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ABSTRACT

This thesis presents research using a case based reasoner (CBR) to develop a traditional
knowledge base for the Gwich’in of the Northwest Territories. A prototype was developed,
on a stand-alone machine and on the Internet, to assist Gwich’in resource managers with
decision-making by incorporating the knowledge from interviews with Gwich’in elders into
a CBR. Resource managers are able to search the prototype by entering a query, answering
a series of interactive questions and receiving an appropriate response through the CBR. On
a stand-alone machine, the CBR responses include scripts which launch images created in
a geographic information system (GIS). This allows the user access to descriptive data from
the interviews, as well as spatial data in the GIS images. Access on a stand-alone machine
is limited, but integration of the knowledge base with GIS on the Internet offers potential

solutions which should be further explored in the future.
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CHAPTER 1: INTRODUCTION

[Indigenous knowledge is] knowledge that derives from, or is rooted in the
traditional way of life of Aboriginal people. [Indigenous] knowledge is the
accumulated knowledge and understanding of the human place in relation to

the universe. This encompasses spiritual relationships, relationships with the

natural environment and the use of natural resources, relationships between

people, and is reflected in language, social organization, values, institutions

and laws (cited in Roberts 1994:23).

The above definition of indigenous knowledge was put forth by a traditional
knowledge working group in the Northwest Territories NWT) and attempts to incorporate
all the most salient features which define traditional knowledge. The recent Royal
Commission on Aboriginal Peoples adopted another definition of traditional knowledge,
coined by Berkes (1993) and interpreted: “as a cumulative body of knowledge and beliefs,
handed down through generations by cultural transmission, about the relationship of living
beings (including humans) with one another and their environment” (Berkes and Henley
1997:30). Although each of these definitions is generally similar, specific differences in
semantics can lead to varied reading and understanding. No universally accepted definition
of traditional knowledge exists, but this is by no means a reflection of disorder or disarray
on the part of traditional knowledge experts. Indeed, no universal definition of ‘western
science’ exists either, but western scientists are quite confident they have a vast and
definitive knowledge of the world around us. Similarly, traditional knowledge experts have
a vast and detailed knowledge of local ecology, even if that knowledge cannot be easily
categorized or delimited.

As no universally accepted definition for traditional knowledge exists, no universally
accepted label exists either. Traditional knowledge is variably named as some combination
of the following: traditional, indigenous or aboriginal, environmental or ecological and
knowledge or science. For instance the term science rather than knowledge is considered
inherently more respectable by some, while the term traditional connotes an immutable and
unchanging reflection of the past which indigenous does not. While excellent arguments are

put forth for the use of one term over another, in a single work, one label must be chosen for
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consistency and coherency in the work. The phrase traditional environmental knowledge
(TEK) is used throughout this research. Without entering into debates for and against the use
of this term, TEK appears to be the most common phrase utilized by the Gwich’in in the
NWT. As this work was conducted in conjunction with the Gwich’in, the phrase was
adopted.

The widespread interest, for non-Aboriginals, in TEK arguably isa reflection of the
growing recognition of the deplorable state of the world’s environment. Western scientists.
may be coming to terms with the fact that their particular model of knowledge is fallible and
as such, are beginning to accept the use of other paradigms. Thus interest is growing in inter-
disciplinary studies and in ‘new’ sciences, like ecology.

Key papers and reports in the non-Aboriginal world have noted the strengths to be
found in traditional knowledge and have pushed for its recognition as an alternative science.
The report of the World Commission on Environment and Development, Our Common
Future, was tabled in 1987 and brought widespread recognition to the state of the
environment, as well as identifying the key roles indigenous people have played in resource
management around the world (World Commission on Environment and Development
1987:12).

In the NWT and in Canada, the Commission’s work was prefaced by the seminal
Report of the Mackenzie Valley Pipeline Inquiry, presented by Justice Thomas Berger in
1977. The report underlined the moral, ethical and environmental imperative in including
Aboriginal people in the NWT in decisions facing their land and lifestyle. The map of the
NWT has changed significantly since 1977, as has the policy of the government. Within the
last six years TEK has been adopted by the NWT government as official policy and it must
be incorporated into government decision and actions where appropriate, including
everything from the setting of hunting quotas to environmental impact assessments (Laghi
1997). Comprehensive land claim agreements have also opened up the possibility for the
joint aboriginal-—non-aboriginal management of resources.

For Aboriginals the knowledge of their skill and understanding of processes of

resource management have not simply appeared with recognition in federal and international
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reports. Aboriginal people have been, for the most part, calmly and patiently stating their
case since Europeans first arrived in North America. As early as the nineteenth century, Chief
Seattle predicted the destruction which would be wrought by western resource managers, or
mis-managers. The call for the inclusion of indigenous systems of knowledge to resource
management practices in North America is not new, but non-aboriginals have only recently
taken heed.

Despite the theoretical recognition of the value of TEK in resource management, the
inclusion of TEK, in practice, has met with formidable barriers. The barriers are partly a
reflection of differential power structures and partly a comment on the difficulty of
understanding the world view of another culture and the intransigence of western scientists
to even attempt to understand. Numerous suggestions have been put forth and actions
taken— some successful, others not—to break down the barriers between western science
and traditional knowledge. In a report prepared by the Inuit Circumpolar Conference on the
inclusion of TEK in the Arctic Environmental Protection Strategy (1993), the need for
indigenous people to have the ability to establish their own capacity to create and utilize
information systems is identified as a priority.

That priority has become the challenge of this research. The goal of the current
research is to develop a traditional knowledge decision support system using case-based
reasoning (CBR) tools to allow Gwich’in resource managers direct access to the vast body
of recorded, Gwich’in TEK. The knowledge system should be simple to create, utilize and
maintain, and should operate in conjunction with tools currently used by Gwich’in resource

managers, namely GIS and Internet applications.

1.1 PROJECT OBJECTIVES

More specifically, the goal of the project is to develop a knowledge support system,
based on indigenous knowledge, to assist in the management of resources and the
maintenance of TEK. Although TEK is a necessary component in many northern
environmental studies, few models exist to show resource managers how to integrate TEK

into their resource management practices and decisions (personal communication A. Veitch
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1997). This is perhaps best exemplified in a political policy paper written by Howard and
Widdowson (1996) in which the authors are confused and disgruntled by requirements to
integrate TEK into their work because they view TEK as ‘unscientific’. This research seeks
to address this confusion by focussing on access, rather than philosophy.

In developing a knowledge support system, the goal in this project is not to integrate
the two systems of knowledge conceptually, but simply to make them equally available to
a resource manager using the current management tools. The first step toward using TEK is
to record it, the second is to make it accessible and the third and final step is dependent upon
the managers and decision makers to incorporate it. The goal of this project is accessibility.

The objectives are to make a computer-based system that is easy to develop, use and
maintain. Case-based reasoning (CBR) software was chosen as the tool to achieve these
objectives and to manage the TEK base. The system is also required to maintain the context
and philosophy of TEK as far as is possible. The simple act of recording TEK in interviews
already removes it from its context. Ideally, TEK must be learned and understood on the land
and in the local language. In reality however, recording traditional knowledge through
interviews has become a necessary practice to attempt to maintain TEK (Seminar on the
Documentation and Application of Indigenous Knowledge 1996). With that in mind, the goal
of this research is to maintain the context of TEK as much as is possible with interview
material previously recorded in English or transcribed into English. The aim is to allow an
end-user to query the knowledge support system using free form text and to return to the end-
user a response that will be modelled after the words of the traditional knowledge expert. A
representative subset of information from the GEKP was used to develop a prototype
knowledge support system.

The final objective is to make the system accessible within a framework of computer
tools currently used by resource managers. In the case of the Gwich’in Boards and
Renewable Resource Councils, their current goal is to make all of their data accessible across
the organization via the Internet. Although the details of an integrated data structure have yet
to be established, GIS is used to represent a significant portion of their data and will thus be

an integral part of the organization-wide database. The objectives of this research are to make
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the TEK base functional first over the Internet, and second, in conjunction with GIS

databases.

1.2: THESIS ORGANIZATION

Following the introduction and project objectives, which have just been outlined, the
thesis provides a brief overview of the Gwich’in in the NWT and the efforts of the Gwich’in
Renewable Resource Board to record TEK and to include TEK in their overall management
strategy.

Chapter 3 presents a comparison of the general similarities and differences of TEK
and western science and points to the important contribution both can make to resource
management. A general overview is presented in this section because of the need to
recognize the theoretical and practical barriers to, and implications of, integrating two
systems of knowledge for a common purpose.

This is succeeded by an overview of CBR tools in Chapter 4. The overview explains
what CBR tools are and why they were chosen for this research. Inference Corporation
provided the software for the research and the suite of Inference tools used is outlined. The
tools are broadly divided between knowledge acquisition, or authoring, tools and knowledge
management, or searching, tools. The following sections are thus divided between the
authoring of the knowledge system and the searching of the knowledge system.

Chapter 5 describes the process of modelling TEK with CBR. The authoring process
began with the manual development of a case base and the method of knowledge modelling
and system development is explained. Further, the potential limits of the system are
identified. This is followed by a description of the use of an automatic case base developer
and the problems inherent in automatic case generation.

After a brief introduction to searching tools at the beginning of Chapter 6, the
subsequent sections describe the use of those tools. First there is an evaluation of searching
tools on a stand-alone machine together with a description of the development of rules to
assist that search. This is then followed by an evaluation of Internet-based searching tools

and their potential benefits.
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Chapter 7, entitled “Pathways to Knowledge Integration” addresses the possibilities
for the integration of GIS and the case base. The limited success with GIS integration on a
stand-alone machine is described, followed by a look forward to the potential benefits the
Internet may provide for integration. Finally, a brief look at how the limits in the current data
set limited GIS integration.

The research is concluded in Chapter 8 and areas of future research potential are

addressed.



CHAPTER 2: BACKGROUND TO RESOURCE MANAGEMENT IN

THE GWICH’IN SETTLEMENT AREA

In 1992, the Gwich’in of the NWT signed the Gwich’in Comprehensive Land Claim
Agreement (GCLCA) with the Canadian government, establishing the Gwich’in Settlement
Area (GSA) (Gwich’in Tribal Council 1992). Figure 1 shows the extent of the GSA and its
location within the NWT. The claim includes the following goals:

1.1.3 To recognize and encourage the Gwich’in way of life which is based on
the cultural and economic relationship between the Gwich’in and the land;
1.1.6 To provide the Gwich’in with wildlife harvesting rights and the right to
participate in decision making concerning wildlife harvesting and
management;

1.1.7 To provide the Gwich’in the right to participate in decision making
concerning ' the use, management and conservation of land, water and
resources (Gwich’in Tribal Council 1992).

These goals indicate that traditional and local knowledge must be part of the resource
management framework.

Under the auspices of the agreement, and the currently tabled Mackenzie Valley
Resource Management Act, resource planning and management is divided between
essentially three different organizations: co-management boards, Gwich’in organizations and
government agencies (Gwich’in Land and Water Board 1996:3). The co-management boards
and their responsibilities are as follows:

»the Gwich’in Renewable Resource Board (GRRB) is the main instrument
of renewable resource management in the settlement area;

»the Gwich’in Land and Water Board (GLWB) regulates land and water use
throughout the settlement area;

»the Gwich’in Land Use Planning Board (GLUPB) is charged with
developing a land use plan for the settlement area;

»the Mackenzie Valley Environmental Impact Review Board (MVEIRB)
reviews all proposed development in the Mackenzie Valley;

»the Surface Rights Board (SRB) maintains jurisdiction over surface entry,
and;

»the Mackenzie Valley Land and Water Board regulates land and water use
throughout the Mackenzie Valley (Gwich’in Land and Water Board 1996:4).
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Figure L. The Gwich'in Settlement Area and its location within North America
(Gwich'in Graphics Ltd., http://209.68.1.63/inuviktv/atgraphics/gsrmap.html)
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The boards are directed jointly by Gwich’in and local representatives and territorial
and federal government appointees. Government appointees represent agencies which
continue to operate and conduct research within the GSA and the Mackenzie Valley. At the
local level, public resource and development responsibilities are undertaken by Renewable
Resource Councils while private Gwich’in lands are administered by the Gwich’in Tribal
Council, Gwich’in designated organizations and the Gwich’in Land Administration. The
Gwich’in Social and Cultural Institute is mandated to document, promote and preserve the
practice of Gwich’in culture, language, traditional knowledge and values (Gwich’in Land and
Water Board 1996). Together these organizations have collected a significant amount of
resource and management related data for the region and have directed efforts toward

meeting claim objectives in their management strategies.

2.1: THE GWICH’IN RENEWABLE RESOURCE BOARD’S TRADITIONAL

KNOWLEDGE PROJECT

The GRRB is striving to achieve the claim objectives of respecting the spiritual
values of the land, training younger generations in traditional ways and passing knowledge
on to future generations by, among other things, making TEK a key feature in their strategic
plan (Gwich’in Renewable Resource Board 1998). In June 1995, the GRRB initiated the
Gwich’in Environmental Knowledge Project (GEKP). While the overall goal of the project
was to meet the objectives of the land claim agreement, the immediate goal was to document
the traditional Gwich’in environmental knowledge on twenty wildlife species (Gwich’in
Elders 1997). To meet this goal, assistants from each Gwich’in community in the settlement
area (Fort McPherson, Tsiigehtchic, Aklavik and Inuvik) conducted interviews with local
elders. A total of 198 interviews were conducted with 46 elders, fishers, hunters and trappers.
Each interview focussed on a single species and interviewees, therefore, often contributed
a number of individual interviews to the collection. The GEKP has also included Gwich’in
knowledge which was recorded in the past by the Hudson Bay Company, the Committee on
Aboriginal People’s Entitlement and various anthropologists and researchers. All pertinent

materials have been transcribed and entered into a database and a book, based on the
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interviews, has been published (see Gwich’in Elders 1997).

2.2: GOALS FOR MANAGEMENT PLANS WITHIN THE GSA

One of the immediate goals within the GSA is to develop an integrated resource
management (IRM) system so the boards, resource councils, Gwich’in organizations and
government agencies can share their information and knowledge to make decisions which
are consistent across the GSA and the Mackenzie Valley (Gwich’in Tribal Council, 1992;
Gwich’in Land and Water Board 1996). Purely from a data management perspective,
integration is not a simple task - data has been collected and catalogued by a variety of
people in a variety of organizations for a variety of purposes. How can a resource manager
at one of the boards access relevant information collected by other researchers, sitting on
other boards and agencies, to respond to their question quickly and efficiently?

This research sought to integrate data from the GEKP into a knowledge base which
would complement current Gwich’in efforts to develop a shared database. The proposed
research was approved by the University of Calgary and the GRRB in March 1997. Prototype
development took place between June and December 1997 in Inuvik. Software for prototype
development was provided by Inference Corporation (http://www.inference.com) in Novato,
California. By the end of December 1997, a stand-alone and Internet capable prototype
version, modelling two of the twenty GEKP species, was complete. The system has been
evaluated and recommendations based on its strengths and weaknesses are summarized in

this thesis, along with a complete description of prototype development.
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CHAPTER 3: TEK: WHAT IT IS, WHAT IT MEANS AND

WHY IT IS DIFFERENT FROM WESTERN KNOWLEDGE

Both traditional and western knowledge, while quite different from each other, have
a valuable contribution to make in our overall understanding of the northern environment.
Each approach to knowing the environment has limitations, but together the two systems of
knowledge can complement each other, and create a better, more informed framework within
which to make resource management decisions. Although this project does not seek to
integrate the two systems of knowledge, it does seek to place recorded TEK alongside
western knowledge. This section highlights some of the differences between traditional and
western knowledge and underlines the importance of including traditional knowledge in
northern resource management.

First, the terminology used throughout this research must be defined and a disclaimer
must be made. Indigenous people are the native inhabitants of a land. Although the Scottish
are indigenous to Scotland, and the Egyptians are indigenous to Egypt, the term indigenous
is rarely applied to these people. Here, the term ‘indigenous’ applies to people who are native
to lands which were colonized, primarily by Europeans, and who now live as the minority
population within those lands. Traditional, indigenous environmental knowledge refers to
knowledge of local ecosystems that is accumulated through a subsistence lifestyle.
Knowledge is transmitted orally and includes relationships within the environment, religion,
society and economy. For this research, indigenous systems of knowing will be described
primarily in a North American context with some contributions from Australia.

Similar to the term ‘indigenous’, the term ‘western’ does not simply describe people
that live west of Greenwich, but people of a shared culture. Western culture is predominantly
Judaeo-Christian, and has a value system rooted in European history and thought. The

scientific method defines a western ‘way of knowing’ the environment.
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A disclaimer must also be made because both terms, western and indigenous, refer
loosely to two distinct, culturally constructed epistemologies. The terms only loosely apply
because no single statement can be used to identify characteristics that apply to each and
every member of a cultural community. The paradigms used to understand the world are very
complex, and may be highly differentiated even within a culture. The definitions used to
describe the two frameworks of knowledge in this paper are, admittedly, broad
generalizations. One cannot assume that there is no diversity of thought within western and
indigenous frameworks, nor can one assume that individuals subscribe completely and
unfailingly to one of these frameworks. Nevertheless, members of each culture do share a
common understanding. A generalized understanding of each culture provides a framework
for understanding different approaches to resource management in the north.

In order to begin discussing traditional environmental knowledge, a myth must be
dispelled. A common myth, within western society, is that traditional knowledge has
disappeared. Native people, according to the myth, have been assimilated into the western
mainstream culture and their subsistence lifestyle is an artifact of the distant past.
Admittedly, traditional life has been disturbed by western influences in the north. Many
native people do rely on the monetary economy, but a reliance on subsistence based activities
continues. Wenzel and Usher estimate that: “...smaller native communities depend on wild
foods for upward of 50 per cent of caloric needs and often as much as 80 per cent of their
protein, whereas larger communities (more than 1000 people) obtain at least 30 per cent of
their caloric intake and half their protein from wild food” (cited in Osherenko 1988:46).
Obviously the reliance on the subsistence harvest is still very strong. In order to be successful
hunters and trappers, natives must maintain a rigorous knowledge of the environment.
Anthropologists confirm that native traditions are adapting to change and continuing, rather
than being assimilated or disappearing (Osherenko 1988:5). Intimacy with the local

environment remains an integral feature of northern native communities today.
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3.1: PRACTICAL BENEFITS FROM THE COMPLEMENT OF INDIGENOUS AND
WESTERN KNOWLEDGE

The complement of two systems of knowledge will help to overcome the practical
limits within each system. Non-native management has often been ineffective in the north
because decisions are based on incomplete data sets (Riewe and Gamble 1988; Sallenave
1994; Freeman 1985; Feit 1988). The basic data required to make informed decisions about

wildlife resources, according to western scientific models, is absent:

“Scientists believe they can control wildlife population behaviour and attain
management objectives if they can gather the correct data, such as information on
species distribution, habitat requirements, population size, structure and
discreteness, reproductive potential, and natality and mortality rates including those
occasioned by domestic and commercial harvesting. Unfortunately, this
comprehensive data base is rarely attained in the south, and has never been obtained
for any northern species (Davis et al 1980; Dickinson and Herman 1979; Freeman
1985; cited in Riewe and Gamble 1988).

Baseline data is limited because research in the north is exceedingly expensive, and
is constrained seasonally and historically. Historically, western observations have been
recorded for, at most, one hundred and fifty years in the Canadian north. Those observations
are often limited to short intense surveys of single species in the summer months. In the
absence of adequate data, managers must extrapolate from old data gathered in other areas.

In his review of environmental impact assessments of the Hudson Bay oil industry,

Nakashima found:

“From the Canadian Occidental Petroleum Ltd.’s environmental overview (EAG
1984) and Canterra’s “Oil Spill Sensitivity Assessment of Hudson Bay and James
Bay Shorelines” (EAG 1985), the poverty of environmental baseline data for the
region is starkly apparent. Neither study includes original research...the industry’s
environmental statements serve more to highlight the absence of critical baseline
data than to provide an adequate basis for effective EIA” (1990:3).

In the absence of baseline knowledge, how can managers continue to make decisions?
Traditional knowledge of the environment provides an alternative form of baseline
data. Hunters and trappers are continually making observations, then sharing their

observations with the community. Gunn, et al note (1988:25): “Hunters make observations
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in the course of their travelling and hunting and the intensity of their vigilance can be awe-
inspiring. New observations are also acquired through discussion with other hunters...The
organization of the observations is akin to a mental encyclopaedia used for successful
hunting and travelling”. Traditional knowledge is passed through generations orally. Oral
histories are often embellished with every telling, but highly technical and historically
accurate information remains a crucial part of the telling (Cruikshank 1981:72). Data is
collected without the exorbitant costs of western research and is collected throughout the
year, both winter and summer. Studies have illustrated the depth of native knowledge and
its ability to complement scientific knowledge. Often, these studies also show that in specific
areas of northern research, native knowledge is much more thorough than western.

The historical perspective that is absent from western knowledge of the northern
environment is an important part of native knowledge. Western knowledge in the north dates
back, as has been noted, perhaps one hundred and fifty years, whereas native knowledge of
the north dates back thousands of years. Traditional knowledge of significant environmental
events can confirm western scientific hypotheses about natural history events. Cruikshank
(1981) studied oral histories in the Yukon Territory and found that they supported
glaciological and dendroclimatological research. Scientific research confirms oral traditions
which date from 1400 AD. Oral traditions describe Yakutat and Icy Bay on the Alaskan coast
as filled by ice, while the coastline to the east and west of these bays was free of ice. “This
is confirmed by archaeological and geological evidence, radiocarbon dates and tree-ring
dates. Lobes of the Malaspina Glacier once filled Icy Bay and Yakutat Bay, then began to
retreat by 1400AD to positions near or behind present limits™ (Cruikshank 1981:78). The
investigation and integration of oral histories can provide western science with a much
greater historical understanding of natural history processes.

In certain cases native knowledge of animal behaviour, and the concomitant harvest
decisions, are more informed than that of wildlife managers. The Peary caribou herd on

Ellesmere Island was flourishing in 1953, when an Inuit village was established there by the
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Department of Indian and Northern Affairs (Freeman 1985: 266). Non-Inuit authorities
restricted the harvest to include only large male caribou, and restricted the harvest to a few
animals from each herd. The Inuit protested the restrictions because they felt that such a
management strategy would endanger the herd. Observations of caribou behaviour had made
clear to Inuit hunters that each small group in the caribou herd represents a social group.
Older/larger males provide a leadership role for the group that is critical for the group’s
survival (Freeman 1985: 267). The Inuit predictions were correct. Under the state
management strategy, Riewe notes that even the minuscule harvest had deleterious effects
on the herd. By 1968, the Peary herd was virtually eliminated in that region (cited in Freeman
1985: 267). Similar cases are presented for Bowhead whales, arctic char, musk oxen
(Freeman 1985), beaver (Feit 1988), eider ducks (Nakashima 1990) and many other species.
Thus, drawing on both forms of knowledge when decisions are made presents a better
possibility for successful resource management.

Traditional data sets can also be supplemented by western knowledge. First,
traditional knowledge is limited geographically. Although traditional people have an
excellent knowledge of the immediate environment in which they hunt and trap, regional
knowledge is limited. Hunters may have intimate knowledge of where species are, and at
which times of the year, within traditional territories, but little knowledge of the complete
migration pattern of the species. Second, western science also has an understanding of the
microbiological and cellular structures of organisms. This type of knowledge is absent from

traditional knowledge (personal communication O. Kawagley).

3.2: DIFFERENCES BETWEEN TRADITIONAL AND WESTERN KNOWLEDGE
3.2.1: Epistemological Differences
Psychologists suggest that human cognition is marked by two distinct ways of
thinking; analytical and intuitive (Murdoch, 1988). Every individual has the ability to operate
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in both spheres, but within cultures one sphere tends to be more highly valued than the other.
Western culture primarily operates in, and overwhelmingly values, analytical thought:

“People of Western culture, Bastick contends, become increasingly immersed
through socialization and formal schooling grounded in literacy and numeracy, in
an analytical mode of thinking which is conscious, cerebral, literate, and
linear...Indeed, those socialized and trained in analytical thinking tend to rationalize
the products of intuitive thought, such as hunches and gut reactions. Insights, ideas
or decisions arrived at intuitively are verbalized with explanations” (in Wolfe
1992:8).

Logical, rational explanations take precedence over unverbalized feelings. Hunches are not
considered thoughts until they are verbalized and rationalized. True ‘thinking’ on the other
hand, is understood by western culture as a conscious, verbal and rational process, that relies
on words to analyse and define thoughts.

Conversely, indigenous culture organizes understanding with an intuitive, rather than
an analytical, approach. ‘Thinking’ does not use symbols, or words, to define the
understanding. Brown (1973:59) notes that: “...in the Indians’ cognitive orientations,
meanings generally are intuitively sensed and not secondarily interpreted through analysis;
there tends to be a unity between form and idea or content. Here the ‘symbol’ is, in a sense,
that to which it refers”. The reliance of indigenous culture on intuitive thinking is confirmed
by Strachan (1988), in her study of Inuit environmental perception. Strachan concludes that
intuition defines the predominant cognitive style among the Inuit. She also notes that verbal
explanations or rationalizations are not stressed and are often virtually impossible to elicit.
Although Murdoch (1986) uses the term visual spatial, rather than intuitive, to describe Cree
cognition, his conclusions are similar. Thus, in indigenous culture, ‘gut reactions’ and
hunches are directly acted upon, without being rationalized, verbalized or analysed.

Western culture, in its valuation of the two cognitive modes, subordinates those
cultures that rely on intuitive expression. Western thought places cultural evolution on a
hierarchy from intuitive to analytic, or from less advanced to more advanced. At the bottom
of the ladder is the hunter-gatherer, and at the top is the modern-industrial society. Hunter-

gatherer societies are understood as wholly reliant on intuition; as societies that do not
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actively shape their environment, but merely respond to environmental changes. An analogy
is often made between hunter-gatherers and children. They are children that have not yet
developed the ability to analyse critically, nor to think about, a situation. Modern-industrial
societies define the pinnacle of the hierarchy. Rather than respond to environmental change,
the modern-industrial individual can analyse the components of the environment and
orchestrate the change. By western standards, this is the top of the evolutionary societal
ladder.

The two modes of cognition must be placed on a continuum rather than a hierarchy.
To describe hunter-gatherer societies as being like mere children, reacting to the needs of
their environment, is grossly simplistic. Likewise, assuming that modern-industrial societies
have developed an infallible system for shaping the environment is simply incorrect. The two
modes of cognition should be considered complementary, rather than exclusionary. The
greatest scientists and philosophers in western culture are those that can identify with both
the analytical and the intuitive. Music and mathematics go hand in hand. Fritjof Capra
(1982:38) writes: “The rational and the intuitive are complementary modes of functioning
of the human mind. Rational thinking is linear, focussed, and analytic...Intuitive knowledge,
on the other hand, is based on a direct, nonintellectual experience of reality arising in an
expanded state of awareness”. As the complement between mathematics and music creates
an exceptional individual, so too the complement of intuition and analysis creates a broader

society and better strategies for resource management.

3.3: DIFFERENCES IN KNOWLEDGE ORGANIZATION

3.3.1: Science

Differences in dominant cognitive modes between western and indigenous cultures
have also created or, been created by, different systems of knowledge organization.

The organizational framework that dominates western thought stems from the

scientific revolution of the 17th century. This revolution, spearheaded by philosophers and
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scientists such as Descartes, Bacon and Newton, introduced a mechanistic, reductionist
approach to science. The world, they said, operates like a machine. Each component in the
machine can be isolated, understood and reassembled. By understanding how each
component operates, one can understand how the collection of components operate (Capra
1982). The middle-Christian concept of the earth as a nurturing mother, was discarded and
replaced with the western scientific concept of the earth as a machine (Capra 1982, Watson
and Chambers 1989). The shift of the scientific paradigm, from an organic to a mechanistic
view, quickly expanded western understanding of the world and continues to dominate the
western scientific method.

Western knowledge is structured according to the rigours of the scientific method.
Laws are objectively formulated to reflect a scientific truth. All scientific truths are
understood to have a validity and objectivity which is separate from the influence of the
researcher, and from humans in general. Good scientific research must be supported by data
that is quantifiably sound and mathematically proven. In reference to the management of
wildlife resources, Johnson (1992:3) states: “Western scientists gather quantitative data to
build mathematical models of population dynamics. The models are used to calculate
sustainable yields of a resource. The yields are then recommended for implementation to
decision-makers as wildlife harvest regulations™. The reliance of wildlife managers on
quantitative data is noted throughout the literature (Freeman 1985; Gunn, et al 1988; Feit
1988). Wolfe, et al (1992) note that western scientific knowledge accumulates data quickly
and selectively. Natural phenomena are isolated and studied intensively for a short period of
time (Usher 1993:117). Data are tested for their validity and if they are accepted general laws
and theories are formulated to describe the phenomena.

Indigenous culture organizes knowledge using a holistic rather than reductionist
approach, and a systemic rather than a mechanistic approach. (Kawagley 1995, Wolfe et al
1992; Bird Rose 1988, Hughes 1983). Brown (1973:59) notes that: “Unlike the conceptual
categories of the Western man, American Indian traditions generally do not fragmentize
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experience into mutually exclusive kinds of dichotomies, but tend rather to stress modes of
interrelatedness across categories of meaning, never losing sight of an ultimate wholeness”.
Rather than understand the world as a machine with individual parts, indigenous systems of
knowledge organization focus on the relationship between the parts. The interaction of the
parts, not the parts themselves, is crucial in understanding the whole.

Rather than viewing the world as a machine, indigenous cultures view the world as
a system. Freeman (1992:9) notes that traditional ecological knowledge is: “...directed
toward gaining a useful understanding of how ecological systems generally work, to how
many of the key components of the total ecosystem interrelate, and how predictive outcomes
in respect to matters of practical concern can best be effected”. Holistic, system-based
approaches define the native view of ‘seeing’ the world.

Indigenous knowledge of the environment is based on accumulated experience of the
entire environment, not on individual, intensively studied features. This experience is very
subjective and always relates the individual and the community to the environment. Trends
and patterns are observed, and decisions are made using qualitative data. “The Dene
harvester is more concerned with conditions in general...or in trends...than he is in precise
numbers and averages” (Johnson 1992:3). Knowledge is accumulated slowly and inclusively
into a natural history framework (Usher 1993:117). The framework is shared by the
community of decision-makers.

The scientific method is so pivotal in western culture that it defines the only valued
approach to western science. However, the reductionist method does have weaknesses, as
well as strengths. Descartes believed that mathematical certainty reflects scientific certainty.
All science is certain, evident knowledge that can be explained mathematically (Capra 1982).
The certainty that is applied to the scientific method hides its limitations. “The Cartesian
approach has been very successful, especially in biology, but it hasalso limited the directions

of scientific research. The problem is that scientists, encouraged by their success in treating
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living organisms as machines, tend to believe that they are nothing but machines” (Capra
1982:62).

The limits of a reductionist approach are becoming apparent in many disciplines.
Models of environmental processes, no matter how mathematically sound, are often unable
to predict change accurately. The discovery of quantum physics in the early part of this
century forced physicists to recognize the limits to the truth of their science. This discovery

shook the foundations of conventional reductionist science. Capra states:

“Twentieth century physics has shown us very forcefully that there is no absolute
truth in science, that all our concepts and theories are limited and approximate. The
Cartesian belief in scientific truth is still widespread today and is reflected in the
scientism that has become typical of our Western culture. Many people in our
society, scientists as well as non-scientists, are convinced that the scientific method
is the only valid way of understanding the universe...The acceptance of the
Cartesian view as absolute truth and of Descartes’ method as the only valid way to
knowledge has played an important role in bringing about our current cultural
imbalance” (1982:58).

3.3.2: Spiritual, Social and Economic

The differences between the reductionist and holistic approaches are apparent not
only in organizing knowledge about the natural environment, but also in discerning
relationships between the natural world and the spiritual, economic and social worlds. From
a western perspective, neither the spiritual nor the social, although perhaps the economic, fit
into a discussion of environmental knowledge. However, spiritual, economic and social
relations are essential components of traditional ecological knowledge and must be included
in any consideration of the environment.

In indigenous culture all the universe is a living, balanced, spiritual creature.
Everything in the universe is imbued with spirit: “there are primary elemental spirits such as
Thunder, Wind, Earth and Sun, as well as a spirit for every species of animal, bird, and insect
on the earth. Every living creature is a tangible expression of the spirit for that species”

(Young, Ingram and Swartz, 1989:25). Navajo artist Carl Gorman writes:
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“It has been said by some researchers into Navajo religion, that we have no
Supreme God, because He is not named. This is not so. The Supreme Being is not
named because He is unknowable. He is simply the Unknown Power. We worship
him through His creation...We believe that this great unknown power is everything
in His creation. The various forms of creation have some of this spirit within
them...As every form has some of the intelligent spirit of the Creator, we cannot but
reverence all parts of the creation” (in Brown, 1973:58).

God did not simply create the earth as in western religious traditions, God is the earth itself.

In this light, natural phenomena are explained by, and understood in terms of,
spiritual phenomena. Freeman (1985:25) states: “hunters observations are loosely organized
in an informal and flexible system which may equally include a spiritual or mythical
interpretation”. The goal of indigenous resource management therefore, is to maintain a
balance because all things on the earth are to be treated equally as manifestations of the
Creator (Deloria 1973). The reference to the spiritual is an essential part of the framework
of indigenous environmental knowledge.

In western thought, the relationship between the spiritual and the natural is very
tenuous and is usually removed from explanations of environmental phenomena. God is not
everywhere in everything. ‘God” is not of this earth but is considered to be above and beyond
the mechanics of nature, supernatural. Humans are the only creatures made in the image of
God. The only spirit that is widely recognized in western culture, resides in humans. Even
this concept is reduced in western thought. The spirit is associated with the mind, not with
the mechanical body. Rather than view all things as equal manifestations of the Creator,
western religions subordinate nature. A spiritual hierarchy places humans ona divine plane,
closer to an unknown world above, than to the earth. Humans dominate nature.

The spiritual relationship with the earth is reflected in each culture’s relationship of
society to nature. Western culture separates society from nature, whereas native culture links
society as an integral part of nature. The divergence of thought is highlighted with an
example of the different concepts used by each culture to describe the natural environment:

wild and quiet.
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From an indigenous perspective wild lands are those that have been degradel by
humans. Wild lands are those that have not been managed sustainably and have had their
internal balance upset. Quiet or tame lands on the other hand, are those that include humans
living sustainably (Bird Rose 1988). Wild lands are places where humans have had too great
an impact, tame lands are those where humans have had minimal impact. In western thought
the terms are reversed. Wild lands are those on which humans have had minimal impact,
tame lands are those that are controlled by humans. From a western perspective, true
wilderness does not include humans. This conceptual opposition is an excellent reflection
of how western culture views itself outside of nature and native culture views itself as an
integral part of nature.

The economics of resource management strategies also reflect a different relationship
for each culture. The driving force of western-based resource management is neo-classical
economics. Resources are managed according to the capitalistic ideals of individual profit
maximization. In terms of the management of wildlife resources, quotas are set at the
maximum allowable harvest that will maintain population stability. Surplus accumulation
is encouraged. Freeman (1986:86) notes the preference for the capitalistic ideal in resource
management strategies: “Those who maximize their return - and can continue to do so - are
held to be behaving rationally, and those who don’t should, in the interest of the system, be
encouraged to change their strategies to conform to the preferred ideal”.

Native management is very different from the capitalist perspective. Resources are
managed not for individual profit maximization, but for the reproduction of the social unit
(Freeman 1986). Surplus, should it occur, is re-distributed within the society: “...the
individual so favoured (with surplus) converts their economic capital to social capital by
distributing the surplus production. Indeed widespread sharing and community feasting is a
characteristic feature of all hunting and fishing societies” (Freeman 1986:88). The notion that
resources will always be used for individual gain must be dispelled from the establishment

of resource management quotas in the north.
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In order to approach resource management from an ecosystem perspective,
management institutions must include socio-economic processes. Management should not
be focussed toward manipulating the physical and biological components of the environment
only. Management should be focussed toward understanding the human components of the
environment. The exclusion of socio-economic factors from management results in

ineffective resource policies. Walters (cited in McDonald 1988:66) states:

«..problems in the resource sciences result from the interaction between ecological
and socio-economic systems, and the tendency of scientists and managers to reduce
complex ecological-economic relationships into simplified associations...By
concentrating on biological and technical harvesting issues and ignoring the socio-
economic implications of management decisions, human resource-use activities are
never completely controlled in the conventional, scientific management process™.

Human use must be considered an integral part of any management strategy. The acceptance
and incorporation of traditional knowledge will help to create more inclusive management
frameworks.

The review of the strengths and weaknesses of TEK and western science inevitably
lead one to appreciate the benefits of integrating both in a complementary management
framework. In this research, the first step toward achieving the more philosophical goals of
integration is to have access to each on an equal footing. At this point, the introduction of

CBR as a tool for achieving equal access is necessary.



-24-

CHAPTER 4: AN OVERVIEW OF CASE-BASED REASONING TOOLS

4.1: GENERIC ISSUES

CBR tools are a type of expert system that operate from the notion that new problems
are solved based on previous experience. CBR tools utilize the specific knowledge of
previously experienced, concrete problem situations to solve new problems based on similar
past cases (Aamodt and Plaza 1994). The CBR functions to retrieve cases that are similar to
the current problem and attempts to reuse the case in a new solution. When a new solution
is found the manager of the case-base has the opportunity to revise and to retain the new
solution. Case bases are never considered to be complete. They can operate with only a
partial case base, and are always expected to add new cases. Cases can be added according
to questions asked and solutions given, or with new information. Attached to the case
solution can be full text descriptions, images, mapped images and/or audio and video links.
This section reviews case identification, indexing and retrieval methods, adaptation and
reuse.

First, it is important to note how CBR differs from other database and information
retrieval systems in its adaptation, information retrieval and learning processes. The ability
to adapt old cases to fit new situations is dependent upon reasoning processes found in the
CBR, though not in conventional database and information retrieval systems. Even in CBR
without the adaptation facility, retrieving information is quite different from other systems.
CBR is more inter-active:

“Database systems and IR [information retrieval] systems leave the problem
of how to formulate the right query largely to the user. In CBK systems, the
system itself is often designed to start from an input description using
features that are quite different from those included in the case memory, and
to determine appropriate retrieval cues” (Leake 1996:14).

The user can interactively arrive at an answer without having to correctly join all keywords
with Boolean operators. This separates CBR from standard search engines in which it is

incumbent upon the user to develop their search criteria. Finally, CBR has the ability to store
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and learn from past consultations which is absent in most database and information retrieval

systems.

4.1.1: What is a Case?

Each case in a case base represents a single piece of knowledge or a series of events
which lead to a particular outcome (Watson 1995). For example, a doctor will record a
patient’s symptoms, make a diagnosis, prescribe a course of action and evaluate the
treatment’s success. This is a case. This example describes three typical features in case
identification:

»the problem that describes the state of the world when the case
occurred, or the symptoms;

»the solution which states the derived solution to that problem, or the
diagnosis and prescribed action; and/or

»the outcome which describes the state of the world after the case
occurred, or the final evaluation of the patient’s health (Watson and
Marir 1994).

In describing a case, the term ‘problem solving’ has a very broad application. In a
strictly mechanical sense a case is a data object with associated indices (Inference
Corporation 1995a). In a practical sense, a case is anything you want a user to be able to find.
The only true criterion for identifying a case is its functionality: if a case is worth keeping,
it must simply have a lesson to teach to the user (Kolodner 1995).

CBR is considered a great step forward in the artificial intelligence community
because of its ability to avoid the ‘knowledge elicitation bottleneck’. In conventional rule
based expert systems, an inordinate amount of time was required to elicit and formalize an
expert’s knowledge into a series of rules, thus creating a ‘bottleneck’ (Waters 1989; Shaw
and Gaines 1986). CBR avoids the difficulty of knowledge elicitation by dispensing with
the need to formalize and structure knowledge into rules.

However, defining case boundaries is one of the most difficult parts of CBR and this

may be considered the ‘case identification bottleneck’. Determining appropriate case features
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is still a necessary and very difficult part of designing a CBR system. The process mirrors
the difficult knowledge engineering phase in a rule base system (Aha and Breslow 1997;
Barletta 1991). In order to make information into ‘CBR-ready’ cases, it must be thoroughly
analysed and reformulated. Cases, in effect, must be engineered. In evaluating the success
of CBR, researchers note:

“In summary, we have consistently found that creating a CBR system in a
new domain requires a full-scale knowledge acquisition effort of the usual
sort: designing an appropriate organization, representation, and set of
reasoning methods; putting the knowledge into the designed framework; and
debugging and refining the knowledge base in close interaction with domain
experts.” (Mark, Simoudis, and Hinkle 1996:292).

Despite the difficulty of case representation, case base systems can be designed and
developed more quickly than rule base systems, are better in explaining their reasoning and

are easier to maintain (Watson 1995).

4.1.2: Indexing and Case Retrieval

Case retrieval is facilitated through indexing significant case features (Watson and
Marir 1994). Indexes, like keywords, point to the purpose of a case and should be chosen
according to the circumstances under which the case is likely to be used. Indices should meet
four criteria. They should:

1. be predictive;

2. address the purposes the case will be used for;

3. be abstract enough to allow for widening the future use of the case base; and

4. be concrete enough to be recognized in the future (Watson and Marir 1994:331).

Both automated and manual indexing methods are available. Automatic case indexing
may be seen to reduce the time noted above for case design, but it has not been successful
across varying domains. Kolodner (1993) believes that people, be they case base authors or
domain experts, tend to do better at choosing indices than algorithms do, and therefore for
practical applications indices should be chosen by hand. Similar to case identification,

indexing poses a challenge for the development of case bases.



27-

Case retrieval is guided by one or a combination of strategies including nearest
neighbour approaches, induction and template retrieval (Aamodt and Plaza 1994; Barletta
1991).

4.1.2.1: Nearest neighbour

Nearest neighbour is an approach to case retrieval which is guided by matching
features of the user’s query with weighted indices in the case base memory. In the medical
case example described above, symptoms would have weights attached according to their
usefulness in determining a diagnosis. The features of a user’s query which match those
indices are weighted accordingly. The case displaying the greatest weighted sum would be
the most likely candidate for retrieval. For example, if a patient entered a doctor’s office
complaining of severe stomach cramps, vomiting and diarrhea, giving equal weight to each
of the symptoms would probably produce quite a long list of equally possible ailments. If,
upon further investigation, the doctor discovered the patient had eaten a tuna sandwich that
had been unrefrigerated for a week, the doctor would give greater weight to this new piece
of information and the diagnosis would undoubtedly be food poisoning. The case base can
be developed in the same way to allow some pieces of information to have equal weight,
while others can be weighted to confirm a case absolutely.

Nearest neighbour approaches are excellent if the retrieval goal is not well defined
or if few cases are available (Barletta 1991). The difficulty in designing a system based on
nearest neighbour retrieval is the determination of feature weights (Watson and Marir 1994).

In the simplest approach to nearest neighbour matching all features would have equal weight.

4.1.2.2: Induction
Inductive algorithms may be used to determine which features do the best job in
discriminating between cases. Which symptoms, for example, are most useful in determining

whether a patient is suffering from illness A or illness B. Inductive approaches require a large
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number of cases to generate accurately the discriminating features between cases, making it
a poor approach in certain domains (Watson and Marir 1994). Inductive approaches also
require that the case outcome be well-defined, for example where the outcome is the
identification of a single illness (Barletta 1991). Again, this makes induction a poor approach

in some domains.

4.1.2.3: Template Retrieval

Template retrieval returns all cases that fit within certain parameters. For example,
amedical case base may be divided into groups which separate viral ilinesses from traumatic
injuries. If a patient’s symptoms include vomiting and a high fever, only cases that fit those
parameters should be included and those cases are likely to be found in the viral illness
group. Cases that definitely do not fit those parameters, a broken bone for instance, should
be immediately excluded from the search. This technique is often used before other

techniques to limit the search space to a relevant section of the case base.

4.1.3: Case Adaptation

Adaptation is the ‘reasoning’ part of CBR and it is also the weakest link in most
systems. The goal of case-retrieval is to return the most similar past case to the user. The goal
of case adaptation is to adapt the most similar past case to meet all the needs of the new
situation (Barletta 1991). Case adaptation is based on a set of domain rules or on a domain
model. Consider for example, a situation where a user wanted to cook a spicy dish with
shrimp and coconut milk and the case base contained a recipe for spicy chicken with coconut
milk. The system would retrieve the chicken recipe, and based on certain formulae or rules
integral to the system, would suggest substituting shrimp for chicken to meet the user’s
needs, thus adapting a stored case to meet new requirements.

In practice however, successful case adaptations are difficult to achieve. Watson

notes:
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This cycle (retrieve, reuse, revise, retain) currently rarely occurs without

human intervention. For example, many CBR tools act primarily as case

retrieval and reuse systems. Case revision often being undertaken by

managers of the case base (Watson 1995:2).

Case adaptation is domain specific. Adaptive rules are difficult to generalize across domains
and as experiences with rule-based expert systems have shown, codifying knowledge into
rules and debugging them is difficult and time consuming. It must be accepted that at present
CBR systems retrieve-evaluate-adapt cycle has been replaced by retrieve and propose with
the adaptation and evaluation being done by the user (Watson 1995, Kolodner 1995, Leake
1996, Mark, Simoudis and Hinkle 1996).

Although adaptation is a weak link in CBR theory, it does not mean that itis a weak
link in CBR applications. One of CBR’s strengths is that it does include human collaboration
in case adaptation and decision support. Riesbeck summarizes: “Adaptation techniques are
hard to generalize, hard to implement, and quick to break. Furthermore, adaptation is often
unnecessary. The originally retrieved case is often as useful to a human as any half-baked
adaptation of it” (Riesbeck 1996:388). CBR does not create an expert; it merely tries to
mimic one. The human decision maker will always be the best judge of a case’s merits and

its current applicability.

4.1.4: Retaining Cases

Retention, or the storing of new cases, is the learning part of CBR. Each time a user
interacts with the CBR, the process of interaction or the search consultation, can be saved.
If the search is saved as a successful solution, the CBR now ‘knows’ given the same input
features to retrieve the successful solution. “When the CBR process is successful, the
resulting solution is stored for future reuse, avoiding the need to rederive it from scratch”
(Leake 1996:9) . If the search is unsuccessful, this too can be recorded and provide a signal
for the system manager that this is an unknown area or that the case base is missing

important information. Failed searches may be stored for future analysis when new
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information becomes available, they may provide a warning about possible future failures
that should be avoided or they may prompt the revision of indexing criteria to retrieve a

better case in the future (Leake 1996).

4.2: INFERENCE’S CBR SOFTWARE

Inference Corporation has launched an extremely successful set of CBR software
packages (Watson 1995). Although designed specifically with the support-desk market in
mind, Inference has been a leader in the CBR field from its beginnings. The suite of
Inference products is broadly divided between two functions: knowledge acquisition and
management and knowledge searching, as shown in Figure 2. This means that case authoring

and problem solving, or case searching, are functionally separate.

Knowledge Acquisition
and Management

/\ /\

CBR Express Generator CasePoint CasePoint
Webserver

Knowledge Searching

Figure 2. The products used for this research are broadly divided between knowledge
acquisition tools and knowledge searching tools.

This research involved two knowledge management and acquisition tools; CBR
Express and Generator, and two knowledge searching tools; CasePoint and CasePoint

WebServer. After a brief introduction to each of the tools, subsequent sections describe the
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use of these tools specifically for this research, first by examining case authoring techniques,
then by examining case searching abilities. An overview of the process is provided

graphically in Figure 3.

4.2.1: Knowledge Acquisition and Management

4.2.1.1: CBR Express

CBR Express is a manual case authoring tool which uses the nearest neighbour
approach to retrieve cases. Case development, creation and editing is done through a
graphical user interface (GUT). All programming elements operate behind the interface which
allows people without programming experience to develop éase bases quickly in a syntax
free environment (Watson and Adbullah cited in Watson and Marir 1994). Case development
involves assigning a title, description, questions and action to each case. An end user can
enter a free form text query, rather than being led through a decision tree style question and
answer session, to match initially against case titles and descriptions (Watson and Marir
1994). Solutions are ranked, on a percent-matched basis, and the user is offered both the
solutions and a set of questions. Questions are associated with each case by the case author
to help narrow the search and provide a more accurate solution. Mark, Simoudis and Hinkle
describe the process:

“Associated with every attribute in CBR Express is a question that is used
during the problem-solving session to obtain the attribute’s value during
problem solving. The retrieval algorithm of CBR Express, a variant of nearest
neighbour, always asks the first unanswered question of the case that is
considered most relevant at each iteration, given the available information.
Since the nearest neighbour algorithm is executed after each question is
answered, a question from a different case may be asked at each iteration.”
(1996:289).

If the search is not successful an entire transcript of the consultation can be saved as

an unresolved case.
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4.2.1.2: Generator

Inference’s Generator software provides an automatic indexing facility for case base
development, circumventing the need for lengthy time investments in case base development.
From a directory of text files, Generator is designed to create a case base index automatically
(Inference Corporation 1995b). The indexing facilities are designed to operate inany domain

thus providing a case base author with ‘universal expertise’ (ibid).

4.2.2: Knowledge Searching

4.2.2.1: CasePoint

CasePoint is the run time version of CBR Express. CasePoint provides a case base
searching environment for users but has no authoring capability and thus is purely a
knowledge search tool. CasePoint may be embedded in other software applications through
its use of Windows Dynamic Data Exchange (DDE) protocols (Watson 1995). DDE
protocols allow companies to embed CasePoint in applications, databases or GIS for
example, that are already employed by their company. CasePoint also supports the use of a
rule file which identifies keywords in a user’s search and automatically answers questions

based on heuristics. Automatic answers may be overridden by the user.

4.2.2.2: CasePoint WebServer

CasePoint WebServer is similar to CasePoint but rather than operate on a stand-alone
machine, as does CasePoint, CasePoint WebServer operates on networked machines:
WebServer is Internet ready. WebServer is an interactive Web application that makes search
and retrieval facilities available using any World Wide Web (WWW) browser. The
WebServer interface may be fully customized through a text based resource file. This allows
WebServer to share a common ‘look and feel’ with a company’s other web pages and
applications. The application may be secured to limit access or prevent unauthorized access.

Because the WebServer, like CasePoint, provides knowledge searching tools only, content
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is centralized and managed elsewhere through knowledge acquisition and management tools.
Only the case base managers can alter the case base. As an Internet application, WebServer
offers a range of possibilities for data integration in this application, as described in Chapter

6.5.
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CHAPTER 5: MODELLING TEK wITH CBR

5.1: MANUAL CASE AUTHORING WITH CBR EXPRESS

The authoring process began with a thorough review of the GEKP final report. The
report, rather than the interviews, provided the basis for the study. The report was chosen
because the document has been peer-reviewed, verified and approved by the elders who
contributed to it. After the original interviews were completed, a summary was made and
presented to the elders over the course of a two day workshop. The workshop provided a
forum to verify, clarify and expand upon the information from the original interviews. To
work directly from the interviews for this research would have negated the verification
process. The final summary report incorporated new information and clarified and edited
existing information and therefore formed the basis of this research.

Since the GEKP was conducted on a species by species basis, the development of a
prototype case base system followed a similar approach. The case base is loosely structured
on a species by species basis. The research focussed on two species for the development of
the prototype: grizzly bear and caribou. These species were chosen because each has a vastly
different amount of information associated with it. Caribou is a major source of food and in
the past was a major source of clothes and materials. Owing to its significance within the
Gwich’in culture, information about caribou is vast and detailed both for its use today and
in the past. The grizzly bear on the other hand has never been a major source of food, nor
skins for the Gwich’in. The animal features prominently in their traditions and current
hunting and trapping lifestyles, but it was never sought out as the caribou was and is.
Relative to the text describing caribou, the information about the grizzly is much shorter. In
the final book twenty-two pages are devoted to a description of caribou, while seven pages
are devoted to the grizzly. This is not necessarily a direct reflection on the knowledge of the

elders, but simply reflects what has been recorded.



36-

Therefore, the development of a prototype, to represent both grizzly and caribou
would test the ability of the system to search and retrieve from domains with a vastly
different number of cases. A user should still be able to find exactly what they are looking

for whether the associated number of cases is large or small.

5.1.1: Developing a Traditional Knowledge Model

The first task was to develop a case-base to operate on a stand-alone machine. In
order to represent fully the knowledge collected for the GEKP, its breadth and depth needed
to be considered even though not all the knowledge would be included in the prototype. The
breadth of knowledge in this case was the number of species which the GEKP covers: twenty
species in three broad categories — fish, birds and animals. This roughly divides the breadth
of the case-base, potentially, into three equal sections covering five fish species, seven bird
species and nine animal species. The depth of knowledge in the GEKP is the movement
between the most general information to the most specific. For example, the mere
identification of the animal is the most general level of information and when grizzly cubs
are born is the most specific information.

Developing a clear picture of the extent of knowledge embodied in the GEKP is
crucial in developing a case base which seeks to represent that knowledge. In the end, the
case base must adequately represent the entire body of knowledge: it must successfully lead
a user to the information they require. Second, the case base must be flexible enough to
include new and different information in order to be a valuable tool for the future. For
example, will the case base have the flexibility to include traditional knowledge not focussed
on a species by species basis but focussed perhaps on geographical areas or ecozones. These
questions are further developed and evaluated at the end of this section.

The model which was developed draws on the natural conceptual divisions, across
the breadth of the knowledge, for fish, birds and animals. This provides the first step in a

hierarchical model, as represented in Figure 4. Paths, much like the branches in a decision
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tree, were then created to move a user from that very general starting point, of birds, fish and
animals, to the very specific answers that a user would be searching for in the end. One
section of the tree is illustrated in Figure 4.

For the model to operate successfully as a case base, a certain balance had to be
achieved. The paths leading from each of the most general information — fish, birds, animals
— to the most specific information at the bottom of the path must be close to the same length.
Each path requires a similar number of steps, or nodes, to get to the leaf. The section of the
tree illustrated in Figure 4, is parallelled across the number of species represented. If
information is weighted equally and one path leads a user to the end in five steps and one
leads a user to the end in twenty steps, a user will rarely get past the first five steps. For
example, if a patient describes five symptoms to a doctor and each of those symptoms are
matching along a five step path, then the case’s match value is 100. If the same five
symptoms are simply the first matching steps along a path that has twenty steps, then based
only on those five symptoms, the case will only score a match value of 25. Based solely on
those five symptoms, however, each case could be equally correct and the first one will give
a false match. The user will not get beyond the first five symptoms. Therefore each path in
the prototype contains the same number of steps.

A model with, for the most part, four steps, or levels, in the path from the most
general information (animals, birds, fish) to the most specific was developed. This is
illustrated in Figure 4. Each level in the hierarchy, and each node within each level, to the
extent possible, is paralleled across the twenty species. This gives the model consistency,
coherence and elegance. For example, at the same level in their respective hierarchies is a
node which asks about Gwich’in hunting of caribou and grizzly, the habitat of caribou and
grizzly and the feeding habits of caribou and grizzly. This type of hierarchy was found to be
successful for both species in the prototype despite the differing amounts of information
associated with each. In the final level of the hierarchy, just above the leaf, the branches are

quite different across the species. The leaf is the outcome, the final, most specific piece of
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information, and is therefore very specific to each domain or species. Although caribou and
grizzly share an equal number of steps in the hierarchy, there are many more leaves on level
four at the end of the caribou branches. The expediency of this model for developing a case
base will be discussed in the next section which describes how the case base was designed,

why it was designed that way and how it works.

5.1.2: Case Base Design and Design Issues

5.1.2.1: Identifying the Case

In many case base systems, case identification is a relatively simple matter. In a
medical case base for example, a case is one patient’s file. In a legal case base, one case is
based on a single judgement. However, in a traditional knowledge case base, case
identification is a more difficult issue. There are no cases which define a single event in
history or an associated chain of events which describe a problem and a solution as there are
with a patient’s illness, diagnosis and recovery. What boundaries can be used to define
unique and meaningful cases from a traditional knowledge text?

There are natural conceptual divisions which help to divide descriptive textual
knowledge into cases. The division is similar to the structure in a book. A book is divided
into chapters, which are divided into subheadings and so forth down to individual sentences.
Sentences on their own convey only part of an idea. Out of context a sentence is often
meaningless. Paragraphs usually describe a complete thought or idea. Their goal is to
illustrate fully one piece of information. Similarly, in a semi-structured interview, each
question often opens for the elucidation of a more or less singular, fully illustrated idea or
story. This is how a case was defined, as a fully illustrative piece of knowledge. Each case
should provide a unique and meaningful piece of information within its own context.

The separation of the text into cases distills the information into loosely connected

parts. This may be doing an injustice to the knowledge because TEK represents, after all, a
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holistic way of thinking. Certainly the best way to understand fully the knowledge is to be
out on the land experiencing it with the elders. Writing answers to English questions, or
transcribing answers into English, as was done in the GEKP, already removes the knowledge
from its context and therefore does somewhat of an injustice to that knowledge. The division
of knowledge into cases does not dilute the knowledge any further. The knowledge is broken
into cases, but the cases are presented within a context of similar cases and are linked to the
original interviews, to the words of the elder. The presentation and links are described in
subsequent sections. The design of the case base does not shatter the framework of the

knowledge and it offers significantly better ways to have the knowledge accessed and used.

5.1.3: Case Base Components
Each node in the model is a question in the case base. Each case is designed with four
parts:

» a title which is simply designed to identify the case to the user;

» a description which is comprised of keywords in the case;

» questions which are designed to guide the user to a specific answer; and,
» an action or answer which provides the solution to the user’s query.

External to the case design, but critical to case searching, is a series of rules which help to

guide the search efficiently. Rules are discussed in the section on information searching.

5.1.3.1: Designing the Case Title

Associated with each case in the case base is a case title. The case title is limited to
a single line of text and must communicate to the user the features which make the case
important (Inference Corporation 1995a). Each title, as well as each case, must be unique.
In the title the user should be able to identify their problem and recognize a possible solution.
Because the title field is limited it must describe the nature of the case very succinctly.

Sample titles from the prototype case base include:

» The Gwich’in name for the grizzly bear...
» Hunting grizzlies in summer...
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» Preferred summer habitat for caribou....

» Preferred winter habitat for caribou...

The ‘problem’ described in these case titles uses ‘problem’ in a very broad sense, as
is acceptable in case base design (Aamodt and Plaza 1994). The only ‘problem’ is that the
user does not know the answer to a question. The user is searching for information. The title
gives a quick glimpse at how the case may answer their question or find a *solution’ to their

‘problem’.

5.1.3.2: Designing the Case Description

The case description is a critical paragraph of text because it, along with the case title,
provides the basis for the first search. The description, therefore, must fully describe the
characteristics of the case including all keywords and pertinent information.

A matching algorithm scores the user’s query based on how much of the search
description is contained within the case description and the title. Because the algorithm
matches both the title and the description there is no need for redundant information. If a
keyword is in the title, it is useless to include it in the description as well. The algorithm
ignores articles, prepositions and some verbs and it removes most punctuation and suffixes
(Inference Corporation 1995b). With the remaining words, the algorithm performs a trigram
match (Watson 1995). For example, the word caribou would be scored based on matches
with CAR, ARI, RIB, etc. This makes the matching process extremely tolerant of subtle
differences in words including spelling mistakes.

The case description must be written clearly and concisely. If the case description is
employing obscure and little used terms, it is unlikely a user will launch a query that can
match those terms (Inference Corporation 1995b). Descriptions must be concise because
superfluous words in the description can lead to falsely high scoring matches: the more
words in a description, the more likely a match. For this same reason, descriptions must be
of approximately the same length in every case. If each word in the description is given equal

weight, a case with a very long description will have a much greater chance of scoring highly
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than one with a very short description. The case description relies heavily on the original
identification of the case. Each case identified must be describing a singular and unique idea
or event for the description to be successful.

Descriptions were designed for the traditional knowledge prototype with these tools
in mind. Rather than use jargon and formal language, the words in the case description are
the words the elders themselves used in interviews. Each description is a complete paragraph
of text that can be understood regardless of context. The description includes all of the
necessary words and information which help to guide a user from the most general
information, at the top of the tree, to the most specific information, contained in the leaves
of the tree (Figure 4). Some concepts left out of the descriptions are addressed by a series of

rules which are described in a later section. Figure 5 shows examples of case descriptions.

5.1.4: Designing Case Questions

5.1.4.1: Question Definition

Questions serve two functions in a case base: they confirm characteristics already
mentioned in the description and they guide the user into a dialogue to elicit more exact
information. Because questions are essential guides in a user’s consultation with the system,
questions should separate clearly and define the entire population of cases. Questions can be
thought of as coordinate axes which define the domain space (Inference Corporation 1995a).
Cases are separated along the axes into various groups. This relationship is illustrated in
Figure 6. Each group of cases shares a similar theme which separates it from other groups
in the domain. Within each group are smaller clusters of cases. Each cluster shares a common
theme until the individual cases can be identified. As one moves down the decision tree
(Figure 4) each node signifies a common theme shared by all cases below that node. The

final node, or grouping of cases, leads one to the leaf, or the individual case.
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TITLE
The Gwich'in name for the grizzly bear.
DESCRIPTION
The name for the grizzly bear in the Gwich'in
language, both male and female. The name, or what
they call the grizzly bear, is Shih.

TITLE
Hunting grizzlies in spring or late winter
DESCRIPTION
Gwich'in hunt grizzly bears at this time of the
year if the bear is close to camp and is a threat.
The meat does not taste good.

TITLE
Number of Porcupine caribou in the area, past and
present.
DESCRIPTION
More caribou today than in previous years. At the
beginning of the century, herds stayed on the
Alaskan side of the Richardson Mountains.

Figure 5. Examples of Case Descriptions

5.1.4.2: Context Questions and Confirmation Questions

Ideally the first question presented to the user will evenly divide the case base. Each
question answered should definitely separate one group of cases from another. If a question
does not help to distinguish at least a few of the cases from the general population, it is
useless. To design a question space that distinguishes groups of related cases, as well as
individual cases, questions must first identify the context, then confirm the case. Context
questions distinguish groups of related cases from one another while confirmation questions

separate individual cases from a small group of cases (Inference Corporation 1995a).



'Context' Questions guide the search to a cluster
of similar cases.

Q1
]
e e
®9
A 'Confirmation' Questions establish the
relevance of a particular case.
[ J
3 .
Q " e
[
Q1

Q2

Figure 6. Relationship of 5 distinct questions and cases in the domain space (adapted from

Inference Corporation 1995a).
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Context questions define the framework of the inquiry. The case description may help
to identify the framework for the search, but explicit context questions sharpen the focus of
the search. A context question usually appears in many of the cases in the case base
(Inference Corporation 1995a). In the prototype case base, of the four questions associated
with each case, the first two are always context questions. The first two questions are
represented as the first two nodes on the decision tree, as illustrated in Figure 7. The first
question effectively divides the entire domain space into thirds by focussing the search on
one of the three general topics, birds, animals or fish. The second question further establishes
the context by identifying the species in question. Both context questions may be
automatically answered by a series of IF...THEN rules which are triggered by the initial
search. The use of rules is discussed in a subsequent section.

More precise confirmation questions are used to distinguish one neighbouring case
from another. Confirmation questions shift the focus of the search from differentiating
between broad groups of cases to differentiating among similar cases. The final two
questions in each of the cases in the prototype are confirmation questions. On the decision
tree, the final node and leaf are defined by confirmation questions, as illustrated in Figure 7.
This ensures correct case identification.

The order in which case questions are written is extremely important. In the
prototype, context questions are always written before confirmation questions. After the
initial search, the case base displays questions drawn from the top-scoring cases. If each of
these cases have context questions listed before confirmation questions, then the question list
on the search panel will display context questions before confirmation questions. This
ensures the correct context is established first. The top-scoring cases share a common theme
which is in concert with the search. Confirmation questions can then be answered by the
user to highlight the individual case or cases within the cluster that satisfy their search. By
establishing the context first, not only does it help to direct the search, it also helps the user
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to explore cases which are perhaps only similar to the one for which they are searching, but
nevertheless provide them with interesting information. Sometimes being able to look at a

whole group of closely related cases is better than looking at a single case.

5.1.4.3: Question Structure

The CBR system allows four basic types of questions; yes/no, text, numeric and list.
Yes/no and list questions are scored based on a simple string match of the answer against the
cases in the case base. Text answers are scored based on the number of words in the search
answer that appear in the case answer and numeric answers are scored based on similarity
and range. For example, numeric ranges account for the fact that on a scale from 1-10, the
number 8 is quite dissimilar from the number 10. On a scale from 1-100 however, the
number 8 is more similar to the number 10. This is how numeric answers are scored in terms
of similarity and range. Each type of question is scored on a percent-match basis.

In the prototype case base, yes/no questions were chosen predominantly. In
attempting to design an optimal case base in which leading context questions divide the
entire domain space evenly, yes/no questions provide an assurance for maintaining the
structure. The user is asked for a single piece of information to which they can respond yes,
no or not answered. Regardless of the answer, the system will narrow the search in a
predictable direction. At this point, with the traditional knowledge system it is not known
who will be using the system and for what purpose. The nature of the searches is not
predictable and it is therefore important to impose a structure on the case base so it can be
successfully negotiated. Yes/no questions are concise, easy to understand and easy to answer.

List questions were used sparingly and experimentally. Unless a question can be
answered by a short and exhaustive list, users may find list questions to be frustrating. If the
list of possible answers to the question is too long, then users will not want to scroll through

the entire list to find the answer. Further, if the list does not exhaust the possibilities, then
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the user may simply be unable to answer the question. List questions are better served by
more structured domains where the range of answers is predictable and easily identified.

Numeric questions are not applicable to this domain. Specific numbers and estimates
are rarely presented in the elders interviews. Text questions, which can be answered with a
user’s free form text, were avoided for two reasons. First, because the domain is so
unstructured, the use of text questions can lead to unpredictable answers. The answers to the
questions will not necessarily clearly divide the range of cases and may therefore hinder a
search. Secondly, the goal of case questions is to elicit more exact information from the user
and to focus the search. In such a broad domain, it can be difficult to elucidate an exact text
answer. The user may be unable to answer or may give multiple answers.

All questions, regardless of the type, must ask for a single unambiguous piece of
information. Questions must make sense regardless of the context. If a case author designs
one question to lead into another and those questions are not presented sequentially to the
user, then there could be some confusion. In this context, each node in the decision tree is
represented by a single question, often with a yes/no answer. The user is asked if they are
looking for information on a certain topic relating to a certain species — yes or no, no
ambiguity. Case base designers suggest reusing existing questions wherever possible. In the
prototype each leaf on the tree with a shared node has a shared question. Cases can share as
many as three of the four questions. This saves redundant and repetitious questions in the

case base and maintains a concise and consistent structure.

5.1.4.4: Question Scoring

Each time a question is answered, the system revises its search based on the new
information. Questions can be weighted according to their importance for determining a case.
If questions are weighted equally then the number of questions in each case must be
standardized. If some cases have very few questions and they are competing with cases that

have a long series of questions, then the latter will be at a disadvantage whenever a shared
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question is answered. The contribution of the answer in the case with a few questions will
be relatively larger than the contribution to the case with a long series of questions. The first
case’s score will rise substantially, but inappropriately.

In the prototype, questions were designed with equal weight for two reasons:

»because of the importance of context in this case base; and,
»because of the unknown uses to which it will be put.

Any similarity between the search criteria and a stored case, in the context of this research,
is important. Answers which are similar to, but not exactly what the user is searching for, are
important in this case base to transmit some of the important contextual issues surrounding
TEK. For example, the user may be searching for information on the spring migration route
of the Porcupine Caribou Herd. Although the exact answer can be found in the case base, it
may be just as enlightening for the user to view a similar case on historical changes of the
spring migration route. Elimination and confirmation scoring would eliminate these

important similar cases, as would uneven question weighting.

5.1.5: Designing Actions

The action, or the case solution is, in this case, pre-determined. By identifying the
case, the action has necessarily been identified as well. The action is really the starting point
in the process because it is the single, unique piece of information for which the user is
searching. How the user will find that action, through the case title, description and
questions, is determined after the action is identified. What a user will find in the case actions

is more fully developed in the section describing knowledge searching using CasePoint.

5.2: AN EVALUATION OF THE MODEL DESIGNED USING CBR EXPRESS
After having developed the case base, it is important to evaluate both the strengths
and weaknesses of the underlying model of knowledge. The best evaluation for any model

is trial and error. Ideally the prototype would be made accessible to resource managers for
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a trial period and the resulting feedback would serve to better hone the model. Even without
this process it is still possible to examine critically the model’s ability to:

1. cover the breadth of knowledge currently in the GEKP and to incorporate
new knowledge (i.e. flexibility);

2. represent successfully the knowledge with an essentially hierarchical
model;

3. represent objectively the knowledge and be replicable.

First, as regards the model’s flexibility and coverage, the prototype suggests the
model is extensive though it does raise questions about its future adaptability. The current
model was developed from the current GEKP material and is successful, as a prototype, in
fully representing knowledge of grizzly bear and caribou, and will be successful in fully
representing all of the GEKP material. The model contains all the knowledge about caribou
and grizzly in a structure that is consistent and allows equal access to both data sets. The
model can easily be extended to include all the other wildlife species in the database.
However, the flexibility of the model to include new and perhaps very different information
in the future is a point of concern. For example, if knowledge were collected on an ecosystem
or spatial basis, rather than a species basis, can the existing model be adapted to include new
information? As a resource management tool, it is critical the system be flexible enough to
incorporate this new information.

The CBR tool certainly provides the flexibility to include new and varying data by
allowing contradictory cases, shared actions or solutions and shared questions. Essentially,
what one would expect from information collected on a spatial basis is much the same
information collected on a species basis, simply from a different perspective. The CBR does
have the flexibility to get to the same place in different ways and the model therefore should
be expandable. The best way to examine the flexibility is to incorporate new and different
data.

Second, the decision tree model developed for this case base is hierarchical and the
question arises as to whether this is an acceptable representation for TEK knowledge. This

research supports the view that the model is acceptable while appreciating the need for
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improvement. At first glance a hierarchical model would seem antithetical to TEK, but upon
further investigation the case base model is more than a simple, flat hierarchy. The ability
to view a number of top-scoring answers provides context and flexibility that would not be
found in a conventional decision tree hierarchy. The user is not simply guided to a single
answer, but to a range of related answers which provides the context that is more in keeping
with TEK representation. Asis discussed above concerning the use of CasePoint WebServer,
links from answers or actions directly to interviews again provide the required and
appropriate context.

Further, the hierarchy is appropriate because of the speed and the ease of conducting
searches. When a user reaches an answer at the bottom of the decision tree and seeks more
and selected information, a click of a button will launch a new search immediately and direct
them down any other path in the hierarchy. For example, if they are reading about how
caribou try to avoid predation from wolves, a search can quickly and easily be launched to
take them to wolf habitat. So although the leaves on the decision tree are not directly linked,
the ease of conducting new searches can quickly take a user to related leaves. In an ideal
model, the leaves could perhaps be better linked.

The final evaluation is directed toward the objectivity of model development and its
replicability: if someone else did it, would they do the same thing? This is a particularly
important question when the differences between western and indigenous systems of
knowledge organization are taken into account. The model was developed by a researcher
trained in a western-based education system, and is therefore necessarily imbued with a
western logic. However, the fact remains the knowledge of the GEKP is fully represented
across its breadth and depth, and context is provided both with multiple answers and with
the use of the words of the elders. Although another researcher from a different background
may have developed the model differently, the end result would be the same representation
of the knowledge. The success of the current model can only be evaluated after a thorough

testing by researchers in the Gwich’in organization, both non-native and Gwich’in. This is
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an evolutionary process. Changes will take place and the system’s merits and failings will

be more clearly understood.

5.3: AUTOMATIC CASE AUTHORING: CBR GENERATOR

After the initial case base was designed and launched on a stand-alone machine, as
described above, experimentation began with an automatic indexing tool developed by
Inference Corporation called CBR Generator (http://www.inference.com). The goal of
Generator, and of indexing tools in general, is to create case bases automatically, thus
facilitating efficient case base design and ensuring impartial case indexing; two significant
advantages over manual case base development.

However, reviews of automatic indexing facilities in CBR have been largely negative.
People choose indices manually better than algorithms do automatically (Kolodner 1993
cited in Watson and Marir 1994). The experimentation with Generator in this research
supports an extremely cautious view of the utility of automatic indexing tools. This section
gives an overview of Generator’s functions and capabilities, then describe why it was
rejected as a tool to develop further a TEK case base.

The purpose of the CBR Generator module from Inference is to automate case base
creation by automatically indexing large collections of existing on-line documents. Generator
reads document files, then develops a case base to serve as an index to the documents. Using
a lexicon file, Generator identifies and categorizes statistically significant words in the
documents. The lexicon, or text file, in Generator maintains a starting list of 50 000 mainly
English words and identifies the words on the list by part of speech and by the number of
meanings the word may hold (Inference Corporation 1995¢). The words are, in turn, used as
indicators to help distinguish one document from another. Although Inference will not
reveal the algorithms Generator employs, significance is drawn from analysing the patterns

and the frequency of word use in the document set. The result is a case base complete with
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titles, descriptions and questions. As its answer, each case displays the original file that
created the case.

Unfortunately, Generator does not know what the words actually mean. A word may
be statistically significant yet be totally irrelevant to a case. Not only are statistically
significant words sometimes irrelevant, they are also often illogical and non-intuitive when
strung together. Generator uses the significant words to develop the case title and description,
but because Generator cannot interpret the meaning of the words, it merely strings the words
together without regard to structure or form. Similarly, key words are inserted into questions
without regard for form or meaning, often making the questions unintelligible. Further the
supposed key words inserted into a question rarely help to highlight the important features
of the case. They are not the key words a person would usually identify.

The initial development of a case base using Generator is very simple and direct.
Within the Generator application, the author simply identifies the path or file names of the
documents to be indexed and Generator develops the case base using its default parameters.
Figure 8 displays a generated case. Note the difference in intelligibility between this and the
manually created case shown in Figure 9. This is where the difficulty in using CBR
Generator lies.

Each of these cases is drawn from the same material regarding preferred summer
habitat for caribou, but the indices chosen to identify the material are very different. Chosen
indices are in the ‘Title’ and ‘Description’ boxes in Figures 8 and 9. Even to a non-author,
the title and description in the manually created case are clear, concise and easy to
understand. The automatically generated title and description on the other hand, contain
many of the same words but the relationship between words is difficult to comprehend and
therefore the nature of the case itself is difficult to comprehend. Some of those words are
very poor indicators for the case: words such as ‘snowmobile’, ‘disappear’, ‘become’ and

‘come’. None of these words really tell you much about caribou summer habitat.
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CARIBO™3.TXT - Habitat In the summer, caribou travel down to the co Active

De ptio

hills, safe, scout, steep, rest, harass, habitat, top, distance, cooler, ground, come,
escape, night, pingo, Campbell, climb, moose, leaders, danger, snowmobile,

search,
cliff, tundra, climbing, thick, going, become, disappear, drown
run c:{genr8{gekp/caribo™3.txt

Q 0 : 5 0 d
Would you like information about mesquito? Yes

Would you like information about hills? Yes

Would you like information about safe? Yes

Would you like information about habitat? Yes

Figure 8. An example of an automatically generated case displaying
information about preferred summer habitat for caribou.

Similarly the questioning frame in the generated case uses keywords which will not
successfully guide a user to the case action. In wondering about caribou summer habitat, very
few users would answer ‘yes’ to questions about mosquitos, hills, or safety. If they answer
‘yes’ to these questions, they probably already know the nature of caribou habitat and that
caribou like hills, don’t like mosquitos and like to feel safe. However,}the manually created
questioning frame clearly leads a user, regardless of their level of prior knowledge, toward

the appropriate action or answer.
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Case Pane/

Title: Key: Casc’4
Preferred summer habitatforcaribou [N Acive [N
Description:
Caribou travel to the coast where it is cooler and windier. They like to stay away from
mosquitos and flies. Like to live where there is food, around muskeg, fakes, high timber
and hills, where there is no danger and where they can see for a long distance. They also
i look fer salt.

7erxesti0ns: R 7 .

Would you like information oen animals?

Would you like information on caribou?

Woauld you like information on caribou habitat?

Wauld you like to know where caribou prefer to live in the summer?

ARG B

. Actions: A cdey

et K

Preferred summer hitat for caribn...

M > T
[ORR RS

Figure 9. An example of 2 manually generated case displaying information about
preferred summer habitat for caribou.

The question then becomes, if the generated results are not acceptable from the
outset, can the parameters subsequently be modified to produce satisfactory results and thus
still allow Generator to serve as an efficient ‘first step’ in case base development. Key word
choices, and the parameters used to make those choices, can be edited in Generator, but for
the purposes of this research it was determined that the degree of editing required to produce
a satisfactory case base is too great. Parameter modification is discussed and evaluated in the

following paragraphs.
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The first parameter to be altered, in an attempt to improve upon generated results,
was document length. The logic in changing document length stems from the notion that if
you have long documents covering a variety of topics, the variation in each document will
be difficult to index. Alternatively, if short documents covering specific topics are indexed,
then the indexing should be more successful in identifying the variation between documents.
Documents were indexed first as original interviews, then as summary chapters and finally
as topical sections of summary chapters. Neither length, nor style of document, could be
varied to produce a readily acceptable case base.

Second, to make the generated case base more acceptable, parameters which guide
the indexing algorithm were also changed. The number of questions which Generator
automatically associates with each case can be set from a minimum of zero to a maximum
of six (Inference Corporation 1995c). The optimum number of questions for a case depends
on the length of each document and the number of significant words it contains. Further, the
threshold which makes a word significant enough to include in a question can be altered.
Neither the threshold, nor the number of questions selected, developed a questioning
structure and order that were acceptable. The difficulty in defining an acceptable threshold
or number of questions stems from the fact that the automatic generation of questions follows
a model which is opaque to the author. Without being able to view or comprehend the
underlying model, it is very difficult to understand what the questions are asking and where
they are leading. There are no context or confirmation questions and therefore no discernible
directions. Generator allows the author to select new keywords to make the questions more
comprehensible and more readable for a user, but the time required to understand the logic
and the goals of the questioning structure would be better spent developing the case
manually.

Along with altering the parameters surrounding question development, significant
words chosen for the title and description can be manually altered and/or weighted. Words

can be biassed, or weighted, to make them more significant and phrases may be indexed
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rather than individual words. For example, in a document describing the Porcupine Caribou
Herd migration, the word ‘migration’ should be disproportionately weighted as a key word.
Similarly, ‘Porcupine Caribou Herd’ is a phrase that should be weighted. After the initial
case generation, any identified word may be manually removed and replaced with a more
appropriate keyword. The lexicon file which Generator uses to identify and categorize words
can also be edited to reflect better the documents being indexed. Again, with no view of the
underlying case base structure, the time required to re-index and bias words and phrases to
make the case base more acceptable, would be better spent developing the case manually.
Despite the flexibility of Generator, the problem of Generator stringing together
statistically significant words without form or structure remains. The flexibility allows you
to make changes but the scope and the nature of the changes is so great, automatic case
generation is no longer attractive. The time spent ‘decoding’ and replacing the automatically
indexed words and cases is greater than that required to develop the case base manually from
the outset. Manual case base development gives the author more control and a better
understanding of the case base, and results in a more intuitive and intelligible case base for

a user to search.
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CHAPTER 6: USING CBR SOFTWARE FOR SEARCHING AND RULE

GENERATION

6.1: How A USER SEARCHES AND RETRIEVES INFORMATION

After examining Inference’s tools for knowledge management and acquisition, the
research moved toward examining tools for knowledge searching. The search tools are tied
intimately with the knowledge acquisition process because the user searches the case base
which resulted from the authoring, or knowledge acquisition process. From the authoring
process it was shown that manual case base authoring with CBR Express was more effective
than automatic case authoring with Generator, therefore the manual case base developed
using CBR Express was incorporated into two knowledge searching tools, CasePoint and

CasePoint WebServer. The following sections describe the searching process.

6.2: CASEPOINT: THE USER’S SEARCH INTERFACE

CasePoint is Inference Corporation’s knowledge searching tool and is functionally
separate from their knowledge acquisition and management tools. With an associated case
base, CasePoint can provide a number of users with the ability to search and retrieve
information from the case base, though it does not give them the ability to edit a case base.
CasePoint has a straightforward interface that solicits information from a user to perform an
interactive search, then presents the user with potential answers to their search. This section
describes CasePoint searches from a user’s perspective (i.e. what the user sees), how rules
are invoked to guide the search more efficiently and the range of possible answers presented

to a user.

6.2.1: How Does a User Interact with CasePoint?
The initial screen presented to the user is divided into three sections: description,

questions and actions. At the description prompt the user types, in natural language, a few
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words or phrases describing their search. For example, Figure 10 shows the CasePoint search
screen after the initial search based only on the user’s description, ‘spring migration of the
Porcupine Caribou Herd’. CasePoint looks for closely matching titles and descriptions in the
case base by performing an initial trigram match (recall Section 5.1.3.2 fora description of
the matching algorithm) on the description alone and returns, typically, the five closest cases
and lists their actions (Inference Corporation 1995d). Five cases are the default returned by
CasePoint, though this number may be changed by the user. Each action, or answer, is
displayed with a matching score, between 0 and 100, to highlight for the user the ‘best
fitting’ cases. In the example in Figure 10, the five top-scoring cases range from a score of
80-76 based on the initial search.

CasePoint also retrieves a set of questions for each of the matching cases and displays
the combined set of questions on the panel. The user now has the option of answering any
or all of the questions, in any order, to help sharpen the focus of their search or, if they feel
they have found suitably matching cases, they may view the matching actions. If the user
chooses to answer a question(s), after each answer, the case base is re-searched based on the
new information provided in that answer. If the user in Figure 10 answered the first questions
‘Would you like to know the Porcupine Caribou Herd spring migration route?” with either
a ‘Yes’ or ‘No’, CasePoint would immediately re-search the case base with the new
information. The answers to the questions will change the scores of matching cases and may
eliminate some cases entirely, while presenting new, possibly matching cases. Each time a
new case is presented as a possible match, the associated questions will also be presented to
the user. Thus, with every answered question, a new search is launched, matching scores are
changed and new questions and actions are presented to continue the iterative search process
with the user. In Figure 10, answering the first question affirmatively will boost the top-
scoring answer ‘The Porcupine Caribou Herd spring migration route and gathering areas...’
from a match score of 80 to 100, therefore indicating to the user that this is their best

solution. The user can choose to view an action at any time.
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Depending on the icon associated with the answer, an experienced user will have a
preview of what the action contains. For example, the two top-scoring actions in Figure 10
have different icons associated with them. The top-scoring answer is text, while the second
answer indicates a file to be launched and viewed. This is not critical information for new
users but can be helpful to experienced users. If they are not satisfied, they can return to
modify the search or conduct a new search.

Ifthe user feels they have exhausted their search with no satisfactory results, they can
save the entire search consultation in CasePoint’s memory at the click of a button. The
unresolved searches become the responsibility of the case base author. It is incumbent upon
the author to find the information if it is not in the case base or to revise the case base if the

information is there, but was not indexed properly.

6.3: WRITING RULES TO AUTOMATICALLY ANSWER QUESTIONS

Based on the initial search in Figure 10 some questions have already been answered.
The three final questions in the Figure 10 question frame are answered ‘Yes’. These
questions are answered according to a rule file that is invoked whenever the CasePoint search
engine is started. The rule file contains a series of ‘If..Then’ rules which answer
automatically questions based on the user’s initial search description. If the words in a
search description match the condition in a rule, the result is an answer to a specific question
or to a series of questions. The rules ‘fire’ whenever their conditions are met, regardless of
sequence. This is referred to as opportunistic execution (Inference Corporation 1995€).
CasePoint thus appears to be operating ‘intelligently’ by recognizing what the user is
searching for.

In the prototype case base rules were developed to answer context questions. Each
of the three questions with a  Yes’ answer in Figure 10 is a context question. Since the search
description contained the word “caribou’ for example, a rule fired automatically to answer

“Yes’ to two of the context questions in the case base:
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1. “Would you like information on animals?’

2. ‘Would you like information on caribou?’.
Similarly, the word ‘migration’ triggered a rule.

Figure 11 illustrates the required rule syntax and provides examples from the
prototype. The rules are hidden during the search: the user does not see the rules. The rules
are developed in a separate text file by the case base author and can be accessed only by the
author. The rule examples in Figure 11 are only a few of many rules developed for this case
base.

Unfortunately the rule file is not very tolerant of spelling mistakes or differences.
Unlike the trigram matching used in the initial search, for a rule to fire, the match must be
exact. A near match is not enough to trigger a rule. However, the rule file can be written to
tolerate subtle differences between words, like suffixes and prefixes, as in the use of ‘migrat’
in Figure 11. The rule will fire when ‘migrat’ is succeeded by any combination of letters:
migration, migratory and migrate. Because of the exactness of rule requirements, rules
sometimes do not fire when they would be expected to, but thoughtful rule composition can
avoid mismatches in most instances.

If these questions were not answered automatically, they would be redundant to the
user. Why should the user answer ‘Yes’ to wanting information about caribou when they
have already asked for information about caribou. By not answering questions automatically,
CasePoint would waste the user’s time unnecessarily and would make the system appear
‘stupid’. In the event a user does not agree, the answers which the rule file provides may be
overridden. However, in most cases the rules should help to focus quickly the user’s search

and move it toward a rapid conclusion.



/MWhenever the description contains "caribou” then the answer l
to "Would you like information on the caribou?" should be "Yes". %
|
|
I
l
|

0 “caribou” if the condition is met
=>
6 "Yes" then action

?

//Whenever the description contains "caribou” then the answer
to "Would you like information on animals?" should be "Yes".

0 "caribou” i
=>

6 llYesll

/Whenever the description contains "caribou” and "travel” or "migration, then the answer to
"Would you like information about caribou travel and migration?" should be "Yes".

0 "caribou”
0 "travel”
=>

105 "Yes"

0 "caribou”
0 llmig.at ”
=

105 "Yes"

,

Figure | 1. Examples of Rules and Their Required Syntax

6.4: ACTIONS, OR ANSWERS IN CASEPOINT

As shown in Figure 10, the user has a list of actions from which to choose, based on
the degree of match with the user’s description and answers. Actions can be simply a textual
solution to the user’s search, comprising a few words or a series of paragraphs, or actions can
launch other windows-based programs and display specified files. This is the ‘graphic

browse’ feature of CaséPoint. By issuing a run command in the authoring portion and
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identifying the complete path name for a file, CasePoint will launch the program that created
the file. If, for example, a question in the case base could be better illustrated with a diagram
than with text, then the graphic browse feature would be invoked. This feature has been
found to be very valuable in technical troubleshooting case bases. For example, a wiring
diagram may be the most appropriate solution in an electronics case base, whereas a textual
solution would simply not provide the user with the information they require.

In this instance, some actions in the case base are better illustrated by media other
than text. Diagrams showing how caribou corrals are built or photographs showing preferred
browsing species for caribou, for example, would greatly enhance the case base. Audio
and/or video files with case explanations given by the elders would provide the context and,
in some sense, be more representative of the holistic outlook engendered by TEK. The ability
to expand the case base to include a multitude of data sources has significant appeal for a
TEK case base.

This research focussed on the incorporation of locational information displayed in
mapped images or in GIS files. The possibilities for this type of incorporation are explained

in a subsequent section.

6.5: USING CASEPOINT WEBSERVER TO DEVELOP INTERNET ACCESS
CasePoint WebServer is an interactive web application designed to provide CBR
search and retrieval capabilities via any standard World Wide Web (WWW) browser.
Superficially, WebServer operates like CasePoint. Users can search and retrieve information
by simply typing a natural language description and interactively answering questions.
Fundamentally however, the capabilities of, and therefore the possibilities for using
WebServer are very different from CasePoint. WebServer provides screen customization
opportunities, through hyper-text markup language (HTML) commands, centralized content

management and a greater ability to incorporate data from other sources. This section
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discusses each of these features, how they have been applied and why WebServer shows
great potential for the TEK case base.

First, WebServer allows centralized content management, as well as de-centralized
content access. Any user with an Internet connection and web browsing software can access
the case base and therefore the case base itself is open to all WWW users or, if preferred, to
only a select few. Because WebServer is a search and retrieval tool only, the case base
author(s) can edit the case base. This ensures that the integrity of the case base will not be
compromised by unauthorized user editing. Issues related to case base security and content
are incumbent upon the case base author — either a single individual or a small group.
Centralized content management ensures that the case base remains consistent and maintains
its integrity. Authors also have the power to invoke case base security measures and therefore
to limit access to a select group. What centralized content management and de-centralized
content access means to the end user is equal access. All users have access to the same
version of the same case base at the same time.

Thus far, there has been a single author of the TEK case base, the researcher. This
established the researcher as the case base ‘gatekeeper’, deciding what went in to the case
base and what did not. This approach worked well for prototype development as it allowed
for a singular consistent process of trial and error. If the case base is to be fully developed,
a small group of people providing gatekeeping services is ideal for maintaining some breadth
in decision making, while maintaining consistency and integrity in presentation. If the
number of people making changes is too great, the model could quickly become
unrecognizable to the authors themselves. Having gatekeepers and releasing the case base
on the web means everyone across the settlement area has access to identical data. As soon
as a change is made and approved, everyone can access it immediately.

A second key feature in WebServer is the screen customization option. The user
interface can be changed to satisfy the target audience and to complement other Gwich’in

web pages and applications. WebServer provides a text-based resource file which defines
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the user interface. The resource file gives the author quick and easy access to change the
HTML code and modify the WebServer installation settings, appearance and behaviour.
Customization options include:

»changing preferences such as the maximum number of cases displayed, threshold
percentages, and the position of questions and actions;

»modifying the placement of descriptions, questions and actions so they appear on
separate pages and therefore simplify the interface for inexperienced users;
»developing links to actions which may be Web pages on the same server, URL
addresses or attachments on the client, as in CasePoint (Inference Corporation
1995f).

The options available for displaying actions in WebServer are far greater than with
CasePoint and these options help to solve many of the problems encountered with CasePoint.
WebServer allows greater opportunity for the integration of other data sets. In the TEK
WebServer case base, each action is linked to one, or to a number of web pages. Figure 12
displays a sample action with links to two interviews, that of Tony Andre and Elizabeth
Greenland. The full text of each of these interviews was developed as a web page. When the
user reaches a solution with the CBR, they can explore the hyper link to the original
interview that contributed to that solution. In the case of Figure 12 both Tony Andre and
Elizabeth Greenland refer to grizzly bears not hibernating in the winter. The link takes the
user to the web pages displaying the interviews and places the exact text which contributed
to the answer at the top of the user’s screen. Thus the user has the option of quickly finding
the ‘short answer’ to their question, which is summarized in the ‘action’, exploring further
those parts of interviews which contributed to the answer, or reading the entire species-based
interview.

Integration of the original interviews provides an important measure of context to the
solutions that was missing from CasePoint. The user has the option to explore interviews

with many different elders and can read the subtle differences in each person’s description
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»  GWICH'IN ENVIRONMENTAL KNOWLEDGE WEBSERVER

Ticle: Not all grizzly bears hibernate in the winter...

Description:

In the fall, scme grizzlies wade 1nco the water, and then roll in the
sand and snow. They repeat this many times until che slush freezes on
cthem. These hears stay out for the shole winter. They are varm under
the icy crust of slush and vher they walk, the ice makes a funny
chinking noise.

E
These bears are described by Tony Andre and Elizabeth %
Figure 12. The solution to a WebServer search of the TEK base.
Hyper links to interviews supply the user with more information
and provide context for their search.

which were previously amalgamated into single solutions in CasePoint and were glossed over
in text summaries. The solution is now truly in the words of the elder. As with CasePoint a
number of top-scoring answers are suggested by WebServer for viewing. This allows a user
to access similar solutions with links to different interviews to provide closely related, and
sometimes even contradictory information. The ability to link actions and web pages in
WebServer comes closer to the ideal of representing TEK in an appropriate context: in a
context which is inclusive rather than exclusive and in a framework that is more applicable

for holistic, contextual information.
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Rudimentary changes to the resource file were made to modify the screen appearance
and behaviour of the Gwich’in TEK base. The interface was modified to represent better the
project and to include links to other Gwich’in web pages (see Figure 13). For each
application interface, icons were developed to display the Gwich’in logo and the project
name, and user guides and instructions were modified to fit the TEK base.

Further experimentation was made to change the preferences and the interface, but
developing too far in this direction, at the moment, is premature. An integrated resource
management database, although discussed, has yet to be implemented by the Boards. Ideally
the TEK case base should be integrated and developed with this strategy and should therefore
have a similar appearance. Until the new database strategy takes greater shape, any
significant investment in WebServer interface development is likely to be premature.

Future developments for the TEK case base and other database strategies that develop
on the Web will require that a considerable emphasis be placed on interface development.
To allow people to access web-based information and to encourage people to use web-based
information to its full extent, web applications and pages have to be exceedingly well
designed. With the amount of information available to people, particularly on the web, the
information must be well formatted and be easy to use and navigate, particularly for
inexperienced users. If the user does not get satisfactory results and/or the process is painful
and awkward, they will not return to seek new information.

Simply making information available over the web does not ensure its successful use:
“We believe that computers, and the WWW in particular, have in many ways failed to meet
their potential to enable users to work smarter and more productively” (Grose, Forsythe and
Ratner 1998:122). The goal of the integrated database management strategy and the TEK
base is to make data equally accessible over the Internet. Unless careful attention is given to
interface development, web based implementations may have the opposite effect: they may
serve to further the distance between the ‘technology haves’ and the ‘technology have-nots’,

as has been the case in other studies (see Ratner 1998). In order for a web medium to be



GWICH'IN ENVIRONMENTAL KNOWLEDSE YEBSERVER

Drin Gweenni! Welcome 12780.1! : '

The Gwich'in Environmental Enowledge WebServer presents local Gwnchn knowiedge of the hand. The knowledge g
was recorded m a senes of sperviews with elders i the Gwich'n Setdemsnt Area.

Ex the search button tc begn searching the Gwichl Envirocmental Knowledge Project case baset

- 5

Fer more wformation en the Gavich'n Nation, contact the Gwich'in Land Clemn Boards.

v

The Gwichn Envronmental Knowisdge WebServer wll try to answer your questions about widkfe n the Gwchn
Settement Area (NOTE: the WebServer carently chudes wfonmation on canbou and gnzdly bear oclyl!t)

In your own words, please deseribe what you are looking for: |ga bex hbematon

Answers: These are suggested mswers to your search. Try one that you think fits the besti 0 ous of 167 retneved.

For more tnformation on the Gwich'm Nation, contact the Gunch'm Land Clam Boards.

Flgure 13 Sample mterface to mtrouce a user to the lcnowledge base
and guide them to initiate a search.
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successful in the Gwich’in organization, not only are aesthetics and computational efficiency
of importance, but so are overall design features that enhance the experience for new users.
Human interaction and web interface development is a relatively new area of study and has

an important future in this area.
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CHAPTER 7: PATHWAYS TO KNOWLEDGE INTEGRATION

7.1: GIS INTEGRATION ON A STAND-ALONE MACHINE

After discussing the authoring of case bases and searching methods, it is important
now to turn toward the incorporation of other data, such as GIS, with the case base. GIS is
a key data management and analysis tool used in most resource and land management
agencies. The importance of GIS holds true within the Gwich’in organization as well. In the
Gwich’in resource management strategy, a GIS platform will provide the backbone for the
integration and presentation of data across the organization. Given its importance in an
overall resource management strategy, this research sought to develop active links, or
‘graphic browse’ links, between the CBR and the GIS, rather than exploring possibilities
such as audio or video links. Since the goal is to use and access TEK on an equal footing
with Western science data for use in resource management decision-making, the integration
with GIS will be critical.

This integration will be beneficial to the data stored on both platforms, the GIS and
the CBR, by increasing the depth and form of available information. The GIS would benefit
by having, essentially, extended attribute files which could include lengthy descriptive text
segments rather than just limited attributes. Similarly, the CBR would benefit by having
detailed spatial information added to cases along with the flexibility to analyse spatial
information in the light of descriptive information.

For the integration of a CBR and a GIS, there are essentially three options:

1. have the GIS files attached as ‘browsable’ files at the end of CBR actions or
answers,

2. have the GIS operate as a client program for CBR, sending requests and initiating
the CBR when required, or,
3. have both the CBR and the GIS operate through a common interface on a network.

None of these options is easy to implement with consistent and satisfactory results. The
choice of option used in this research is defended, and the benefits and drawbacks of each

of the three approaches are explained.
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7.1.1: Operating a GIS as a Client Application

The first and third options were chosen for exploration in this study: attaching GIS
files to the CBR and launching both the CBR and the GIS from the Internet. The second
option, having the GIS act as a client program to the CBR, was discounted in this research
though it may prove valuable in future research with TEK and/or resource management. As
regards the second option, using the Dynamic Data Exchange (DDE) protocol in a Microsoft
Windows operating environment, it is possible to have a client Windows application drive
CBR Express (Inference Corp. 1995g). The client application need only support DDE
programming. The approach to integration is relatively simple and straightforward from a
programming perspective. The client application executes aset of DDE commands, allowing
CBR Express to be initialized remotely from within the client application. The client sends
data to the CBR where the search is conducted and the CBR responds with a solution to be
displayed in the client application window. This data exchange can be configured in one of
two ways: with CBR Express running entirely in the background, invisible to the user or,
by moving the user’s focus from the client application directly to CBR Express and making
it entirely visible to the user (Inference Corporation 1995g). In the first configuration the
search process operates remotely with no participation from the user. In the second
configuration the user completes the search by operating CBR Express directly, then moving
back to the client application.

With direct interaction between two different data sets in two different programs, a
GIS and a CBR, there is great potential for data integration. While using the GIS a user can
have direct access to TEK or, to other resource management related data located within the
CBR, which is operating in the background. For example, an attribute field in the database
table of a GIS layer, can be commanded to initialize the CBR. By initializing the CBR, data
stored in a record in the attribute field would be used to launch the CBR search. The record
may include, for example, an attribute called ‘caribou corral’, this information would then

be taken to the CBR to search for any information the CBR has on caribou corrals (see
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Gwich’in Elders 1997 for a description of caribou corrals). This is where the options for
initialization differ. The user could go directly to the CBR to guide their own search on
caribou corrals, or the CBR can be commanded to complete the search and display the
solution in the GIS. With either option, the user is dynamically exchanging and integrating
data between two data sets and programs.

However, the drawbacks to this approach, in the context of this research, outweigh
the benefits. Having the GIS operate as a client application to the CBR is not ideal for this
project as one of the goals of the integrated resource management plan in the settlement area
is to make data readily accessible to people throughout the resource boards and councils;
people who may or may not be familiar with GIS software. To have the GIS operate as a
client program for the CBR requires that the user be familiar with the GIS and this would not
satisfy the goals of the management plan. This would limit the number of users. Therefore,
the cost of investing time in establishing links between the two programs would outweigh
the limited benefits that could be gained.

Similarly, it was noted that developing DDE links between programs is relatively
straightforward from a programmer’s perspective. For people without programming
experience however, the requirements for developing links would be onerous. Again, to
comply with the goals of the Gwich’in management strategy, all aspects of data development
and deployment should be accessible across the organization. Further, if the tools are to be
successful in a resource management framework, they need to be dynamic. Data and
information changes every day, and the information in the tools must therefore change along
with it. If developing links requires a contracted programmer, then the cost of development
is amplified. If the programmer must be hired each time changes are required, then the utility
of the development is reduced. With a limited number of experienced GIS users in the
Gwich’in organization, coupled with significant development costs, the deployment of a GIS

as a client application to a CBR is not practical.
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With the appropriate skill level, this remains an attractive opportunity for other
resource management agencies, and may still hold promise for the Gwich’in in the near
future. Use of GIS is increasing and therefore the number of experienced users within
Gwich’in organizations is increasing. Training and maintaining an ‘in-house’ programmer
could benefit a number of applications, and in this instance would reduce development costs
and ensure the utility of the program by making sure it is updated. Although operating a GIS
as a client application to the CBR is not a viable option for the Gwich’in at the present, it
may very well be in the near future. If the option can be made viable, then the potential is

considerable.

7.1.2: Attaching GIS Files as ‘Browsable’ Files

Attaching GIS files to CBR actions and/or developing a common network interface
for the two databases are the best options for this project because they do not require the user
to be an expert in GIS. Attaching GIS files to CBR actions is simple and direct, but again the
benefits are limited. The CBR allows any multi-media file to be attached to the answer of a
case. In CBR development, a file may be attached to each case for browsing by specifying
the path to the file when authoring the case’s answer. When the user searches the case base
and chooses that answer the CBR opens the file by launching the program that created it. If
the user is searching for information on the migration of the Porcupine Caribou Herd, for
example, this information exists in two locations. Descriptive information on where
important migratory areas are located is in the case base, while the geographic location of the
areas is in the GIS. The CBR allows a user to find descriptive information as one solution
to the question of caribou migration. As an alternative solution the CBR should allow a user
to launch and view the GIS file that contains the geographic locations.

However, the difficulty is in launching the GIS. GIS file structures are quite unique
and therefore it is not as straightforward to launch a GIS program as it is to launch many

other Windows-based programs. With most Windows-based applications, be they text,
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graphic, audio or video, the text document, the graphic image or the audio or video clip is
stored as a single file. When the CBR points to the file and requests it be opened, the
operating system recognizes the program that created the file, then opens the file, much like
‘double-clicking’ on a file on the desktop. However, with each layer in most vector-based
GIS packages there are at least two associated files. One file contains the coordinate/spatial
information for the layer and the second file contains the attribute information for the layer.
In the example of the Porcupine Caribou Herd migration noted above, the coordinate
information locating migration points is in one file, while attributes describing those
points — attributes like place names — is in another file. Each file containing information on
a single layer is stored separately in a different format. When opening the layer in a GIS both
files are accessed and used to present a single layer. In a CBR graphic browse only one file
can be specified to open. Pointing to either of the files is not enough to launch the GIS and
it is not possible for the CBR to first execute the GIS then open a file. This requires two
steps, but only one step is allowed with the graphic browse option.

While the CBR cannot launch the GIS, it can launch a stored GIS image. The CBR
and/or GIS developer can use a GIS to create images with a number of layers, then store
those images as graphics files. Tables with associated attribute information can be appended
to those images. Rather than launching a GIS, the CBR can read and launch, essentially, a
digital map. Launching a digital map does meet the objectives of the research by integrating
data sources, but it does not fully meet the objectives, as is discussed in the following
paragraphs. First, the creation, development and launch of digital maps is described,
followed by an explanation as to why this approach is not ideal for resource managers.

As part of the GEKP, all locations and place names referred to in interviews were
located on paper maps, but were not yet digitized when this research was conducted. As part
of this research, all the locations were digitized and an attribute file was attached which
includes the Gwich’in and English name, along with the activity and animal associated with

the place and the season of importance. This created a TEK knowledge layer in a GIS
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database with just a few short words in the attribute file to describe the significance of those
locations.

The attribute file provides little information about the knowledge associated with
each location, however the interviews give far more information. This is the juncture at
which the CBR and GIS images can be integrated to complement greatly both data sets. For
example, a search for information on the Porcupine caribou migration yields, with an equally
high score, textual descriptions drawn from interviews as well as a mapped image of places
mentioned in the interviews (see Figure 14). Selecting ‘Places along the Porcupine Caribou
Herd migration route...", shows the user the mapped image displayed in Figure 15. The image
can be annotated with the same place names that are described together with their
significance, in the accompanying text action. Any number of layers of potential interest
could have been added to this image including, for example, trail data, cabin data and sacred
sites. Therefore, a certain level of integration has been achieved. A CBR user can view
descriptive information as one potential solution to their query and can view spatial
information in an accompanying solution.

This has seemingly achieved some integration between the CBR and the GIS, but the
integration is superficial and limiting. One of the major problems encountered was with the
original data itself. Specific locational and spatial information was not recorded consistently
in the interviews. Wildlife information is often generally described and is only interspersed
with specific place names. Relying solely on a place name as an indicator of the spatial
coverage of data simply is not acceptable. If the elders say inan interview that the Porcupine
River is a particularly good area for hunting caribou in the fall, does that mean one specific
point on the river is good for hunting? Does it mean the hunting is good along the length of

the river or does it mean the entire Porcupine River watershed is good for hunting?
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& CasePaint - [Search - GEKP CBD]
£ Fils Edit Search Options Window Help

spring migration of the Porcupine Caribou Herd

Quration: Anvmer [Yei /Mo,

Would you like {0 know the Porcupine Caribou Herd spring migration route? Not Answered
Would you fike lo see a map of the Porcupine caribou migration route?

Would you fike to know historical migration and wintering of Porcupine caribou? Not Answered
Would you like to know where the Porcupine herd migrates in AugusySeptember? Not Answoredr
Woutd you like to know the range and migration route of the Bluenose herd? Not Answered
Would you fike to know about caribou travel and migration? Yes

Would you like informalion on caribou? Yes

Wouid you fike informafion on animals? Yes

80® The Porcupine Caribou Herd spring migration route and gathering areas...

771 Places along the Porcupine caribou migration route (map)...

77® Historical migration routes and wintering areas for the Porcupine caribou...
768 Where the Porcupine Caribou migrate in August/ Sepiember...

76B The range of the Bluenase caribou herd, including spring/tall migraion....

Figure 14. A user is presented with two high-scoring answers to
their initial search; one a text description and one a mapped
image (the first two actions shown with scores of 80 and 77
respectively).

These types of questions do not have to be answered in the CBR; the more general
textual description will suffice. However, in the context of mapped images, GIS and resource
management, these are critical questions to address. When compiling interview dataitis very
simple to move from names mentioned in the interviews, to labelling points on a map. To
infer the extent of the area to which these points relate is, however, impossible. The
Porcupine River is easy to find on a map, but the extent of good hunting areas can only be
discerned by the elders. Using names mentioned in interviews to label points on a map

presents a false image that does not fully represent the depth of the elder’s knowledge.
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Figure 15. An image created with a GIS.
then attached to a CBR action.

Resource managers require more precise spatial information. If a development is proposed
in a certain area, a manager needs to know TEK related to the area, not just about a point
which may or may not lie within that area. Because of problems with the spatial information
in the original data, no scales or legends were added to the images produced as this may lend
a false sense of accuracy to the datz, as in Figure 15. In this research, integrating the CBR
and the GIS image allows the development of a methodology and provides a framework to
examine the tools, but it does not provide solid spatial information.

The second difficulty encountered with attaching ‘browsable’ mapped images relates
to access. A user’s access to the images is limited because those images are somewhat
hidden. The mapped image is always the end result of the search: it is the solution to the
user’s question and therefore the last item the user sees. If the user starts the search looking

for descriptive traditional knowledge about caribou migration, the spatial images are viewed
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as a solution. However, if the user starts the search by identifying the spatial distribution of
wildlife in a GIS or on a mapped image, how then do they find any descriptive information
that may relate to the area? The search can lead from descriptive information to a mapped
image, but not from an image to descriptive information. The Internet may provide a solution
to the problem by providing a platform to begin a full-scale GIS query and end with a case
description of an area.

Finally, the utility of attaching ‘browsable’ images is limited because the images are
simply flat records or digital maps created by an author. Each image must be created and
stored individually. In image development an author cannot anticipate the needs of the user
and ensure that all the layers of information a user requires is in that image. The author has
a choice to include any variety of layers, but it is impossible to prejudge the needs of
different users. If an image meets the needs of the user, it can only be by chance. The users
themselves will be frustrated. For a truly successful integration between the CBR and GIS
data, the user must have access to a fully functional GIS to have the freedom to choose the
information they require. Again, the Internet may provide a solution by providing a platform
to begin a full-scale GIS query.

7.2: INTERNET ACCESS TO THE CBR AND THE GIS

The Internet, rather than a stand-alone machine, offers a better platform to link GIS
data with Gwich’in knowledge in the case base. These links however, will not be developed
within the context of this research. The Internet-based integrated resource management
database within the Gwich’in organization is still in the planning stage. Although the impetus
and the desire to share data across the organization by way of the Internet is a very definite
move the Gwich’in will make in the near future, the direction has yet to be taken. As such,
any links developed for this research would be premature, as was identified in Section 6.5,
‘Using CasePoint WebServer to Develop Internet Access’. A web based GIS application will

certainly be a central feature of the integrated resource management database, but issues of
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access, cost, content and usability continue to be debated within the settlement area.
Consequently, this research can look toward future linkages between CasePoint WebServer
and a web based GIS application, but those developments cannot currently be explored.

In looking forward to what the Internet offers, there are many potential linkages
between a web based CBR and GIS, each with advantages and disadvantages. Ideally, a
resource manager should be able to query any area in a GIS and have traditional knowledge
pertinent to the area immediately accessible. Conversely, the manager should also be able to
query the traditional knowledge base and have related GIS coverages and analysis tools
available. If, for example, a manager is responsible for the preliminary screening of a
development proposal concerning the Rat River, the manager should have a number of
avenues open to him/her. First, s/he should be able to view the area of concern on a GIS
layer, then query the system to display any related traditional knowledge of the area.
Alternatively, s/he should be able to search the traditional knowledge base for information
relating to Arctic char, then view the identified char-related areas in a GIS. This research is
striving to achieve these goals and the Internet may offer the best possivilities to achieve
them.

Two complementary developments are possible. The first is to link attribute files in
the GIS to solutions in the CBR. The second is to link solutions in the CBR to attributes in
a GIS image. In the first suggestion, each GIS layer has an associated attribute table which
conventionally contains a limited number of characters in each record, in a virtually
unlimited number of fields. One of the attribute fields can contain records which offers
hyper-links to the solution or solutions in the TEK base. This solution can further guide the
user to search the traditional knowledge base for more and relevant TEK. For example,
associated with specific locations on the Rat River may be traditional information about char
spawning. By querying the Rat River location in the GIS, the user can go to the CBR solution
where the elders have referred specifically to char spawning and can follow hyper-links to

the original interviews. Whilst searching the CBR, it is now incumbent upon the user to
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investigate any other links of interest. For instance, in this example it may be pertinent to
search information on the importance of char as a food source for the Gwich’in.

A complementary development could link solutions in the CBR to attributes ina GIS
layer or file. This would be similar to the process just described, but working in the opposite
direction. Rather than initiating their query in the GIS, the user could first search the
traditional knowledge base for information related to char spawning on the Rat River, and
go from this solution to a GIS image which shows the spawning areas. Once launched into
the GIS application, the user now has the power to use GIS analysis tools and the flexibility
to include and overlay other data. Between these two links the user should have complete
access to both databases as well as both applications.

However, difficulties may arise with the development of the links. Technically, the
flexibility of hyper-links and the language standardization between applications and pages
on the Internet will offer more potential and better compatibility than would be possible on
a stand-alone machine. Nevertheless, all of the links, whether they link CBR solutions to the
GIS or vice versa, have to be developed manually and continually upgraded to accommodate
new and changing data. This will certainly require an initial time investment, particularly to
link the vast amount of traditional knowledge data already collected. The benefits, in the end,
may outweigh the cost but both must be carefully considered.

Difficulties may also arise in moving the user between unfamiliar applications. The
Internet does offer the benefit of quickly guiding a user between very different programs and
databases, while always maintaining a familiar environment for the user. Regardless of the
application, the user is always viewing the information through a web browser which has
consistent, universally recognized options. The user is never faced with an entirely new
screen in an entirely new program. If it is a well designed application, the experience for the
user will be just be like ‘surfing the net’. Nonetheless, the user will, at the click of a button,

be faced with very different information in a very different application when they move
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between CasePoint WebServer and a GIS. In the absence of good design features, the user
may simply become frustrated and ‘lost’ in the new environment.

The problems associated with developing links and using unfamiliar applications may
be answered by the creation of a ‘front-end’ interface. The user would conduct all their
queries on a single web page. Behind that web page both CasePoint WebServer and a GIS
application would be accessible to the ‘front-end’ interface. Any query made on the ‘front-
end’ would be sent to either, or to both applications and would then return the results to the
single ‘front-end’ interface. The user would have the benefit of having the data from both
applications and the benefit of only interacting with one interface. The developers would
benefit by not having to establish each and every potential link manually. The cost, of course,
comes with the development. Developing a front-end interface to exchange data between
both applications would require a person well versed in Internet application design. Again,
the benefits accrued may be worth the cost of design and would have to be considered

carefully.

7.3: DIFFICULTIES OF INTEGRATING GIS ON THE INTERNETAND ON A STAND-
ALONE MACHINE

In any of the above mentioned possibilities for integrating information from the
traditional knowledge base with GIS, whether on a single machine or on the Internet, two
difficulties consistently arise: first, with the original data itself and second, with the levels
of uncertainty. The knowledge originally recorded for the GEKP did not always include
spatial information and is therefore difficult to integrate consistently with GIS data. In the
interviews, wildlife knowledge is only interspersed with specific place names. Because
interviews were not conducted with the aid of maps, the completed interviews simply
provide a list of place names related to each species. For example, the specific points and
place names related to caribou migration can be mapped, but these points do not show the

actual corridors and routes used by the caribou. The elders certainly have an intimate
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knowledge of these routes, but the spatial illustrations gleaned from the interviews do not
successfully display that knowledge (see previous section).

How then do you query a specific area in the GIS and maintain consistent links to
descriptions? Such a query is not possible if the areas are only spatially described by points.
The series of points and place names currently in place need to be replaced with more
exhaustive spatial data that display information such as caribou migration routes. Until this
more exhaustive information is recorded, the links between the traditional knowledge base
and the GIS will be sporadic and inconsistent.

The second difficulty in incorporating GIS with a traditional knowledge base revolves
around the question of uncertainty, or how close is close enough? If caribou migration
corridors based on the elder’s knowledge were recorded and a development was proposed
just beyond the boundary of that corridor, is the knowledge base information regarding
migration pertinent? In real terms, when the resource manager reviews the proposed
development and queries the GIS for information regarding that area, should the knowledge
about migration corridors be displayed only if the development is within one kilometre of
the boundary, or only if the development is within ten or fifteen kilometres of the boundary?
The answer obviously depends on the sensitivity of the area and the nature of the proposal,
but the difficulty in designing the system is to determine how much freedom is given to the
manager and how much emphasis should the system designer place on the establishment of
buffer zones. The notion of unclear boundaries is addressed in the GIS literature by fuzzy
modelling (Borrough and McDonnell, 1998). Although the question cannot be answered
definitively here, it is an important one to raise in the development of an integrated resource

management system.
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CHAPTER 8: CONCLUSIONS AND FUTURE IMPLICATIONS

Undoubtedly, First Nations, including the Gwich’in, need to continue to develop new
and innovative ways to incorporate TEK into their management strategies. The goal of
placing TEK on an equal footing with western science is often elusive as the many barriers
to integration attest. Western science is certainly adapting quickly to the new ‘digital” age
and computer tools to aid resource management decision making abound. The representation
of TEK is ‘hot on the heels’ of this new trend, as GIS-based land use mapping gains strength
and organizations, like the GRRB, strive to develop information retrieval systems to increase
access to recorded TEK. This research sought to advance those goals by:

1. developing a computer-based system, to make TEK more available, that
is easy to author, use and upgrade, while maintaining the words and context
of TEK experts, as much as possible;

2. making it accessible within a framework of tools already used by the
Gwich’in boards, primarily through GIS integration and Internet accessibility.

The goal was not to ‘integrate’ TEK with western science, but simply to provide practical
and equitable access. While the objectives of the research were successfully met, limitations
and costs were also identified. Although the prototype developed for this research highlights
the potential of a CBR system in TEK representation, future investment to improve and
refine the system is required.

CBR tools were chosen for the research for three reasons: their basic design
philosophy, user-friendly environment and advantages over other information retrieval
systems. The goal of a CBR is to allow non experts to solve new problems based on the
previous experience of experts. Here, the elders are the experts and the resource managers
are seeking the knowledge of the elders. CBR operate in a windows-based environment and
can be authored and searched with no knowledge of programming, and thus are user-
friendly. Finally, CBR have an advantage over other information retrieval and database
software systems because of their interaction with the user and ability to remember and to

learn. The only drawbacks to CBR are their cost and uniqueness in this domain. CBR have
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not been tested nor proven in their ability to represent TEK and are therefore a more
potentially costly undertaking at this point because no generally agreed upon methodologies
have been established. At this point because of the risk involved in CBR development, it
perhaps requires more extensive university-based research in TEK representation rather than
research at the Gwich’in boards.

To summarize this research, the CBR authoring process focussed on the GEKP final
report. The report is a peer-reviewed document so it became the primary information source
supported by original interviews. As the GEKP was conducted on a species by species basis,
so the case base was developed in the same manner. Manual case authoring, rather than
automatic authoring, was found to be the most valuable.

The prototype developed for this research covers the breadth and depth of the
knowledge included in the GEKP. To assist in the process of organizing the knowledge and
the interviews, a hierarchical decision tree model was developed as a precursor to case base
authoring. A hierarchical model is a successful tool here because of a user’s ability to view
similar top-scoring answers and the ease of launching new searches. As such, a hierarchical
model does not preclude the provision of contextual knowledge in the case base. While this
structure does raise questions about the adaptability of the model to include new and
different information in the future, the flexibility of CBR software tools indicate these
problems can be overcome.

The second issue raised by model development relates to the replicability of the
model. While the model was developed by a western-based researcher it can be expected that
another researcher, western-based or not, would develop the model quite differently.
Regardless of the model structure however, if the end result is to guide a user to the
information for which they are searching, then the model is successful in meeting its
objectives.

All case titles, descriptions, questions and actions are designed using common

language to ensure the case base is not exclusive. Cases are difficult to identify because first,
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there are no explicit problems and solutions with TEK and second, the separation of the
knowledge into cases runs the risk of de-contextualizing and compartmentalizing the
knowledge. This risk is successfully avoided however, with the presentation of closely
related cases for the user to view and/or the presentation of the original interviews for the
user to browse.

Balance and simplicity are achieved in the model by sharing questions as much as
possible, by having the same number of questions associated with each case and by trying
to establish a parallel questioning structure across the knowledge base. Questions are evenly
divided between context and confirmation questions, with each case being equaily
comprised. The questioning structure provides an exceptional tool for the user to navigate
efficiently the knowledge domain, and the use of ‘Yes-No’ questions provides the author
with an effective tool for predicting potential search interactions. Additionally, a rule file was
developed to answer context questions where possible, thereby further streamlining searches
for the user.

With the prototype case base, searches can be conducted on a stand alone machine
using CasePoint, or on the Internet using CasePoint WebServer. A case base accessible via
the Internet has significant advantages over a stand-alone case base. First, information and
data exchange via the Internet is an increasingly attractive option within the Gwich’in
organization and an integrated management system, which encompasses Internet data
accessibility, has been proposed. Second, the incorporation of the original interview material
has greater potential on the Internet and therefore offers greater potential for an acceptable
representation of TEK. CasePoint WebServer allows multiple hyper links to be associated
with each action to guide a user back to the section of the original interviews which
contributed to that answer.

Perhaps the most significant advantage of WebServer over CasePoint will be fully
realized in the future with further integration of GIS. A search using CasePoint yields links

to mapped images created in a GIS. However, it does not offer the user full GIS analysis
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capabilities and is therefore limited as a resource management tool. Links from the CasePoint
WebServer application to a web-based GIS application may offer greater potential for
developing a truly integrated resource management tool that incorporates a CBR and a GIS.
Potential linkages have not been fully explored at this time primarily because the Gwich’in
Internet-based GIS and data management tools are only beginning to take shape. The goal
of the CBR is, of course, to operate in concert with these tools and it is therefore imperative
that each be developed first, then integrated.

The exploration of GIS integration is also constrained because of limited information.
While the GEKP interviews were conducted on a species by species basis, very little explicit
and definitive locational information was recorded. This step must be taken for any extensive
integration of TEK with GIS. The elders must record on maps the spatial information that
complements their vast knowledge on species and species interactions. Exciting avenues,
such as fuzzy modelling and object-oriented tools, are available which offer excellent
representation possibilities for TEK within GIS. These tools may provide context and holism
for TEK representation that is absent from conventional GIS representations, and may
provide a more accurate reflection of a TEK viewpoint.

Further, CBR are a promising tool to be used in other areas of resource management,
particularly those with easily identifiable problems and solutions. It offers the burgeoning
field of resource management the ability to collect and provide access to ‘corporate’
knowledge and to provide direct solutions to similar problems previously encountered by
other resource managers. With the increasing reliance on GIS as a tool in resource
management, CBR also offer a potential to expand the explanatory capabilities of GIS by
allowing textual information to be juxtaposed with spatial information. This is a new area
that deserves future research.

The use of CBR to represent TEK is unique and offers great potential as a resource
management tool. Owing to that same uniqueness, however, are the costs involved with

venturing into new and unexplored territory. Potential costs may be too great to incur at the
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level of the Gwich’in boards, but do point to the need for continued research in this area in
order that risks may be reduced.

Regardless of where future research is conducted into TEK representation in
information systems, the position of this type of research must be viewed in context.
Information systems are one potential stepping stone along the path to full integration of
TEK with resource management. Continued research and effort made in the direction of TEK
education and documentation, coupled with efforts to allow western scientists and traditional
knowledge experts to discuss issues on a personal and equitable level are necessary for the

maintenance of TEK and its inclusion in resource management.
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