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ABSTRACT

This paper presents the findings from a study, which was carried out to investigate
how the design of knowledge management systems could be improved for enhanced
performance and greater customer satisfaction. The ICTS Department’s helpdesk at
the University of Cape Town, South Africa, was the venue for this case study. The
study set out to meet the following objectives:
o undertaking a knowledge acquisition strategy by carrying out a systems
evaluation and analysis of the existing web-based user support system,
e suggesting a knowledge representation model for an adaptive web-based user
support system, and
e developing and testing an online troubleshooter prototype for an improved

knowledge use support system.

To achieve the objectives of the study, knowledge engineering techniques were
deployed on top of a qualitative research design. Questionnaires, which were
supplemented by interview guides and observations, were the research tools used in
gathering the data. In addition to this, a representative sample of the ICTS clientele

and management was interviewed.

It was discovered that poorly designed knowledge management systems cause
frustration among the clientele who interact with the system. Specifically, it was
found that the language used for knowledge representation plays a vital role in
determining how best users can interpret knowledge items in a given knowledge
domain. In other words, knowledge modelling and representation can improve
knowledge representation if knowledge engineering techniques are appropriately
followed in designing knowledge based systems.

It was concluded that knowledge representation can be improved significantly if,
firstly, the ontology technique i1s embraced as a mechanism of knowledge
representation. Secondly, using hierarchies and taxonomies improves navigability in
the knowledge structure. Thirdly, visual knowledge representation that supplements
textual knowledge adds more meaning to the user, and is such a major and important

technique that it can even cater for novice users.
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CHAPTER ONE
INTRODUCTION TO THE STUDY

1.1 Introduction and Background to the Problem

The recent interest in knowledge management by business communities, consisting
of researchers and industry practitioners, has identified organizational knowledge
as a competitive asset. Processes and knowledge-based environments are thus
being developed to support the knowledge worker. Company knowledge is known
to exist primarily in the minds of people, and in business processes, policies and
strategies of the organization, as well as in supporting document management

systems and information technology systems.

A so-called ‘White Paper’ drafted by Attar Software [2] suggests that organizations
today are making every effort to improve their products and services while
controlling costs. Performing complex tasks consequently requires the know-how
of the organization’s experts and specialists. Unfortunately, there is usually a
shortage of such people and their knowledge in most cases is not shared with
others, so to speak, rather than being contained in written documents or
implemented systems. As a result, if they leave the organization, they take their
knowledge with them. Which means that the organisation loses out, whereas the
new organisation benefits. In order to reduce such risks of human capital erosion,

new business process have to be developed to tap such resources.

The successful implementation of any new business process requires foresight and
planning. It also requires perseverance on the part of both employees and
managers, as well as an understanding of how the new process will affect corporate
culture. And most importantly, the success of the project is always more attainable

if there is already a tried-and-tested set of procedures to follow.

Information Technology (IT) organizations continue to face tight budgets and
headcount restrictions that threaten to reduce the quality of the services they offer.
As a result, some of these companies are turning to use of helpdesk centres in an

attempt to assist their users.



The credibility of an IT helpdesk is based on the following key metrics that are
often affected by the lack of adequate resources [35]: first call resolution, call
handle time, escalation rates and average time in the queue. These metrics are used
as gauges to determine the end-user’s level of satisfaction and the support agent’s

SUCCCsS.

Institutions or companies engaged in the delivery of computing services, like the
University of Cape Town’s Information Communication Technology Services
(ICTS), find it challenging to satisfy their users with timely response in instances
of problem solving. As a result, online help features have been put in place to
ensure that such timely response are indeed given to the customer whenever the
need arises. The helpdesk needs to be adequately staffed by trained and highly
skilled individuals. Although they can provide workable solutions to the customer,
this is not usually the case. In the past, customers have expressed dissatisfaction
with responses, e.g. when a helpdesk consultant, while telephonically
troubleshooting a given computer problem, uses technical computer jargon not

necessarily minding whether the client is an expert or a novice user.

Most solutions in computing today are achieved through working around the
problem, rather than solving it. This could largely be associated with the inherent
software or hardware limitations. This kind of approach provides the technician
with an opportunity to apply the hard knowledge obtained from books or manuals,
while combining it with personal experience to arrive at a workable solution. The
general steps taken and how the solution is arrived at constitute what can be called
un-harvested “soft knowledge”, which means that the technician uses the general
work experience gained in solving such tasks to solve given computer problems. It
is this kind of knowledge that needs to be integrated into a usable system to

facilitate adequate knowledge use.

Lave and Wenger [17] suggest that soft knowledge is created, sustained and shared
through Communities of Practice. Nickols [20] defines Communities of Practice
(CoPs) as groups of people in organizations that form to share what they know, to
learn from one another regarding some aspects of their work and to provide a

social context for that work. In this regard, it can be the ICTS" technicians and



consultant’s Communities of Practice used to share knowledge pertaining

computer problems and solutions.

In order to ensure improved efficiency and productivity, it is necessary to create a
knowledge domain. As an example, such a knowledge domain details possible
steps to take in the event of solving or diagnosing a particularly tricky computer
problem. This knowledge needs to be tailored to work practices specific to the
community. Sacket DL et al. [24] define work practices (best practices) as
examples of how rot to do something. The knowledge that the community
constructs about the competencies of its members needs to be incorporated into

work practices.

1.2 Statement of the problem

The growing number of users and service agreements between ICTS and its clients
requires timely and efficient responses to user needs and queries. The telephonic
centre at ICTS cannot solve all user problems within a day. It takes considerable
resources in terms of time and finances to train new staff on how best to
accomplish particular tasks within the current system. Data mining, which is one of
the new technologies in assisting knowledge representation, is not yet being
utilized in this environment to adapt information to user needs. Substandard
information presentation is instead used to present solutions to clients. The
solutions do not work, or if they do, they do not work effectively and require
follow-up. This is time-consuming and a waste of resources. In other words, it is
not only the substandard information that is the problem, but the fact that this
information cannot actually solve the problem. This results in further overload on

the helpdesk.

1.3  Aim of the Study

The aim was to investigate how best the existing web-based user support system
could be improved to enhance the efficiency of the helpdesk in the ICTS
department at the University of Cape Town.



1.4 Objectives of the Study
e To use a knowledge engineering approach to carry out a systems evaluation
and analysis of the existing web-based user support system;
e To suggest a knowledge representation model for an adaptive web-based
user support system;
e To develop and test an online troubleshooter prototype for an improved

knowledge use support system.

1.5 Scope of the Study

This study deals with the development and evaluation of the user support software
to be used at the University of Cape Town. The physical parameters of this
research included the ICTS Department as well as a representative sample from the
top ten departments of the University that frequently utilize the helpdesk. The
virtual parameters concentrated on daily tasks undertaken within the helpdesk
section. For example, it studied, among others, how the consultants talk the users
through troubleshooting problems and the kinds of references that they use while

answering user queries.

1.6  Significance of the Study

The primary aim of the study was to redesign the web-based knowledge base of
ICTS. The increasing volume of phone calls to the helpdesk by users is likely to
become unsustainable in the future. The ultimate goal is that users will be able to
solve their computer related problems by using the web-based knowledge base.
However, this knowledge base needs to be redesigned to accommodate all types of

users and to improve its performance.

Consequently, it is necessary to ascertain and study the various complex
interrelationships between symptoms and solutions to given computer related
problems, so that the optimal solution to a given set of observed symptoms can be
presented. A given computer problem presents a set of evidence to which a
solution can be given. The underlying cause of a problem can only be identified
based on given symptoms to which a solution needs to be given. Ontologies

provide the means to represent relationships. For this reason, ontologies were used



as the main modelling technique to establish the relationships between the concepts

in order arrive at a better and more complete representation of knowledge.

With this kind of technology, even novice users may be able to solve their own
computer related problems. Not surprisingly, it is a knowledge representation

technology that has attracted much research recently.



CHAPTER TWO
KNOWLEDGE MODELLING AND MANAGEMENT

Webster’s New Collegiate Dictionary [37] defines knowledge as “the fact or
condition of knowing something with familiarity gained through experience or
association”. Knowledge is the next natural and logical progression after
information, because it adds understanding and retention to information. In this
way, having “knowledge” requires information to exist in conjunction with
patterns between data, information and other knowledge, coupled with

understanding and cognition [18].

In this research, then, there was a need to determine how knowledge could be
captured, interpreted, modelled, filtered and managed so that optimal use by the
end user can be maximised. This chapter thus identifies and elaborates on some of
the general concepts in the knowledge management field that were considered
most important for this study. In order to do so, the relevant literature contained in
journals, white papers and articles was reviewed. This review is classified
according to knowledge engineering, knowledge acquisition and knowledge

modelling and management.

2.1 Knowledge Engineering

Knowledge Engineering is associated with the process of developing Knowledge
Based Systems (KBS). This differs from conventional software engineering in that
it is mainly used during the early stages of the life cycle when user requirements
and functional methods (or knowledge) are still being ascertained. Although the
particular tools for implementation, user interface design, and testing, maintaining

and updating systems may differ, the same principles govern all software systems.

Preece et al. [24] contend that the aim of knowledge engineering methods is to
extract knowledge from an application domain and to make it suitable for computer
processing. The aim of software engineering methods, by comparison, is to control
and optimize the design process of software systems, using relevant quality criteria

and requirements management at various abstraction levels.



Consequently, although these two methods are closely related, what distinguishes
knowledge engineering from software engineering is the unique range of
techniques of the former for knowledge elicitation and modelling, as well as

offering a collection of formalisms for representing knowledge.

In this research, early stages of knowledge acquisition involved knowledge
engineering techniques and domain expertise. Later stages involved the
implementation and integration of software engineering techniques. Since the
expert’s knowledge must be represented at the knowledge level rather than at lower
levels during knowledge acquisition, the computational representation at high

levels normally persists throughout a KBS life cycle.

In this research, it was necessary to exploit core knowledge engineering processes
that include: requirement analysis, conceptual modelling, knowledge base
construction, operationalization and validation, as well as refinement and
maintenance. The advantage of this was that it allowed users and experts to
describe requirements and methods to perform the required functions at a high
level close to the level in which they thought about the task: i.e. at the knowledge

level.

2.2 Knowledge Acquisition
Knowledge acquisition has been broadly defined as the process of eliciting,
analyzing and interpreting the knowledge that a human expert uses when solving

problems [16]. This whole process is broadly summarised as requirement analysis.

ICTS realized the need to structure and manage knowledge online through a
knowledge base in order to enhance its wide area distribution and access of such
resources to its clients. This was because it had been determined that the ICTS
clientele needed to access such knowledge resources at the time that was most
suitable and convenient for them, rather than having to phone the helpdesk during

limited working hours.



GodBout and GodBout [10] define a knowledge base as a collection of facts,
relationships and rules, which embody current expertise in a particular area.

ServiceWare [28] reckons that if you do not offer your customers or employees
web-based self-service, then you have already fallen behind the times. As a result,
there was a need interpret the acquired knowledge into a more representative
knowledge structure so that a customized redesigned system for better performance

could be achieved.

In knowledge acquisition, the relevant knowledge that is pertinent to a specific
knowledge domain needs to be elicited from wherever it might be (i.e. human
experts, records). Knowledge representation consists of various ways in which the
acquired knowledge is expressed and structured so that it can be dealt with in a
meaningful way by the machine. The knowledge acquired and maintained by an
organization is, after all, one of its most important assets. How organizations
obtain and wuse their knowledge provides the foundation of knowledge
management.

In this research, requirement analysis was used to capture organizational
knowledge The Unified Model Language (UML) used in modelling software
projects was used for knowledge modelling and representation, and thereby to help
the client to understand the captured knowledge graphically. Zhu [38] holds that
well-structured representation of system requirements can dramatically improve

the communication among analysts, designers, users and programmers.

The design and implementation of better and more effective knowledge acquisition
practices require the designer, the client and the end user all to be involved, so that
optimal system design is maximized. The most recommended methodology for
achieving this is known as Joint Application Development (JAD), a method
designed by Chuck and Crawford [6]

JAD involves the client or end user in the design and development of an
application, through a succession of collaborative workshops called JAD sessions
[6]. Joint Application Design (JAD) and prototyping were used in this study
because they are two modern methodologies of determining requirements, which

are based on and developed from previous traditional methods.



It is generally agreed that most knowledge resides in the heads of experts, and that
they have vast amounts of knowledge, most of which is not written down in any
consistent format. In this study, the experts included the ITS telephonic consultants
as well as the PCS consultants. Interviews were also conducted with ICTS
knowledge experts in order to explore the scope of the existing knowledge

repository.

Preece et al. [24] maintain that at the knowledge acquisition stage, where
stakeholders in the system are interviewed, scope of the knowledge-based system
is identified; typically in terms of its expected competency (for example, the kind

of queries it will be able to answer).

The benefit of using such a knowledge engineering technique was that, once the
requirements analysis has been successfully completed and knowledge has been
captured and recorded, a knowledge base could then be utilized by automated
systems whose aims are the following:
¢ To enhance human decision making by offering advice;
e To free experts from repetitive routine decisions for more productive and
rewarding work;
e To ensure that decisions are made in a consistent way and as speedily as
possible; and

e To retain the organization’s expertise in a readily maintainable form.

AttarSoftware [2] contends that knowledge acquisition is an iterative process, best
performed with interactive tools engineered specifically to capture knowledge. In
this study therefore, this iterative process was realised with utilisation of interactive
tools like SELECT Enterprise. This whole process gave rise to knowledge

modelling and subsequently knowledge management.



2.3  Knowledge Modelling and Management

VNU Business Media [36] defines Knowledge Management (KM) as the process
of capturing, storing, transforming, and disseminating information within an
organization, with the goal of, at least, promoting efficiency and, at best,
facilitating innovation and competitive advantage. KM was specifically used in this
research because of the benefits it can offer. Haritharan [12] perceives that
sustained strategic commitment and a corporate culture that is conducive to
knowledge-performance are vital for success in Knowledge Management.
Technicians and consultants of ICTS have to be committed for knowledge
management to succeed. This has to be grounded in the departmental culture to

which ICTS management must initiate.

Smith [29] observes that knowledge management is widely accepted as valuable
means for organizations to enhance their intellectual capital, to encourage
innovation and to optimize performance. Benjamins [3] urges that organizational
processes and cultural issues are important. When managed correctly, knowledge
can be turned into a strategic asset of any knowledge-intensive organization. Tobin
[35] maintains that in today’s knowledge economy it is very likely that people are
the most important assets of an organisation, and that this is largely due to their
knowledge. Essentially, when they leave the organization, they leave with the
knowledge that they have acquired. By embracing an improved knowledge
management approach, ICTS can manage its knowledge assets effectively so that

innovation is supported.

An investment in Knowledge Management (KM) is not a quick solution, as it may
take several iterations of real input and measurable output and subsequent updates,
before a good KM system is in place. Accordingly, continuous refinement and
maintenance are vital. Preece et al. [24] assert that after a system has been
developed and put in place, it will continue to evolve as knowledge changes.
Knowledge management is thus often embedded in organizational structures that
enable organizational learning [22]. Knowledge in the ICTS knowledge base needs

to be refined regularly so that adequate maintenance is enhanced.
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Knowledge engineering in this study therefore, formed the basis for the whole
system development. It includes knowledge management, which is further
subdivided into knowledge acquisition and knowledge representation as illustrated

in figure 1.

Figure 1: Knowledge Base Interdependence

Knowledge Base

_

Filtered Knowledge
out of the system to
the audience

Explicit & Tacit
Knowledge input
from engineers

In figure 1 above, knowledge has to flow into the system, where it is processed and
filtered. It is then presented to the audience (in this case the clients), using a given
technology or methodology. The underlying architecture that leads to the
establishment of a knowledge base is embedded in knowledge engineering, which
in turn incorporates knowledge management. This, then, has the sub-components

of knowledge acquisition (KA) and knowledge representation (KR).
With a proven set of best practices, organizations can successfully integrate a KM

system into their workplace and ensure its continued viability and growth for years

to come [15].
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CHAPTER THREE
KNOWLEDGE REPRESENTATION USING ONTOLOGIES

31 Knowledge Representation and Use

Knowledge representation (KR) is the study of how knowledge about the world
can be represented and what kinds of reasoning can be done with that knowledge
[9]. A system under development will need to be transformed into layman’s
language so that the client(s) can properly understand the system overview before
it is implemented. One of the best practices today in system modelling is the use
of the Unified Modelling Language (UML). Object Management Group (OMG)
[23] defines UML as a language for specifying, visualizing, constructing, and
documenting the artifacts of software systems. It can also be used for business
modeling and other non-software systems. The UML represents a collection of best
engineering practices that have proven successful in the modeling of large and

complex systems.

UML provides a set of notational conventions that developers of information
technology systems can use to describe an application. This description is usually
done in a precise abstract fashion where a specification of relationships between all
elements in a metamodel is given [14]. In this study, the UML metamodel
description was used in order to capture and visualise system requirements in an
abstract fashion so that the clients could understand the system under development

much better.

3.2.  Whatis Knowledge?
Storey[32] views knowledge in four dimensions as:
* A computable model of some domain for some purpose
= A competence-like notion, being a potential for generating action
= A justified true belief (philosophical definition)
* The specification of what a symbol structure should be able to do.
In this study, knowledge was considered to be a an expertise skill, being a potential
for generation of action. For example computer problems determine the kind of

solution to be given to a user.
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Staab et al. [30] maintain that an IT-supported knowledge management solution is
built around an organizational structure that integrates tacit and explicit knowledge
to facilitate its access, sharing and reuse. Tacit knowledge can be referred to as the
“know how” that belongs to someone, while explicit knowledge can be referred to
as the “know that”, which is public and can be shared [4]. In the present context,
where knowledge has to be modelled, structured and interlinked, ontologies can
help to formalize the knowledge shared by a group of people. Knowledge in the
web-based knowledge system can thus be systematically modelled and represented

by using ontologies.

33 Utilizing Ontologies
Swartout and Tale [33] hold that an ontology is the basic structures or armature
around which a knowledge base can be built. However, an ontology is not a

programmatic representation; it addresses domain conceptualizations [8].

Gruber [11] similarly, defines an ontology as ‘‘the specification of
conceptualizations, used to help programs and humans share knowledge’.

Stevens [31] contends that conceptualization is the formulation of knowledge
about the world in terms of entities (i.e. things, the relationships that link them and
the constraints that exist between them). Specification refers to the representation
of this conceptualization in a concrete form.

On the whole, an ontology characterizes itself with respect to mechanism and
content. It could consist of a conceptual model, a thesaurus and a set of expanded
attributes and axioms, with the main concern of appropriate representation of

content.

Musen and Gruber [19];[11] emphasize that the common goal in developing
ontologies is to further share a common understanding of the structure of
information among people and parts of software. From that perspective, a
troubleshooting ontology specific to ICTS was developed in this research. This
consisted of a formal explicit description of concepts in the knowledge domain of
discourse (classes/concepts), the properties of each concept describing various
features and attributes of the concepts (slots/roles/properties), and the restrictions

on the slots (facets/role restrictions).
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e C(lasses describe concepts in the domain. For example, UML was used in
Figure 2. A class ‘Printing’ represents all problems related to printing in
this troubleshooting ontology. Specific printing problems are a
specialization of printing problems; for example, MS-DOS printing is a
specialization of printing problems.

o Slots describe properties of classes and instances. For example, the slot
describing properties for the instance concept ‘MS-DOS printing’ includes
its associated symptom, cause and solution. The restrictions on solution as a
property for the instance class MS-DOS printing could be diagrammatic or
textual as illustrated in figure 15. Restrictions on the property are used to

present the solution to the user.

Figure 2: Ontology Description

Printi
Concept —{ ~rinfing

Is a specialisation of

A

/ MS-DOS Printing \
{

Cause

Symptom
Solution (object image, string text)

U N S

Slot —»

Restrictions

Properties of MS-DOS Printing slot are the cause, symptom and the solutions.
Restrictions on the solutions property are the image and text.

A knowledge domain can be defined as an area of knowledge that the community
agrees to learn about and advance. It is negotiated among the participants,
especially among the community’s experts [1]. The focus for this research was the

accessibility of and knowledge representation in the ICTS Knowledge base.
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Ontologies were generally considered useful for this study because they offer a
number of advantages to knowledge base development. They are the glue that
binds knowledge subprocesses together. They allow us to move from a document-
oriented view of knowledge management to a content-oriented view, where
knowledge items are interlinked, combined and used. In ICTS for example,
attachments are added to resolutions where more explanation is need. The
following fundamental rules [21] in ontology design were used for this research.

1. There is no one correct way to model a knowledge structure in a given
knowledge domain. There are always viable alternatives. The best
solution usually depends on the application that you have in mind and
the extensions that you anticipate.

2. It is always necessary to know that an ontology development is an
iterative process.

3. Concepts in the ontology should be close to the objects (physical or
logical) and relationships in your domain of interest. These are most
likely to be nouns (objects) or verbs (relationships) in sentences that

describe your domain.

34 Taxonomies Aiding Knowledge Discovery

Delphi Group [7] defines a taxonomy as a hierarchical or polyhierarchical listing of
topics or subject categories. [t may not include definition of the topics but only the
hierarchical relationship of topics to one and another. A taxonomy can incorporate
content from both a thesaurus and an ontology. In this research, a taxonomy was
used to provide a structural navigational path through a content collection of the

knowledge base.

Relationships between concepts are fundamental to building an ontology. They
describe the interrelations between concepts or a concept’s properties. Taxonomies
organize concepts into sub- and super-concept tree structures. They could be
specialization relationships commonly known as the “‘is a kind of” relationship or

partitive relationships, which describe concepts that are part of other concepts [7];

[19].
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One of the major challenges in structuring content in a knowledge base is to know

how best its users can access the content. In overcoming such problems,

taxonomies can offer the following advantages:

Intelligent knowledge processing: It is always difficult to mine answers
from unstructured content. This is because people can distinguish between
the specific meanings of a word or concept, based on the context within
which the word is used, but computers cannot. Other methods must
therefore be used to help computers to provide intelligent knowledge
processing. This can be achieved with the use of taxonomies.

Context: People explore concepts, and primary searching thus occurs for
key words. The relevance of the concepts or key words is subjective to the
individual who performs the search. Only each individual can judge how
relevant a particular bit of information is to what they are attempting to
discover. The document may be too technical, out of date or too general to
your needs. If you have categories and hierarchical structures of
knowledge, you will however be able to narrow the search field and to find
the relevant information faster.

Browsing vs. Searching: Effective search of content without benefit of a
taxonomy requires that you have to know the words and phrases to use
before you can see what is in the collection of the knowledge base.
Keyword searching assumes that you know what you are looking for, which
is wusually an erroneous assumption. Browsing, on the other hand,
encourages associative thought and it guides one through the knowledge
discovery process. Browsing is complementary to searching but not
superior to it. Visual, hierarchical arrangements of subject categorization
trigger associations and relationships that may not be obvious when initially

searching in most instances.

Whether navigation is used for discovery, research or education or whether

searching is used as targeted retrieval of information, business users turn to

searching and taxonomies to find relevant knowledge quickly and intuitively, and

to support better informed and hence more effective decisions and actions.
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Figure 3 illustrates an example of a hierarchical knowledge representation of
categorisation approaches using taxonomies. Categorisation can be done manually,
automatically or using a combination of both. The manual approach has both
advantages and disadvantages. The automatic approach could either use a rule

based approach or training by example.

Figure 3: Taxonomy example
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— Inconsistency When Classifying
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Scales Well...

— Automatic

— Rule Based
— Training by Example

— Semantic Analysis

— Clustering Analysis

— Combination

There are a couple of companies worldwide engaged in developing commercial
taxonomies for representing knowledge. Examples include:
¢ Documentum (http://www.documentum.com)
Documentum develops content applications that power the Documentum
platform to determine distinct content management challenges by using
taxonomies. Content Intelligence services (CIS), a Documentum product,
automates and controls the attribution and organization of enterprise
content based on powerful information extraction, conceptual classification,
business analysis, and taxonomy and metadata management capabilities.
This enables advanced searching, easier navigation, and more effective

personalization to facilitate content reuse and enrich customer applications.
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e Autonomy (http://www.autonomy.com)

Autonomy’s taxonomy generation feature can automatically and
consistently understand and create deep hierarchical contextual taxonomies
of information based on conceptual understanding. The resulting taxonomy
can be used to provide insight into specific areas of the information, an
overall ‘information landscape’, or training material for the automatic
categorization that then allows information to be placed into a formally

dictated, controlled and named category hierarchy.

e Inxight (www.inxight.com)

Inxight’s technologies and applications can transform an organization’s
reservoir of unstructured content into a well-organized repository of
knowledge. Organizations can apply categorization, extraction and
visualization technologies in several ways to increase operational
effectiveness using this technology.
With such tested technology and knowledge representation techniques mentioned
above, major areas addressed by such techniques were adopted in this study. For
example, the use of Bayesian Networks. This technology will be explained in the

next section.
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CHAPTER FOUR
THE POWER OF BAYESIAN NETWORKS

Knowledge management systems, whether web-based or not, need to utilize
technologies that minimize redundancy in knowledge representation. This can be
done by using data mining techniques, where uncertain patterns in knowledge are

observed and learned, and relationships are drawn to optimize knowledge use.

Thearling [34] asserts that data mining technologies and techniques for recognizing
and tracking patterns within data help businesses to sift through layers of
seemingly unrelated data for meaningful relationships, allowing them to anticipate,

rather than simply react to customers’ needs.

Knowledge in a web-based knowledge system can be systematically modelled and
represented by means of Bayesian Network technology. Bayesian Networks
provide a powerful capability for probabilistic reasoning and inference that was
applied to the uncertainty in the ICTS environment. Bayesian inference and

learning allowed us to explain hidden patterns between concepts.

According to Heckerman [13], a Bayesian network can offer several advantages for
data modelling. This is because the model encodes dependencies among all
variables; it thus readily handles situations where some data entries are missing. It
can also be used to learn causal relationships, and hence can be used to gain an
understanding about a problem domain and to predict the consequences of
intervention among others. With such a powerful knowledge management engine
(Bayesian Network) in place, customer support and knowledge sharing and

representation can be enhanced.

4.1 Overview of the Current System

The current web-based system in place at ICTS is based on an automatically
generated output of the HEAT System. It confines users to only accessing the
solutions that have been entered into the system by subjects. Solutions are authored

after technicians realize persistent problems arising over a period of time, say two
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weeks. These solutions are then entered into the HEAT system, which

automatically generates it to the Web-interface. Some of these solutions are too

technical though, and it becomes very hard for a novice user to locate the

information needed quickly. The search facility created on the web system does not

work with or indicate close relationships between solutions.

4.2

Knowledge Engineering and Modelling

As a solution to this problem, I re-engineered the knowledge in the HEAT system

for customer adaptability and efficiency. I looked at this in the following five

dimensions: problem, evidence, symptoms, cause and resolution

Problems are symptoms that are significant enough to cause a user to
access the web-based system. In this case, he or she will access the online
troubleshooter. For example, “My printer doesn 't print.”

Evidence refers to the observable phenomena in this system. It may or may
not indicate a problem or cause. For example, “/ am getting a 404 error
when [ try to go to open a certain webpage.”

Symptoms compromised groups of evidence that were parallel. These may
contain two pieces of evidence: a test succeeds, or it fails. It can contain
more, for example, “I am using Windows NT.”

Causes were considered as the underlying reasons for why the user was
having a problem in the first place. However, the user does not have to
know the cause in order to fix it. In future, it will be the author of the
solution who defines the cause, so that the knowledge engineer can model it
more effectively. For example, “The printer cable is faulty.”

Resolutions are the instructions for fixing a problem. They are usually
associated with a single cause, but not always. For example, removing and
reinstalling MS Word may fix many causes, such as, among others, a
corrupted system file or an incorrect registry entry. Likewise, more than
one resolution may fix a single cause, for example, deleting or renaming the
Normal.dot file may also fix the cause of a corrupted Normal.dot file,

because Word will create a new one.
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4.3 Bayesian Network Construction
The modelling and construction of the online troubleshooter was based on the
following types of nodes:

e Problem nodes,

¢ Informational nodes,

¢ Fixable/Observable nodes,

¢ Fixable/Unobservable nodes and

e Unfixable nodes.
A problem node is a node that represents a possible primary symptom experienced
by a user. Instantiating a problem node begins a session. Problem nodes contain
information from problems provided by the authors. An informational node
contains a single symptom, which in turn is a collection of related, exclusive pieces
of evidence. A fixable/observable node represents a cause that has both a
symptom and a resolution. The symptom should specifically identify this cause,
and the resolution should be the most effective one for the cause. A
fixable/unobservable node contains only a resolution. Generally, this type of node
is of use if the only way to detect a cause is to resolve it, or if there are multiple
resolutions for a single cause. Unfixable nodes contain problems that require a

user to log a call so that his/her machine is worked on at the ICTS workshop.
Figure 4: Web-based troubleshooter model
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The web-based troubleshooter model is illustrated in figure 4. A model works from

generates a

the cause to the problem, while a session progresses from the problem to the

resolution.
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Figure S: Web-based troubleshooter session

has has Resolution

Figure 5 illustrates a web-based troubleshooter session. The web-based

troubleshooter solves a user’s problem in a linear fashion, starting with the
problem, and inferring with the symptoms, to arrive at a resolution. In this linear
fashion, a problem has symptoms. Given set of symptoms have resolutions that can

be used to solve a given problem.

4.4  Causal dependence and Inference

Figure 6: Inference

Evidence Symptom Problem Q Causes
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<

Figure 6 illustrates relationships between knowledge items. The problem nodes

depend on the evidence around the problem, the symptoms given, the problems
themselves, as well as the possible causes. The informational nodes depend on the
resolutions, given the evidence of a collection of symptoms. In this model,
inference is made on the various child nodes so that the web-based troubleshooter
executes the right algorithm to generate relevant solution based on the user’s

problem.
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CHAPTER FIVE
SURVEY DESIGN AND METHODOLOGY

This chapter discusses how the research was carried out and addresses the
following areas: research design, area and population of the study, sampling
strategies, data collection methods and instruments, data quality controls, and data

analysis and presentation.

5.1 Survey Design

In order to gain a clear picture on the current state of user support software used in
the ICTS department, an analytical qualitative study was undertaken. This type of
approach was chosen due to inventions in the study, which called for descriptive
research methods and analysis of documents and peoples’ views and opinions. This
rescarch provided the system specifications in accordance with which a prototype
was developed. This prototype in turn created a framework for an effective and
efficient user support system in the ICTS department at the University of Cape

Town.

5.2  Description of the Study Area

The study was carried out in the ICTS Department at the University of Cape Town,
South Africa. The study area incorporated all the various sub-departments within
ICTS that proved helpful in the study, as well as all the other University

departments that frequently use the helpdesk services.

5.3 Description of the Population of the Study
The study population considered in this research included the administrators of the
information technology helpdesk, the staff at the ICTS helpdesk, and other

identified stakeholders in the system development and evaluation.

54 Sampling Strategies
In an effort to establish a framework of how best to adapt the present system so
that it can be used by all kinds of users, a non-probabilistic sampling approach was

implemented. In such an approach a representative group is observed for purposes
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of illustration or explanation. This sampling method was vital in collecting
information from a category of knowledgeable respondents. This kind of sample
was chosen because of their potential role in both managing and interacting with

the current system.

5.5 Data Collection Methods and Instruments
In undertaking a systems analysis and evaluation of the current system, a
combination of various instruments for data collection was used, including

questionnaires, interviews, observation and document (content) analysis.

o Unstructured Questionnaires: The aim of the questionnaires was to obtain

opinions and subjective information on the prototype being developed.
Closed-ended questions were included in the questionnaire to capture
respondents’ attitudes towards some of the issues. This created a basis for
analysing users’ requirements.

o Interview Guide: In addition to the questionnaire, an interview guide was

prepared for the management staft of the helpdesk section. The interviews
usually began with a self-introduction of the researcher. Selected
respondents were interviewed to supplement the information that had been
obtained from the questionnaires. The interviews were both formal and
informal and, given the busy schedule of the respondents, did not last more
than thirty minutes. The formal interviews were administered in accordance
with the interview guide. The informal interviews, which are intended to
deduce and acquire information that is otherwise not given in formal
interviews, did not use the guide. The confidentiality of the respondents and
their responses was always assured. During the course of the interviews, it
often became necessary to reassure respondents of the confidentiality of
their responses to avert doubt or hesitations in them expressing their views.
e Observation: The researcher frequently visited the department and other
targeted areas to examine how users were interacting with the current
system, and the difficulties they were facing. In addition, the researcher
shadowed at the helpdesk as a telephonic consultant, helping users to solve

their computer related problems telephonically, whilst making reference to
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the web-based system. This helped the researcher to become conversant
with the current situation of the user support systems in the ICTS

department as well as scoping the domain of study.

e Document Sampling and Analysis: This formed part of data collection.

The purpose of this was to study the corporate vision of the ICTS
department, the standards required as well as other issues pertaining the
study, such as departmental standards with regard to information

presentation.

Casual discussions supplemented the above mentioned data collection methods.
This was possible in instances when officers dealing with various issues were

encountered in their offices or any other convenient places.

5.6  Prototype development

Java, C#, XML, and HTML were used as development languages for the online
troubleshooter prototype. Knowledge acquired through analysis and design was the
basis for development. Development took into account Human Computer
Interaction standards such as usability as a quality objective. Rational Unified
Process was used as a guiding tool in the systems analysis and design [25]. Protégé
[26] was used as an ontology modelling tool for knowledge representation in the
knowledge domain. The front-end user interface was connected to the backend
database that was developed in MySQL. This database catered for security of

information, database expansion as well optimization for information retrieval.

5.7 Data Quality Control

Data quality control refers to whether the data is up-to-date and accurate. Given the
abilities and knowledge of the respondents in this study, it is fair to assume that the
data collected was indeed valid. The targeted population, after all, possessed the
knowledge to respond to the questions on the current system. The researcher’s
supervisor moreover cross-examined the data collection instruments. All the
questions were checked to verify whether they had been properly answered, and

inconsistencies were eliminated.
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5.8  Data Analysis

The analysis was done according to content, in other words, selected records,
documents, published and unpublished information were subjected to content
analysis. Data was recorded thematically according to the objectives of the study.
For the purposes of analysis, the structured data in the questionnaires was matched
according to the category of respondents. Data was recorded thematically,
interpreted and presented with the help of direct quotations with regard to the
extent of the problem in comparison to the available data or information. The
frequencies of the various responses were tallied for analysis purposes, and
averages and rankings of discrete responses were made. Descriptive research

analysis was used for closed-ended questions that demand discrete responses.

5.9 Data Presentation

After the data had been collected, it was sorted, analyzed and presented according
to each objective. Before the data was presented, however, it was inspected and
edited to avoid distortion of the message from the respondents. Anonymous
quotations were noted down from questionnaires, actual interview, casual

discussions and open-ended questions, and observational descriptions were made.

5.10 Limitations of the Study
There were several limitations that were faced in this study. These included:

e Access to Information: One of the limitations of this study was the lack of
access to information that was vital in the study. Some of the information
was regarded as sensitive according to the various department policies
governing information. Some respondents were moreover hesitant to give
information while others wanted to protect their own interests.

¢ Time: This being a qualitative study, it demanded much of researcher’s
time and personal involvement given the time limit in which the degree had

to be completed.
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CHAPTER SIX
CASE STUDY: REDESIGNING THE ICTS KNOWLEDGE
BASE

This chapter highlights the findings from the study carried out at ICTS to redesign
its online knowledge base. It is structured according to the knowledge engineering
principles that were used, that is, requirement analysis, conceptual modelling and
knowledge base construction, operationalization and validation. Thereafter, two
tests were conducted on basis of on usability of the prototype and the other centred

on the comparison between the prototype and the existing system.

6.1 Requirement Analysis

In developing the online troubleshooter, knowledge capturing was undertaken in
terms of systems analysis and evaluation. This involved capturing the tacit
knowledge and incorporating this into the system to be improved. The underlying
objective was to redesign the Web-based knowledge base into more usable

support systems.

A series of interviews were conducted with management and the repository
managers in order to explore the scope of the existing knowledge repository. The
domain expertise used considered mechanisms of listening to both novices and
members on the boundary in the sample in order to explain and reinforce the
knowledge domain. The main area of focus in this regard was the deep structure
that would be necessary to organize the domain knowledge and to work towards

solving problems in this domain.

The key finding was that the system ought to be very user-friendly to cater for all
categories of users, because the knowledge base serves many people at different
levels of computer literacy, and because its content is constantly evolving. The
knowledge given also ought to be current and relevant to the clientele’s needs. As a
result, the redesigned system would most likely have to cope with the following

kinds of change:
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The metadata (information used principally in aiding users to access knowledge
objects of interest used needs to be extensible, as further concepts and relationships
will be incorporated in the future.

The taxonomy developed needs to be understandable to everyone, from experts to
novice users.

New knowledge will be added to the knowledge base by the knowledge engineers
every fortnight, thus this proportionally frequent knowledge growth needs to be
catered for.

The taxonomy structure needs to be able to change, especially when a knowledge
audit is done to decommission outdated knowledge.

The system needs to be refined and maintained by the knowledge manager in order

to prevent system overload and to grant rights to the various knowledge engineers.

6.2 Conceptual Modelling and Knowledge Base Construction

Based on the requirements gathered during a series of interviews with the target
population, within the sample for this research, an initial glossary of terms, a
blueprint document and a project plan were developed. In an attempt to derive a set
of concepts, sample data was obtained from the current knowledge base. WinMine
[5] was used as a data-mining tool in discovering patterns and relationships
between concepts from the sample data. The WinMine Toolkit is a set of tools that
can run on Windows 2000/NT/XP platforms. It allows a user to build statistical
models from data. The majority of these tools are command-line executables that
can be run in scripts. WinMine [5] discovered about 15% of the concept
relationships whereas the remaining 85% were added manually. These derived
relationships were the basis for the construction of a simple Bayesian Network for
a cause-effect relationship. For example, concepts associated with printing,
including broad definition of printing problems, were derived. This led to

development of the troubleshooting ontology.
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Figure 7: Concept extraction using WinMine

Figure 7 illustrates concepts extracted by WinMine from sample data obtained
from ICTS. From the diagram, windows problems affect software, installations,
printing, hardware as well as Microsoft office. Microsoft office has a dependency
on MS Word, MS Excel, Software and windows. Hardware is associated with the

monitor, keyboard and windows.

The fundamental steps taken at this level included determining the domain and
scope of the ontology, enumerating important terms in it, defining the classes and
the class hierarchy, defining the properties of classes, defining the facets of the
slots as well as creating instances of classes. Representing problems, symptoms
and solutions in a linear fashion was the domain of the ontology, and thus
facilitated the development of an online troubleshooter, which suggests the right
solution to a computer related problem. Concepts describing different types of
printing problems, their solutions as well as good combination of two or more
solution for the given task figured in this ontology. It also considered the level of
detail of the given information in the knowledge base. Important terms in the
ontology were enumerated so that statements in further explanation could be made
or given to the user. The properties for these terms were given, for example,

causes, symptoms and solutions.
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In formalizing the concepts in a software environment, Protégé was used as the
ontology management tool for modelling concepts derived from the sample data.
Protégé can be used as a tool allowing users to construct a domain ontology. It can
also be used as a platform that can be extended with graphical widgets for tables,
diagrams, animation components to access other embedded applications in
knowledge-based systems. It can also be used as a library, which other applications
can use to access and display knowledge bases. With this tool, therefore, slots of
concepts as well as role restrictions were determined. Taxonomies that organize
concepts into sub- and super-concept tree structures were used to evaluate the

relationships between concepts.

A top-down approach for defining classes and the class hierarchy was used. In this
approach, the development process started with the definition of the most general
concepts in the domain, and continued with subsequent specialization of the
concepts. Classes were defined and their internal structure was ascertained. Slots

and slot values were defined as well.
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Figure 8: Troubleshooting ontology package
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Figure 8 illustrates concept development in the online troubleshooter ontology
using UML. The model, for example, represents PrintingProblem as the main
concept. Printing problems could occur for either a local printer or a network
printer. A Jocal printer problem affects Windows, Macintosh and UNIX operating
systems respectively. Windows could have MS DOS Printing problems,
PaperJams etc. PaperJams comprises the slots of cause, symptom and solution.

Solution has a restriction of either a diagram or a string.
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Figure 9: Protégé Ontology Representation
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Figure 9 above illustrates the hierarchical knowledge representation in the ontology

using Protégé.

Figure 10: Graphical Frame Visualization
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Knowledge was visualized as a two-dimensional slice using the graphical frame
visualization technique as illustrated in Figure 10. This was adopted to case
navigation within the taxonomy structure. The central concept or focal point
chosen is the printing problem. The related concepts and their explicitly named
relations are shown radiating outward from the centre. Thus improving knowledge
visualisation in the model. The graphical frame was used to represent one concept
out of many in the troubleshooter ontology. The whole knowledge structure in the
knowledge base, however, formed a complex three-dimensional knowledge
structure, which is illustrated in Figure 11. Ontoviz, a plug-in of Protégé, of the
Graphvis visualization tool was used here. This was done to present a meaningful
visualization of the underlying knowledge structure, while providing an intuitive
understanding, eliminating visual clutter and maintaining aesthetic appeal.
Concepts in the troubleshooting ontology are connected, regardless of how far
away they may be from each other. For instance, a faulty printer cable, which is an
instance of a hardware concept, can cause printing problems. It has multiple
inheritances of symptoms in the ontology. Reinstalling Microsoft Office 2000,
which is one solution often suggested by technicians at the ICTS helpdesk, solves
many problems, including printing problems from applications. All of the above
explain the need for the intertwined knowledge structure of the concepts within the

ontology.
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Figure 11: Complex Three-dimensional Knowledge Structure
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Figure 12: Knowledge Modelling using Ontoviz
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Figure 12 above is a closer look at the same graph shown in Figure 10, in Ontoviz
a Protégé plug-in. This kind of visualization is important and useful to knowledge
auditors in the system. It clearly and graphically illustrates the interrelationships of
knowledge items in the knowledge base. Deleting a single knowledge item from
the knowledge base may have cascading effects in that it could create knowledge
islands that are no longer referenced by other items, which may wreak havoc in the
system. However, this point exactly might be very important to the knowledge base
users. In such circumstances, other nodes related to the main root node could also

be deleted.

6.3 Operationalization and Validation

Operationalization in the knowledge base was done using UML, WinMine and
Protégé. Other online ontology libraries were referenced for indirect validation.
Sample documents of information presentation standards for ICTS were referenced

as well for direct validation purposes.
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Figure 13: Troubleshooter Components
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Figure 13 illustrates how the troubleshooter components are interrelated. The
knowledge engineer interacts with the HEAT system by adding resources and
auditing the knowledge. WinMine is used to mine patterns and relationships
between the data. XML is used as an export language to transfer the relationships
into Protégé, whose role is ontology management. Knowledge in the ontology is
structured using taxonomies for easier navigation within the knowledge base. A
graphical frame is implicitly used to present concepts to the user through the
Graphical User Interface (GUI). The troubleshooter works in a linear sequence
when solving computer related problems. It starts off with problems, and then finds

the symptoms followed by the solutions.

Nodes containing common problems that users face while using computers are
presented in a taxonomical structure. Concepts, representing these nodes, are
arranged according to broad classification standards for ICTS. These nodes

reference the symptoms that are associated with particular problems. Based on the
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symptom selected, a solution node that matches the selection is displayed to the

user as illustrated in Figure 14.

A solution is presented in two formats, text and image. The image field is added to
aid novice users who cannot follow text solutions only. The visual solution of what
step to take in solving a problem is displayed. This enables the user to troubleshoot

using both the image and the textual solution simultaneously.

Figure 14: Knowledge layering in the prototype
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Layer A in Figure 14 above presents the hierarchical knowledge item nodes in the
troubleshooting ontology. This is what the users see in the form of a navigation
tree structure. Fixable/observable nodes (comprising the referenced nodes layer),
which contain symptoms of given computer problems, are presented in the middle
layer (B). Based on the kind of knowledge item selected in the first layer,
corresponding symptom nodes are displayed to the user in the GUI These
symptom nodes reference the information nodes that contain appropriate
resolutions. Layer C is abstracted away from the user. This layer contains the

informational nodes, which have resolutions; it has the problem nodes, as well as
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the unfixable nodes. However, the user only needs to see the symptoms and the
resolution, and does not need to see the cause for such a problem unless they know
their way around computers and would like to sort out the cause so it doesn’t
happen again. Such nodes are only useful to the technicians. When interacting with
the system, it is not easy for the user to differentiate between the various layers of
knowledge representation; consequently, knowledge management is important for

leading to knowledge filtering for better and relevant representation.

Figure 15: Online Troubleshooter Prototype
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Figure 15 above illustrates the online troubleshooter prototype. It depicts a section
of the troubleshooting ontology where knowledge is represented in a taxonomical
structure. Based on the kind of computer problem identified in the taxonomy, key
symptoms associated with that problem are displayed in the middle panel of the
prototype. The user is given the choice to select a particular symptom associated
with his/her problem. Sequentially, the system displays the solution both textually
and diagrammatically. The images are meant to be dynamic, showing each
particular step that a user will be going through while troubleshooting. For
example, the given image in the screen shot, describes the first instruction to the

user to click start and control panel.
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6.4 Usability Test Results
Twenty respondents were selected to test the usability feature of the prototype. The
sampling was random and non-probabilistic from the ICTS clientele, as illustrated

in Figure 16.

Figure 16:Troubleshooter ontology usability test

failed
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w ith difficulty

successful 25%

60%

m failed m with difficulty O successful

The results revealed that 15% of the respondents failed to execute the tasks
assigned to them in the experiment; 25% were able to execute tasks assigned to
them but with great difficulty; but a clear majority of 60% were able to execute the
tasks assigned to them in the experiment without any help. For the purposes of this
study, those who failed felt that the software was not working. These were
regarded as novice users of computer systems in this study. Those who had
difficulties but nonetheless succeeded were considered semi-expert users, whereas

the remainder, those who were successful, were considered expert computer users.

Novice users and semi-expert users would therefore require a query tool on the
ontology in order to be able to locate information from the taxonomy structure. In
improving visualization and adding meaning to solutions presented, dynamic
images solutions were rated very helpful by both the novice and semi-expert users;

one respondent observed: ‘“‘Images/pictures explain better than written text.”
In order to improve the system, therefore, more dynamic image solutions need to

accompany the text solutions in the troubleshooter ontology. This will cater for

users who have difficulty in locating information and understanding the computer
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language used. It would be much easier for such a user to follow steps of trouble

shooting if a visual aid was available.

6.5 Comparison Test between Applications

In addition to the usability test conducted on the prototype system, a comparison
experiment was done between the existing system and the prototype. This
experiment targeted the clientele that was already using the ICTS knowledge base.
Tests centred on three main aspects, that is, clarity of language used, navigability

and user-friendliness.

[ 1
Figure 17: Comparison test between applications

Eprototype B existing system

Clarityoflanguage Navigabilityofthe More user-friendly
used system system

Figure 17 illustrates the findings from these three areas. Twenty people were
sampled in this experiment, and the same kinds of task were given for both

applications.

6.5.1 Clarity of Language Used

In this comparison test, 90 % (18) of the respondents found the language used in
the prototype to be non-technical, clear and easy to understand. Although the
language used in the existing system was more technical, 10% (2) of the
respondents felt that the language used portrayed the same meaning. To these
respondents, there was no clear-cut distinction between the two systems as far as

the technicality of the language was concerned.
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6.5.2 Navigability of the System
95 % (19) of the respondents found the prototype to be more navigable than the
existing system. The hierarchical knowledge representation used in the prototype
made the ontology navigable, and thus respondents commented.
o “Easier to navigate and the image panel helps for clarity.”
o  “The prototype gives more information and the steps are well presented
and the composition of the ontology, solution and the windows interface.
The ontology is a bit complex, but provides adequate information. The tree
structure is better as used in the prototype than just using a long list on the
other system. The representation of all the interfaces in one window
reduces navigability problems. In this regard, the prototype is well
represented and easier to use.”

Only 5 % (1) of the respondents considered the navigation structure to be the

same across both applications.

6.5.3 User-friendliness of the System

95% (19) of the respondents in the study considered the prototype to be more user-
friendly than the existing system. They said that the image accompanying the
textual resolution of a given computer problem added meaning and clarity. Various
comments were made by respondents with regard to usability of both systems:

o “The prototype is user-friendly. It gives the solution that you can
understand.”

o “The prototype is compact, all together-3 screen option, drop menus
ensures a logical process, and modernization is successful. ICTS
knowledge base: I don't like the color scheme used and the print font. It is
old fashioned and not as user friendly.”

o “The prototype gave the image and was easier to follow.”

o “The notion of the “tree” is better in the prototype. There is an image

supporting the textual description.”

“The prototype is better because it gives a pictorial view of the solution so
that the user can see the text.”
Only 5 % (1) of the respondents were indifferent with regard to the user-

friendliness of the system, as can be observed in the comment made.
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e “Both are unfriendly but the prototype is marginally better.”
Considering the fact that 95% percentage of the respondents considered the system
to be usable, the prototype is worth developing into a full-fledged system for
general usage by ICTS. Enhancing the prototype with a query tool and improved
knowledge visualization will render the system user-friendly to cater for all
categories of users, from novice to expert level. Although dynamic images increase
overload on the system, thorough database tuning and optimization will resolve

this challenge.

6.6 Conclusions
Based on the findings from the study, the following conclusions were drawn.

e Knowledge modelling and representation can improve knowledge
representation if knowledge engineering techniques are appropriately and
carefully followed in designing knowledge base systems.

e The language used for knowledge representation plays a vital role in
determining how best users can interpret knowledge items in a given
knowledge domain.

e Poorly designed knowledge management systems cause frustration among
the clientele that interacts with the system.

e Consequently, embracing the ontology technique can play a vital role in
improving knowledge representation.

e The hierarchical knowledge representation of knowledge using taxonomies
improves the navigability of the knowledge structure.

e Visual knowledge representation as a supplement to textual knowledge
adds meaning for the user. This technique is so important and useful

because it assists especially the novice users.

6.7 Recommendations
¢ Bayesian Networks and Ontology Techniques: There is a need to utilize
data mining techniques so that patterns and relationships between concepts
can be discovered. The new system needs to interface directly with the
HEAT system. A Bayesian Network can be developed based on such

discovered patterns and relationships. By directly translating the output
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from the inference engine into the ontology structure, knowledge
representation can be improved.

e Domain Expert: There is a need to employ a domain expert to take final
responsibility for knowledge auditing on the system. It will thus be his or
her duty to control and check each new concept and the relationships
ascertained in the knowledge base in the future, thus controlling the
extensibility of the metadata used. This will also necessitate controlling

knowledge representation as well.

6.8 Areas of Further Research

There is a need for further research on adequate knowledge filtering techniques
using knowledge engineering mechanisms to improve knowledge representation in
knowledge bases. It would also be interesting to do further research on Topic
Maps and hypergraphs as excellent ways of knowledge representation where

knowledge structures and their relationships are visualized.

In order for knowledge to be meaningful to all users in any knowledge
management system, it has to be filtered and presented well for easy and better
interpretation. Otherwise, it may not serve its purpose if its intended audience does
not understand it easily. The technique of knowledge modelling and representation

therefore, plays a vital role in enhancing knowledge management.
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APPENDIX 1

DEVELOPING A SYSTEM VISION

What is the problem with the current system?

..........................................................................................

. Are there any other internal or external users of the system whose needs
must be addressed?

..........................................................................................

..........................................................................................
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APPENDIX 2

USER REQUIREMENTS QUESTIONNAIRE

This is a short questionnaire designed to achieve user satisfaction in designs. The
objective of this survey is purely academic. All the data given will be treated with
absolute confidentiality. Permission has been extended from ICTS for this survey
to be carried out.

1)

2)

3)

4)

5)

Department

Do you use computers in your day-to-day activities?
a. Yes
b. No
If yes, how often do you experience computer related problems?
a. Very often
b. Often
c. Seldom
d. Rarely.
How do you go about solving computer problems if at all you experience

a. Call IT Helpdesk

b. Ask a colleague

c. Solve it yourself

d. Use ICTS Web-based Knowledge Base
e. Other method (please specify)

..........................................................................................

Have you used the ICTS Web-based Knowledge Base before?
http://www.heat.its.uct.ac.za/fls'tHEAT/2/1/00000010000.htm?n=UCT _IT

Helpdesk Knowledge base

a) Yes,
b) No
If No, why not?

If yes, were you able to locate the information you wanted?
a) Yes
b) No
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. What would you like to see changed (on this knowledge base) to enhance
the usability of this function?

Please give any more suggestions you feel important for improving the
[CTS web-based knowledge base.

Thank you for your time and comments
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APPENDIX 3

USABILITY TESTING FOR THE TROUBLESHOOTER PROTOTYPE
SECTION A

1. Task1
a) From the ontology, select Printing error displayed.
b) Select Printer is displaying a 79 error
¢) Click submit button
1. Are you able to see the solution to that printing problem?
a) Yes b) No
il. Are you able to understand the computer language used
to describe the solution?
2. Task 2
a) Search for printing objects as a computer problem from the
ontology.
b) From the symptoms displayed, select Objects and text not
printed well.
c¢) Click submit
d) Look at the solution given and the image.

1. Is the image helpful in giving more meaning to the
solution?
a) Yes b) No

ii. Would you wish to have an accompanying image to a
given textual solution?
a) Yes b) No
If yes, why?

3. Task3
a. Search for a solution describing how to fix a keyboard to a
computer from the ontology.
b. Briefly describe the navigation steps you used to arrive to the above
mentioned task.

.................................................................................
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SECTION B

1. Do you consider yourself to be a
a. Computer expert
b. Novice user (ordinary user)
c. First time user
d. I cannot rate myself
2. Were you happy with the way the text solutions were presented to you?
a. Yes, please give reasons

3. This software is
a. Easytouse
b. User friendly
c. Difficult to use
d. Non of the above
e. Others (Please specify)

...................................................................................

....................................................................................

Thank you for your time.
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APPENDIX 4

COMPARISON TEST OF APPLICATIONS
SECTION A

. Task 1

a) From printing problems in the ontology select Print drives
b) Select Installing print drivers
¢) Click submit button
i. Are you able to see the solution to that printing problem?
a) Yes b) No
ii. Are you able to understand the computer language used
to describe the solution?
iil. Does the accompanying image help you understand
better the steps to follow while solving your problem?
a) Yes b) No

. Task2

http://www.heat.its.uct.ac.za/flsy HEAT/2/1/00000010000.htm?n=UCT
IT Helpdesk Knowledge base
e) From Printing Problems on the ICTS Knowledge base, select
Local Printer
f) Select print drivers
g) Look at the solution given
h) What is your opinion of how the solution is presented?

1) Were you successful in accomplishing the task?
a) Yes b) No
i. Would you wish to have an accompanying image to this
textual solution?
a) Yes b) No
If yes, why?
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SECTION B

. In your opinion, which application do you consider better and more user
friendly?

a. ICTS Knowledge Base

b. The prototype

. Please give reasons for your choice

..........................................................................................
..........................................................................................

Thank you for your time.
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