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This paper provides a model of language documentation and conservation in Taiwan to
illustrate how online dictionaries have been produced by a collaborative team, and how
technology has been used in the process to create a formalized model of existing indigenous
knowledge. Our interactions with the Yami community over the past decade have led us to
believe that a cooperation framework involving three groups of experts provides necessary
“scaffolding” before an “egalitarian” wiki style of online dictionary or ontology building
can be attempted. In addition, ontology building requires triangulation of various sources
of human interpretations. It is not possible to build an ontology only based on sophisticated
machine reasoning. We hope this model of collaboration can serve as a feasible model for
other projects in language revitalization and capacity building in the future.

1.INTRODUCTION. ! Traditional dictionary-making by linguists in consultation with com-
munity members is a familiar model that has been used by academics for quite some time
(e.g., Egerod 1980, Wolff 1972). However, recent attempts at language revitalization and
capacity building have placed great emphasis on initiatives from and empowerment of the
communities (Florey, Penfield, and Tucker 2009, Rau and Florey 2007). With the develop-
ment of cross-disciplinary collaboration, several projects have created online dictionar-
ies and have built online ontologies—formal models of structures of information, includ-
ing terms and the relationships among them, in specific domains of knowledge (Noy and
McGuinness 2001)—of indigenous languages. These include work on languages such as
Marquesan and Tuamotuan of French Polynesia (Cablitz et al. 2009, Zinn et al. 2008) and

' The Yami ontology project was funded to the first two authors by the National Science Council (NSC
96-2411-H-126-009-MY2) from 8/1/2007-7/31/2009. The Yami dictionary project was funded to the
first and last authors by the Council of Indigenous Peoples in Taiwan from 2007-2009. We would
like to acknowledge the generous support of the two funding agencies. This paper was presented at
the First International Conference on Language Documentation and Conservation (ICLDC), March
12-14,2009, Honolulu, Hawai‘i, partially supported by a travel grant from G. W. Aldeen Memorial
Fund at Wheaton College to the first author. We would like to thank the editors of LD&C, especially
Professor Ken Rehg, and the two anonymous reviewers, whose valuable suggestions have helped us
revise this paper. All remaining errors are our own.
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Warlpiri of Australia (Corris et al. 2004, Manning et al. 2001); however, there has not been
much research in this line on Austronesian languages in Taiwan.

In response to the need to revitalize the endangered Austronesian languages of Taiwan,
the Council of Indigenous Peoples (CIP) in Taiwan has implemented a four-year diction-
ary project, beginning in 2007, which is funding various teams of linguists and commu-
nity members to complete individual dictionaries. After the completion of these traditional
paper dictionary projects, the CIP’s next plan is to research indigenous knowledge for the
sake of building an indigenous encyclopedia.? As Austronesian linguists in Taiwan have
accumulated substantial numbers of texts and have developed at least three archives (Hsieh
and Huang 2007), we have begun integrating linguistic research with computer technology
to build online dictionaries and construct models of domains of indigenous knowledge. Us-
ing the Yami corpora from the websites that we have established (Yami language archive,
http://yamiproject.cs.pu.edu.tw/yami; Yami e-Learning, http://yamiproject.cs.pu.edu.tw/
elearn) as a point of departure, we have developed a cooperation framework that can be
adapted to meet the needs of individual dictionary projects for language documentation
and conservation.

The cooperation framework consists of language activists, linguists, and computer
scientists. We have developed and are developing several products for indigenous language
revitalization: two Yami glossaries, two Yami online dictionaries, a wiki dictionary for
Formosan language activists, and a set of online descriptions of ontologies of indigenous
knowledge. In this paper, we will first describe the framework, and then we will describe
the steps involved in building online dictionaries and creating online ontology models us-
ing the resources from the dictionaries.

2. A COOPERATION FRAMEWORK. The cooperation framework involves three core
members in the collaborative team. The combined efforts of each dyad and the synergy
of all three partners have resulted in different productions, which would not have been
possible if they had been attempted individually. Although the cooperation framework has
been adopted by other projects (e.g., Cablitz et al. 2009), it is by no means easy. The fol-
lowing account comes from our experiences over a decade of collaboration.

One of the crucial factors that has undergirded our cooperation over a decade is the
initiative of the Yami language expert (Dong, the fourth author of this paper), who had the
vision of compiling a dictionary of her own language in 1994, and invited a linguist (Rau,
the first author of this paper), to work on this task. This endeavor has turned out to be a
lifelong commitment. When the collaboration pattern of the dyad of the language expert
and the linguist had been firmly established, Rau in 2002 recruited a linguistics graduate
student with training in computer science (Chang, the third author of this paper) to build
a database, and finally invited a computer scientist (Yang, the second author of this paper)
on board in 2004. The addition of the computer scientist allowed us to transform the Yami
documentation into a digital archive that met the standards of current information and com-
munication technology. The Orchid Island community members were the last to join this

2 Chiu-Yi Wang, Director of Department of Education and Culture, CIP, Taiwan, personal commu-
nication.
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project, in 2004, as we launched the digital archiving project. Two local language consul-
tants in Orchid Island were recruited to join the research team.

The community members had been suspicious and critical of the collaborative efforts
between Rau, a Chinese female linguist, and Dong, the Yami female® language expert who
had left the community at age 16 to attend high school in Taiwan.* Although Rau was able
to analyze the linguistic structure of the language, she is a non-speaker of Yami. Dong, on
the other hand, along with all other community members who served as consultants had
been accused of assisting Chinese anthropologists in gathering Yami cultural knowledge
for their own scholarly advancement. The negative attitudes toward “outside” researchers
had been a stumbling block for forming trusting relationships between the linguist and the
community, and attempts to involve community members, especially males, in collaborat-
ing on a dictionary project had never been successful. The linguist and the Yami language
expert decided to take up the task on their own, with the goal of “throwing out a minnow to
catch a whale.” They went ahead with their work on a Yami textbook (Dong and Rau 2000)
and a preliminary project of dictionary-making (Rau and Dong 1999), hoping to bring
about criticism and competition from community members if the community perceived
the language products as inadequate. However, after the publication of a volume of Yami
texts with a reference grammar and vocabulary based on a corpus of twenty selected texts
(Rau and Dong 2006) from over a decade of collaboration, the work has finally gained
the approval of the community.’ This has paved the way for successfully recruiting some
community members to participate in the ensuing dictionary project. At the same time, the
community members who had considered compiling a Yami dictionary on their own, and
had actively collected information toward that goal, gradually shifted their plans to pub-
lishing books on Yami culture.

Interaction between community members and the computer scientist has resulted in
the development of a wiki online dictionary® using the concepts and techniques of Web 2.0
(Millard and Ross 2006, Treese 2006) to provide a platform for Formosan language activ-
ists to begin documenting and archiving their languages (Chou 2008, Yang et al. 2008).
Indigenous communities expressed concerns about the qualifications of the gatekeepers/
editors to deal with the input data from unmonitored dictionary contributors (a similar
situation is described in Cablitz et al. 2009). In addition, indigenous language activists,
who generally lack Chinese word-processing skills, also worried about potential abuse of
the intellectual property rights to the materials put online. The greatest concern is “owner-
ship.” Even our language expert (i.e., Dong) was hesitant to use the wiki system, because

? For a detailed study of gender and sound change in Yami, see Rau, Chang, and Dong 2009.

4 Orchid Island is a small offshore island southeast of Taiwan and at the northern tip of the Batanes
Province of the Philippines. Politically, the island is under the administration of Taiwan.

>The publication of Rau and Dong 2006 was significant enough to be reported by Liberty Times in
Chinese, (http://www libertytimes.com.tw/2006/new/oct/22/today-lifel .htm).

¢ http://dicts.cs.pu.edu.tw/ada_e/
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she felt that the lexical entries that she painstakingly entered seemed to disappear and be
taken away by others as soon as she pushed “send.” She felt she could not monitor her
progress constantly as she would have been able to do if she were working independently.
The printout of the wiki version of the dictionary at this stage is also not as attractive as
the one produced by using Toolbox. For these reasons, the wiki dictionary has not gained
enough support from any of the current dictionary-making teams of indigenous peoples to
be used as their major database, although two teams (those documenting Thao and Seediq)
have inquired about the use of it.

The collaboration between the linguist and the computer scientist (i.e., Rau and Yang)
has focused on research on ontology, using Protégé to formalize a model of existing indig-
enous knowledge. Not surprisingly, this is the easiest part in the cooperation framework,
as cross-disciplinary collaboration is still within the realm of shared academic culture.
Finally, using the same cooperation framework, as illustrated in figure 1, the trio finished
a Yami language documentation project (Rau, Yang, and Dong 2007), a Yami e-Learning
project (Rau and Yang, forthcoming 2009), two versions of the Yami online dictionaries,
and a model of an ontology (to be described in this paper), and went back to the community
in May 2009 to teach elementary school students to use animated stories from the Yami
e-Learning website to study their own language.

Indigenous Community

Yami Language
ocumentation and Archivin

Linguists accurate linguistic analysis >

<

Computer Scientists

information technology

FIGURE 1: A cooperation framework
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The cooperation framework allowed us to form interdependent work relationships.
The linguist relied on the computer scientist to provide information technology and the
language expert for native language competence. The computer scientist relied on the lin-
guist to provide accurate linguistic analysis and the language expert for IT needs analysis.
The Yami language expert relied on the linguist for guidance in linguistic analysis and the
computer scientist for information technology. The research team’s focus on communica-
tion and strong connections among participants are what made it possible for us to produce
the materials for language conservation based on language documentation.

Our cooperation framework has gradually been articulated as a model of community-
based language documentation and conservation, as illustrated in figure 2, with a workflow
definition of an indigenous language documentation project that involves all parties and
product delivery. The workflow is as follows:

(1) Establish a website for text collection. Two community language
consultants videotape four texts (~20 minutes each) each month, the topics of
which are preplanned based on the community calendar to cover a wide range of
speech events. The linguist and language expert transcribe, annotate, and translate
two of them each month. The corpus serves as the basis for writing a reference
grammar and developing language teaching materials.

(2) Establish an e-Learning website on language learning. The linguist and
the language expert develop language lessons from the transcribed texts and field
test them with college students taking a course on Austronesian languages. The
computer scientist designs the e-Learning system as a set of teaching materials
to supplement classroom instruction and elicit feedback from the speech
community.

(3) Establish a wiki online dictionary interface for community members to
share their indigenous knowledge. More research is still needed to overcome the
obstacles we have encountered in this area.

(4) Establish a website for the online dictionary and ontology building projects.
The linguistics sub-team’ and the language expert input new words from the texts
into the dictionary database on a monthly basis, and take pictures of artifacts
to illustrate some lexical items. Three representative community members are
recruited to check the accuracy of the dictionary and record the pronunciation of
lexical entries and example sentences. The computer scientist helps design the
interface of the online dictionary to incorporate ontology building, leading toward
a model of a collective knowledge system (Gruber 2008).

" The linguistics sub-team consists of the third author and other graduate students in linguistics re-
cruited as assistants for the project.
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FIGURE 2: An integrated model of language documentation and conservation

The digital model of the collective knowledge system for the Yami language is an ideal
online platform for using and sharing the Yami language. It has the potential to build an
environment in which user-generated content can play a role similar to that of a commu-
nity elder, in that it can teach about, explain, and provide new information about the Yami
language. As more contributions are made, the available information increases, and so the
system is becoming more useful. The scalability of the system can automatically adjust to
the structure to compile and arrange new information.
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To develop this system, much collaborative research, such as that begun in Yang et al.
2009, is still needed. However, our cooperation framework has paved the way to integrat-
ing knowledge of Yami language and culture, linguistic analysis, and computer technology
into a newly accessible form of knowledge.

3. ONLINE GLOSSARIES AND DICTIONARIES. Two online glossaries and two online
dictionaries have been produced, supported by various grants, to meet different purposes.
The first glossary is a keyword search® from the texts gathered for Digital Archiving Yami
Language Documentation,” funded by ELDP, SOAS, University of London (August 1,
2005-July 31, 2007). This was designed by the computer scientist (Yang) to make it pos-
sible to find all relevant examples in the corpus by typing in the keyword of interest. One
special feature of this search is the inclusion of the Yami translation of the New Testament,
the most widely read literature on Orchid Island. The Bible verse lookup in Yami is accom-
panied by both Chinese and English translations.

The second online glossary was initiated at the same time that our team was imple-
menting the ELDP project. An online platform for learning the Yami language was es-
tablished. Three levels of materials for beginning, intermediate, and advanced learners
were developed and put in the platform. In addition, for quick reference, a concise online
Yami-Chinese-English glossary,'® based on the contents of the Yami language textbook
materials, was created. This was also designed by the computer scientist to display the
Chinese or English translation when a Yami keyword is input. It has provided resources for
Yami teenagers preparing to take a Yami language proficiency test to enter better schools,
and for Taiwan college students who are taking Austronesian linguistics courses to find
supplemental information.

A Yami online dictionary project (http://yamibow.cs.pu.edu.tw), funded by the CIP
(July 1, 2007-June 30, 2009) to Providence University, Taiwan, was launched after Yami
texts and teaching materials had been established. The online dictionary! is an essential
website for Chinese speakers learning the Yami language. During the two-year-project
period, two dictionaries for second language learners were produced. At the end of the first
year, a small-scale learning dictionary was produced, containing 1,786 lexical entries, with
780 roots and 1,006 derivatives, and 2,204 example sentences. At the end of the second
year, the learning dictionary was expanded into a culture dictionary, containing 6,022 lexi-
cal entries, with 3,902 roots, 2,120 derivatives, and a total of 6,450 example sentences.
Completing the learning dictionary provided an opportunity to field test our dictionary-
making procedures. We noticed that it was necessary to leave six to eight months for proof-

8 http://yamiproject.cs.pu.edu.tw/yami/database.htm
?http://yamiproject.cs.pu.edu.tw/yami
1 http://yamiproject.cs.pu.edu.tw/elearn/search.php

Thttp://yamibow.cs.pu.edu.tw/index_en.htm
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reading and revision, so we scheduled extra time for that task when a large-scale culture
dictionary was attempted in the second year.

3.1 WORKFLOW OF DICTIONARY MAKING FOLLOWING THE COOPERATION
FRAMEWORK. The workflow of making both the learning dictionary and the culture
dictionary follows the cooperation framework and integrated model described previously.
First of all, two community language consultants in Orchid Island videotaped four speech
events each month. The texts were screened and selected by the Yami language expert
(Dong) for transcription, annotation, and translation. The lexical entries for the online dic-
tionary project were selected from these texts and entered into Toolbox, along with sample
sentences. Second, the linguist (Rau) examined the use of orthography, parts of speech, and
classification of synonymy and polysemy, while the computer scientist (Yang) designed the
online presentation. Third, a draft of the dictionary was presented to the two community
language consultants who had recorded the events for reviewing and sound recording.'?
After the drafts were proofread and revised, a linguist with good computer skills (Chang)
transformed the output of the database from Toolbox to web pages using Lexique Pro.

In the learning dictionary, a user can choose from a catalogue of twenty semantic
classes: animals, boats, body parts, clothing, fish, fruit, houses, insects, kinship, nature,
numbers, plants, dimensions, time, weather, colors, fishing, emotion, sickness, and sensa-
tion. Figure 3 illustrates the search result for the category “fish.” Each entry in the diction-
ary has both Chinese and English explanations. In addition to an English index, an index
organized by Chinese pinyin spelling was included to make it easier for a Chinese user to
look for words. Sound files'® are also included of pronunciation of words in Iratay,'* Irara-
lay, and Ivalino. The recordings were made in these three villages in Orchid Island to cover
the two major dialect areas, defined by the rising of the two diphthongs /ay/ and /aw/ (Rau,
Chang, and Dong 2009).

4. ONTOLOGY. The last part of this paper demonstrates how endangered language data
can be mined to expound on theoretical ontologies. After the online dictionaries had been
fully established, we began working with the knowledge structure of one semantic domain,
with the goal of expanding to cover the whole Yami ontology. As this ontology project is
integrated with the online Yami dictionary project (http://yanibow.cs.pu.edu.tw), we hope

12 This is a strategy of killing two birds with one stone, as the community members are usually busy
with their work (i.e., farming and fishing) during the weekdays and church activities during week-
ends, and are thus slow to respond to any inquiry on Yami lexical semantics. When they were asked
to record their reading of the lexical entries and the example sentences, they were paid to do it, and
were willing to set aside two or three days to concentrate on the dictionary draft. As they were read-
ing it aloud, they checked accuracy of the data and made corrections at the same time.

13 http://yamibow.cs.pu.edu.tw/ResearchResults_en.htm

“Dong, who is female, recorded the Iratay accent, while the two language consultants, a male and a
female, recorded the Iraralay and Ivalino accents, respectively.
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to provide an integrated framework for online dictionary building and the construction of
online models of ontologies for other Austronesian languages.
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FiGure 3: An index organized by semantic categories

Following Zinn et al. 2008, we aimed at linking the online dictionary to ontological re-
sources, and allowing community members to play an active role in the process. However,
we are fully aware of the fact that human epistemology and ontology are not ahistorical and
fixed, but are multifaceted and dynamic (Denzin and Lincoln 2000; Kramsch 2008; Ross-
man and Rallis 2003). It is not reliable research to accept one or two community members’
interpretations of the category of interest without triangulation. Therefore, we decided to
start with fish names, as fishing culture is one of the most prominent semantic domains of
Yami culture, and is highly integrated into the lives of Orchid Islanders. In addition, previ-
ous anthropological studies (e.g., Chen 1994) and ethnobiological studies (e.g., Shao et al.
2007) have accumulated enough lexical materials for us to formalize the existing ontology
of fish names. It will become clear in the next section that it is not possible to use compli-
cated machine reasoning to formalize an ontology without anthropological or linguistic
interpretations of indigenous knowledge. Although ontology exists in the mind of native
language users, it requires using multiple methods to examine multiple sources to validate
its representation and categorization.

4.1 YAMI FISH NAMES. There have been two ways of classifying fish in Yami, proposed
by Chinese and Japanese scholars and local Yami activists. The first is a three-way" dis-

15 If the category of inedible fish is included, this can be seen as a four-way distinction.
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tinction: fish suitable for young men, women, and old men to consume (Chen 1994, Dong
and Rau 2000, Wei and Liu 1962, Yu 1994), and the second is a two-way distinction: the
good/real fish or oyod and the bad ones or rahet (Hsu 1987, Tsuchida 1984, Xie 2003).

Gao (2004) reexamined and reinterpreted previous classifications and proposed that
the local classification of fish is a reflection of the organization of the Yami society. In other
words, the distinction between oyod and rahet represents life/death (edible/inedible), ho-
liness/secularism (migratory/nonmigratory), and marked/unmarked (adult males/others).
Whereas the two-way distinction focuses on the attributes of the two types of fish, the
three-way distinction focuses on the roles of the consumers of fish. The following method
uses computer software to represent the current classifications of Yami fish names.

4.2 NUTS AND BOLTS OF REPRESENTING THE YAMI FISH ONTOLOGY. The workflow
of online ontology building also followed the cooperation framework and integrated model
described for online dictionary building. We began with a cooperative effort between Rau,
the Chinese linguist and Dong, the Yami expert to provide information'é on the names of
fish, the identity of the group of people who are permitted to eat them, and the consequenc-
es of violating the taboo by a pregnant woman, her husband, a woman who has recently
given birth, or a woman who is breast feeding.

Before we began work on the fish ontology, a list of 109 Yami fish names based on
Chen 1994 and Shao et al. 2007 had been entered into the Toolbox database as part of
the online dictionary building process. Two local language consultants on Orchid Island
reviewed the Yami fish names to confirm their accuracy. Yang, the computer scientist and
Chang, the linguist with good computer skills designed the interface for the ontology. We
set up a “Yami Fish Project” with Protégé,!” following the seven step process in Noy and
McGuinness 2001 to generate a Yami fish ontology.

Step 1: Determine the domain and scope of the ontology:

The following questions were generated from Rau and Dong’s Yami teaching materi-
als, described in footnote 13.

*  Which fish are edible and inedible for Yami people?

Which gender can eat what kind of fish?
What kind of fish can be eaten by Yami old men?
What kind of fish can Yami pregnant women eat?

1The information can be retrieved from the following url addresses: http://yamiproject.cs.pu.edu.tw/
elearn/reading.php?sn=825
http://yamiproject.cs.pu.edu.tw/elearn/reading.php?sn=863

17 Protégé is an open-source ontology editor for constructing domain models and knowledge-based
applications developed by Stanford Center for Biomedical Informatics Research at the Stanford Uni-
versity School of Medicine (http://protege.stanford.edu/).
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Step 2: Consider reusing existing ontologies:

We adopted the scientific names for fish from the Fish Database of Taiwan (http://
fishdb.sinica.edu.tw/).

Step 3: Enumerate important terms in the ontology:

The important fish-related terms used in this ontology include:
(a) classification of Yami fish:
anito ‘lit. ghost, referring to inedible fish’,
raet ‘lit. bad, referring to fish for men’,
oyod ‘lit. true or good, referring to fish for women’,
kakanen no rarakeh ‘lit. food for old people, referring to fish for old men’;

(b) named Yami fish, such as ilek ‘rudderfish’, and cilat ‘jackfish’;

(c) Yami people: young men, women, and old men, and

(d) women of three stages: not pregnant, pregnant, and breast feeding.
Step 4: Define classes and the class hierarchy:

Based on previous studies of Yami fish (Chen 1994, Dong and Rau 2000, Gao 2004,
Shao et al. 2007, Yu 1994) and on consultation with the Yami expert (Dong) as the final au-
thority, we generated an initial classification of Yami fish terms (see table 1) that describes
the relationship between Yami people and fish. A plus or a minus sign indicates whether the
fish is edible or inedible for a specific group of people. It forms an implicational scale with
gender placed higher than age in terms of restriction on fish consumption.

Yami people Yami fish
Good fish Bad fish | Food for old people Inedible fish
Women + - - -
Young Men + + - -
Old men + + + -

TaBLE 1: The classification of Yami fish
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Steps 5-6: Define the properties of classes and slots and define the facets
of the slots:

The coding system is a simple taxonomy that does not describe any property. To find
out who can eat what kind of fish and which fish is not edible, an association with the top
class “Fish properties” described in the database had to be made. Thus, every kind of fish
inherits certain of these properties. We consulted the Fish Database of Taiwan (http://fish-
db.sinica.edu.tw/) to create the datatype properties to describe the relationships between an
individual and its data values.
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FiGURE 4: An example of a class editor

Based on the concept of table 1, we defined the following restricting conditions to
describe relationships between the individuals of fish and individuals of Yami people. For
instance, for the inedible fish “anito_class”, the necessary and sufficient condition is “can-
not_be_eaten_by some old men class,” and the necessary condition is “cannot_be_eaten_
by some women and cannot_be_eaten_by some young men class.”
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Step 7: Create instances (individuals):

Instances (individuals) were created to represent objects in the fish domain. The de-
scription of the ontology needs to represent properties of fish in the hierarchy. Therefore,
we modeled basic fish types as instances (individuals). For these fish, we depicted the
properties connecting to the Yami people information. As figure 4 illustrates, the Yami fish
named paloy is a rahet.’® It cannot be eaten by women, but it can be eaten by old men and
young men. Others are datatype properties, for example paloy’s English common name is
‘big eye emperor’, and its scientific name is Monotaxis grandoculis. Figure 5 is a complete
display of the online information we have on the paloy fish in relation to the whole Yami
fish taxonomy.

Having created the representation of the ontology, we applied reasoning software,
RacerPro 1.9.2,19 to keep the online ontology models in a maintainable and modular state,
and to minimize the human errors that are inherent in maintaining a multiple inheritance
hierarchy. After checking the logical consistency to ensure that there was no inconsistent
class, the reasoning software automatically generated the inferred hierarchy, based on the

owl:Thing
is-a is-a
{_YamiPeople | fish |
IR
- is-a [isa :V.!s-a \|::1 a
[_YoungMenClass ' | OldMenClass Women | NamedYamiFish ClassificationYamiFish
- - - - IS —
1s-a Is-a ga 153
| oyod_Class ' anito_Class kakanen_no_rarakeh_Class rahet_Class

Ficure 6: OWLViz display of the inferred hierarchy

explicitly defined pre-asserted hierarchy, as shown in figures 6 and 7, respectively.

The four subclasses (oyod, anito, kakanen no rarakeh, and rahet) under the “classifica-
tion of Yami fish” in the inferred hierarchy has been reclassified under both the “named
Yami fish” and the “classification of Yami fish” in the asserted hierarchy.

'8 The information here is based on Chen’s (1994) anthropological study, and confirmed by the fourth
author.

1 RACER stands for Renamed ABox and Concept Expression Reasoner, created by Racer Systems
GmbH & Co. KG (http://www.racer-systems.com/index.phtml).
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| owl:Thing
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P 7% R—

| OldMenClass ' | Women | ( YoungMenClass
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— U

| anito_Class ' ( rahet_Class | ( kakanen_no,

Ficure 7: OWLViz display of the asserted hierarchy
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Ficure 8: Ontology browser window generated by Protégé
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Finally, HTML documentation for the online ontology model was created using OWL
Doc plug-in. In other words, ontology documents in the form of HTM pages (OWL Doc)
were generated by Protégé to provide links between the elements of the ontological domain
(i.e., concepts (classes), properties, and individuals. The OWL document generated for
the Yami fish online ontology model is available online at http://yamibow.cs.pu.edu.tw/
fish_en/index.html. Figure 8 shows the Yami Fish HTML ontology browser window for
classes and properties.

4.3. LIMITATIONS AND FUTURE STUDIES. One of the most ideal approaches to con-
structing models of ontologies is Zinn et al.’s (2008:2) community-based project, which
has the goal of providing “simple but effective tools that empower a broad base of users
to describe those concepts.” However, our interactions with the Yami community over the
past decade have led us to believe that a cooperation framework involving three groups of

Indigenous

Community

Language
experts

generate categories/themes prioritize semantic domains for ontology
and a network relationship building and confirm interpretations of
of a chosen semantic domain indigenous knowledge

Linguist

transform the diagram of the network relationship
into the Protege and bring the analysis
to the community for member checking

Computer
Scientists

FIGURE 9: A cooperation framework for ontology building
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experts, as described in this paper, provides necessary “scaffolding” before an “egalitarian”
wiki style of online dictionary or ontology building can be attempted. The community lan-
guage activists who are interested in developing their own dictionaries are not impeded by
complicated database software. In fact, most of the indigenous language dictionary teams
in Taiwan are trying to use Toolbox for their own projects. The computer scientist of our
team has been contacted by those teams when they have needed troubleshooting assistance
in using Toolbox and Lexique Pro since May 2009, when our research team was invited to
lead the Workshop on Indigenous Language Dictionary Making at National Dong Huang
University in Taiwan. Interestingly, it is the unresolved problems of intellectual property
rights and uncoordinated gate-keeping that have prevented the indigenous communities
from being willing to investigate the wiki interface at this stage.

In the process of building the online representation of a traditional domain of Yami
ontology, we were also confronted with the problem of epistemology. We have come to
realize that it is not possible to describe an ontology based on sophisticated machine rea-
soning. Any ontology description, as with any qualitative research, requires triangulation
of various sources of human interpretations. The use of Protégé was mainly a representa-
tion of the prefigured classification of the four types of fish, based primarily on Dong’s
“indigenous knowledge,” derived partially from her insider’s view, but most crucially from
her scrutiny of previous literature. Since an online database of Yami fish names and various
anthropological studies on Yami fish culture are available in the literature, it has made our
first attempt at creating a formal model of an existing ontological system less daunting.
v Thing

v-@Classifying _taro_sprouts
v-OResults_of_taro
v-©Bad_sprouts
v-©Reasons_to_produce_bad_sprouts
' soil_is_too_deep_in_the_field
soil_is_too_soft_in_the _field
Ways_to_improve
Planted_in_hard_soil
Planted_near_river
v-OwWays_to_treat_bad_sprouts

B 0In_the past

PO Nowadays
------ Good_sprouts

Ficure 10: Hierarchy of classifying taro sprouts ontology

Although our practical goal of finding cultural items in Yami language is similar to
that of Cablitz et al.’s (2007) study on Marquesan and Tuamotuan languages, we hope
to continue with theoretical contributions to the work on ontologies in computer science.
We hope to extend our findings in Yami to develop a representation of a specific domain
of indigenous knowledge in Taiwan, and to find a possible approach to integrating lexical
semantics of Yami into English WordNet and Chinese-English bilingual BOW.

For immediate future research, we will continue to use our cooperation framework
for building online ontology representations, as illustrated in figure 9. We should begin
with the list of semantic domains identified in the online dictionary, prioritizing them by
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consulting with community members, conducting a discourse analysis of texts on a chosen
domain to generate categories/themes and a network relationship of the semantic domain,
transforming the diagram of the network relationship into Protégé, and bringing the analy-
sis to the community for member checking.

This process can be briefly demonstrated based on analysis by Protégé of a text about
taro planting, as illustrated in figure 10. A fuller explanation of this methodology will be
provided in a future study. The study will continue to find the semantic relations of Yami
and other languages. At the end, the set of explicit representations of Yami ontologies that
we produce will further understanding of the knowledge domain of the Yami people and
the Yami language.

5. CONCLUSION. In this paper, we have presented a model of language documentation
and conservation in Taiwan to illustrate how online dictionaries have been produced by a
collaborative team, and how technology has been used in the process to create a formalized
model of existing indigenous knowledge.

As an ongoing project, our next step is to find solutions to concerns about the qualifica-
tions of the gatekeepers/editors of the input data from unmonitored dictionary contributors
and about potential abuse of the intellectual property rights of the materials put online.
Meanwhile, we will continue to document the semantic infrastructure of the Yami language
and to expand the scope of our work to other ontological domains and to other endangered
Austronesian languages in Taiwan.

This paper provides a case of language documentation and conservation to illustrate
how online dictionaries have been produced by a collaborative team and how technology
has been used in the process to create formal online representations of existing indigenous
knowledge. We hope this model of collaboration can serve as a feasible model for other
projects in language revitalization and capacity building in the future.
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