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Abstract. Ontology has been proposed as a solution to the 'Tower of Babel' problem that threatens the semantic interoperability of information systems constructed independently for the same domain. In information systems research and applications, ontologies are often implemented by formalizing the meanings of words from natural languages. However, words in different natural languages sometimes subdivide the same domain of reality in terms of different conceptual categories. If the words and their associated concepts in two natural languages, or even in two terminological traditions within the same language, do not have common referents in the real world, an ontology based on word meanings will inherit the 'Tower of Babel' problem from the languages involved, rather than solve it. In this paper we present evidence from a preliminary comparison of landscape terms in English with those in the Yindjibarndi language of northwestern Australia demonstrating that this problem is not just hypothetical. Some possible solutions are suggested. 
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Introduction

Ontology as a branch of philosophy deals with "the nature and the organisation of reality" (Guarino and Giaretta, 1995). , The term 'ontology' has been used more recently in information systems (IS) and knowledge representation (KR) to refer to "a logical theory which gives an explicit, partial account of a conceptualization" (Guarino and Giaretta, 1995). If the conceptualization in question is consistent with the reality to which it is applied, then these two approaches to ontology are complementary. But the two kinds of ontology are used for very different purposes. Ontology in the philosophical sense attempts to discover conceptualizations that match the true nature of the subdomain of reality under examination. It can be characterized as seeking a theory of reality, specializing primarily in the preparation of taxonomies of the types of entities existing in a given domain (including the types of relations which unify these entities together into complex wholes of different sorts). On the other hand, ontology in the IS sense normally begins with conceptualizations developed by human beings for particular scientific and non-scientific purposes, and seeks to formalize such conceptualizations in ways that make them implementable in computer applications. Another way to characterize the difference is as follows: ontological research in the philosophical sense is pure or basic research carried out with the aim of increasing human knowledge; ontological research in the IS sense is directed toward the design of software applications for use in information systems and database management systems. Ontology is seen by both camps as part of the solution to a "Tower of Babel" problem, which threatens the interoperability of databases that are constructed independently, since such independent compilations are likely to have differing definitions of entities and relationships. Since geographic information science is in essence a branch of information science, it is not surprising that this is a domain that has seen much recent interest in ontology (Winter, 2001; Mark et al., in press).

One approach to constructing ontologies is to derive them from natural language texts that describe human activities. Kuhn (2001) used an analysis of the German traffic code as a case study, and illustrated informally the processes involved in deriving ontologies from such sources. Such a research program aims to produce formalized conceptual structures that people can commit to when communicating about reality using a GIS or other means of communication. The method appears to work well for administrative domains, where many concepts are established by fiat, but has not been tested on natural geographic domains.

A particularly important situation in information systems arises when such systems must be used by speakers of more than one natural language. If terms in one language do not subdivide a subdomain of reality in the same way as do the terms in another language, this poses a significant threat to interoperability of such systems across linguistic boundaries. 

Yindjibarndi Landscape Terms

Australia was selected for a case study of multilingual landscape terminology. The Yindjibarndi language in particular was selected because of Andrew Turk's contacts in the Yindjibarndi-speaking community (Turk and Trees, 1999, 2000). Yindjibarndi is classified by linguists as one of eight Coastal Ngayarda languages, and is in the southwestern subgroup of the Pama-Nyungan Australian languages (SIL, 2001). At the time of European contact, the language was spoken mainly in the middle part of the basin of what is now known as the Fortescue River (Tindale, 1974). Today, most Yindjibarndi speakers live closer to the coast, in and near Roebourne, Western Australia. 

In November 2002, Andrew Turk and David Mark conducted library research and fieldwork regarding landscape terms in the Yindjibarndi language. A list of geographic or landscape terms and definitions was compiled from several published and semi-published dictionaries (Wordick, 1982; Anderson, 1986; von Brandenstein, 1992; Anderson and Thieberger, n.d.). Then, in Roebourne itself, Turk and Mark discussed many of these terms and definitions with local language experts, showing them landscape photographs and asking them what kinds of geographic features were depicted. Turk visited Roebourne again in January 2003 and showed many other landscape photographs to native speakers of Yindjibarndi.

At this time, results are at a preliminary stage (Mark and Turk, submitted). However, it appears that at the basic level – that is, at the level of the most commonly used vocabulary elements – Yindjibarndi landscape terms do not match landscape terms in English, German, or other European languages. 

First, consider water in the landscape. In English and other European languages, the two most important distinctions appear to be between flowing water courses and static water bodies, and between fresh and salt water. However, in Yindjibarndi, the dichotomy between permanent and temporary (intermittent, ephemeral) appears to be most salient. This makes sense considering the semi-arid environment Yindjibarndi speakers lived in before the Europeans arrived. Permanent pools (yinda) are distinguished from temporary or seasonal pools (thula); similarly, jinbi, which are permanent springs and the permanent trickles of water that emanate from them, are categorically distinguished from temporary springs and trickles called yjirdi. Note also that both jinbi and yijirdi combine elements of both static water bodies and water courses. The terms pool and spring cannot be correctly translated from English into Yindjibarndi without knowing whether or not the feature referred to has water all year round.
As a second example, consider convex topographic features. In English, most such features are categorized as either mountains or hills, depending primarily on size. Similarly, Yindjibarndi has two such terms, marnda and bargu, again distinguished mainly by size. Marnda is the common Yindjibarndi term for most hills and for any mountains, ridges, and mountain ranges, thus covering the meanings of several terms in English. A bargu is a small hill. Seen from the other side, hill in English covers some meanings of marnda and perhaps all meanings of bargu. A key point is that we cannot reliably translate hill into the correct term in Yindjibarndi, nor marnda into the correct term in English, without knowing something more about the characteristics of the landform in reality. This presents a serious challenge for compilers of bilingual dictionaries, and for those building information systems that would be used by speakers of more than one language. 

The research findings have practical implications. For instance, if the current Ngarluma-Yindjibarndi native title land claim is at least partially successful, it may well lead to joint management arrangements between the Yindjibarndi people and the Western Australian State Government for large national parks in their country (Turk, 1996; Walsh and Mitchell, 2002). If a GIS were to be used to support this management, it would probably be based on the digital version of the relevant 1:100,000 topographic maps, which incorporate (western) landscape categories rather than the Yindjibarndi ones discussed above.

An approach to overcome such practical difficulties could be to establish a generic 'mapping' between the landscape terms from the two linguistic traditions, to facilitate automated geographic data conversion. This could be done through reference to observable physical characteristics that differentiate categories of landforms within each of the two conceptual systems. For instance, with respect to convex geographic features (mountains, ridges, hills vs marnda, bargu) such physical characteristics might be size, shape, and perhaps surface materials. 

The next phase of the fieldwork will extend the range of examples of real world features identified by Yindjibarndi speakers as fitting into the various categories. Photographs of the same features will be shown to English-speaking subjects to confirm classification into English-language terms. These parallel efforts may lead to a geometric definition of the ranges of sizes and shapes of features fitting into each category. Such physical definitions could then be combined with digital elevation model (DEM) data to produce automated classifications of features within each of the conceptual (language) systems.

Alternatively, one could ask the Indigenous people themselves to distinguish between categories, producing terrain feature maps of their lands. If such a procedure were undertaken for the Ngaluma /Yindjibarndi native title claim area (covering thousands of square kilometres), it would require many years of effort. However, such an effort could also help address another significant issue - the availability of proper names for landscape features from each cultural tradition. During discussions with our Yindjibarndi collaborators, they frequently mentioned that significant geographic features are usually referred to by their individual (proper) names, rather than by generic terms. Knowing the names for pools, mountains, etc. is an important part of Indigenous Australian culture (Ieramugadu Group Inc., 1995; Rijavec et al, 1995). Some of this information is being collected during native title land claims and would be available for use in GIS developed for joint management of national parks.

Conclusions

The brief sketches of Yindjibarndi landscape terms for two geographic subdomains, water and convex landforms, clearly show that the basic level words in Yindjibarndi and English in these domains do not correspond to the same categories. There is no single term in English that corresponds to all marnda and only to marnda, nor any single word in Yindjibarndi that corresponds to all hills and only to hills. If we want to store the category for each feature in a spatial database, or depict it on a map, as is commonly done with feature code or entity type systems, we would have to store both the Yindjibarndi and English categories. 

The conceptual system underlying the Yindjibarndi and English language landscape terms, however, appear to be similar at the superordinate level (water or land, concave or convex, etc.). Thus it may be possible to store a single database of topography, land cover, and other characteristics, and determine the categories for individual features based on rules. This would be useful for the development of a common spatial database, from which maps and other GIS products could be produced in relevant languages, using culturally-appropriate conceptual systems.

One approach to this problem is to identify primitives that are universal to all languages, and express other concepts in terms of those universals. Wierzbicka has found a relatively small set of conceptual primitives and successfully tested universality across natural languages for many of them (Wierzbicka, 1996). Her work shows that primitive concepts, at a higher than the basic level, are a feasible goal of semantic analysis. They constitute candidates for concepts at superordinate levels, concepts that can be used to explain the meaning of many natural language terms. 

For artificial languages, such as those used in and between information systems, the task of identifying semantic primitives poses a formidable challenge, but may be in some respects easier than for natural languages. The terms used in information systems (e.g., attribute values in databases or operator names of processing languages) are subject to explicit and documented agreements among their designers and users. The notion of information communities (OGC, 1998) is intended to capture this fact and to make the search for primitives tractable by establishing a hierarchy of subsequently more specific levels (Bishr et al., 1999). These agreements form one basis of information system semantics and are, though often implicit and imprecise, available for inspection, revision, and codification. Feature-attribute catalogues, conceptual data models, descriptions of work procedures, and other sources reflect the agreements and can be mined in the process of defining information system ontologies (Kuhn, 2001). Our examination of some landscape terms in the Yindjibarndi language suggests that the prospects for resolving incompatibilities between terms used in both natural and artificial languages might be improved in addition by finding ways to compare languages in relation to an independent description of the reality – in this case geographical reality – towards which the terms in question are directed. 
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