, especially the
speakers of endangered languages.

For all three areas interoperability is important, and a conmontmiogy and markup
system will support it. A common ontology would fill the spacerbthe cataloguing
metadata of standards such as IMDI and OLAC, and theméthdata of linguistic
annotation (Nathan & Austin, 2004).

For improving data acquisition we suggest that each concg®iD should be
represented by a set of formal properties describing thaepofio addition to the
existing definitions). For improving data access, we suggastGOLD explicitly
captures the conventions and constraints for presentation (rend@vmghow that a
combination of these two strategies would allow modellingrnaf access to concepts
that are important to linguistics but currently outside of ontolagiding for language
description, including the modelling of language-specific ontofgie

Linguistic ontologies and markups

Here, we outline the changes we propose to GOLD’s representatiooscepts.
Crucially we explain that GOLD does not need to make assomspabout consensus



among linguists or the boundaries of linguistics for documentingregyeded languages.
We show that modelling variances and indeterminaciesiwilgct, reduce the
ambiguity in interpreting and applying the resultant ontology.

The relationship between ontologies and markup (annotation) syisteah®est, messy.
At its strictest definition an ontology is about what weeagran exist. A strict linguistic
ontology will need to capture phenomena that are inherently \@aal continuous,
but not uncertainty. For such a definition, the extent to wihiefontology correctly
captures domain knowledge can be evaluated simply by its .uBlityhe other hand, a
markuprepresents knowledge, and is therefore inherently uncertais rndeterminate
to the extent of the authors’ confidence in their markup, wbiniyy interpretations, and
the limits of conceptual frameworks. Therefore, an ontology andrup converge
only when there is consensus and complete confidence. Howéhesr,amalysing
languages, in particular little-studied endangered langudgss, is rarely full
confidence in the classification of new hard-to-classifgrmena. Academic debate
and increasing understanding of the diversity of languages matwé also lack
consensus — concepts drift, divide and are born new. The ldstsefis well recognised
as a possibility in language documentation, which is why openognésl are used. For
example, GOLD provides extensions through Community of Practism&ions
(COPEs). There are many epistemological reasons for atogptto take account of
indeterminacy, and while these can make for interesting disoussr justifications

for modelling indeterminacy are based only on utility and jpdita

As an ontology linked to annotation systems, GOLD needs tesept several kinds of
indeterminacies: uncertainty of annotation, and phenomena ¢hiatherently
continuous and variable. It is not enough that a language ontology coréoams
endurantist or perdurantist model of reality (Niles & Pea88}): for language
documentation, an ontology also needs to capture uncertaingkingran annotation,
variance in the definitions of categories and the limitatadreategorical frameworks.
In general, builders of ontologies outside of linguistics Haaen reluctant to accept
variance and indeterminacy as integral to their models:

In some cases, the incompatibilities [between ontologiesbeassmoothed over
by tweaking definitions of concepts or formalizations of axiomsither cases,
wholesale theoretical revision may be required. (Nild3s&ise, 2001)

So, what about explicitly modelling the ‘incompatibilities’®e& all, if they can be
identified they can be modelled. While the intentions foldiug deterministic models
are sound, they can lead to poor practices. Inconsistencidd slobbe ignored, nor
should the significant revision of an ontology be undertakenyighAtgeneral linguistic
ontology therefore needs to allow the linking of concepts in watsatlow differences
to be formally represented, and for these differencbsd¢ome part of the ontology
itself. If some phenomenon in a language does not easihtdian existing ontology, it
is likely to be something linguistically interesting and thgrof attention.

Bateman (1992) distinguishes betwéemal-philosophicallogical-semantiand
linguistic ontologies (Bateman 1992), arguing that most ontologies are l@raion.
GOLD seems heavily influenced by formal-philosophical ontologies:

GOLD makes a clear distinction between grammar andrs@sand,
furthermore, clarifies the connection between linguistic aoddiknowledge ...



The first requirement, then, for a general ontology for lingigss a theory-
neutral model of the world (Farrar 2003b)

Arguments for theory-neutral ontologies cannot apply to broad lingwoistologies. An
ontology for language description cannot make a clear distinctisrebetgrammar and
semantics, or between linguistic and world knowledge, befoogi#seof linguistic
description do. One of the goals of language description istterlunderstand the
relationships between syntax and semantics and betweerstinoguid world
knowledge. An ontology needs to support this exploration, not presuppasswisrs.
We hold the more common view that there is no theory-neutrallmbd®rld. In fact,
GOLD'’s current goal of a theory-neutral ontology has led maixe some very theory
dependent theories:

“Assumption 1: humans perceive, act in, and conceptualizegheironment in
the same way regardless of which language they happen to.spkeaterms of
ontology, strong linguistic relativism would imply that theagilcl be no common
upper model to mediate between various languages, renderihgnmé&anslation
impossible.” (Farrar 2003b)

Rejecting the linguistic contributions of Sapir and Whorf is navt@eutral and
limiting weak linguistic relativism is at odds with manyrent linguistic theories of
inter-speaker/genre/register variance (Foley, 2003) and nktngalage processing.
Machine translation has largely abandoned language independegis imoivour of
pair-wise language-to-language instantiations. While thisredy regarded as evidence
for strong linguistic relativism, it could be considered evidemgainst the utility of
language independent modelling in natural language processing.liMgdwgtariable
language independent concepts cannot be justified on an emipastsl

The first requirement for a general ontology is not a theory-alemiwdel of linguistics,
but apantheory model. We are highlighting these flaws in GOLD bseahey are
assumptions that do not need to be nfaSlimce it is not feasible to create a theory-
independent ontology, the best solution is to create an ontologgllhas variation.
Currently, GOLD externalises this by separating its languadependent concepts
from language-specific and community-specific variations by GOPEerefore, while
GOLD currently admits variance, it doesn’t seek to explicrydel it.

We propose a simple solution that can capture indeterminacidsc&acept in GOLD
should be represented by a set of properties that descrilmotitafpt. A property would
have three possible values to mark whether a given legacy ontmidéenguage holds
the property for a given concept: ‘Yes’, ‘No’, or ‘Undefined’ fadt). For the ontology
to accurately represent variance, it only needs to include brpyogerties to
distinguish terms; however, for portability, it should seek sxdbe as many properties
as possible.

‘Yes’ can potentially be expanded to include whether the prpEemandatory or
optional for the concept. It could also capture dependenciesdiepweperties for a

1 We have found the problems that we have identifiete common to many linguistic ontologies. It is
an unfortunate inevitability of the conference’sde that we single out one of the better ontolofpes
criticism.



concept. For example, property X is mutually exclusive with ptgpéfor concept C.
Variation within ‘Yes’ should be separated from the ‘YéNo’, ‘Undefined’
distinction as, when annotating, we may know that a ceptaiperty exists but not yet
know whether it is mandatory, non-mandatory, epiphenomenal orcbavaicated
dependency relationships.

Gruber (1993) describes ontology concept definitions as:

definitions ...associate the names of entities in the universe obulise (e.g.,
classes, relations, functions, or other objects) with hureadable text describing
what the names mean, and formal axioms that constraintdreretation and
well-formed use of these terms. (Gruber, 1993)

Our suggestions here are Gruber’s ‘formal axioms that constr@interpretation’.
Currently, GOLD has few formal axioms constraining the intégpien of categories. If
each concept in GOLD should be represented by a collectionnaél properties. This
allows inter-language variance to explicitly represent diffees between concepts. It is
common for ontologies to represent concepts as a set oflforoperties, allowing the
more explicit linking of concepts (Cysouw et al, 2005) and grefttar portability, as
knowledge of the full set of concepts is contained within the ogya[Bird & Simons,
2003).

While an ontology needs to capture classifications and thigniténs, it does not need
to capture the justifications for them. Exactlfty a given definition is proposed is
external to the ontology and to be argued elsewhere.

What is in a noun?
The current definition of ‘noun’ within GOLD is as follows:

Noun Definition: A noun is a broad classification of parts efes which
include substantives and nominals (Crystal 1997:371; Mish et al. 111988):
(http://emeld.org/gold-ns/description.html#Nolast checked 23/05/2003)

Unfortunately, because Crystal 1997 and Mish et al.1990 are nadétcin GOLD, a
researcher does not know if their definition of noun correspontiat@t others also
using GOLD. Even if they did know, how could they ensure that videgtcall a ‘noun’
will correspond to the same concept in future annotations by i@bearchers?
Reference to information external to the ontology should notdpeined. And because
Crystal’s definition of a noun does not refer in turn to MisaleGOLD’s definition of
a noun refers to two different definitions. Should we ‘averagavben them or choose
their common ground? If we choose the middle ground, then GQiddisition of
‘noun’ has actually not yet been written, but only refers tongsrpretive blending of
the two existing definitions.

By allowing different users of GOLD to choose their own deting of the categories,
a single ontology can express multiple concurrent interpretedimhshe differences
between them. This is analogous to defining multiple sendegicography, where
different but related senses are described in parall@rritan being “averaged”.

The argument that the core idea of a ‘noun’ and other such cervediptot change
much is insufficient. The core of what is declared t@ lp®un might remain constant



for a long time, but thboundariesbetween a noun and other categories are less stable.
Definitions of terms will change and the ontology must hagectpacity to
accommodate these changes.

With the definitions being formally contained within GOLBete is less uncertainty as
to whether GOLD does or does not capture a certain phenomeneseacher can
easily check to see if GOLD’s definition is the saméhags. If they feel that theirs is
narrower, they can still use GOLD and reduce the numbepepies so that their
definition remains formalised. If theirs is broader, thay add appropriate properties.
In both cases GOLD becomes a richer resource.

Representing knowledge

In language documentation, there is currently an emphasiparatag form from
content. This poses a paradox. If form is separated from cotitentdata structures,
ontologies and annotation systems become more flexible; hovilesanore flexible a
structure becomes, the less information it conveys. Tieghe potential for information
to be lost or impoverished when resources are stored independksylay properties.
Of course, for some materials, especially video, thereamrently no standards for
descriptive markup that come close to successfully absigattte information from its
form.

For portability, best practice currently suggests that respareesupplemented with all
auxiliary software resources necessary for display (Birdmo8s, 2003). While this
addresses the problems of preservation, it limits interopigyalzeally, descriptive
markup should include rendering information. For linguistic inforomethis would
include conventions such as italicising part of speech cagsgardictionaries, and
alignment in interlinear transcriptions. This might seem uessary, as these
conventions will unlikely be forgotten and there is little tegyé value in the form, but
for language specific phenomena the presentational format imexywige be lost.

The simplest solution is to record a thorough but informal degwipf the

conventions for rendering. While this addresses data acquisitdwes not address data
access as specific interfaces to the data will nebd tweated. Ideally, the conventions
should be recorded in a structured format so that interface ¢anlcustomize the
interaction with the data according to instructions withindaig. Note that these form
two extreme poles of interface design: one is a thick-eterthat has hard-coded
rendering, and the other takes its layout from the data. itself

The current convention for many archives is to simply providesg#ime interface for
every language, thus ignoring any language specific conventionsgtraints. It is not
clear which users this supports: linguists will usuallyhis search, not navigate, for
cross-language phenomena. On the other hand, speakers of endErgrrages are
not advantaged by the fact that another language is aceetsstdame way. Ontologies
and data structures are not navigational structures. Qgesdcess to an archive by
simulating ‘transparent’ access to structures is a convelmgfidirly arbitrary interface
design decision.



Supporting fieldworkers: data acquisition

The most valuable linguistic information

The most valuable information can be the data leasylikebe recorded. All linguistic
knowledge should preferably be formally captured, even if the lingagsnot decided
on the linguistic classification for a concept.

Most linguists will have working conventions for indicating theirentainty about a
given annotation or concept, ranging from writing a question noankting several
alternatives (Holton, 2003). Hard-to-classify phenomenah&renes that field-workers
will give the most thought to, but they may defer annotatioih aigkecision is reached.
A researcher may consider it preferable to leave a conc@pinotated rather than
expose themselves to the potential scrutiny of other resegyelteare their data is to be
deposited in an archive or made public. To guard againsismiti@adding a question
mark (or a level of confidence) may be sufficient, big ot informative. On the other
hand, by selecting properties they are sure about, a fieldweakendicate that they are
sure that certain properties do exist, certain ones do noleavelthe rest of the
properties undecided. In this way, they are able to repraseattainty (or more
precisely, the extent of their certainty) before makingices of categoricity.

Supporting indeterminacy
There are two kinds of indeterminacy in linguistics:

» confidence in assigning a category (uncertainty)

» phenomena that are inherently variable, probabilistic, gradrezantinuous.
Why we need markups of uncertain concepts:

1. To record our knowledge. For example, Berggvist (2005) is currently
investigating the possible categoricity of a w@tthchin Lakanon Maya. From
recently collected field data, Bergqvist hypothesised tHanhctions as
temporal-modal deictic and expresses participant frames aa#tesfs footings.
Clearly, he has giveiuhchmore thought than other terms in the language; and
so this is the term we would like him to annotate in thetmetil, but until he
reaches a decision it is actually the one most likelgnoain unannotated.

2. To allow other people to find them. Perhaps a similar hadassify concept
has been encountered by another researcher. If an archive engilegran
ontology with uncertain categories exists, then someone maygdnaviously
recorded the phenomena in a structured way able to be sedf¢hexdproblem
is truly new, then at least this uncertain concept camptied in a structured
format that will allow future researchers to find it.

3. To reach certainty. A markup, even an indeterminate acareallow the
statistical/computational analysis of the distributional tenmsnof a term. This
can inform a decision about its appropriate category.

4. To highlight problems with descriptive frameworks. A feature imaly appear
to belong to multiple (or no) categories because the deseriptimework does
not yet account for it.



5. Because the concept is inherently indeterminate. The comzgpbe inherently
fuzzy but not previously encountered as an indeterminate featar@mnguage.

It is also easy to justify the need to capture phenomenardatherently variable,
fuzzy, gradient or continuous. As Himmelmann discusses, lingaisscription is often
criticised for ignoring such phenomena, and so ontologies cannobpibleim
(Himmelmann, 1998). The suggestion that continuous concepts caletpeately
represented by discrete (symbolic) categories is falge veall-known to anyone who
has need to model both in some data modelling task.

In linguistics, continuous phenomena are described by a variegynos: cline,
gradience, squish, continuities, contiguities, vague, fuzppamilistic. The distinctions
between them are important but outside the scope of this pagrer.wk lump them
together under ‘inherently indeterminate’, meaning that #meyphenomena that cannot
be adequately represented by discrete categories.

GOLD will need to be able to model continuous phenomena im tva@pture prosodic
information. In addition, if it is to keep with the curreéheories for morphosyntax then
it will need to allow researchers to explicitly model pluwsyntactic phenomena that
are inherently indeterminate (Aarts, 2004; Bayen, 2003; Manning, ZD@3).for
discrete concepts, researchers need to model continuitedanto model interspeaker
variance.

If concepts are represented by a collection of propertiesthieerequirements of
current formalisms for modelling linguistic gradience camiet¢ (Aarts, 2004), but not
all inherently indeterminate concepts can be representeddfisPerhaps the
“ContinuousObject” concept of SUMO (Niles & Pease, 2001) cemla¢ used to
represent continuous phenomena in language. We leave the modeitihgrent
indeterminism as an open problem that we have addressed oaly.in p

Incorporating new categories

New categories will emerge from language documentationesaérchers need to be
able to place them within the ontology.

A question for any ontology is: How do we know that a given categorgt the same
as another one identified elsewhere? In linguistics, gpe@ally complicated: what
might be two distinct concepts in one language might be cedflatanother.
Formalising definitions as collections of properties providesaag way of identifying
where two concepts are really two names given to the samcept. Currently, we can
identify duplicated concepts in two ways: compare the dedirstgiven for both of
them, or compare both the distributional tendencies. Thaditse most thorough, but
can be complicated if the two definitions are from déferlinguistic frameworks,
which is likely in the case of conflicting terminology. Thleesnd, comparing the
distributional tendencies, is a good solution, but can be probleasatie distributional
tendencies may be subject to non-critical criteria that dvekéw calculations between
languages. Genre, register, inter-speaker variation orspgaker variation may also
skew calculations within a language. By formalising definitiescan simply compare
the properties for the two — if two categories share the gaoperties, and therefore the
same formal definition, we know they are the same cage@or the other hand, if two
categories share the same properties but we are sure thatetaigtinct, then we know
that we need to extend the properties to express theseedifes.



For a fieldworker defining what they consider to be a newepinsoftware supporting
GOLD could easily implement such a comparison of propenidsaggest a number of
existing concepts that might provide the solution.

In addition to reducing the likelihood of repeated concepésfdarmal modelling of
properties also reduces the need to make decisions aboutrategf we are

explicitly modelling the differences, then it does not nmaiteether or not we choose to
call a new phenomenon a category in its own right or a vasfaart existing one — we
can show the dependencies between them in the shared psoaedidefer the
discussions and decisions of the relationships to later @&nalys

Importantly, the new categories found may simply not exishynlanguage (or are not
yet discovered) and if we are able to create new catsgame link them to other
categories through shared properties then we can build modelsotkaibwards
capturing more complex information than categorical labels.

Incorporating structures

Linguists capture much richer information than stand-aldmeldafor concepts. Beyond
inherently discrete phenomena and inherently indeterminatetbees,s a third kind:
concepts that are complex structures.

In computational linguistics there has been a tendency to igitldireguistic
phenomena other than those that can be represented atediategories. For example,
Penton et al describe tables of discrete data as ‘lingp@radigms’ (Penton et al,
2004). Such a ‘linguistic paradigm’ captures simaplestof linguistic phenomena:
discrete categories. Linguistic phenomena can also be inheredglgrminate (as
discussed), or inherently complex structures, including cometidahguage-specific
ontologies.

Supporting speakers: data access

The largest (and growing) user group for endangered languagesaisaiezithe
speakers of endangered languagdhese speakers are rarely interested in linguistic
categories or navigating a corpus or archive via them.

Supporting language-specific ontologies means supporting informatiostructures
for navigation, which are more appropriate to the task thabdsats or abstract
ontologies. There is some conflict here between geneanityinformativity:

Markup may also cause problems for rendering. As we havereseunyces
employ descriptive markup to maximize portability across cdermystems
and potential uses ... However, such resources fail to treggp from
computer to human if there is no meaningful way to displaytheThus
the best practice is one that supplements the information cesetth all the
auxiliary software resources that are needed to renfterdtsplay. (Bird &
Simons, 2003)

2 Strictly speaking, this should be extended to éxsaGrinevald, 2003) and the descendents of speake
looking to recover cultural or linguistic practices



This trade-off between rendering and markup is likely to nemgroblem for those
working on data representation.

Case Study: Yolngu kinship

The Yolngu are a group of clans living in north-east Arnhem Lidodthern Territory,
Australia. According to Yolngu world-view, language origindtesn the land. The
Yolngu languages themselves have extensive kinship terminoldgy &lirrutu, also
called by some linguists “kinship algebra” (Nathan 1996), witke2ns that identify
individuals and sets of individuals in terms of moiety, gatien, gender, and patriline
or matriline. The terms extend infinitely through cyclicity:

These links work in a circular fashion: a woman’s mother’s nistimeother is her
waku—the same as her own son or daughter. Her mother’'s mati@her’s
mother is her yapa—her ‘sister’. (Christie & Gaykamangu 2003).

A conventionalised method for representing Yolngu kinship is a graybktem
showing lineage and generations together with patriline/inattinking symbols that
allow the Yolngu terms to be mapped onto configurations of indivsd@iristie et al
(2001) developed a full implementation for querying and renderinigitisip system
via either the terms, a graphical interface, or a gemevallist.

But more interesting for the purposes of this paper is that tiséigi system pervades
the whole Yolngu world and acts as a classificatory and nasystgm. A person might
regard and call a particular plant species or an arkeadf'mother”:

If for example, the Djambarrpuyngu men marry Gupapuyngu witiese will be
successive generations of Djambarrpuyngu children who call evagythi
"Gupapuyngu ‘mother’. For them, Gupapuyngu land, language, songs,,tetems
will all be called mother. The group into which the Gupapuyngu mamy (e.g.
Garrawurra) will be the mother of the Gupapuyngu, and the (mather’s

mother) of the Djambarrpuyngu. (Christie & Gaykamangu 2003).

Finally, completing the symmetry and cyclic nature ef Yolngu world, individuals
draw from the same sets of kinship relations to descrilyeréiationship to the Yolngu
lands (from whence the languages arose in the first place).

We thus see not only that simple translation of Yolngu kin tésmsn-trivial, but also
that the system, in actual discourse, enables the usagetefikis to refer to anything

in the Yolngu universe, and interpreting them as referring tenthdepend on
knowledge of the speaker’s (and perhaps addressee’s) plheesystem, and the wider
context of communication. Clearly, it is inadequate to sughasone can annotate
such linguistic concepts independently of language-specific ontel{fugee, the

kinship system) and so we need to work towards ways of allowiggistic ontologies
to include such complex concepts and formally relate themote well-known
phenomena.

Conclusion

Beyond supporting analysis, ontologies for endangered languages eceMaluated
in terms of access and acquisition as they support not jushalgsés sets’ but also
‘datacquisition sets’ and ‘dataccess sets’. In order td sweee of these requirements



we suggest that each definition of a concept in GOLD bedlymepresented by a set
of properties. This will allow us to more accurately mapréiationships between
concepts and allow the variance in our definitions of concepis £xplicitly modelled.
It will also meet the requirements of modelling our undetyan annotation, and some
of the requirements of modelling inherently indeterminate phenarrin enabling us to
create new concepts for GOLD it also enables us to repnelsenbmena that are
inherently structures, like language-specific ontologies. Fyriresuggest that in order
to partly address the trade-off between markup and rendanrantology should store
some of the rendering conventions.

These extensions are needed in order to provide portability @mdpetability for
language documentation materials. To achieve this, GOLDn&dgs to remove some
strong but unnecessary assumptions from its current model. Tharertinly many
implementation issues associated with the extensions we praposieey are not
particularly complicated to solve, and can be address#ublsg already working on
ontologies for endangered languages.
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