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Chapter 1

Introduction

1.1 Introduction

Knowledge management (KM) is complex. Differences in knowledge requirements
and approaches to building knowledge management systems (KMS) abound. This
study presents a framework for knowledge management. The framework is based on
the use of a semantic weblog, the use of knowledge measures, and a mechanism to
adapt the system to stay in accord with the changing needs of its users. The

framework facilitates the storage, management and sharing of knowledge.

KM transcends many fields including technology, statistics and psychology [RT99,
BLA95, DAV98, PRU9S, JOH96, NON96]. Such work tends to spark controversies
on what should constitute a good KMS. To begin with, this study earmarks three KM
essentials, namely a well-structured system, semantic modeling and inference.
Because institutional knowledge is predominantly reliant upon individual knowledge
elicitation [CA69,Tus77], the system should encourage individuals to acquire, share
and disseminate knowledge. KMS input would be human knowledge, best practices,
quality measures and relevant technologies such as RSS. Output would be well-
structured presentation of material, quality indicators, and suggested groupings of

users with similar interests, etc.

1.2  Research Goals

This study looks at:
1. What should a knowledge management system consist of?
2. If management is the goal, then measure is a requirement. Can knowledge
quality measures be found and meaningfully used to better manage a

knowledge management system?

The high demand for better KMS is a strong motivator of this research; for instance, it

is asserted that one trillion dollars has already been invested in KM over the last



twenty years [Hyl02]. There are no standards or guidelines for structuring
organizational memories; no framework exists for building sustainable KM systems
[Sch06]. It is also estimated that 80% of KM systems have failed [Hyl04, SK00]. This
means loss in both monetary terms as well as managerial vision. Obviously, it also
raises questions as to whether such KMS were built on concrete and well founded

principles.

The high dependence on the Internet for knowledge requires that special tools should
be employed to garner the knowledge. New software technologies such as XML, RDF
and RSS are paving the way to knowledge modeling with metadata harnessing, which
in turn makes inference plausible. To address the research questions in this project, a
KMS framework was designed that uses metadata and knowledge quality measures to
evaluate and adapt the system. A prototype implementation of the framework was
built in the form of a knowledge management system for post-graduate research

students.

1.3 Prototype System

An institution that provides research training should offer some form of knowledge
management software. A good KMS for postgraduates should give students practice
in the skills needed to do research successfully: finding relevant information,
organizing their knowledge appropriately, reading effectively, writing up their ideas,
sharing their ideas with others, giving and responding to feedback and constructive

criticism.

Much of world data/information and knowledge units are stored in unorganized and
unstructured form, making it very difficult to manage [Hyl04, Per03]. Even though it
1s hard to state how much of this (data’knowledge units) is on campus repositories,
universities are huge knowledge reservoirs by virtue of being academic centers. A
KMS for research students was therefore built as a prototype to evaluate the

framework and at the same time provide a useful academic tool.



1.4  Thesis Outline

This dissertation is structured as follows. Chapter 2 introduces the fundamental
concepts — knowledge and knowledge management systems. Chapter 3 discusses
Weblogs and related technologies, and chapter 4 outlines sigma-algebras and
maximum likelihood estimation which we use to make inferences about a knowledge
base. The remaining chapters cover the contribution of this project. First the
proposed framework is presented, and then our prototype realization of this
framework, called KC (Knowledge Centre). Chapter 7 describes the use of the
Manila [Fro] weblog construction tool in building KC, and the next chapter outlines
the use of the R statistical software package [FSCO5] for making inferences about KC
content. Chapter 9 discusses KC evaluation by student users. This is followed by the

conclusion, which presents a summary of the work and some ideas for future research.



Chapter 2

Knowledge Management

This chapter describes what knowledge management is and the concepts around it.
These include knowledge itself, epistemic theories, sharing, knowledge auditing and
knowledge accumulation trends. It also gives an account of knowledge presentation,
critical knowledge management requirements and some causes of knowledge

management system failures.

2.1 Knowledge

Knowledge has been defined as “a fluid mix of framed experience, values, contextual
information and expert insight that provide a framework for evaluating and
incorporating new experiences and information” [DP97]. Earlier research unveiled

two forms of knowledge, namely, tacit and explicit [Pol67, Non98, Sam05, Har03].

Tacit knowledge is unstated and is normally hidden in the human mind, while explicit
is codified and can easily be extracted, transmitted and shared. Further research yet
shows that the two states actually form the distinction between knowing and
knowledge [BD98, BC99]. Knowing is taken as some hidden sense that could
manifest through action in a particular context, while knowledge is facts that can be

easily codified and shared.

Knowledge is asserted to emanate from processed information and to reside in the
mind of the knower [Pol92, Chu72]. Knowledge cannot entirely be embedded in
resources such as document repositories, routines, processes, practices, and norms
[DP98, FP98, Tee98a]. It is hard to isolate and represent objectively, and in its
entirety, “a fluid mix of framed experience” or “expert insight” [DP97]. Instead,
people independently use knowledge sources to explicate, interpret and ultimately

construct knowledge. Knowledge items are prone to different interpretation; different



2.2 Epistemic Theories

Epistemology is a branch of philosophy concerned with the nature and extent of
human knowledge [Kle98]. Epistemology dates back to the works of Plato and
Aristotle [Ari45]. In recent years, research in epistemology has provided insights
[Sve94, 97, 01, Non94, NT95] from which concrete KM elements can be derived.
Contemporary investigations have further attempted to specify what legitimizes
knowledge, and how humans acquire knowledge [Pap98]. Epistemic theories relevant
to knowledge management are coherentism, reliabilism and consequentialism.

By coherentism [Bon85, Leh86] it is asserted that information is assimilated as
knowledge through the ability to integrate it with existing knowledge in a logical
fashion. In reliabilism [Gol79, So0s91, Set96], it is believed that people attach a
certainty value to everything they know. As a result, people accept information as
knowledge with respect to the confidence in the source and the way in which it was
obtained. Consequentialism [Gol99] states that information is considered as
knowledge only if enough people are known to qualify it as sufficient and
trustworthy. This concept places emphasis on society at large as the ultimate

determinant of the acceptance of knowledge.

From the above epistemic theories it can be asserted [BPAO3] that an effective
knowledge model should be based on:

1) Easy integration of ideas from organizations and society.

2) Agreement on terminology in the particular domain.

3) Reliability of the knowledge source - and thus the origin of knowledge should also
be known.

4) The usefulness of the concept. This is what is known to distinguish knowledge
from other beliefs.

5) Freedom to relate knowledge items flexibly and not only according to a particular
scheme or structure.

6). Confidence values must be attached to every knowledge item, to capture the
reliability associated with it by each person who knows it, and from which the

community’s acceptance or trust in the item can be ascertained [BPAO3].



Epistemic theories provide an account of knowledge production and its nature, but
little about knowledge states and processes. They do not suggest a dynamic view
(ongoing interpretation) of KM that embodies the processes of storage, usage,
sharing, and knowledge dispersal hence missing the practical aspect [Aar06]. Even
though recent studies in epistemology have included sharing (social theory), they
cannot be directly applied to knowledge system processes [Sch98, Gol99, Lau01,

Sol01, Tur02]. The next sections discuss such knowledge management processes.

2.3 Knowledge Management

Knowledge management, can be defined as the “Explicit and systemic management of
vital knowledge and its associated processes of creating, gathering, organizing,
diffusion, use and exploitation. It requires turning personal knowledge into corporate
knowledge that can be widely shared throughout an organization and appropriately

applied” [Sky03].

Wherever KM exists or is envisaged, some form of a knowledge management system
(KMS) must be present. Thus, KMS adopts the definition of KM as stated and extends
this with a managerial system or tool. Devanport pointed out that KMS are often
noticeable in implementations such as document repositories, expertise databases,
discussion lists, and context-specific retrieval systems incorporating collaborative
filtering technologies [Dev98]. The difficult task eluding KM today that has led to
many KMS failures is how to formulate and implement sustainable systems
embodying and encapsulating the needs and expectations of users. Tapp and Hughes
[THO4] have further pointed out that even though KMS have increased the supply of
knowledge objects, the usage of these same objects by other workers, “the crucial

added value”, remains elusive.

It is argued that what people usually termed KMS are simply document management
systems [AzbO1]. Others have in this light believed that very few enterprises have
indeed implemented KM systems [Kin02, Des03], because systems have been

developed without an understanding of the problems they are meant to address.



Expectancy theories state that individuals contribute to knowledge activity based on
the expectancy of certain benefits. The perceived value from knowledge seeking
depends on contributor’s expertise and credibility, while the perceived expectation of

value depends on trust, obligation and contributor willingness [Vro64, Kal99].

The figure 1 below depicts the flow of knowledge elements and how humans can
interact with it. This is a rudimentary structure signifying the beginning of what can

be achieved over time. The flow may not strictly follow the indicated paths.

6. Utilize it easily (\

1. Collect retevant information

5. Retrieve it quickly

2. Organise it using intelligent classification

4. Share it with others

K_/ 3. Manipulate enrich

and comment

Figure 1: knowledge cycle [BK06]

2.4 Sharing knowledge

In the knowledge-intensive economy sharing and KM become inseparable [NT95,
Hyl03, Bix02, Rom02]. Sharing of electronic material now ranges from merely
document sharing to syndication [Wil05] (posting summaries and links to Web items
so that they can easily be shared). This can complement the natural ways institutions
have of creating, sharing and transferring knowledge [SK06, INOO]. Externalisation
and internalisation convert tacit to explicit knowledge and vice versa. In attempting to
externalise tacit knowledge, two methods are common, intervention and
representation. By intervention, the system identifies and connects the needy to the

knowledge owners. Representation is what technologies seek in automating



knowledge processes through forums, networks and other internet-enabled

interactions.

Sharing of knowledge should therefore be structured in systematic ways; especially

when teams have common ground or want to establish mutual knowledge [Gla02].

2.5 Knowledge presentation

Important to knowledge presentation especially in academia are media functions.
These are basically the methods of content delivery. There are three media functions,
namely primary, secondary and tertiary [HemO1]. Primary is text without predefined
order and therefore the reader painstakingly extracts what is necessary. Secondary
requires that educational materials are arranged coherently in a specific structure or
layout with associated ordering. Tertiary exhibits artificial intelligence in the sense

that the system learns and adapts to the user’s requirements.

Today, hypermedia (text, audio, video) are the main media used for electronic
communication [GM96]. Hyperlinking is an easy way of engaging with knowledge
resources [ZRC99] and provides ideal avenues for constructing knowledge
relationships [Shu98, Rom02]. Researchers have different opinions on whether high
quality hypermedia leads to improvement in training [HRKO1]. For example, The
Web and hyperlinking have been noted for contributing to management information
overload. This problem is primed to become worse unless effective filters such as user
profiling are developed [FDO02]. Although e-mail is one of the most utilized features
of the Internet, it has not recorded significant impact as a KM tool due to the rapid

accumulation of in e-mail accounts.



2.6 Knowledge auditing

Designing and implementing a sustainable KM system first requires assessment of
current knowledge and needs. This process is called knowledge auditing [MicO1].
Basic knowledge accounting begins here because, what is audited gets included and
what is included essentially gets counted [Hyl01]. Knowledge auditing can in fact

provide information about the quality of the KM process as a whole.

Knowledge mapping is a process of graphically defining related knowledge areas
[Alf03]. It includes the identification and linking of critical information and
knowledge competencies of an organization. These stop short of assigning knowledge
measures; but measures can be obtained by analyzing answers to audit questions.

Knowledge auditing is normally done through a questionnaire followed by interviews
with the potential system users. For a high degree of system acceptance, users
therefore have to be part of the process from start to end. [Hyl04] and [SF00]

propose the following as vital questions to be addressed.

1) Who does one go to when one has a problem? 2) Do knowledge maps exist in the
institution? If not, why not? If yes then are they used effectively? 3) With whom do
knowledge people collaborate and share information and knowledge? 4) What are the
barriers to knowledge sharing? 5) Do people know what they should know but don’t
in fact know? 6) Do people feel that their knowledge is valued? 7) Do people
routinely document knowledge for repeated use? 8) What do people do with
knowledge that is accrued from completed tasks or projects? 9) How do people get the
information and knowledge they need? 10) Do people get the knowledge they need?
11) Who are the providers of the most critical knowledge and how do people get it?
12) Does the institution reward people for sharing? If yes, are the rewards
appropriate? 13) What are people doing to tap into existing and potential knowledge
sources? 14) Where is the knowledge hiding? 15) Are people deriving value from the

knowledge system? If not, why not?



2.7 Knowledge accumulation changes over time

The figure 2 below illustrates how knowledge accumulation occurs in an institution

using a knowledge management system.

y (knowledge accumulation)

Knowledge accumulation rate Failurg rate

—

X (time) crittcal point.

Figure 2: Knowledge accumulation, sharing and KM failure,

The continuous line represents knowledge accumulation rate and the dotted shows the

failure rate.

Before the establishment of KMS, there is always some accumulated knowledge,
hence the graph not starting from the origin. The first sloping part represents
knowledge accumulation due to the introduction of better knowledge capturing,
processing and sharing tools. As the organisation rapidly learns, knowledge sharing
also increases. Eventually, the organisation reaches the peak where it has enough

knowledge and relatively few problems managing and sharing it (T,).

At time T, however, the organisation may start to lose knowledge due to employee

moves, lack of system response to threats and challenges, or knowledge gaps (huge
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differences in knowledge levels between people in an organisation according to status
[Hil02]), leading to a large difference between what an institution should know and
what it does know [Zac99]. It is at this point (T;) that better strategies should be
formulated to boost knowledge accumulation, with corresponding re-focused ways of
sharing. This calls for effective evaluation and restructuring of the current social
constructs and corresponding technological changes. Such undertakings would
require an environment that supports intelligible integration and coordination of

complex social skills [Dig04].

2.8 When systems are likely to fail

From figure 2, it can also be noted that sometime before T, there is a high likelihood
of system failure. This is because many of the implemented system components and
concepts are still very new. Systems may also fail when users are not motivated to
contribute. However, as time progresses, the failure possibilities diminish as shown.
Eventually, other challenges arise, requiring new, better ways of knowledge
management and sharing. Without this, at this critical point T, failure rate increases

as the system responsively transforms.

In order to preserve continuity, knowledge should flow sufficiently, implying that
knowledge sources must be readily available. Insufficient information and knowledge
flow can be blamed for poor knowledge management qualities. Providing incentives
for knowledge sharing can increase the flow but needs further research [Han0O].
Monetary incentive alone is not a solution. In one case it resulted in a repository full
of garbage [HanO0O0]. It is also evident that people contribute quality items on Usenet
and other forums, without monetary incentives. One potential driver may be social

status or self-esteem [Con96, SK91].

2.9 Critical requirements of Knowledge Management Systems

From the knowledge cycle in figure 1, the following points were identified as critical
to a KMS:

A) Information should be collected in a systematic way and integrated in the KM

11



system. This includes the use of appropriate knowledge filters and acquisition
methods

B) There should be flexible structures to organize knowledge in a meaningful way,
capturing all the relevant attributes such as publication, origin and the creator’s
profile.

C) Information should be readily integrated with the existing knowledge body

D) Knowledge elements should be accessible easily. This requires common
terminology (or an ontology) for the domain in consideration.

E) Knowledge elements and sources should be retrievable quickly.

F) Knowledge should be structured so that concepts can easily be interpreted

In addition to the above, we identified additional needs which we address in this
thesis, namely the need for knowledge measures, for making inferences based on
knowledge measures and metadata, and for automatic adaptation of the system based

on this.

2.10 Summary

This chapter has discussed the foundation of this study. By outlining essential
concepts such as epistemic theories, sharing, and the knowledge cycle, it has provided

a basis upon which the framework and consequently the prototype have been built.
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Chapter 3

Semantic Weblogs

This chapter explains why a Semantic Weblog is an appropriate tool for KM. It
therefore discusses possible KMS platforms, introducing weblogs and their extended
features such as RSS, aggregators and RDF. It further illustrates KM needs that

weblogs do not meet.

3.1 Possible KMS Platforms

In order to build a system accommodating requirements stated in the previous chapter,
three KMS platforms were considered. These were a Central Knowledge Base (CKB),
peer to peer (P2P) and web based systems (WBS). The WBS is in fact seen as hybrid
between the Central Knowledge Base and the P2P.

In the CKB arrangement, there is one powerful computer processing the jobs that
would not be easily done on any other computer in the system. The CKB architecture
is more widely used than its P2P counterpart, due to the superior file organization it
exploits. It avoids the difficulties of finding exactly which computer contains
particular knowledge sources. Having a common knowledge base helps to reduce
redundancies and inconsistencies. Poor item ranking is also less likely to occur as it is

easier to prioritize items contained in the same knowledge base.

Some of the areas the CKB gives problems with, are search criterion, stability,
robustness and flexibility. The search is normally restricted to keywords, focussing on
huge databases residing on the central server. In such an environment, people become
skeptical to share knowledge because it decreases one’s own value. The reliance on
the central server for critical network management causes system failure in cases were
the server malfunctions. Even in cases were an application is downloaded from the

server, once that program changes, it would require adjusting all the operations that
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depend on it. Programs that are invoked on the server through the client normally take
time to reach the point of application. Lastly, because of the many administrative
procedures in CKB, members do not readily access knowledge and often would not

readily contribute.

A P2P system is a computer network that consists of nodes acting as both clients and
servers. In a general sense, a peer can even be a piece of software, client or any
computer peripheral. As issues of sharing started becoming crucial to KM, the P2P
approach started gaining ground. Peer-to-peer KM is relatively new. A P2P network
is conducive for file sharing and e.g. Lotus, Napster and FastTrack have been
successfully implemented [Tsu04]. The exponential increase in electronic knowledge
and tools, the need for a distributed system, openness and impromptu access to
knowledge material have all contributed to the popularity of P2P KM [ZRO0S5].
Security concerns and the lack of supportive technologies are some of the major
bottlenecks to P2P KM. Intellectual capital protection problems are already reported
to be high [Tsu04].

3.2  Weblogs

It 1s evident the Web has become the supreme knowledge resource. This creates one
space in which knowledge is inseparable from the community creating it, an essential
quality of KM [VDO04]. Cayzer and Roll suggested the use of weblogs as basis for
KMS [CRO5] — they avoid compatibility problems, entry barriers and unnecessary
formalities. At the very basic level, a weblog typically comprises a list of snippets

which can cross-reference each other.

Essentially, KM requires a non-disruptive and pcrvasive system; an adaptable,
dynamic one endowed with rich semantics. This is where the Web-oriented system
outweighs the P2P platform. Knowledge essentials, such as forums where
practitioners and researchers can discuss ideas, share experiences and exchange
knowledge can easily be achieved with Weblogs. A forum is also most likely to

extract tacit knowledge from people’s minds.
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2) One feels forced to write if one has readers waiting for something new.

3) It is easier to write if one has blog-readers in mind, easier than having nobody to
direct one’s writing to.

4) Scholars write a lot that few people ever see.

5) It satisfies the need to give opinion and comment.

7) It is less intrusive than e-mail and easier because people don’t need to manage all
those addresses.

8) Weblogs are easy to read because they are dynamic, informal, short entries and in
order of date.

9) They are better than discussion boards because people are not locked into a

particular system as they contribute.

In comparison with the CKB, remote access to the system is easier with weblogs
because of platform independence. Other advantages are usability, simplicity,
flexibility and cost benefits. It is much easier to deal with complex interfaces in a web
application such as html. They are easier to program, are flexible, and there is little or
no cost at all in acquiring the software. Often, protocols are easier to implement and
therefore, it becomes easy to attach links to sites. Weblog development tools can be
very effective for developing KMS. They allow rapid system development and permit
easy system customisation. They can send and receive information via email and

users can easily switch between the work at hand and the KM system.

Another advantage is that, generally, the web has become very much integrated with
education systems where online exercises, notes, and chatting are often conducted via
this medium. Blogging can support all these and even more. Even departmental
websites are in essence weblogs [EWO01]. The only problem is that, they are not
recognised as knowledge management systems — they are forums for sharing, but lack
structured presentation of knowledge and associated KM tools. One of the risks with
the web hosted KM are security and privacy, but these are also common with the

other two platforms.

For the system to be easy to use and fit in with the basic working culture of
researchers, a weblog promises appropriate underlying technologies [KNRO04]. The

main reasons include: high popularity [DEO04], simplicity in appearance, and
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attractiveness as a result of the informal way in which contributions are organised
with weblogs. Currently, there are many (see appendix D) popular weblog systems. In
most of these, sharing occurs through exchanging of news summaries. The summaries
are published and displayed through an export and interchange format called rich site
summary (RSS) [Dow02, Col02]. Versions 0.9 and 2.0 of RSS are based on resource
description framework (RDF) [RDFO05].  Unlike RSS that is merely used for
information transfer, RDF provides more structure with the triples (source, predicate
and object) [RDF05]. With such structures, information/knowledge is well-defined,
enabling computers and people to work in co-operation [LHLO1]. One of the uses of
RSS is the formation of RSS-feeds that outline the knowledge resources of a blog.
Aggregators can then collect these feeds from different blogs and display them in one

list.

3.3 RSS

RSS contains two parts: the static, enveloping information about the web page, and
the dynamic, constituting the news stories or publications in the form of headlines and
other textual and graphical contents. Figure 3 gives the overall structure of an RSS
file. A fragment of RSS is shown in figure 4. RSS is shared through a process called
syndication. Syndication is a way of posting news summaries on the web page in a

chronological order of date of publication.

XML Declaration

Container
Channel Description
Image Description (optional)
Item Description

Item Description

Item Description

Figure 3: RSS structure Sample
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Sample code:

<?xml version="1.0" 7>

<channel>

<title>weblogs in KM education scenario</title>

<link>http://knowledge-centre.uct.cs.ac</link>

<description>This code gives an introductory example of syndication in KM education scenario.</description>

<language>XML.::RSS</language>

<item>

<ntle>Readings: Application of RSS in KM</title>
<description>Exploring the web semantics By Chanda...</description>
<link>http:// knowledge-centre.uct.cs.ac,za/weblog/education /
archives/012 . html</link> </item>

<item>

</channel>

</rss>

Figure 4: detailed RSS sample code

A brief explanation of the above code is as follows: The first part is an elaboration of
the channel itself: The title of the entire weblog, a link [http://knowledge-
centre.uct.ac.za] that points to the home page, and a description of the entire blog.

The points below, describe the items contained in the channel. Each item contains a
title or name, a brief description explaining what the item is all about, and a link
(URI) describing the location from where the full details may be extracted, i.e. a link

to a specific page within the blog: [http:/knowledge-centre.uct.ac.za/weblog/education]
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A more elaborate example of the RSS/RDF code is shown below

// The name space is given as: xmlIns:rdf=http://www.w3.0rg/1999/02/22-rdf-syntax-ns#//

//The specification for the html used is given as: “xmlns=http://purl.org/rss/1.0/”” and the definition of the RSS

version as <?xml version="1.0" encoding="utf-8"?>//

<?xml version="1.0" encoding="ut{-8"?7>

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

xmlns=http://purl.org/rss/1.0/>

// Below is the channel component of the RSS. The title element should suggest to the user that it is a link from the
web page to the feed. For example, the Knowledge-centre below should be the same title in the html appearing on
the home page /
<channel rdf:about="http:///knowledge-centre.uct.ac.za/rss.rdf">
<title>Knowledge Centre</title>
<description>
Download Database notes from Knowledge-centre!
</description>
<link>http://knowledge-centre.uct.ac.za</link>
// The image part is option. This can be used for rendering purposes.//
<image rdf:resource="http:///knowledge-centre.uct.ac.za/images/logo88x33.gif" />
<textinput rdf:resource="http://knowledge-centre.uct.ac.za/search.pl" />

</channel>

// The item part containing information from a specific source page follows.//
<item rdf:about="http://knowledge-centre.uct.ac.za/databases/relational. html">
<title>Relational Databases </title>
<author> Francis Katoma</author>
<date>2006-11-04</date>
<publisher>Joseph</publisher>
<quality>high</quality>
<link>http://knowledge-centre.uct.ac.za/databases/relational html</link>
</item>
<item rdf:about="http://knowledge-centre.uct.ac.za/databases/object.html">
<title>Object Oriented Databases</title>
<link>http://knowledge-centre.uct.ac.za/databases/object html</link>
</ttem>

</rdf:RDF>

Figure 5: RDF Sample Code
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Characteristics of RSS/RDF appropriate for KM syslems are:

*  The atnlity to caplure metadala (answering questions such as “Who wrole this”,
“When was this published™ and “What are (he lopies of discussion™) makes RS8
very suitable, for example, 1 indicating the reliabiliy of a source, the age of a
pubhcation and relevance of contenl.

* It can be repurposed. for example. could nclude capturing with an em its
author’s profile. comments and ratings given t by reviewers along with
TCVICWET 5 Namcs, cle.

*  The common format of presenting material trom diflerent sources, both files and
web pages, makes Weblogs very mclusive.

*  Through RSS, an item can be posted on multiple sites making i1 mare
accessible. However, duplicates can be a menace in this case.

= Because XML 15 self contained. there 1s an opportunity to include a description
of the methods required to use the data, along with the data itself. This can make

the data re-usable many years from when it was depositad.

An cxample weblog at Harvard University appears in figure .
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3.4 Aggregators

The difference between the RSS [eced and a news aggregator is that the RSS feed

outlines the knowledge resouree from onc site whereas an aggregator collects items

from diilerent sites {(weblogs) and displays them on one List for casy scan and referral.
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Figure 7: XMI. News Feed |[hipMwww.compoierworld.com|

The figure 7 above 35 an esample of a news feed while figure B helow s an example of o news
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Collected items arc placed in folders. Thesc iems can be coming from different
soutces or from the same sile bul aflocated to appropnate tolders. On this page in

figure 8, itemis can be browsed easily by tollowing the explanations beside the folders,

One way of limitng azmesators to rrusted knowledpe providers is to cmploy
epistemic theorigs. For example it weblog pis trusted by weblog q, then if the system
brusts weblog g, 1t should trust poas well (refigbidism). Futhermore, if g gets
publicatioms from world renowned wnters and socety trusts that it is credible

knowledge. then the svstem can melude those publications {consequentializm),

3.3 RDF

Knowledge needs change according 1o people's interests, levels of understanding and
pereeption. The way people look for knowledge is also dependant on where they
search, how 1t 15 presented and whether it s available. According to | Lar%, Zac99,

10D, PEM ] imtommation seeking is typically probabilistic and hence needs to be treated
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with appropriate tools. One uscful way to find and assess knowledge items 15 by

keeping metadata.

RDF introduces struclures for capturing metadata, RDF conmsts of a resowrce,
predicate and a velue. A resource can be anything. for example a web page or book.
A resource has some property and the property has a value that can sometimes be
another resource. The predicate links the resource to the value. A complete statement

is shown in fgure 9 and represented as a tople (5. P F). S represents the source, £ the

VA Rl R Do

Creator

Chanda Katoma 1

Figure 9: RDF praph

The cllipse contains the unique resource shown by the URI hitp:#/.... /chandaKatoma.,
The property 15 shown by the are, and the value Chanda Katoma in the rectangle. The

value can also be a URIT as shevwn below:

..... A handg Kl

hildp:Chanda Karomadkan, et

Creator / ranng

“Chanda Katoma” 0.23

Fipure 11 RDF extended gruph




The graph produced through RDF contains more information than just how objects
relate to each other, because of the implicit information in the attributes [W3C04].
RDF is also recommended for analysis of topic maps and for collaborative processes

[BPMOO].

3.6 Semantic Weblogs

Semantic blogging is a way of introducing structure and meaning to weblogs. Since
most weblog construction tools support RDF generation, semantic blogging becomes
a relatively easy extension to blogging. Steve Cayzer at HP has pointed out how
semantic blogging has attracted extensive attention in KM related research [Cay04].
In particular, a lot of work is focused on the capturing of metadata along with
snippets, and using this to enhance navigation, querying and display. Semantic Web
for Advanced Development in Europe (SWAD-E) [Cay01] uses RDF [RC06] for
knowledge management. Bettina and Roberto have looked at the use of the easily
captured data and information from blogs to estimate domain relevance and domain
consensus [BNO6]. This is mostly done through the use of probability theories such as
expectation. Flavious and Alexandru have looked at adapting graph visualisation
techniques for the visualisation of RDF data, and show how inferences can be made

from this [FTHO3].

3.7 KM needs that weblogs do not meet

To improve the ability of a blog to meet the KM aims as described in chapter 2, the
following properties of weblogs need to be addressed:.

1). Knowledge acquisition

Blogs easily lose focus especially if there is no strict control for example on who
should contribute and what they should write.

2). Knowledge organisation

Blogs are not structured enough (typically lists sorted by date/sender/topic) and
navigability can be difficult. They don’t use domain ontology to structure content,
they do not clearly relate items to each other and there are no icons representing
summarised annotations next to entries (for example how much discussion an item

has caused, how people rate it, etc).
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3). Search / Knowledge retrieval

There is no search on metadata like rating by readers/ amount of discussion/etc.

4). Usability and Sharing

The system may be filled with irrelevant or poor items unless there is an incentive to
only make valuable contributions (for example ratings from others, reward of marks,
etc.) Group discussion is not used well enough. There should be someone to control

the flow so that participants don’t diverge from the topic of discussion.

3.8 Summary

This chapter has discussed different possible KM platforms and the reasons a
Semantic weblog is proposed. It has also shown how KMS can be enhanced by
the use of emerging technology such as RSS. These are essential as far as
important components of KM such as sharing and knowledge transfer are

concerned.
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Chapter 4

Maximum Likelihood Estimation

This chapter focuses on maximum likelihood estimation (MLE) used for estimating
parameters. It discusses sigma algebras, measure theory and their specific applications
in KMS.

4.1 Sigma Algebras

RDF knowledge (in triples) does not convey much about the usefulness of the content.
This is exactly when a mathematical model is needed. The following is a description

of the mathematical concepts that the KMS framework builds on.

Informally, a set is defined as a collection of objects belonging to a particular class.
The objects are called elements [Pat02]. This is very important because measures are
rigorously established on this principle. Let X; be a knowledge item, with x;;, X2,
Xi3....X|q as its metadata, for example quality rating or number-of-hits. X, would be
another item with similar metadata. Let X; X, ... belong to a sigma algebra X. A
sigma algebra X can then be taken as a collection of sets, with xj1. X2, X3 Xjn as

elements of set j.

So, let X be the collection of these metadata information sets (taken from RDF
triples). Given a sample space{X Y }, a c-algebra y on a set S, is a family of
subsets of S. By definition the empty set ¢ € y and if 4 € y, then (S-4) € y and if
A, is a sequence of subsets of S, then the union (U"i-| A;) € . Thus, a sigma algebra
is a Boolean algebra as these closure properties fulfil the OR, AND and NOT
operations [Wik06]. Sets in the form of sigma-algebras have been used to model
information [DEO1] and can naturally be extended to model knowledge constructs.
There are also other algebras, but c-algebras are particularly appropriate because a

probability measure is applicable to any c-algebra, providing a computational basis

for KM [Aum76].
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4.2 Measure Theory and MLE

Measure theory is a branch of real analysis that investigates sigma algebras. Some
information retrieval uses measure theories to determine the “importance weight” of a
particular word in a document i.e. the ability of the associated word to single out the

document from the others in the knowledge base. [PP03].

Formally, a countable additive measure ( ) is a function defined on a sigma algebra

X in sample space { X, S} with range [0, ]. A measure is a function that assigns a

number to a set, with properties as below:

1. The empty set has measure zero

2. Countable additivity or o -additivity: if E1, E2, E3....is a sequence of pairwise
disjoint sets in X, then u (| JE, )= D> u (E).

The members of X are called measurable sets. If the range of x is [0, 1], then u

forms a probability measure, applicable to random variables [AS06]. This is very
important in KM because information seeking is generally probabilistic. A probability

space (X, S, i) incorporates a sample space S, defines a set of events of interest, the

o - algebra X, and its probability measure u .

Sigma algebras are linked to Maximum Likelihood Estimation (MLE) [Tul03] as
follows. Given an independent sample space X, x,......... X, , In some { X,S },witha
o -finite measure ¢ on X that has distribution f( ¥,€6) where € is unknown; MLE
can be used to find the most likely value of ©. For n observations, x,, x,......... x

likelihood of any particular value for € is given by

L (Oly) =p (y|8)= Hp(xi |@). This holds because it is known from the
i=1
multiplication rule in probability theory that the joint probability of these observations
isp (X]0)= H p(x;|6). The primary reason for constructing a likelihood function is
i=1

that, given a sample data set, one would want to solve for the values of the parameters
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that make the joint probability of the data most likely or optimal. Therefore, the first

step 1s to maximise p (y|@) by differentiating the equation and solving ford. A

fundamental result is that, as the sample size increases, L divided by the sample size n
tends to converge to a constant function. In the process, the distribution of &

becomes increasingly concentrated in the vicinity of the true population parameter &, .

4.3 Example

As a simple example, suppose a coin has probability p of yielding heads in a toss. A
number of tossing or attempts N can be done and the outcomes recorded. Recordings
can be made so that H represents head and 7 tail. Let F(p) represent the binomial
probability function. By differentiating F(p) and solving for p, it estimates the most
likely value of p that maximises the data. For a fair coin, heads and tails have equal
(0.5) chances of occurrence. So, to check if the coin is biased, one simply compares
the p with 0.5. If they are equal, then the coin is unbiased and biased otherwise.
Moreover, the degree of bias can be determined.

Applying this to KM can be explained as: suppose a knowledge item is rated as
helpful or unhelpful. Take N as the total number of ratings for a particular item from
users where H is considered helpful and 7 unhelpful.

F(p) =1 if helpful and F(p) =0 otherwise.

By taking the derivative of F(p) and solving for p, the most probable parameter is
achieved. If the estimated value is not 0.5, the bias towards unhelpfulness or

helpfulness can then be computed.

4.4 MLE requirements

As the example illustrated, maximum likelihood estimation or MLE is used to
estimate the parameters of a probability distribution function. Let X be a sample data
set drawn from some population P. In order to draw conclusions about the population
P, the probability distribution function (PDF) that describes P has to be estimated (e.g.
normal, binomial, gamma distributions) and the parameters of that PDF, e.g. its mean,
variance, minimum, maximum, etc. The tentative model is normally proposed by

simple graphical analysis of the data, some physical theory, and/or previous
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experience with similar data or other expert insights [CDKO03]. Before using MLE for
statistical inference from a given data sample, the following preparatory steps are thus
required:

(D Identify the model/probability distribution function (PDF) of P

(I)  Estimate the value of the unknown parameter(s) i.e. provide initial parameter

estimate(s) for them

When both the above are input to a statistical analysis package in order to apply MLE,
the MLE estimation

(A) Evaluates the quality of fit (of the sample data to the PDF) and

(B) Accordingly estimates the parameter value(s) of the population.

In other words, given sample data along with (I) and (II) above, MLE evaluates how
closely the data fits the given PDF, and computes better estimates of the PDF

parameter(s) of the population from which the data sample was drawn.

Example 1
For a normal distribution, the probability distribution function (PDF) is:
, 1 Lx-ul /)
F(x,.0x,| y,a-)zn(;\&_ﬂ[e 28 e, (1).
where the x, x,......... x, are the given sample values, the average is represented by u

and o is the standard deviation. Applying the natural logarithm, gives

lnf:—%nln(27r)—nln0'—[2(xi—,u)2/202] ........................................ (2)

and differentiating with respect tox and equating to 0, leads to:

D —ﬂ% _ : -
o(In f) A,U = = =0 . Solving for i, the results are y—in A and

plugging in the sample values, the estimated population parameter is computed.

For the standard deviation, we differentiate (1) with respect to o and get

J:,/Z(xi—u‘)z/n .

Example 2
The PDF for a binomial function is given by f=p*(1—p)"™ ... (1)

were p 1s the probability of obtaining a certain event, n is the number of events
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considered and & the number of times p occurred. Taking the natural logarithm, we

have In f=klnp+(n—k)In(1— p) oo (2)

Differentiating (2), gives dln p Ap —kip+(—-k) YV 3)

Equating (3) to 0, dln p Ap =0 and solving for p we get, p =1€-. In principle, the
n

proportionality gives the population average.

4.5 Sigma algebras and MLE in a Knowledge Management System

Let X, be a knowledge object with associated metadata { x;1, X12, X13....X1n } Where
an x; is for example its quality rating, usefulness, status, popularity, etc. We can view
a collection of such sets X; X, ... as a sigma algebra X if we map their range onto
the same type e.g. Boolean or a rating scale of 1 to 5. We may have a single sigma-
algebra for the whole KMS, or we may have a c-algebra for all the contributions
authored by a specific individual, etc. This is a collection of sets, with x;1. Xj2 , Xj3....,
Xjn being elements of set j. These measure values (x;;) can be drawn from the RDF
metadata captured in the KMS. Using a Maximum Likelihood Estimator on such a o-

algebra allows a system to infer the true quality (usefulness, rating, status, popularity,

etc.) of the associated items.

Selecting the metadata variables x,,x,......... x, appropriately is critical for accurate

inference. To measure for instance usefulness of a group of items X, the program
collects all the values from their usefulness metadata and forms a set. These would
then be fed into the mathematical model and the MLE computed. If X comprises e.g.
all items contributed by a particular person, then we can infer the true usefulness of
that person. Such derived information can then be used to reorganise the site

automatically, e.g. so that the most useful / popular / etc. objects appear above others.

A collection of data for investigation or c-algebra could be expressed as a matrix of

measurements X so that:
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X=| : -, i | where xj is the score on the jth measure value for the i'" item. For

example, on the x, entity, one could have x,, representing usefulness, x,, status, and

so on. If the time element is considered, a Markov Chain estimator (stochastic
process) can be used, providing different measures on the knowledge items. However,

this is not done in this work and is left for future study.

4.6 Advantages of MLE

1. As an approach to parameter estimation, it achieves a better approximation than
other estimators as the sample size grows (Cramer-Rao lower bound) [Wik06].

2. For independent observations, the maximum likelihood estimator follows an
asymptotic normal distribution [Wilk06].

3. Because MLE results are single values (convergence points) they can be used with
confidence bounds in hypothesis tests.

4. There is a lot of statistical software that provides algorithms for maximum
likelihood estimation for most of the common distributions.

5. By establishing convergence values if and when they occur, threshold points can
be set that people can over time use as benchmarks. If parameters are performance
values MLE estimates of standard deviation can be used to set upper and lower
bounds (for example, the number of contributions or the rating of items in a specified

time can be expected to fall in a specified range).

4.7  Disadvantages of MLE

Maximum likelihood equations have to be specifically worked out for a given
distribution and estimation problem and there is thus potential for errors. Starting
values are very important and MLE can be sensitive to the choice of these, and
omitting information (variables) can make the MLE very inconsistent. In addition,
MLE can be heavily biased for small samples. In certain instances, even the
optimality property may not apply. Nevertheless the principle of maximum likelihood

still holds. For the vast majority of cases, MLE is a simple and useful estimator.
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4.8 Summary

This chapter has looked at c-algebras and described how measure theory can be
applied to them. It discussed how the mathematical model can use values captured in
knowledge attributes like usefulness to estimate the true quality of knowledge items

and sources.
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Chapter 5

A Knowledge Management Framework

Chapter five describes the KM framework. It first discusses research training and
introduces the data model. The system overview is provided as well as the use cases

for the framework.

5.1 Research training

Research training at postgraduate level must impart a variety of knowledge and skills.
Some of these are domain-specific and others general. Examples of the latter are
reading, writing, summarizing, arguing, criticizing, finding and organizing
information. Students require tools and platforms to help them accomplish these
requirements effectively. Didactic style, education strategy, technology development,
appropriate selection of content, and the personal qualities of teachers and students

should be considered when building these tools [S1a96, Hes96].

This framework for knowledge management tools is based on the ideas of knowledge
management and the knowledge requirements presented earlier. The system
framework seeks to integrate skills and address the aforementioned issues in learning
to do research. Hence, it should be easy to use, and offer some added value to make
its usage worthwhile. These include finding relevant information easily, organizing
work effectively, providing space for reading, writing and critical analysis, and the

ability to measure or evaluate knowledge items.

5.2 The data model

The framework was built upon a simple but powerful data model. “The main objects
in the data model are the source (from which the knowledge emanated, typically a
human or a published work), the snippet (for instance, a posting or message, usually
one fact or idea) and the file (representing either the creator’s own work or a reference
they found)” [BKO06]. Each of these can be specialized depending on how the

framework is realized in a particular system. For example an implementation of the
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framework may distinguish smppets posted as knowledge ttems [fom soippets posted

in discussion groups or on bulletin boards.

Figure L1: Data nuedel

Ohjects in the maodel are associated with each other via directional links. Secondary
objects such as comments and ratings can be related lo any source, smippel or fle.
Snippets can reference any ather object in the model - for example. when a message is
postad about some paper (file) that was particularly useful. or shout same other

snippet that it 12 refuting ar elaborating on [3K06],

Each of the three main types of object can be associated with secondary olyects that
add wvalue lo that objecl — wser feedback and spstem meladata,  User feedback
comprises guantitative evaluations {ratings on a rating scale) and quahitalive
commments made by readers. Swystem metadata includes the mdividual who entered the
item Into the syvstem, the date on which this was done, the numhber of reads and links
Lo that item, cte. In s thesis, prmary objects are called items (i.e. snippets/postings,
sources or files) and their secendary objects {i.e. user feedback and svstem metadata)
are called knowledge properties. The model constrains lhe use ol knowledge
properties and the iems they can he apphied o according to the conlext.  The

propertics are usctul i computing knewledge quality measures. “In gencral, an ilem

tak
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of the highest quality is one that is highly rated by users; is very often read, referenced
and commented upon; and comes from a source of a high standing whose
contributions are consistently highly rated” [BK06]. Knowledge properties can also
be used to query the system in new ways, and for inferring how best to adapt the

system, as described later.

5.3 The framework

The framework is an 8-step process, as outlined below:

1. Conduct an audit to evaluate the current system and needs of users.

2. Use a weblog construction toolkit to create a simple weblog based on the data
model where snippets and files can be saved, shared and searched. Ensure that
metadata including Dublin Core [KWO01] is captured from the outset.

3. Refine its interface in an iterative manner, based on feedback from users

4. Extend the system to capture commentaries and ratings of snippets, files and any
other knowledge sources

5. When necessary, introduce incentives to encourage extensive use of the system.

6. Compute qguality measures and use simple inference to evaluate different parts of
the system

7. Make the KMS an adaptive system that uses the results of the inference processes
to extend and reorganize the knowledge structures appropriately

8. Evaluate the adaptation mechanisms along with the other features, and iterate again
[BKO06]

To fulfil the need for continued evaluation and hence system adaptation, quality
measures based on knowledge properties is encouraged. Collecting user feedback
such as item ratings can be a motivation especially to users who want to evaluate what
they read or would like to feel valued according to their quality of contribution.
Commentaries on publications give the perception that users add to what they read.
Consequently, contributors are included as part of the quality control process. Apart
from enriching the knowledge base, this improves accountability, security and

transparency.

In academia, one aspect of easily incentivising students is to let students accumulate a
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few marks fairly easily from using a KMS. Some pereentage ol student’s mark ecan
assess how well they used the KMS  for mstance, how many snippets, comments and
ratings thev contributed, and ihe quality of these.

5.4 System Overview

An overview below illustrates how the system process can be realised,

Manila Knowledge base

Himl'  Semastiic

parser < | Archrees, himl docum . Fronfiar

trans formations
Al
fax
_ Synidication
Rdschems ar_ ;
[ ek W phing pss

System re-prganisalion

l

¥, . .
Statistical Processes! [ntellipent arpents.

it | {statistical softwarce)

- »
Inference Dcisions

Figure 12: System process Overview

Iiirstly, the semantic weblog is constructed. By providing suitahle RDF schemas, RSS
can be extended to melode more metadata vize numencal values and Booleans that

can then be used for gualily measures and statistical computations. From this,
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inferences can be made and the system reorganised accordingly.
5.5 System Use Cases

Based on KMS requirements as outlined in chapter 2 the main use cases for the
framework were formulated. The use cases below illustrate briefly the types of user

and how they interact with the system.
»
contributes
and reads -

reads only/
limited items

Y

editor member

non member

Figure 13: use case
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Editor:

1. Manages KMS

2. Edits any postings on the system regardless of who posted it.

3. Selects quality published works and puts them in appropriate places on the system

for easy access by readers.

4. Searches for knowledge material for users if asked to do so by members.

5. Regularly reads the incoming news from aggregators and subsequently saves

important work in appropriate places.

Member

1. Contributes papers, postings, comments, discussion, topics and critiques. They can

also edit their own work.

2. Does evaluations by rating knowledge material on the system.

3. Searches the system for needed knowledge.

Non Member

1. Reads only some public knowledge resources on the system.

Table 1: Use Cases

5.6 Use Cases for the KMS Editor

subscribes

to weblogs
grants access

Ppermission

t:h:enfslggtezms uses - code editing
extends
pubtishes work
to home page

Figure 14: Manage KMS explored

I

editor
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Editor:

1. Subscribes to other weblogs by way of syndication so that external knowledge

items can come in as syndicated news summaries.

2. Gives access privileges to members.

3. Sends items for syndication elsewhere

4. Configures the system for better system usage.

5. Extends the system as new functionalities becomes possible.

6. Forms groups and establishes links through discovered interests of the participants.

7. Sends news bulletins to members.

Table 2: Use Case 2 — the Editor

5.7 Summary

This chapter has discussed the composition of the envisaged framework and the

details of how users should interact with the system once completed
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Chapter 6
Prototype KMS Design

This chapter outlines the design of a Knowledge Management System called KC, the
Knowledge Centre, a prototype KMS for research students based on the framework.
It outlines an audit of post-graduate students to discover current practices and needs.
This showed that, while several structures were in place as a result of research
laboratory activities, participants desired a better knowledge management system,
although several said they would only adopt this if it was sufficiently quick to use and
provided noticeable benefits. This chapter then discusses the prototype system
organisation, and the object lifecycle in KC, ending with a description of the

knowledge properties that are captured.
6.1 Knowledge Audit

A survey was carried out to identify the difficulties postgraduate students were facing
in seeking and managing knowledge. This was followed by interviews, focused on
what students thought could be the remedy to the problems. An assessment of the
existing knowledge strategies was also conducted and a simple feasibility study done

to determine if a KMS would be used.

Through the feasibility study, it was realized that in most postgraduate education,
there was a need for KM software especially since it is becoming increasingly
difficult to do research without collaboration. In the computer science department,
research groups were in place with basic websites often used for notices and

advertising. However, certain individuals worked in isolation.

As with many other Universities, there was no specialized software that can be called
a KMS. At undergraduate level, however, a lot of effort has been put into organizing
repositories for course material, submission of assignments, commenting and
displaying of results etc. on web based software which is most successful. Students
were asked how they searched, stored, shared and disseminated knowledge. It was

realized that, like industry, universities are also looking for KM software.

39



A questionnaire was formulated, based mostly on the KM auditing questions and
ideas from epistemic theories (See Appendix A). The interviews engaged with the
participants to obtain a feel for their working environment and ensure a thorough
investigation had been done.

The results of the investigation are summarized as follows:
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1. The web as the major source of knowledge

2. Problem in seeking knowledge

Yes

Others

Yes

No

90%

10%

92%

8%

3. Second Sources of Knowledge Apart from

4. Willingness to share knowledge

5. In support of KM System

the web
e-mail Books Others Yes No Yes No
(discussion)
18% | 63% 19% 63% 33% 81% 18%
6. Could still do with the current system 7. Access to group knowledge 8. Any order in data storage
Yes No Yes No Partially Yes No
9% 90% 63% 36% 1% 63% 36%
9. Already sharing his/her knowledge 10. Need software to structure knowledge
Yes | No Yes No Not sure
27% 72% 90% 9% 1%

11.What communities to share knowledge with

12. Usually got what they were looking for.

Any

Some

None

Yes

Partially

Others

63%

36%

1%

8%

92%

0%

Figure 15: Analysis: shows the results of the survey:
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6.2 Audit Analysis

According to the above results, there was a high dependence on the Internet for
material. Still, paper based publications are used considerably. About 63% of the
readers who use the web also indicated they get knowledge through journals and
books. From interviews, this can be attributed to among other facts, order of
presentation of content and source confidence. Another reason given was that some of
the knowledge material uploaded on the web is not peer reviewed. About 27%

indicated they used other sources, particularly lecture notes and e-mails.

6.2.1 Knowledge search

More than 92% indicated that they experienced problems searching for material.
Some felt that it was even difficult to know where to start unless one asked people
who know. Others raised the following dissatistaction:

1. It takes too long to get to the required knowledge and sometimes one would
have even forgotten what they were looking for.

2. Searching the web brings about too many results, and it takes time to sift
through material for relevance and in some cases one is not even sure about its
credibility.

3. Search results are not ordered by author, and regrettably, some of the materials
don’t even have dates.

4. Reading books is not only time consuming and expensive but it is also hard to
find the better ones.

5. Some online research publications charge for access.

Over 95% of the respondents clearly indicated they only partially get what they
needed through the Internet and paper-based publications even though they earlier
indicated that these are their main sources of knowledge. Consequently, about 81%
suggested that a better tool to manage knowledge was needed. This seems to confirm

the earlier assertion that education systems, just like the corporate world, are in need

of better KMS.
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6.2.2 Knowledge Accessibility and sharing

63% acknowledged having access to shared group work. In further enquiries on how
the current systems worked, some other knowledge sources were:

1) group meetings to discuss research problems. 2) publications accessible through
shared files. 3) talks and colloquiums. 4) news groups and online forums. 5)
discussions with supervisors.

Clearly, all these ways of knowledge sharing are traditional as they do not seem to
meet the requirements of knowledge theories. They can in fact be viewed as
prerequisite to better KM. As stated, earlier on, the vastness of knowledge today,
coupled with the swift changes in KM strategies, much more advanced ways of

sharing and managing knowledge are required.

6.2.3 Knowledge Restructuring

The survey showed also that about 63% of the participants have their work stored in
unstructured and unorganized ways. Earlier findings in literature illustrated that about
80% of organizational knowledge is in unstructured form. It thus seems that

universities contribute substantially to that problem.

The other problems the respondents faced with traditional arrangements were:
1) Knowledge items are not usually stored in a logical order within directories.
2) People do not know where to document what’s relevant or are lazy to do so.
3) Much of the knowledge material both on servers and hard drives is not indexed,

therefore, searching for specific papers or unpublished work is tedious.

Further enquiries through interviews on how people managed their work gave the
following information:

1) A few stored knowledge items in hierarchical structures usually in files and
directories but often not sharable. 2). some stored knowledge according to date and or
topics.

3) Some stored knowledge in a manner that only their supervisors could share it but in

most cases only the individual had access himself.
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Only 27% indicated they were unreservedly sharing their knowledge.

Some of the answers given as to why people were not sharing are:

1) simply because no one was asking them; even though, that could mean people did
not know they had the knowledge. 2). There was no proper forum to do so 3). absence
of proper tools to structure knowledge so that it can become easily sharable. 4). some
gave privacy and security reasons as the only impediment to sharing. 5). 63% were
willing to share knowledge with any one, while 36% were eager but only with a class

of people.

The three first reasons go to prove that, in spite of the research group arrangements
and other forums established for knowledge sharing, there seems still to be a very big
gap between what students want and what they actually get. There was also a lack of
well-defined ways of describing what is in the knowledge item before one can read all

of its content,

It was also interesting to know the kind of KMS students anticipated and the
suggestions below were captured:

1) 50% of the respondents could only embrace the software if it was quick to use.

2) 8% were only interested if it was easy to use.

3) Some suggested however, that they could only make use of the system if it was
able to fit in with the way they did their work and with the software tools they were
using.

4) 33% would use the software any how as long as it would provide what they
wanted.

Usability and security are some of the issues raised by the interviewees. Even though
these do not appear as critical success factors and in the knowledge audit trail, they

are very important and should be considered.

6.2.4 Audit Results Summary

It has been observed that there is not much difference between the general KM

problems the world is experiencing and what is faced by institutions of learning. This

to some extent shows that, KM systems generally require similar strategies. Despite
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the availability of powerful computers and networks, there is still a lack of effective
KM tools to leverage knowledge. It was learnt also that effective knowledge

reorganization and representation strategies are vital to sustainable education KM.

Some of the common problems research students experience are: difficulties to find
relevant sources (such as books and articles), a feeling of isolation at times caused by
lack of feedback, uncertainty about the direction of their efforts, and unwillingness to
write up and or present their work without clear benefits. Time is wasted on poor
ideas simply because these were not shared with those who know better. Even though
research laboratories may host seminars and paper archives, students are often

reluctant to utilise these.

Other hindrances could however, be attributed to cultural issues such as the will to
share and contribute. It is also clear that islands of knowledge exist in research group
databases and websites but the absence of a coordinating system makes it difficult to

discover them. Hence there is need for a well defined knowledge management system.

6.3 KC organization

The KC system is made up of four basic types of page.
[. Introduction : pages that introduce the site and the institution
Il Search : pages used for querying and searching content
III. Browsing: pages used for navigating the content

IV. Contribution: pages for contributing one’s own writing and/or files

The Introduction pages are: a “Getting Started” page (which briefly describes the site,
its purpose and organization); a “Departments” page (which describes each of the
main sections into which the institution is divided) and a “Subscriptions” page (which
lists the sites from which RSS feeds are obtained). These pages are not intended for

regular use, and are mainly targeted at newcomers.

The search page permits searching all or part of the site, and also offers the ability to

search relevant sites elsewhere on the Web (these are maintained by the site’s editor

45



and should include the most useful online sites, bibliographies etc. for the institution).

The Browsing pages include a File Manager page (which presents the hierarchy in
which files uploaded to KC have been stored), a Bulletins page (which comprises
notices from the editor); a PublishedItem page (items that are in the public domain are
shown in reverse-chronological order here) and an Aggregator page (items from other

sites in reverse-chronological order, each comprising a summary and link).

There are two types of contribution page. The first is a Discussion page, with
postings arranged by topic or by contributor, where members can add new items to
any discussion they are reading. The other is the Unpublished Work page, where any
posting is composed and kept until its author chooses to publish it - to Published

Items and/or the File Manager.

Each page has the same format and layout which includes a navigation panel on the
left. The Published Items and Discussion pages have a calendar in the top right corner.
It is unnecessary to make Bulletins the home page since these are emailed to members
anyway and should not change often. In fact, the home page is customizable, in that it
can be the File manager, the Discussion or the Published Items page, depending on

user preference.

Regular users will mostly look at their (personalized) homepage, i.e. they will start
with the discussions (to check the “hot topics™), the published postings (to see the
latest items posted anywhere relevant), or the file manager (to retrieve something they
have read or stored previously on this system). They will typically switch between
these three main pages, reading and adding new contributions as the need arises.
Thus the site can be seen mainly as a knowledge repository, where users save files in
their own personal Directory folders arranged in simple visual hierarchies and check
files saved there by others, or in specific subject categories. At the same time, it can
be seen as a forum for sharing of personal ideas (discussions and postings) and of files

(in the directory). Screen shots of sample KC pages can be seen in Appendix B.
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6.4 KC object life cycle

The abject life ¢yele describes how creation and manipulation of the knowledpe 1tems

procecds,

Croare Options

hlak e Optzon Kllectivg

Merge Option and ongina Recvele

R estore

Figure 16 File {item} cycle

When an Item 1s created 1t becomes a work i progress. Work in-progress can be
updated and alternative versions saved, A file remains a work-in progress until
released by its author, Then. if accepted by the editor. it 15 added to Published Work.
A published work 15 effectively a pre-release suitable for testing betore external
releasce (syndication). Before an item s syndicated, quality measures are collected for

it. Eventually, released items are archived or deleted {archived items can be restored).
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6.5 Object progress through KC

The figure 17 below illustrates the different sides of KC and how objects such as files

can progress from when they are introduced into the system to their final destination.

Subscription
Discussion Page QUERY &
Page
LINK
4
3 Aggregator
/
N BLOG —3 Summaries
File <
HOME
Manager
. PAGE
OWN
RSS
For release .
Single

page

Item \‘

Comment/Rate

Figure 17: System Structure [BK07]

Numbers show how work items progress from private pages of the file manager to

publication on the blog and externally.

Given that the KMS straddles technology, psychology, inference, etc. it is necessary
to keep a thorough definition of all primary items. The same metadata must be kept

for all items on the same kind of page.

6.6 Knowledge properties

The measure of quality in an adaptive system is a continuous process. Based on this, a

system can be used to provide information about the current status and predict future
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trends. With such knowledge, the system can be reorganised appropriately. The
knowledge properties implemented in KC comprise both system metadata and user
feedback measures. The system automatically collects the following metadata for
each KC item (source, file, snippet/posting): author, entry date, number of reads,
number of links to it. More metadata can optionally be added by members: topic,
certainty value, originator (from whom the file was obtained) and reference. The
editor is also able to enter the status (role or job) of each contributor, such as lecturer
or student. Three types of quality feedback measure can be supplied: The usefulness
of a knowledge item (snippet or file) is a Boolean scale where readers rate the object
as either useful or not useful. The rating of an item is selected from a scale of 1 to 5
(e.g. poor to excellent). Lastly, a comment is a textual note on the item, which is not
interpreted by the system but which is used as a measure of interest in the item e.g. in

identifying “hot topics”. The system keeps a record of who gave the feedback as well.

From these knowledge properties a number of additional quality measures can be
derived. For example, the popularity of an item can be computed from the number of
times it has been read, commented upon, rated or linked to; the quality of an item can
be derived from certainty values, usefulness and rating values given to it; similar-
interest groups of people can be identified based on what they write, read, comment or

rate; etc.

6.7 Summary

This chapter has discussed the main features of the prototype. These include KC
organisation, the file object process as it moves in the system, and knowledge

properties (metadata) that is kept. It has also given an overview of the KC pages.
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Chapter 7
The Manila Content Management System

Chapter seven discusses the Frontier database system. It then outlines how web pages
can be easily developed using this data base. Manila software is introduced as a basis
for the KMS development. A brief account of Frontier tables in the development of

KC 1s also discussed.

7.1  The Frontier Database System

The Manila Content Management system [Fro] was used to build the prototype KMS.
Manila uses the Frontier database system [Fro] as its back-end. In Frontier,
everything is kept in tables, even scripts, which are pieces of code that interact and
manipulate the database. Tables can be nested and are arranged in hierarchies. A brief
account of the top-level tables is as given below:

s Scratchpad: is a temporary storage area used for developmental work.

o Suites: are related scripts and data that have a common purpose, for example RSS,
or for receiving e-mails and storing them in the database.

e System: keeps the agents that run in the background, system scripts, and template
scripts that users can extend. Agents are useful for triggering important
operations, for example (system.agents.schedulerMonitor) calls the scheduler,
which manages scheduled tasks.

e User: is where development of a specific system occurs. This table stores the
scripts and data. The data is in fact stored independently of the script and if there
are any changes in the structure of the script, the data remains intact.

e The workspace: is designed for testing by developers but, unlike the scratchpad,

can store work permanently.

Every object must have a name, value (or content) and data type (kind), so all tables
have three columns: Name, Value, Kind, as shown in figure 18. Their rows can be any
mix of item kinds. To name but a few kinds, there are Boolean, character, number,
float, date, direction, string, enumerator, file specifier, alias, object specifier, address,

table, WP-text, picture, outline, script, menu bar, list, record and binary.
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Managing XM L-structured mtormanen 11 Frontier 1s easy. A script that would read an
XML file, compile it into a database structure and then open 1t in a new window 1s
shown below:

Local (t="“ Cxml emtmyKnowledge.xml™ )

Local {aditable —

eexmlitem. myKnowledge 1ableStructure)

xinl.compile {file.readWhaleFile (1) , adrtable)

cdit (adrtable)

If myKnowledge xml contamed:|

<IPXMIL VERSION— 1.0

“myKnowledge usemame—"" Victor Katoma™>
<research>KMS='rescarch>
“imlercsi=qualily measore<inferests
<address>=room 300</addresss
<university= L CT</aneversitys
<imyRnowlkedees

then s content would appear in the Frontier table as shown below:

>mvKnowledge 5 1tems Tablc
>/atts 1 itemn | Table
»ysername Viclor Kaloma String
research KMS String| 3]
sinterests : Quality String| 7|
raddress Room 300 String| #]
Funiversity LCT String[ 3]
i

Figure 18: XML in Franticr

The language used in Frontier scripts is called Userlalk [Fru]. Here, any object can
have a value of any type regardless of what it initially had (not strongly Lyvped

language). Scripts can work together and imeracl in the databasc. This way. a




complex but well structured program can be achieved. To aceess an object, one has to
specify the full path, eg: {G["CuApplicationsiFrontier: GuestDatabascsapps':
namefitent.root”] nameOtitem. respond). In ghort one can write (@[ f].KC.msg. Such
referencing of objects discourages changing ol {older names or the darabase location

on the disk.

7.2 Developing web pages

Manila is built on top of Frontier as an micractive tool for website management. For
the user, it engbles the use of WYSIWYG for simple tasks and directives such gs
sending e-mals and syndication instead of having (o write HITML. On the developer’s
side, more complex HTML and Java seripts can then, via the #prets menu that links

Mamila and Frontier, be added to these saved pages.

Weh pages can be developed rapidly simply by using the index object. In the hgure
helow. one simply creates the kmresearch table under the root table. The kmrescarch

tahle would condain the index object as show in figure 19,

. " ;

o | L
Fia o '"wea jrami Fprnet (ool Tghe Saeaes =% ¥ -
CEH e &AW e - s o D B s T s Saaened = simen il = s s . A

B -

Walewr  Kuna

Spiy sy |
b kmses ch cBrems gtakle |
(L 1

Wi M Agraa flan e
TYiasLars 0 A== lab =
P I% darm 1amnic
el 8 ilarg HE
wernlai: .3 linew "uitire
|y 1 naras bk

| ckanctars  wpie |

Drwe= g | o= = ™ hDC}.ﬂdﬂ.mg @-.‘.r“-=:-.‘:'.“',

1 = W Evgshiscs

FagE | m It

Figure 19: Development of the web papges



This gmves the vew page the index value and a plam window then comes up. as 1l

would appear in the browser,  Subsequently, the HTMIL code generated 15 shown

helow:

=hEr":

Sy

ATt te-HoressTiT T e

VETa namos IEaEcaTas Y ocortentetrrartier 5000wl AT Y easbea 4 I . o
sbduy ogoa ar="w"Errrr AlAr<mTHOGESOUT W | Tdmt ABOSQE0 Trkm’ FOOMTOFF et R AT L e

= A00 Sy
Rl

Figure 2z humnl weperation

To write something in the page, the index has to be opened tor the page that has been

created and the text included as shown below;

T e E o T T N Y e

ChtA i A sl anr mobeE Eerrp e sl e kRl Slecele Len woily et o e

oy are fon avernal @ikt an |

T ¥ =] [

Figure 21: Indexing pares

By rendering that 1o the browscr the out put comes out as follows:
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:1 foy Hionisr FHobes Macrnsald Dietes oed Expluress
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@H.—_ul. = 1-') LEH @ {(:}1 _’)’_".': Search "-r-:l';-‘F:w:u'ltﬂs E :,_g- _# =

ALy ﬂ i e ik e e s s e sl d e im| L'ﬁ_l‘ﬂﬁn Liriks

[ L

Thig ts welere all cowr metes conpled Tooally gre kept,. Stodents can eazily access them "Pheyw o tier

intrTmal cirialiabioe

& M ? Local mtrarest

Fizure 22: rendercd paye

To customize pages, one uses the collection of lcatures as shown in figure 23, Some

of these are very simple, for example. to alter the backeround colour, the #prets

feature is selected and then in the slot “hacolor” one simply tvpes in tor example

“white” (Fromticr translales to hex {or you).  Others involve using macros, e.g

HmageRet (Msomepic™)) or fimageRel (somepic”, hspace:2, border:2, wadth:100)}

invokes the Frontier macre that gencrates a relative link to one's image in the

“somepic” file.

Fre Pl Mar il WeHEG M HTED Scobneebs Tuds Table  wAncos

inklmnraknics | 1B charavlers

Mz W o
kenrospan e ]
LA =T Zilemns
F HpLits -d it
FoRplnanArs = itmrres
B oFEmaces 1 11am
|
| axdlineleed: HilTs
| aunk Daooao
{ 3l e {FFFFFF
fiRende IIruEl
lris IIIIIIIII-I-
| zpavel>if |sRarn
| * LRl iEII:I:II:Cl:I
i ul Mk IBL'I'.IUEU
| #Mormplatn T
| * Maulc |1 rems
i ind e E1 rharartnrs

fand *} Sot =

Wind =
[tabte
(tabic
[tabne
Pk

boolsan
Taliing [E]
Sz [H]
(Bnnl=ma
{=tang [2] |
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Figure 23: Adjusting YWeb Pages Prapertics



Everything that is needed to configure the page is in the list above.

“Template” is used to provide a default look to all the pages (for an example, giving
borders, or referencing the {clock.now ()} macro to show the date and time).

The #renderOutlineWith feature for example is used to create structured text, as
distinct from one long piece of writing: one selects from a number of predefined text-
structuring styles using the #renderOutlineWith directive. One can choose a
predefined style that employs white space, font size, bolding, indentation and so on,
making headings and subheadings more readily apparent.

To create links to other pages, one simply gives the page title in quotes within the text
for an example, “Bulletins”. External pages one would like to link to frequently can
be entered in the Glossary and then subsequently referred to in the same way. The
nextPrevs facility allows one to drag pages (by their arrowhead icon) into the correct
order and then Frontier’s linkPrev and linkNext macros automatically direct the

browser accordingly.

System development normally occurs on local drives. There are many ways of
publishing to the server but the easiest is to publish to files and then manually publish

these files to the server.

7.3  Manila’s built-in macros

While scripts are used in Frontier, macros are used in Manila. The main work of
macros is inserting text in the web page and returning a value. A macro of the form
“{metaDataMacros.query(metaname,metavalue)}” would for example let one get a

“knowledge” article by specifying {metaDataMacros.query(“Topic”,knowledge)}.
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Table 3 shows Manila’s built-in macros.

app base64 basic betty bit clipboard clock

coercion com core date db dialog dil

editMenu export fatPages file fileMenu Finder Frontier

html inetd kb keywords | launch log macros

mainResponder | menu misc mouse objectModel | op operators

osa people pict point quickTime re rectangle

required rez rootUpdates | scheduler | script search searchEngine

semaphore soap speaker stack string SVS table

target tcp thread ubase webBrowser | webServer | window
winRegistry | winShell wp xml

Table 3: Manila built in macros

The list of verbs for just the dialog macro is as shown below:

e dialog.alert - Display an alert dialog.

» dialog.ask - Get input from the user via dialog box.

e dialog.confirm - Display a confirmation dialog.

» dialog filelnfo - Display a file information dialog.

o dialog.getlnt - Get an integer from the user via dialog.

o dialog.sctltemEnable - Enable or disable a dialog item.

o dialog.showltem - Show an item in a dialog.

e dialog.threeWay - Display a dialog with three buttons.

o dialog.twoWay - Display a dialog with two buttons.

« dialog.yesNo - Display a Yes/No dialog.
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o dialog.yesNoCancel - Display a Yes/No/Cancel dialog.

7.4  Manila as a basis for KMS development

Frontier communicates over TCP/IP. For example, it can act as a client and can
communicate with the FTP server to upload a file and with the HTTP server to check
whether links are binding. Unlike some content management systems, Manila uses
remote procedure calls (RPC) and simple object access protocol (SOAP), and is
therefore compatible with most of the internet protocols. This makes it an effective
distributed management system, appropriate for knowledge management. This
database is however unreservedly open giving access and configuration rights to
almost anything including system objects. The idea is to give the developer freedom
to exploit the full potentials of its functionalities. This means, all the variables in
scripts must be declared as local otherwise system variables may be inadvertently
changed. As an object database, Frontier has high performance and uses less

memory. This is because objects only occupy memory when they are needed.

When KC was extended to capture Dublin Core [KWO1] metadata, and the query
facility was extended to incorporate this, this was easily achieved because Manila
provides for RDF generation automatically. While the semantic weblog can be a good
product of the Frontier/Manila software because of easy web publishing, the Frontier
database system goes way beyond this. It is a powerful and independent database
system that can be used for storage of notes, electronic mail massages, organised
outlines of electronic mail accounts and records of user on a local area network,
outlines of projects and reminders about appointments, all important to knowledge

management.

7.5  Frontier tables used in the prototype KMS

The main Frontier tables that are used in the KC prototype are:

Navigator: Stores the site structure, having (URI, author, type)

Bulletin: Stores all the bulletins sent out and it has (bulletin text, date, author)

Filer:  Stores all the files and has (author, date, type of file, size, title)
Membership: Stores particulars of members and has (name, email address, country,

profession).
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Aggregator: Stores all collected knowledge items from different sources and has
(URI or source, date, title, topic, author)

Stats: Stores the statistics that can be used for inference and has (numberOfHits,
topic, author, date, URI or source)

Metadata: These tables store all metadata in the system: name, status (e.g. lecturer)
and standing (expertise level) of sources; author, URI, topic, sub-topic and certainty
value of snippets and files; comments, usefulness values and ratings along with the
reviewer name; originator (person from whom a file was obtained); etc.

MetaSearch: Indicates which metadata can be used in the Search page specifically;
its entries are author, topic, sub-topic, body, publisher, date, title, originator, etc.
Published Page: Stores information about the Published Items page and has (author,
URI, quality, topic, title, status, standing)

7.6  Summary

This chapter has described the system used to build the prototype. Clearly, this makes
system development easy and quick yet achieves complicated functionality, an added

advantage for KM systems. Some screen shots have been provided in appendix E.
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Chapter 8
Statistical Analysis in KC

This chapter discusses statistical analysis and its use to improve KC. It demonstrates
how R statistical software is used in the application of MLE in KC (inference). A
multivariate analysis is also provided to compare statistical values and some visual

outputs described and analysed.

8.1 Improving KC using knowledge properties

The knowledge properties of primary objects can be used to evaluate and improve the
KMS. Recall that these comprise metadata (author, date, number of reads, number of
links to the item, certainty values, topic, originator and status such as “lecturer”); user
feedback (usefulness indicators, ratings, comments); and derived estimates of quality
(based on status, usefulness, ratings, certainty), of popularity (based on number of

reads, links, comments, ratings) and of similar-interest groups.

To optimise the use of KC, simple inference is used. The idea is to have a system that
is flexible and adaptable. Knowledge properties extracted from KC are input to a
Maximum Likelihood Estimator [R FSC05] in order to estimate the population mean,
median, minimum, maximum and quartile value. The results can then be used in KC
as follows:

1. displaying icons alongside an item to represent any of its knowledge
properties, or its derived quality or popularity
re-ordering lists based on quality or popularity
explicitly showing derived similar-interest groups and their members

explicitly showing the most highly-rated items and the most popular items

A

showing the overall quality/popularity of the entire KMS, or of any of its

pages or discussion topics, so as to monitor how this changes over time.
Most of the KC pages can benefit from these automated improvements. Items on any

of the contribution pages can be re-ordered by quality or popularity. This can also be

applied to files and directories, so that the most popular or best quality appears on top.
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The next section first shows how MLE is used to derive statistics for the population

based on sample data.

8.2 Using R for MLE

Quality measures and quality control are centred on the use of maximum likelihood
estimation over a data set. The significance of using MLE in KM is to have:

I) the ability to identify knowledge points of convergence/concentration. These are
data points with maximum expectation of occurrence.

I1) ability to find and to show information clusters and trends.

[1I) ability to learn and adapt by, for example placing the data with high likelihood of
being good quality on top of a page.

KC is integrated with the R statistical analysis package [FSC05] so that MLE can be
applied to the knowledge property values, as show in figure 24 below.

R Program
Library files
A
KC XML Input data object » R
Translator/Formatter Results, graphs and values

Figure 24: R software

A simple synopsis of the MLE program structure in R is as follows:
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These are the specifications such as data file, output file, data specification, the model

and run specifications (e.g initial mean)

MLE

TITLE="..."
MAXITER = 100

DATA

END
MODEL
<Expression>

RUN

END

OUTFILE (“mykcoutfile.out™)

<Data specification>

<run specification>

DATAFILE( mykcdatafile.dat™)

Figure 25: R MLE Model

8.3 Using MLE in KC

MLE can be applied in different ways according to the complexity of the desired

results. Here, three examples are given, two of them based on normal distributions,

one on binomial. The names of contributors (participants) in the tables are abbreviated

for convenience.

Example 1 — normal distribution

Students 1 2 3 4 5 6 7 8
Contribution Probabilities 0.11 0.14 0.10 0.22 0.08 0.25 0.07 0.03
Names \% B S M K D N W
Status Student | Student | Student | Student | Student | Student | Student | Student

Table 4: contribution frequency

The data in table 4 was captured from one of the contributions pages. This was to

determine the contribution frequency over a given topic. The number of contributions

by each individual on that topic was first converted to a percentage (of items on that
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topic contributed by him/her).

Histogram of probabilities

30

25

Frequency
1

05

00

[ T T T T 1
0.00 0.05% 0.10 015 0.20 0.25

probabilities

Figure 26: contribution bar graph produced by R

Figure 26 is the graphical representation of the data in R, suggesting a normal

distribution. To check the distribution, we use the input below:

> h<-hist(x.norm,breaks=15)

> xhist<-c¢(min(h$breaks),h$breaks)

> yhist<-¢(0,h$density,0)

> xfit<-seq(min(x.norm),max(x.norm),length=40)

> yfit<-dnorm(xfit,mean=mean(x.norm),sd=sd(x.norm))
>plot(xhist,yhist,type="s",ylim=c(0,max(yhist,yfit)),main="normal pdf and
histogram")

> lines(xfit,yfit,col="red")
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noermal pdi and hstogram

=

Figure 27: Fitling a normal distribulion graph o sample data in K.

Figure 27 shows the output of how a normal distiibution graph 1s Gited to the data o
R. R gave the tollowing results:

summary({ probabililies)

Min, lst Qu.  Median Mean 3rd Qu, Max.

00304 0.0775 {1450 0.125{) {01600 0.2500

= fitdistr{ probabilites. "normal ")
meat sd
0.12500000  0.07053368
(1L02393742) (0.01763342)

From the above values, it can be deduced that, the averape or most likely posaibility
ot contributing is 0.125 and the lowest 0.03. The high value for the mean implies that
the 8 particrpants were contributing ¢qually to this tome, indicating that the topic is of
wide, general nlerest, Such topies can automatically be placed on twop 1o the list of

toples on KC.
Example 2-Normal disinibution
Figure 28 displays the number of reads an stem gets, nonmalized to values hetween

and 1. These values are ol interest i cvaluating a topic or a pnmary object. In this

example the items were all comtriboted by one individual.
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= sumumary(reads)

Min. L 51 Qu. Median Mean Il Qu. Max.
0004902 0021140 0040440  0.041670 0060660  0.0857R0
From the results abowve, the average proportion ol reads 1s 4.2%, the mimnmum 0.5%
and highest avound 8.6%. If there are many items. this indicates a high bikelihood that
people will read a contribution from this person, and the site can be adjusted o take
advantage ol this. A similar computation for a specific discussion topic can mdicate
s popularity; and if the mean is low, it can be deduced that the topic was not very
relevant, so the KMS can move this to the end ol the topie lise.

Lxample 3 — binomial distribution
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Example 3 contains data obtained from assessments of students’ research proposals,
which were judged as useful or not useful. An analysis on the usefulness of content

was done and the following were the results

summary(usefulness)

Min. 1stQu. Median Mean 3rd Qu. Max.
0.0000 0.0000 1.0000 0.6667 1.0000 1.0000
> sd(usefulness)
[1]10.4815434
> fitdistr(usefulness, "normal")
mean sd
0.66666667 0.47140452
(0.09622504) (0.06804138)

Since the value of content is either useful (1) or not useful (0), the data follows a
binomial PDF naturally. MLE for the mean was 0.66666667. If a threshold point was
0.5% which is normally the case, then it can be noted that 67% would be a good
result, so in this example it indicates that those evaluating the proposals found them a
useful collection, which can be indicated on the KMS with a usefulness icon showing
about 2/3 1.e. well above average. The median being 1 also shows that most proposals
are useful. When similar analysis is done for a topic or for the set of contributions
from a specific source, results can be used to highlight particularly useful ones or to

re-order material, etc.

One advantage of MLE is that, apart from seeking to optimise the quality measure of
knowledge which is the ultimate goal, the intermediate steps and results (through the
use of libraries and run specifications) can be used for inference to reorganise the
system. These include the mean, standard deviations, maximum and minimum values
and inter-quartile ranges. In this way, MLE can in fact be seen to deal mostly with

value and state of knowledge and value and state of KM as a whole.

Apart from the mean value that is generated by MLE, the other values can also be

useful for KMS. For example if the 3rd quartile value for data on reads is high, it is
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clear that items (from this source or on this topic / page / KMS) will be read by most
people; if the first quartile value for usefulness is 1 it is clear that most items (of this
source/topic/page) are useful; if the median over all ratings (of a source/topic/page) is
high then the majority of those items are good quality, etc. When such values are
higher or lower than a threshold value, the KMS can automatically annotate the
corresponding object (source/topic/etc.) with an appropriate icon, and/or move it to a

more (or less) prominent position on the site.

8.4  Multivariate analysis

Table 6 below shows sample values extracted from KC pages. An analysis was
carried out showing how knowledge properties could be used to deduce meaningful
results for KM.

Snippet represents the item considered, date is the day the item was posted, reads is
the number of times the item was opened, author is the initial of the contributor and
status distinguishes lecturers (1) and students (2). Usefulness is the Boolean value of 1
if the item is useful or 0 otherwise. Rating(ranking) is a measure chosen from a scale

of 1 to 5, with 1 being worst and 5 being best.
Data Input:

> measure<-data.frame(,date, snippet, reads, author, usefulness, ranking,)

> measure
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Table fi: data ohject for multivariate analysis

For cach of the disiributions from the sample data, MLE can be computed by taking,
some of the values such as the mean as initial estimates,

Surmmmaries

Min 1" Qu | Median [ Mean [ 3" Qu Max

=rummaryt Usclulness) 00000 | L0000 | 1OMM 06667 | L.OGG)  LOOH

Fsummiary( Rating) L0000 | 20000 | 3 0000 2875 4.00H} 5.004}

CesummaryiReads) 400 | 1375|3300 |338% 49500 7000

Rumimaryl Status) 100 24K REIN 1.958 & 2,000 2000

Table 7: Analysis suniotaries
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From tablc 12, the uscfulness of the 1lems was above averace with mean value of
0.6667. This means thal, the contributions were very relevant to the point of
discussion. Lven il the content was relevant, the rating in certain ¢ascs was very poor,
The mean was about 2,875, indicating that mast of the items were ranked average.
This sugpests that participants have uscful ideas to contribute but that these ideas
could have been presenied better. This shows that uscfulness and rating are different

indicators and 1t 1s good to keep both knowledge propertics,
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Table 8: Placing of item on rating scale

in the above example ratings were done by the fecturer, but in the future it is hoped
that participants would have to evaluate items and rate them, This can easily be done

by the use of the voting page as shown m figure 45 1 the appendix.
OUn number of reads, the nmmun was 4 and the highest 70, This shows that there isa

considerable range, and so a list of most-read items is valuable, The status average of

1 958 indicates that most participants are students (value 2). In this case one would

i
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look at bringing more leeturers em the system.

8.5 Visual knowledge measures for KO

In addition to the statistical results obtained from MLE, R is alse vsed to pencrate
visuals that can show how successful the different primary objects in the KMS arc.
Tables, boxplots and cluster diagrams are pencrated for KO, some cxamples of which

are shown here.

Table 9 shows the number ol useful snippets and the number that are not, 10 this case
16 were and 8 were not. The data came from one topic on the discussion page.
showing this discussion was fairly useful but not very.

-,

» table{analysisSusefulness)

(I fnot usctul) 1t usctul items}

5 16
|

Tahle @; Usefulness of items nn one discussinn topic

Table 10 below shows the initials of participants, the number of items they
cortobuted that were uselul and the number that were not. This shows almost

cveryone made some vscful contribution{s), but those who contributed many itemns

were not alwavs uscful.

D L
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— ; 15
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Table 10: Participants (Initials) and mumber of useful itcns
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The boxplot below (figure 249} shows the spread of ratings against number of reads.
Boxplot{ rcadsi v-axis), ~ratingix-axis})

This shows clearly in a visual way that Tughly rated #lems are read more often
(minimuwm just below 20 reads) and that the average number of reads increases as the

rating increascs.
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Figure 30 shows the dot chuart generated for number of reads per snippet, and tigure
31 shows the rating obtained by these same snippets.  The two diagrams are very
different. showing that number of reads and ratings are two very different knowledge
propertics. Figure 31 also shows that mere recent items (smaller smippet no.s) have

been read more than older items, indicating that usage of the KMS has grown over
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Figure 31: Snippet number (y~axis) and ranking (x—axis)
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Figures 32 and 33 below show some of the pages gencraled fom statistics ol KO

usage.
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Figurg 33: hourly hits
Figure 33 shows the number of hits on snippets on the discussion page, These can be
used to check when people use the system so that announcements {or Bulletinsg) can

for example be made at that bme.
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Firure 34: Partitioning of icemms according o qualicy rating (or ranking})

8.6  Summary

Chapter & has discussed how MLLE can be wsed o make inlerences based on
knowledge values. Through this. it is possible 1w evaluale knowledge objecls and
facilitate re-orpanisation of KC.



Chapter 9
KC Evaluation

This chapter discusses the evaluations of KC. The first evaluation examined the
usefulness of the system to MSc students and the second was concerned with
usability. Both evaluations were accompanied with comments and suggestions from

participants.

9.1 Initial Evaluation

After the initial audit, a second questionnaire aimed at getting feedback from the
usage of KC and to follow up on some of the issues that arose in the audit. This
questionnaire (See Appendix C) was completed by MSc students who used the system

for their research module component.

Respondent | Usefulness | Usefulness | Clarity Style Encourages | Navigability | Use KC
No of search | of search | and of file | Sharing in future
criteria links simplicity | storage
1 Not useful | Very Very Better | Yes Better Maybe
useful clear
2 Not useful | Very Very The Yes Good If faster
useful clear same
3 Very Very Very Better | Yes Good Yes
useful useful clear definitely
4 Not useful | Very Very Better | Yes Better Yes
useful clear definitely
5 Quite Very Clear Not Yes Good Yes
useful useful used definitely
6 Useful Very Very Not Yes Good Yes
useful clear used definitely

Table 11: Results from the survey of KC usage

Based on the results in table 11, the evaluation was satisfactory. It became clear that
most of the issues raised in the audit were appropriately addressed. In addition some
usability issues were raised.

The following comments were made by the participants:
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1. Metadata query and search are good but only when applicable; for example
search by author requires knowledge of the author’s name.

2. Deployment strategies were a major concern. The system would work well if
hosted on powerful servers and with high bandwidth. This is a big problem
especially in Africa.

3. The search techniques were useful and helped reduced the usually voluminous
information quantities that traditional search methods would produce. Precision
was also enhanced especially when the searches are based on metadata.

4. Knowing exactly what users need takes time, and a clear understanding of how
they adapt to new systems comes with experience. Therefore, if trends of needs
are not established, even a system that seems to deal with current problems
effectively can become useless over time because knowledge needs change in

subtle ways.

Drawbacks:

1. Users would like to precisely get what they look for from the search and
therefore enough information should be captured by the system [Respondents
(1), (4), (2)]. It however takes time to capture quality material. This could only
be fulfilled over time as knowledge material accumulates.

2. The system could not do well on some browsers such as Mozilla Firefox.
[Respondent (1)]. RSS/RDF is not compatible with some browsers (especially
the old versions of internet explorer)

3. Users would prefer some graphics to make the site a bit more attractive and

navigable. [Respondent (2) and (5)]

9.2  Follow-Up Evaluation

A second evaluation (by use of a third questionnaire) was conducted focussing on
usability. Participants were drawn from honours and third year students from
Computer Science at the University of Cape Town. The students were directed to use

the system, comment, critique and provide any other suggestions on the usability.
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The questionnaire is attached in appendix D (96).

Section 1 Question | Respondent 1 | Respondent 2 | Respondent 3 | Respondent 4 | Respondent 5 Key
Was storage using directories easy 1 1 2 1 2 2
was searching items in the directories easy 2 2 1 2 1 1 1. Strongly
Was browsing of the system easy with folders 3 2 1 2 1 1 Agree
2. Agree
i 3. Notsure
Do you think storage was Robustness 4 2 1 3 1 2
— . - 4. Disagree
Do you think it takes less time to get items 5 1 4 3 2 2
5. Strongly
disagree.
Was the system structured good enough for KM | 6 1 2 1 3 2
Section 2 Question
Are links easy to follow 1 1 1 1 1 1
Is ranking of Items Helpful 2 2 4 2 1 3
Section 3 Evaluation of the system Question
Did you find the system as a whole easy to use 1 1 2 1 1 2
Was it easy to get expected items 2 2 2 2 2 2
Was it easy to add items 3 1 3 1 2 1
Was the system helpful for KM 4 1 1 1 1 1
Would you use the system in future 5 1 1 2 2 1

Table 12: Second evaluation
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Respondents’ comments:

Storing of files in hierarchical directories made it easy to browse and share
knowledge resources. Knowledge items should however, be -classified
according to the users needs. This may need time and further experimentation
to understand how users may want their items stored. Some users for example,
indicated that items should be classified according to concepts. For an
example a paper discussing measure in KM can be stored under measure “as a
concept” within KM, instead of directly in the KM “as a topic” directory
(Partitioning refinement).

Grouping of items in different categories (segmentation) works very well for
bulky storage as it focuses users to the targeted knowledge items. Description
of knowledge items must also be more explicit.

Storage strategies are the very core elements of systems that are intended for
sharing and managing information and knowledge. Therefore, rights of access
to files should be clearly noted.

It was very easy to query items and metadata was very helpful especially that
the system is meant for postgraduate students who would take less time to
understand it.

Rating/ranking of items can be very useful and can be a good motivator for
contribution.

By providing different search options on the search page, it was easy to find
items.

The system was very easy to navigate and simple to follow.

Suggestions from questionnaires are quoted below:

[ did not conduct extensive or complicated queries, so [ am not sure whether huge
volumes would be easily handled or if spelling errors are handled well.

Rating was helpful but this is assuming all members of the group are rating
honestly and that no repetitive rating happens and that system failures don’t
adversely affect the rating.

It could be more useful if one can query over a specific group.

It could be helpful to display file types (for example PDF) on the directories.

If there is a spelling mistake in the search term, the system should make some
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suggestions of the correct word or expression.

* The introductory page is very clear and simple but it needs a well structured
layout to be more presentable.

= The number of times an item was read or opened may not reflect the true quality
of the item as people may open an item only because of the attractiveness of the
title and not content. Voting over an item is therefore a more concrete way to
measure quality.

* Some tasks such as query may need a bit of tutorials especially for new users.

= Directory names should be much more meaningful

» Spelling mistakes can make search hard on the search and query page but this is
not a problem as many search methods are available on the system.

= Rating would be better if measured by relevance to one’s interests. Lots of things
should be taken into consideration when rating. For an example rating by concept
or idea.

s Search is the heart of the system and should be improved repeatedly

= Even though searching by metadata such as the author’s name can be accurate,
one has to understand metadata vocabulary.

* Even though the rating of items can help value knowledge items, it does not

necessarily reflect the true value of the content.

9.3 Summary

The KC prototype was evaluated in two separate experiments involving different
groups of users. The first experiment focussed on functionality and the second on
usability. In the first evaluation, students from a Masters course that had used KC
when writing their research proposals, were questioned to see whether it had
addressed issues raised earlier by postgraduates regarding their knowledge
management needs. The second evaluation assessed the design of KC and particularly
its use of knowledge properties to obtain feedback and to measure quality. Results
indicate that the system is useful and meets the needs identified in the original

knowledge audit.

The following points were also noted from the second evaluation:
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It can be deduced that an effective storage strategy is of prime importance to KM.
In order to attract people to share/contribute knowledge, the directory structure
should over time be configured according to users needs. For example, items
within the folders can be arranged alphabetically by topic.

Rating/Ranking of items may not always determine the true value of an item. It
should therefore be important to vote or else have the editor/s review the quality
of the item content and rank them accordingly. During this evaluation, there was
no voting because participants were not part of the Research Methods class.
Because of the different views and needs, usability evaluation should be done on a
regular basis and the system improved. From this evaluation, it was clear that the
interface needed some improvement.

Partitioning of knowledge items is a vast task and of practical importance to KM.
Hierarchical directory structures provide a good basis for classification of
knowledge items as observed in the first evaluation as well. Refining partitioning
makes it even more accurate. However, studies have shown that more refinement

can lead to loss of information [DCO1].
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Chapter 10

Conclusion

10.1 Thesis Summary

This study was aimed at providing a framework for developing a knowledge
management system and to develop a prototype based on this. To achieve that, a
knowledge audit was done and from the requirements raised, a semantic weblog was
proposed to be the underlying technology. A prototype was built through Frontier and
the Manila weblog publishing tool kit, focusing specifically on research training. The
prototype was mostly based on metadata harnessing (RDF) with an extended notion of
quality measure. The system was easy to access and use and it offered value through
quality measures and inference. From the inference and measures obtained, the site
could easily be evaluated and subsequently improved. The prototype was evaluated
twice. Firstly “for relevance and effectiveness” by Masters students and secondly, “for
usability” by honours students. Both of these evaluations were successful and the

system improved accordingly.

10.2 Conclusion

The study has demonstrated that a knowledge management system (KMS) based on
good KM structures and concepts ( knowledge auditing, epistemology and need for
knowledge measures) is plausible. Firstly, it has been observed that knowledge
artefacts should be selected carefully and linked to grounded philosophical and
mathematical theories for effective interpretation. To the theoretical basis, practical
knowledge dimensions viz. storage, usage, sharing and dispersal should be gradually
introduced. This study has proposed the use of sigma algebras to rigorously establish
the process-oriented (usage) side of KM. Subsequently, the models of MLE were
applied, allowing knowledge to be interpreted and presented in an effective manner.

This research has illustrated how the use of semantic weblogs can provide adequate
structures and extensions for capturing metadata used in search and inference. In line

with the earlier suggestion of encapsulating knowledge artefacts through object

80



concepts, the Frontier object database proved to be very effective. From observation it
was becoming apparent that since knowledge concepts are highly divergent, the most
appropriate properties need to be chosen which can also be used in computations. In

the prototype, the R statistical software also fitted well with the rest of the system.

A KM that 1s coupled with appropriate incentives to use it wisely should be part of
research students training. Letting MSc students who were in actual fact doing a
research module use the system, provided the empirical experience and data in the
study. To make it quick and easy to use, a semantic weblog is the best basis for such a
system. To deliver added value that makes it worthwhile, knowledge quality
measures, inference and self-adaptation are advocated. This research has presented a
framework for constructing such a knowledge management system. It also described
KC, a prototype implementation of this framework for research training of post-

graduate students.

A KMS in which students contribute papers they have read or written, post snippets
discussing their problems or ideas, and comment critically on items, ensures that
important research skills are learnt in a non-threatening environment. The users found
KC easy to use and all agreed that it encouraged knowledge sharing; while all but one
were certain that they would continue to use the system in future. Some user
comments noted that there was a lack of suitable sites to syndicate to, and that
response time for remote users indicate that more powerful servers and greater
bandwidth are needed. These aspects require more attention, and future work should
also evaluate the inference and adaptive system more thoroughly once the system has
been in use long enough. This study has provided a framework that is generic in
nature. The idea here has been that, since sigma algebras are derived from information
sets and provide entry to probability computations, they are worthwhile considering in

KM. They are simple but sufficiently concrete to provide knowledge measuring.

10.3 Future work

Not all browsers support RSS/RDF and low bandwidths can be a problem especially

for participants in remote places. In such places, the system can be very slow to
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respond which is often a cause for low user motivation. Since the system was not used
extensively, some participants suggested inference on KC pages could not be done
because there was too little data. Once the system has been in use long enough more
meaningful evaluations could be done. As an example, with time the estimates
obtained from initial usage could be used as starting values in more complex MLE.
Many ideas for measure and adaptation can be explored, for instance the use of
estimators other than MLE, such as Markov Models (model with time series). Such
models could be helpful in monitoring knowledge needs and changes against
continuous or discreet time. Another prototype can be developed to evaluate the
framework in a different context such as business, medical or military. Future work
can also consider a rigorous foundation for KMS based on knowledge measures and
knowledge properties. Using metadata and user feedback as additional knowledge
properties can be investigated further to find new ways of making inferences and

adapting a KMS to better fulfil knowledge management systems requirements.
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Appendix A (96): Audit Questionnaire

We are conducting a survey on Knowledge Management and we would definitely appreciate your
contribution towards this exercise by answering the following few questions. Please feel free to discuss

any relevant information pertaining to Knowledge Management.
1. How do you reach the knowledge material in your course/research or reading?

a)By e-mail
b)Searching the Web
¢)Books and /or other paper based Publication

d)Other ways, please explain.

2. For each of the above sources you picked in question one (Q 1), is there any problem or

difficulties you encounter in the process of seeking the Knowledge material?

a) yes
b) No
If yes, please explain

3. For each of the above sources in question one (Q 1) do you feel there should be a better way

of organizing it for easy and accurate access?

a) yes
b) No
If yes:

Any ideas of how these could be addressed?

4. Are you satisfied that you are reading what you need/want

a) yes no problem
b) partially

c) just a bit

d) Not at all

5. Do you have access to knowledge around your work/research group, either electronically or
verbal?
a) Yes
b) No
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6. If the answer to 5 is yes, explain how this works?

8. Knowledge Management encourages sharing of information/Knowledge just like on the Web
and as such there is a need to contribute.

How do you store your data/information and knowledge? Is it in a structured way or not?

a) Yes
b) No
If Yes then how?

If Not, then why Not?

9. Do you feel your knowledge is shared with others who are in need?
a) Yes
b) No

If No, please explain why, if yes explain how?

10. Who would you be happy to share your knowledge with?
a) Anyone
b) Only people you trust
c) Only some items

d) No-one. Explain why

11. If you had a software tool to structure and manage your knowledge items (doc,

pdf, own notes, summaries etc), would you use it?

a) Yes definitely

b) Only if it is quick to enter and retrieve knowledge

c) Only if it would be easier to find relevant knowledge items
d) Definitely not

If d) is your choice then what is the reason?
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Other criteria. Please explain

12. In a knowledge base, which of the following do you think would be

practical and useful communities for sharing knowledge ( Tick any number of

answers)

a. Anyone with interest

b. People in the same department/research group
c. Students doing research in same field

d. Academics/professors in the same field

e. Research groups in the same field

f. None of the above. Explain why?

96



Appendix B - Sample KC pages
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Figure 35: Introduciory page

Guetring suarted:  An meroductary page with explanarions of what to expect in K. The XML button on

the navigalion panct leads to atl the syndicared items on KO

Classified files can easily be managed with hierarchical directories as show below,
Manila ts compatible with file manager version 1.1b3 through which dynamic

taxonomy was inplamenied,
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Figure 36: Directory management

File Manager {Sunple viseal hierarcines of direclories)

[Directory hierarchics simplify search tasks hecause the emphasis hare 15 where a tile
fits in the dircetory structure, This offers a different scarch approach from scarch by
kevword were one only relics on the meaning and struclure of the specified words,
Kevword  searches  usually  have common  spelling  problems,  inconsistent

compounding of words and redundancy,

Figure 37 shows folders with names of Masters students who were users of the

system.
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Figure 38 ¢ Departmental groupings at UCT
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Thepartment page containg research groups, The content of cach group is svndicated as shown hy the

wml buttoms, These can be costomized according o deparmment’s roquirements.
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Figurc 39: [iems awaiting release by the editor

Fipurc 3% shows items thar are not yer public, These could be coming from indveiduals from different

ETOUPS.
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Figure 41: IMscussion faronm
Miscussion pape shows subjects and proups accoeding 1o days of concribution. The items on the

discussion page can also be arranged according to topic,
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