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Introduction
Geographic Information Systems (GIS) and related technologies have been used extensively by
and for indigenous peoples around the world. There is considerable critique around this use,
which may be perceived as a Western technology dominating the culture of marginalized
peoples. This paper argues that a blend of participatory GIS (PGIS) and geo-spatial ontology
methodologies—two leading streams of GIScience research—can address the critiques leveled
against the use of GIS by indigenous peoples.

The paper has four parts. First, the authors briefly review the literature on PGIS and geospatial
ontologies. We present the critique of GIS and the ways in which PGIS meets those critiques.
We then define geo-spatial ontology and cover its application among indigenous communities.
Second, we discuss the location of our research among the Cree native peoples in northern
Quebec. Third, the research methodology is outlined. Fourth, we conclude with the results. Our
hope is that a blend of PGIS and ontology can address the critiques. Moreover, PGIS can
enhance the research into geo-spatial ontologies and ontology research can enrich the research
and practice of PGIS.

Literature Review
Participatory GIS: Since the early 1990s indigenous peoples have extensively used GIS. GIS
has been applied to manage natural resources and conduct land use planning (Aberley 1993;
Convis 2001; Bocco et al. 2001), represent their interests with the state (Norweigan and Cizek
2004), gain land rights and sovereignty (Poole 1995), and preserve the knowledge of elders and
distribute it to younger generations (Duerden and Kuhn 1996; Laituri 2002; Tobias 2000).

GIS use among native peoples is not without criticisms. GIS application development is
generally a top down approach and frequently developed by outsider experts. Poole (1995) noted
that the level of technology does not determine a project’s success or failure, but the manner by
which traditional knowledge is gathered and applied. Especially problematic is the extraction of
traditional knowledge from the community by experts. Foisting outside interests on the
community without their endorsement and understanding of the decision to create spatial
representations of traditional knowledge can actually be counterproductive (Brody 1983).

The harshest critique comes from Rundstrom (1995), who views GIS as a totalizing technology,
transforming indigenous geo-spatial knowledge into meaningless bits and features. Rundstrom
(1995) calls its use an instance of “epistemic violence”, which includes truncating placenames
and applying generics (e.g., river and lake) onto placenames which already contain the generic
(e.g., fleuve river). Indigenous knowledge and culture are made to accommodate the technology
and not the converse (Rundstrom 1995; Nieminen 1998).



Increasingly a participatory approach has been utilized to address these critiques. PGIS can be
defined as the use of GIS to empower marginalized communities. The focus in PGIS research,
for any particular project, has been on determining appropriate levels of participation (e.g.,
manipulation to consultation to citizen control), understanding the nature of geo-spatial
knowledge transformation (e.g., when oral information is digitized), and recognizing the power
differential inherent in the design and use of the technology (Laituri 2002; Kyem 2004; Sieber
2006). Ideally, PGIS should respond to and be driven by the demands of communities; be
customized to the users and user-friendly (Rambaldi et al. 2004). They continue that

Good PGIS practice is flexible and adapts to different socio-cultural and biophysical environments. It often
relies on the combination of ‘expert’ skills with local knowledge. Unlike traditional GIS applications, PGIS
places control on access and use of culturally sensitive spatial data in the hands of those communities who
generated it.

PGIS may still fail of addressing Rundstrom’s critique about the intrinsic nature of the data
structure and data models. From an ontological perspective, native people may conceive of their
landscapes quite differently from the dominant societies creating those systems. For example, the
Yindjibarndi native peoples in Australia recognize seasonally recurrent water features in a way
that depart from Western conventions of space-time (Mark and Turk 2003). Not only will native
cultures, which developed in different environments, name very different features sets, but also
these feature sets will delineated according to different criteria (Mark and Turk 2003; Stea 2007).
The challenge in preserving knowledge may be to fit the technology to the knowledge instead of
the converse.

Ontology: The term ‘ontology’ has become a cornerstone in the science of GIS. A prime goal of
geographic ontologies is to make explicit the geographical categories embodied in a GIS
database. GIScience draws on both philosophy and information science (Agarwal 2005).
Ontologies from the philosophical sense concern the study of being (Agarwal 2005). In computer
science, ontologies are redefined as the “explicit specification of a conceptualization” (Gruber
1995). In GIScience this translates into two directions: the conceptual ontology, which focus on
defining terms in a formal and logical but primarily human-readable form, and the logical
ontology, which focus on making such formal vocabularies logically rigorous and machine
readable, often to the point of allowing a reasoning piece of software to deduce new knowledge
from the ontology. Each direction formalizes knowledge into classes/categories, relationships,
and specific instances (e.g., formalizing that all rivers {class} empty into {relationship} bodies
of water and are connected to {relationship} at least one body of water {class}; the Mississippi
River empties into the Gulf of Mexico {instance}).

Ontology, by definition, in its conceptual phase, must include people, domain experts. The
elicitation of knowledge from domain experts is the closest analog to participation in geo-spatial
ontology research. Knowledge elicitation traditionally was viewed only as “preliminary to the
more serious business of encoding knowledge in a software language” (Mizen et al 2005, 4) but
a few researchers have attempted to broaden the stages at which participation can occur. Mizen
et al (ibid.) pioneered a method that allows domain experts to also author a conceptual ontology.
Significant obstacles in the form of computational skills can limit participation in the more
computational aspects of ontology formalization.

Participants in the ontology literature generally have been domain experts such as chemists
(Uschold and King 1995) or hydrologists (Dolbear et al 2005), whose knowledge is elicited in
controlled environments. Domain expertise tends not to extend to lay people with non-expert



knowledge of the land. Widening the definition of domain expert to include indigenous peoples
has been a goal in ethnophysiography (Mark and Turk 2003), which investigates nouns and noun
phrases in non-specialist languages denoting objects on a landscape (e.g., mountains and lakes).
The methods used in this field are generally interviews and focus groups, some of which are
conducted in the field. Geo-spatial ontologists may still resist in situ observation due to its
imprecision in elicitation (Brodaric and Gahegan 2001).

There is ample opportunity for an examination of ontology elicitation and formalization from a
PGIS frame. Participatory approaches highlight the role of outside experts in affecting, for good
or ill, the communities with which they work. Conversely, ontology research has sought to
articulate the meanings of terms and their relations to each other. Ontology methods provided a
structured way of understanding meaning and allow comparison across two competing sets of
meaning. Asking about relations can be non-intuitive and may fail to obtain the relationships
(e.g., Ordnance Survey with lakes and ponds). Ethnophysiographic ontologies in particular
would seem to benefit from integration with PGIS, as they often involve indigenous and other
marginalized populations because their concepts are at greatest risk of misunderstanding by
knowledge engineering and outsider domain experts. The lack of any mythic or spiritual element
in ethnophysiography, for instance, could be interpreted as the viewpoint of western ontologizers
framing the investigation (cf. Stea 2007).

This research focuses on a geographic ontology of water/river features as conceptualized by the
Cree of Northern Quebec. Water features are interesting because of their temporal characteristics
(e.g., seasonal ice, flooding), topological connections (e.g., bank to land, bed to water),
locational fuzziness, and mereological relationships (i.e., the idea that all features are composed
of parts). They also form transportation and landmark networks for the Cree. We ask three
questions: Can a blend of PGIS and geo-spatial ontology research/practice address the critiques?
Second, what can participatory approach lend to geo-spatial ontology work? Finally, what can
ontology research lend to PGIS?

Case Study
The community with which the authors work is situated on the East Coast of James Bay in
northern Quebec and is home to approximately 2,000 people (hereafter know as Cree
Community). The traditional land tenure system of this particular Cree community is still largely
intact compared to the communities nearer the large hydroelectric projects. A third of the
residents of Cree Community spend the majority of their time in the bush (i.e., the rural area far
outside the village); most of the remaining spends at least a few weeks of each year in the bush
(Denton 2001; Berryman et al 2004). Cree Community already maintains a fairly well developed
urban GIS application, although this small community contains few advanced skills for creating
GIS applications. Increasingly some of the hunters and school children are using Google Earth to
print out maps which they then annotate with features such as the locations of illegal sport hunter
cabins and prime fishing or hunting areas.

The goal is a web geo-spatial ontology application and interface that complements existing GIS
and is culturally appropriate for this Cree community. Additionally ontological work offered one
method to preserve Cree knowledge. There was abundant interest in Cree language preservation,
and numerous Cree people supported a project that could investigate linguistic differences



between English and Cree. Although many words in Cree can be translated into English, the
Cree often remarked that the translation lost the essence.

This ontological activity is part of a larger project that seeks to create a culturally appropriate
protected area in Cree Community. Instead of viewing humans as distinct from and a potential
threat to a protected area, this research program conceives of humans as an integral part of a
landscape. Protecting that landscape involves not only addressing biological and physical
components, but cultural components as well.

A Participatory Methodology
This research, like the larger project, is set within a participatory methodology, where Cree
Community members co-create research priorities with researchers and where researchers
participate in the activities of the community as a form of research. Instances of PGIS in
conducting this research include enlisting native people as domain experts wherever possible,
continually working to build trust, and engaging community members in story-telling and
categorizing information.

Ontology methods adapted those of the UK Ordinance Survey, of which there is first conceptual
and then logical formalization (Mizen 2005; Mizen et al 2005). The conceptual formalization is
achieved by domain experts, and involves the production of a knowledge glossary, which is a list
of terms in natural language, and a semantic net, which diagrams the concepts, relationships, and
properties. The logical formalization refers to encoding the conceptual ontology in a computer
language such as OWL (Web Ontology Language).

The methodology consists of four phases: initial system design, primary field work, system
development, and verification. Researchers first conducted a GIS User Needs Assessment
(UNA) to determine the needs of a Cree user for an ontologically based GIS application of Cree
names of hydrographic features. Additionally, a knowledge glossary of Cree terms for
hydrographic features was created using the Cree dictionary. A GIS prototype was developed to
illustrate the potential for ontologies within the community.

Primary fieldwork is the primary arena for participation. The phase consisted of interviews of the
village’s GIS developer (in the village) and hunters (in the bush) using the Cree knowledge
glossary, topographic maps, and the GIS prototype. Researchers delineated riverine and
lacustrine categories through these conversations. Additionally, researchers and community
members collected stories, placenames, and photographs. We worked with a Cree language
expert in the village who, throughout the process, corroborated spelling and meaning. Indeed,
input and evaluation have been sought from Cree community members iteratively through all
phases. The iterative nature of ontology formalization has been stressed in the literature (Mizen
et al 2005, Noy and McGuinness 2001). We anticipate that iteration is crucial to enabling
participation as it will allow for more participants and more opportunities to provide input.

In the system development phase, researchers refined the system based on community members’
inputs. A software prototype is then developed for the logical ontology.

Researchers are currently in the verification phase, where we return to the community to verify
the conceptual ontology and prototype. Researchers will review the prototype and make further
modifications based on user input. Researchers also will work with school teachers to develop
school lessons (e.g., exercises to create XML tags, recording grandparents’ stories). From a PGIS



point of view, this phase also will focus on issues of knowledge transformation and technology
transfer.

Results
A conceptual ontology of Cree hydrography was constructed, comprised of a knowledge
glossary and semantic net. It consisted of two levels of hierarchy, with four classes having
subclasses (e.g., 17 types of lake). This compared to the Canadian National Topographic Survey
(NTS) ontology of three levels and eight classes having subclasses. One example of the
difference occurred in the ontology of rivers: the Cree view a large river, called siipii, as
composed of segments. The segments, called aanatoyach in Cree, correspond to the part of the
river between adjacent rapids. Conceptually, a river also contain portages, called kapataakan,
which are overland routes on which one carries a canoe from one part of the river to another.

A formal ontology of the Cree hydrographic features was created using Protégé 3.2.1, a
development environment used for editing ontologies. Cree terms for hydrographic features were
used as classes and Cree placenames were instances of those classes. The conceptual ontology
was exported as triples in RDF (Resource Description Framework) 1, and these triples were used
for hyperlinks between placenames in a map-based webpage. GIS data on hydrography
published by the NTS were adapted to delineate features from the Cree ontology.

Figure 1 shows the preliminary user interface, in which the ontology is a component of the web
based GIS. This is a proof of concept of the logical formalization. Community members will
shortly begin commenting on the user interface. Additional data and documents, such as the
meanings of terms, stories, audio, and accompanying photos are being uploaded and linked.

Figure 1. The result of a query of rapids within a 100 m distance of the selected feature. Results also show the
logical formalization of relationships to the rapids.

The project exposed ontology research to the process and complications of participation. The
definition of domain expertise was broadened to include Cree hunters, elders, and language

                                                
1 A triple is composed of a (1) subject or resource, (2) predicate or property or relationship, and (3) object.



experts as the specialists of the hydrographic domain. Researchers were cast as the knowledge
engineers, although it was hoped that some community members could move to more active
roles in later aspects of ontological work. Domain experts were frequently consulted during the
building of the conceptual ontology to assure everyone that researchers had obtained the best
understanding of meaning. When it came to developing the logical ontology, the realization grew
that application development requires an advanced level of computer knowledge (OWL, Protégé,
RDF). The verification phase will be critical to improving participation, as it allows for more
meaningful input on the system and user interface designs and ontology formalization.

A PGIS approach reminded researchers of the necessity for flexibility in methods and
responsiveness to community goals. The UNA revealed some significant needs in Cree
Community’s urban GIS. Ontology research was momentarily sidelined to acquire data and write
training materials (e.g., a CAD to shape file tutorial). Domain experts responded that our
eliciting concepts in situ, canoeing in the bush, demonstrated readiness to learn on Cree terms.
This willingness engendered trust, which in turn supported ontology development.

PGIS relies on a map-based interface. Ontology formalization allowed users to examine features
based on otherwise implicit relationships (e.g. part of, downstream) that a traditional map-based
interface may not capture. Moreover, fieldwork suggested the importance of stories in
contextualizing placenames and features. Future interfaces will be story-based; the map will be
secondary.

Ontological methods structured the field work to reveal concepts and relations that might be
missed with standard PGIS approaches. For example, the Cree have a naming convention that
relies on the diminutive version of a noun. Many landscape features have ‘little brothers,’
features of the same type that remind the Cree namers of the larger version (e.g., large and small
lakes). Ontology research is categorical, placing concepts and properties into classes and
specifics into instances (e.g., Bay as a class and James Bay as an instance). However, semantics
like little brothers, are unique to the instance layer, and not all relationships from the class layer
show up for each instance.

As ontology informed PGIS, PGIS approaches informed ontological work. Researchers found no
all-encompassing category in Cree for watercourse. The temptation in ontological research is to
infer that a single superclass for all watercourse-like features must exist and then create it. PGIS
sensitized us to Western conventions that might impose unnecessary categorization for the sake
of convenience.

The findings challenged other precepts of ontology research. Ontology enforces a homogeneity
or shared understanding in meaning. Yet certain classes were denoted by more than one term.
Two Cree terms were found for a river confluence – one denoting a flowing together of rivers,
and one denoting a general flowing together. Synonymity relations were used to address such
difficulties. Nonetheless, ontologies can never represent all meaning. Not only was some of the
nuance of these terms lost, but there is a possibility that certain community members’ terms and
concepts are privileged in this investigation. The verification work will be illuminating in this
regard.

Conclusion
Researchers developed an ontology of hydrography for a Cree community in Quebec.
Development was conditioned by negotiating priorities, understanding the limits of participation,



and challenging the conventions of ontology. We posed the question: Can a blend of PGIS and
geo-spatial ontology research/practice address critiques of GIS leveled in the anthropology
literature? We found that a participatory approach afforded geo-spatial ontology work nuanced
development and endogenous domain experts. Ontology research lent to PGIS a structured
method for fieldwork and a Cree-centered set of concepts and relations.

Whereas, ontology research encouraged Cree language preservation and exposed differences in
meaning between the Cree and English terms for hydrographic features, it was in many ways
vulnerable to many of the same criticisms of GIS, including reducing complex meaning to
categories and crystallizing knowledge into a form extractable from its cultural context. Cree
culture is not static and has been moving from oral to written to digital traditions. Participatory
geo-spatial ontology methods offer one more tool for safeguarding Cree knowledge and
exercising control over the representation of Cree territory. This study is the first such study to
create geo-spatial representations using indigenous geographic terminology.
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