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Aymara on the internet: a step toward interoperability and user
access
HOWARD BECK, SUE LEGG ELIZABETH LOWE & M. J. HARDMAN
University of Florida, USA

1. THE ETHNOGRAPHIC SETTING

Our work is with the Jaqi family of languages (Aymara, Jaqaru, Kawki) which is
spoken in the Yauyos valley in the south central Andes mountains. The Yauyos
valley is a very steep, rugged valley that has long impeded the intrusions of
outsiders because it is so difficult to negotiate. It is also the most linguistically
varied area of the Andes (cf. Torero 1974). It is thought that the Incas never
entered the valley, and even the Spanish were slow to do so. Eventually the
Spanish penetrated the area, and in 1761 the Virrey Amat issued an establishment
document for Tupe. The Jaqi people are primarily farmers, herders, weavers,
musicians, dancers and marketers.

The Aymara were the members of a great but little known culture centered in
the ancient city of Tiahuanaco. From about 400 AD to 1000 AD their empire
spanned the south central Andes mountains, and they established both a complex
system of irrigation by canals and a complex system of mercantile exchange,
involving the construction of roads. Today, Aymara is spoken by two to three
million people, the first language of a third of the population of Bolivia and the
major native language in Southern Peru and northern Chile. Jagaru and Kawki are
endangered sister languages to Aymara. Jaqaru is spoken in the Andes Mountains
of Peru by a few thousand people resident in Tupe, Yauyos and Lima and in the
cities of Lima, Huancayo, Chincha and Cafiete. Diaspora Jaqaru speakers are
located in small numbers throughout Latin America, the United States and
Europe. Kawki is now almost extinct; there exist only a few native speakers.

2. THE AYMARA ON THE INTERNET PROJECT

This project is an interdisciplinary, international collaboration that brings together
several areas of research interest and expertise at the University of Florida and
with local institutions in Peru. It draws upon Professor M.J. Hardman’s field
research in Peru in the 1950s as well as the classroom teaching materials she
developed through a series of funded grants dating from the 1970s. A grant from
the U.S. Department of Education (2004-2007) funded the project to convert the
Aymara materials into a web-based delivery format for language learning. The
vision expanded, however, when the possibilities of an ontology-based database
backend for the instructional materials were introduced to the project planning
team. The realization that the students as well as other linguists would have easy
access to complex linguistic structures led the project to a methodology that offers
not only language learning, but also an XML metadata driven archive of the
materials, a web services architecture for sharing a generic database tools for
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linguistic data collection and analysis, and a new way of thinking about how data
and tools to manipulate data will become shareable in a diverse community of
linguists, educators and the general public.

3. AN ONTOLOGY MANAGEMENT SYSTEM FOR LANGUAGE
ARCHIVING

We have constructed an open source ontology management system (OMS) called
Lyra which provides a number of basic data management services. The OMS
provides a framework for representing and integrating everything from raw data
elements including sound recordings, transcripts, images, and video to more
abstract linguistic elements including morphemes, words, phrases, phrase patterns
(grammars), and dialogues. Lyra uses an ontology language for data modeling and
representation based on OWL, the Web Ontology Language (W3 Consortium
2004), and it supports physical storage management optimized for storage and
retrieval of large numbers of objects. While ontologies are traditionally used to
represent semantics of words, we expand the use of ontologies to the level of a
full-blown database management system. That is, an OMS is a database system
that uses a formal ontology language such as OWL as the data definition
language. There are several advantages of using an OMS rather than a traditional
relational database or no database at all, e.g. an XML file system. First would be
the more natural way in which an OMS models linguistic data. The ontology
language provides a way to model taxonomic and other relationships among
objects, with direct pointers between abstract generalizations and concrete data
such as field observations (Beck et al. 2005). Though this can be done with
relational databases, it is much more difficult as these complex structures must be
mapped to normalized relational tables in which the object structure and
relationships are no longer explicit. This can also lead to less efficient data
retrieval (Lee 2004, Liu and Hu 2005).

Another advantage of using an OMS would be the focus on reasoning, and in
particular the computational complexity of reasoning processes that operate on the
data. It is known that the details of the data modeling language have a direct
impact on the computational complexity of reasoners. The ontology language can
be designed to capture just enough detail, but not too much to lead to
computational complexity problems (OWL-DL, the description logic version of
OWL, is designed to balance this tradeoff). Finally, the OMS offers a variety of
services to support security, data integrity, transaction management, and query
processing that are necessary for publishing data as a web service with sharable
XML data formats. XML files are better suited as best practice for exchange of
data among different systems, but a database management system is needed to
provide operational functionality.
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4. THE ACCESSIBLE LINGUISTIC DATABASE

We emphasized the importance of total analysis using a linguistic database built
on a collaborative work environment in order to explicitly capture the existing
detailed analysis at the level of grammar for phrase and word structure and to
interrelate all resources, connecting abstract theories with raw field data. The
detailed analysis in the form of grammars describing phrase and word structure is
used as a framework for organizing raw materials and cultural resources, and can
also assist in error correction (detecting spelling and tagging errors). We have
tried, with the database, to present a more complete description of the languages
beyond what already exists in the grammatical statements, e.g., regarding a
refinement of the rules for vowel dropping/keeping.

5. COLLABORATIVE AUTHORING TOOLS

Tools for creating and managing a linguistic database must be on-line, web-based,
multi-user and cross-platform in order to provide a wiki-style collaborative work
environment where many different people can contribute their expertise to
building a shared database (Melby et al. 2006, Simons et al. 2007). Lyra contains
several authoring tools, including LanguageEditor and ObjectEditor that provide
these functions within data visualization environments for browsing, creating, and
modifying data objects. The tools are designed for use directly by subject matter
experts and are used by members of our team to construct the database from
distributed geographic locations (in the Aymara project this included Florida,
Bolivia and Peru). The tools are web-based (run inside web browsers using
plugins) and form the basis for a collaborative environment for creating data
objects stored in and retrieved from a common database.

The LanguageEditor is a web-based tool for browsing and editing the
language database (Beck 2007). LanguageEditor is a cross-platform Java applet
that runs in any web browser that has the Java plugin (Sun Microsystems Inc.
2007). It connects remotely to access the database over the Internet. It includes
modules for dialogues, phrase patterns (grammar), phrases, words, and
morphemes as well as cultural resources (images, sounds), and text narratives and
other documentation. Shown in Figure 1 is an analysis of one of the phrases
appearing in a dialogue (Aymara). Multilingual glosses are supported (in this
application English and Spanish). Facilities for creating and storing sound
recordings of the phrases are shown, and images can be associated with phrases
and individual words. The analysis of the phrase includes a morphological
breakdown, and each word and morpheme couples directly to its dictionary entry.
Note the markers and features associated with a particular morpheme. Each object
shown in the figure is internally cross-referenced with related data objects, for
example, word senses are enforced so that it is known when the same sense of a
word is used in two different phrases.
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Figure 1
Language Editor illustrating the analysis of an Aymara phrase
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The ObjectEditor is a more general-purpose object creation tool, in contrast to the
LanguageEditor which is customized for creating linguistic objects. We use
ObjectEditor to develop documentation for the Aymara grammar. Authors can
sequence the same content in different ways as well as add to or eliminate content
in order to adapt it for different audiences. For presentation to students, the
objects are organized by the issues being discussed. Alternative organizations of
the same objects lead to different perspectives. For example, it is also possible to
categorize the content by grammatical elements. From this approach, it would be
possible to generate an index or several indices to highlight research and/or
learning issues.

Figure 2 shows a presentational view and a conceptual taxonomic view of a
set of objects describing the introductory grammar. On the left is a column of
topics (origin, nouns and verbs, etc) arranged sequentially (arrows with plain
heads represent sequence) within a grammar lesson. This sequence is the order in
which concepts are presented to a student. Labeled associations from the lesson
(‘I exercise set I lesson’) to each topic indicate the role of the object within the
lesson (introduction, definition, conclusion). An expansion of one of the concepts
(‘yes/no interrogative —ti’) shows a text description of the concept written using a
multilingual text editor. The right side of the diagram shows an alternative view in
which objects are categorized within a taxonomy of grammatical terms (word,
morpheme, sentence, etc.). Only the portion of this taxonomy relevant to this
particular set of objects is shown, but the database groups objects across all
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lessons, and integrates them with the complete Aymara grammar, as well as to the
original data (all words and phrases) captured in the database.

Figure 2
The Object Editor showing introductory Aymara grammar from the standpoint of
students (left side) as well as a taxonomy of grammatical elements (far side)
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6. WEB SERVICE ARCHITECTURE

Lyra supports an architecture for publishing the language database on the Internet
in multiple forms. The database is wrapped inside web services that enable the
data objects to be accessed from remote applications. The web service supports an
application program interface (XML API) for making calls to the database in
order to retrieve data in XML format. Alternatively we also support a Java RMI
(Remote Method Invocation) server that allows remote Java applications to attach
to the database to retrieve data objects directly as Java objects. The RMI server
bypasses the XML API and can result in faster performance for certain types of
applications. However, only Java applications can access the RMI Server. The
LanguageEditor and ObjectEditors are examples of applications that attach to the
RMI Server, and the Aymara training module Flash environment (Beck et al.
2007, Adobe Systems Inc. 2007) is an example of an application that uses the
XML API. Figure 3 shows the web service architecture with the linguistic
database wrapped inside. Remote applications can attach to these services to both
access and enter data. Here are a few of the methods supported by the XML API
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for accessing data. Note that while these methods are all for getting information
from the database, there are also methods for submitting data, although those have
restricted access for security reasons:
- getDialog (dialogID, language). Gets a particular dialog.
- getPhraseAnalysis (phraselD, language). Gets syntactic analysis of a
particular phrase.
- getPhrasePatternAnalysis (phrasePatternID, language). Gets a particular
phrase pattern (grammar rule).
- get Dictionary(letter, language). Gets dictionary entries beginning with
letter.
- getDefinition (wordID,language). Gets dictionary entry for a particular
word.

Figure 3
Web service architecture for publishing the database over the Internet
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7. STANDARDS AND INTEROPERABILITY

While we have developed an OMS comprised of many software systems
(authoring tools, visualization tools, physical storage managers, e-Learning), it is
not necessary to think of the ontology as physically residing within a particular
centralized database or proprietary software system. Rather the ontology is a
knowledge network distributed worldwide, using XML as an exchange format,
with different parts of the ontology managed by different people and
organizations. It is very important to stress the significance of data structures over
tools. It is no longer necessary to associate knowledge with the authoring tools
used to create that knowledge. Rather the focus should be on the data structures
created by tools. Different tools can operate on the same data structures. We also
need to distinguish between archiving standards such as OLAC (Simons and Bird,
2003) which provide coarse-level metadata descriptions of archived resources,
and standards that allow sharing of fine-grained data structures. While we are
confident in our ability to archive our raw field data using OLAC, we can only
outline an approach for sharing the detailed database objects.
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Existing standards are piecemeal at best (a particular standard addresses only
a subset of the database). We know of no standard that addresses all content in a
linguistic database such as Lyra in a uniform way. OWL addresses the generic
data model used in Lyra, but not the particular linguistic elements which are
created on top of the ontology language. Standards exist for subcategories of
elements, and can be characterized as formal, informal, implicit, or proprietary
(Rumble et al. 2005). Standards of all four types have been identified (Thieberger
et al., 2007) in lexicography such as TEI (2007), LMF (2007) and WordNet
(Fellbaum 1998), terminology including TMF (2007) and GOLD (Farrar and
Langendoen 2003), metadata including OLAC (Simons and Bird 2003) and DDI
(2007), word lists including IDS (Key 2007), and semantic fields including DDP
(2007). No notable standards exist for grammars, interlinear glossed text (IGT), or
corpus annotation. Until more and better defined standards emerge, we can create
generators and parsers that will export and import data in the format of these
piecemeal standards.

While there is wide agreement that interoperability requires standards for
data structures, establishing them is difficult. Attempts at achieving
interoperability include standardizing on system-specific data structures such as
FLEx (SIL International 2006) and WordNet (Fellbaum 1998), conversion of
proprietary standards into a common accepted standard (Dipper et al. 2006), and
process-based models that use tool-to-database converters that access shared data
structures through a common API (Cochran et al. 2007). We propose that the
ontology, viewed as a distributed database accessed through web services, can
provide a platform for solving the interoperability problem (similar to Simons et
al. 2004). We argue that other proposed solutions are basically special cases of
this approach. The world-wide linguistics ontology would be an ever expanding
set of data structures and formal definitions (abstractions in the form of ontology
classes). The ontology would be physically distributed over many geographic
locations, essential wherever linguistic databases are being built. Communities of
Practice (COP) such as adopted for the GOLD standard (Farrar and Langendoen
2003) participate in working on low-level data structures needed for specific
domains while paying attention to related work in the area. Standards building
thus becomes a database building process on a global scale. This will require a
shift in thinking by tool builders who need to create special data structures to
handle the custom features of their tools. Such data structures can be created in
the context of a global framework as long as they are registered within an
appropriate community of practice.

8. AYMARA E-LEARNING STUDENT INTERFACE

The student interface was constructed using Flash (Adobe Systems Inc. 2007) that
downloads from the Aymara web site and runs directly in the student’s web
browser. The Flash program accesses the remote database to retrieve data objects
in XML form which are then formatted by the Flash program for display to the
student. The student interface is multilingual and contains 12 chapters that include
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cultural notes, dialogues, exercises, and review materials in Spanish or English.
Figure 4 shows one of the three options, ‘Listen, Watch & Read’, for studying
dialogues in which the dialogue is presented using audio, images and text.
Another option allows the students to view a grammatical analysis of each phrase
in the dialogue. The student interface also shows grammatical analysis of each
phrase in the dialogue. The screen includes the gloss for the phrase as well as for
each morpheme. A concordance table lists other phrases in which a particular
word or morpheme is found. Finally, the student interface presents exercises that
relate to each dialogue. In the exercises, students read, listen and respond to a
question by writing an answer using the provided cues. The student checks his/her
response by comparing it to the correct answer. The student can click on an
expanded version of the question and answer to see the grammatical analysis of
the phrase. Exercises present students with questions, cues, hints (pull down lists),
and correct answers (sound and grammatical expansion are also available).

Figure 4
Aymara student interface showing the Dialogue option: ‘Listen, Watch & Read’
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9. CONCLUSION

We have successfully deployed and developed a web-based collaborative
language documentation system based on the Lyra ontology management system.
The resulting database is published on the Internet as a web service. Client
programs, including authoring tools and educational programs, can attach to this
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database to create as well as to extract linguistic data structures. In this system,
language preservation (creating these data structures) and language training (e-
Learning software that utilizes these data structures) are closely integrated. We
hope to expand the system by making the authoring tools available to more people
within the Aymara-speaking regions of Peru and Bolivia. Moreover, the system
can be applied to any language, and we plan to add Jaqaru and Kawki. So far the
tools have been used only by individuals working directly with the Aymara
project. As more users participate in documenting these languages, we will need
to implement editorial review and quality control procedures. We will also need to
develop proficiency testing tools to assess user outcomes. We hope to work
closely with organizations developing standards and that our efforts will
contribute towards global interoperability of language resources.
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