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Abstract

In tertiary education, Information Science has been attracting more attention in
both teaching and learning. However. along the course on the database design theory,
fearners always find it hard to grasp the knowledge on database normalisation and
hard to apply different levels of the normal forms while designing a database. This
results poor database construction and difficulties 1in database mamtenance.

ln regard to this teaching and learning didemma, academic teaching statt should,
on the one hand, pay more attention to organising different teaching resources on
database normalisation concepts and making the best use ot the existing and newly
developed resources so as to make the teaching environment more adaptive and more
sharable. and on the other hand. apply ditferent teaching methods to different students
according to their knowledge levels by understanding the nature ol cach leamer’s
behaviour. interests and preferences concerning the existing  learming  resourees.
However. at present there 1s no effective Intormation Technolopy tool to use in
considering the dynamire nature of knowledge discovery, creation. transter utilisation
and reuse in this area,

This provides an opportunity to examine the potenuality of applving knowledge
managemuent in education with the focus on teaching database normalisation. in terms
of knowledge discovering. sharing, uithisation and reuse. This thesis contams a review
of knowledge management and  web mining  lechnologies in the  education
environment, presents a dynamie knowledge management framework for better
utilising teaching resource in the area ot database normalisation and diapnoses the
students” fearning patterns and behaviours to assist etfective teaching and learning. It
15 argued that knowledge management-supported education can work as a value-added

process which supports the different needs of teachers and leamers.
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CHAPTER 1

Introduction

A reficble. consistent opproach to solving problems
makes it possible to:

s use the nens concepts presented,

o study the solulions of the proliems.

o think abowt the new convepts.

e come o atrue understanding of the suliject.

- Meallister. 2oy

1.1 Background

The “knowledpe economy™ o orecent vears has popularised the concepl of
knowledge management (KM, KM includes the processes by which the conversion of
tactic knowledge mto explicnr knowledge occurs. or the processes by which an
individual’s knowledge is converted into shared knowledge. KM 15 becoming widely
aceepted and regarded as one of the most powerful management tools to bring
together inleflectual resources and make them reusable and sharable across
organtsation (Davenpon & Prusack, 1998 Hinds & Kiesler, 19953,

Because of the development of nformation Technology and the spread of the
databasc in industry and government. spanning commercial and a variety of scientitic

and technical applications, more and more organisations need a sound database to



support their day-to-day business operation. Thus, database design plays a central role
in the information resource management of most organisations, and has become a part
of the general background of computer scientists, much like the ability of building
algorithms using a conventional programming language (Batini et al., 1992).

For more than two decades database normalisation — as an important part of
database design theory — has attracted more and more educational and research input,
but for a long time database design was considered a task for experts (Michener,
1997). In order to overcome this obstacle, courses on database design and database
normalisation are considered as important teaching and learning tasks in tertiary
education. Along this teaching and learning process, teachers devote lots of effort to
curricula design, and search for the proper teaching approaches and right level of
knowledge for the students at different course levels. However, research shows that
students are still having difficulties in grasping this database design knowledge
(Sridharan & Kinshuk, 2003).

With regard to this teaching and learning scenario, academic instructors are
searching for solutions to the problems of how to customise teaching materials to meet
teaching objectives and students’ expectations — and trying to ascertain whether there
is a suitable information technology available to assist with education in database
normalisation. Thus, questions like: “What should be taught regarding database
normalisation?”’, “Is there a suitable Information Technology available to fulfil this
teaching task?”, and “How can teachers achieve a better understanding of students’
learning expectations so as to refine the teaching objectives and meet students’
learning needs?” are being raised among the academic faculties in the universities
(Sridharan et al., 2001).

In summary, the potential is there to develop an integrated framework that
exploits synergies of KM in order to monitor and manage the full lifecycle of
knowledge: discovery and capture, representation, storage, retrieval, refinement and
reuse in the educational environment. By using this framework, different aspects of
the teaching resources can be effectively stored, shared and reused; learners’ browsing
behaviour — down to individual mouse clicks — is captured for educational instructors
to provide customised and effective teaching curricula for students, thereby improving

retention and enhancing teaching and learning experiences.



1.2 Problem Definition

In the tertiary educational environment, every individual teacher develops
curricula and teaching resources, classroom activities. pedagogical technigues, and
practical insights into learning, development and teacher / student refations ¢(Carroll et
al., 2003). These are the Anowledge ussers that are potentially sharable and reusable.
[However. it 15 widely recognised that teachers work in relative isolation from their
professional peers, which reflects the obstacles Like inadequate knowledge sharing
expectations. imphicit knowledge cultures encouragement. resource hoarding. and a
lack of etfective communication among teachers and students. ete (Goodiad, 1984
Rosenholtz, 1991; Tvack & Cuban, 1995} Thus, 1t becomes vital for teachers to
develop and refine techniques that work best for their personal classroom culture.

Farther, within this tertiary emvironment. different learning channels are open to
students. such as traditional face-to-face leaming and modern web-based learning.
Although the knowledge volume 15 1n a bulky vast arca, fearners still find it ditficult to
locate the right knowledge approprniate to their own learning styles. Few teachers give
sertous constderation to the importance of understanding learners™ fearnmg interests
and patterns. The result 1s. tn the short term. teachers will not be capable of evaluating
learners™ understanding Ievels and will have difficulty in predicting students™ feaming
patterns -~ which will end up 10 students losing learning motivation and tense
relationships between teachers and students, In the long-term. this will result n a
lesser nwmber of students with satisfactory qualifications i the area. and a lack of
database experts or not enough personal mput in the related research. Hence, it is very
mportant for teachers to organise the corresponding learning materials in an efficient
and eftective way such that students can access the knowledge and understand the
knowledge in a professional manner,

According to previous research by Sridharan and Kmshuk (2003), courses on
database design-related topics are quite popular with business and science students.
but the results are not always satisfuctory. FThis reflects an inactive learning attitude. a
passive leaming environment, non-eftective knowledge capture and re-utilization -
and s more time and effort consuming. This situation increases the dilficulty for
students in fully understanding the knowledge. The literature and rescarchers have

addressed such situations as stated above and recommended that solutions need to be



explored to resolve this teaching and learning dilemma (Carroll et al., 2003; Chiya,
2003; Trigwell & Prosser, 1998).

In regard to the teaching and learning on database normalisation, although more
and more IT students and professionals expend lots of effort in learning the related
knowledge, some of them still encounter difficulties along the learning process. So,
more and more expectations are pointed out for better teaching and learning methods
(Sridharan & Kinshuk, 2003). The ease and speed with which learning resources can
be accessed over the web has been a key driving force in the rapid growth of
electronic learning (Huang, 2002). Unfortunately, at this stage, a tool designed to take
into account this dynamic nature of knowledge discovery, creation, transformation,
utilisation and reuse in this particular teaching scenario is not available yet.

Thus, the question that is proposed (and that will be answered) in this thesis is:
“Is there any suitable information technology available to provide reasonable solutions
to (i) effectively manage the normalisation-related teaching assets; (i) pass this
knowledge on to the learners in a professional manner; and (iii) diagnose students’
learning patterns for better customisation of the teaching curricula.

In the past decade, KM has become widely accepted and regarded as one of the
most powerful management tools in managing intangible organisation assets.
Although KM is a new field and experiments are just beginning in higher education
(Kidwell et al., 2001), more and more real-life projects have proved it is a successful
means to manage knowledge assets, promote knowledge creation and sharing, shorten
the knowledge acquisition time, innovate self-learning motivation and enhance
teaching and learning flexibility and adaptation.

Web mining takes the concept of data mining into the Internet environment. By
analysing data sourced from the Internet and integrating it with data from traditional
data stores, a level of knowledge previously not possible can be achieved. In this light,
web mining can be viewed as an approach to solving a special case of the general
problem of knowledge discovery in databases (Nasraoui et al., 2002).

Since database normalisation i1s important in constructing an Information
Technology project, and there are lots of online resources which can be used for
learners, KM and web mining techniques show potentialities for managing
educational assets. This gives a huge opportunity to apply the above-mentioned

technology in the educational environment: teaching database normalisation.



Based on the results of investigatton. the answers will be presented n the

contents ¢f this thesis.

1.3 Purpose

The purposes of this Masters thesis are: (1) to review KM and web nmming
technologies. obtain an understanding of the teaching and learning relationship and
issues m order to better understand the problem domain, identify the feasibtlity of
developing a KM svsiem (o enhance learning proficiency and conclude the mission
statement: (11) to design the KM framework for this specilic teaching and learming
environment, conduct and analyse the survey on teaching database normalisation as a
source of knowledge tnput. apply KM and web muning technology to improve the
learner’s learning experience: (1) to deliver system  architecture. unplement a
prototype based on the system requirements such that 1t can be used in the educational
environment, and set up a system evaluation plan: (1v) to propose further actions based
on the users” feedback on this prototype and  {orm conclusions: and (v) to present
recommendations {or [uwere development in this area.

Throughout this thesis, KM and web mining techoology are explored and
applied 1o the educational environment: teaching database normahsation Thus the key
aspects of this thesis cover the importance of organising teaching resources tor better
sharmg and reuse: the impact of understanding students’™ fearning patterns to assist
with teaching, the possthility of applving KM to eaching and learning situations
especially focusing on teaching database normalisauon  and the possibilities of
deploying web mining technigues to assist knowledge discovery in the teaching and
learning environment. Based on the discussion and justification of the following
pomnts, & KM ramework ncluding knowledge discovery. creation, utiiisation and
reuse 1o be applied in teaching database normalisation is set up.

Further, based on all the findings, a web-based system deploying KM and web
mining techaiques 1s implemented and evaluated.

Fach chapter i this thesis contributes to the development of this system within
which the knowledge of database normalisation becomes more meaningful along the

database design process.



1.4  Scope

This thesis covers the concepts, terminology, and general structure of KM and
web mining with their major functional components. There is a literature review on
both KM and web mining technique in the context of teaching database normalisation;
a section on system requirement identification by conducting a survey designed for the
purpose, an analysis of the results and then the system prototype implementation and
evaluation. The thesis ends with the conclusions and recommendations for possible

future developments.

1.5 Audience

The intended audience of this thesis are the KM and web mining researchers as
well as others who are interested in (i) computer-aided database normalisation
learning along database design development; (i1) KM development in the educational
field: (i11) other KM development technology which underpins the work of KM: (iv)
web mining technology application used in web-based learning resources; and (v) web

mining technology application to the specific KM system environment.

1.6  Thesis Organisation

This Masters thesis is written for advocates of integrating KM and web mining
in education with a special focus on teaching database normalisation as part of the
database design theory. It is not intended to be a deep theoretical study on extended
normalisation theory learning. Instead, it is geared toward developing KM and web
mining techniques to improve teaching and learning outcomes. Opportunities are
explored to apply KM and web mining techniques in the education environment.

This thesis has been arranged in the sequence of a logical understanding from
‘understanding of KM and web mining from the literature’, to ‘justifying the
application of KM and web mining techniques in teaching database normalisation’, to
‘applying suitable techniques and implementing a prototype’ and then to ‘evaluating
the prototype and formulating the conclusion and outlook’.

Chapter 1 begins with the background of this project. Chapter 2 provides a

general introduction to the concepts of KM and its functionality, KM advantages and



what KM can bring to education. Then, a conceptual KM framework s developed to
guide integration of KM techniques with existing education activities. Further, web
mining techniques are illustrated m detail in terms of tracking users’ browsing patterns
and behaviours.

In Chapter 3, knowledge discovery 1s emphasised, as the beginmng of the
knowledge life cycle. The application of data mining and knowledge discovery
technigues are explained and compared. With the vast usage of weh-based education,
it becomes vital to understand students™ learning patterns to prepare the teaching
curricila in a professional manner. Thus, web muning with web usage mining as the
main focus of this thesis 1s further illustrated in detail..

Chapter 4 focuses on the survey on teaching database normalisation. It first
reviews the different knowledge capturing techniques and then compares two schools
of survey approaches. the classic approach versus the interpretative approach. By
identifving the classic survey approach  the more suitable option lor this thesis - a
survey on teaching database normalisation is designed, and answers by the lecturers
are anafvsed. The survey findings serve as the tactt knowledge input in Chapter 3.

Chapter 3 concentrates on the system prototype design and implementation.
According to the review and discussion of existing approaches to KM system design
in the business environment. an educational KM svstem design methodology 1s
deseribed. Based on this approach, a series of syvstem architectures s explamed. wiich
includes KM life cyele architecture. a KM action diagram. the system architecture.
and fearning pattern protifer design. In regard to the prototype implementation. lists ot
user mterfaces and mam coding languages are ilhustrated.

Chapter 6 contams a system prototype evaluation, assessing the benefits and
drawbacks of this prototype. The survey evaluation method is chosen as the suitable
approach for this KM system, by comparing and contrasting tour existing system
evaluation methodologies. Based on the analysis of the survey responses, it is
concluded that the prototype system offers advantages in assisting teaching and
learning 1n database normalisation.

Chapter 7 contains a summary of the findings and 1t 1s concluded that by using
KM techniques in teaching database normalisation, both teaching and learming

outcomes are enhanced. Future outlook 1s provided based on these findings.






CHAPTER 2

|l|||l

Knowledge Management in Education

I an economy where the only cortainty (s wicertaindy.
the vne sure source of lasting competitive edraniage is
knowledge.

-- Nonaka. 1991

2.1 Introduction

KM is tocusing on bringing together mtellectual resources and making them
available across orgamzational boundaries (Davenport, 1997).

The needs and opportunities for KM 1n fZducatton are analogous to those 1n
business organtsations. The principal educational resources offered to students 1s
knowledge. as learning and teaching, which are not independent in nature. are
focusing on the process of student {earming and understanding supported by the
teachers™ knowledge of their rescarch (Ramsden, 1992). which can be claimed as
kinowledge assefs. This s particularly true of tertiary educational institutions that
deliver knowledge and skills from their academic staff to their students.

This chapter contamns a review of the KM technologies and discusses the

importance of organising teaching resources for better sharing and reuse. and the



impact on teaching of understanding students’ learning patterns. Further, a KM
framework 1s set up as the foundation of further discussion of the following chapters,
within which web-mining techniques are deployed to contribute to the knowledge

discovery stage.

2.2 Knowledge Definition

In order to obtain a better understanding of KM, it is necessary to first define
knowledge. In the present socioeconomic situation, knowledge is the prime
organisational asset (Arora, 2002), and knowledge flows are regarded as the most
important factors in our society (Sunassee & Sewry, 2002). Knowledge is the
lifeblood of decision-making within an organisation.

Wigg (1996) defined knowledge as “the insights, understandings and practical
know how that we all possess — (it) is the fundamental resource that allows us to
function intelligently’. More often in the information system literature, the definition
of knowledge makes a distinction among data, information, and knowledge. For
example, Flemming (1996) defines information as the collection of data, and
knowledge as the collection of information — so knowledge and information are not
identical. Dillingham (2002) argues that information is atomic and static, but
knowledge is associative, rich, multilayered, multifaceted, contextual, accessible, and
dynamic. Thus, in this thesis, ‘information’ is distinguished as documented or codified
concepts, and ‘knowledge’ is the personalised understanding / view / experiences. In
the scenario of teaching database normalisation, answers like ‘the first normal form
is...‘are identified as information, while individual experience of how to ensure that
the database is in the third normal form is considered as knowledge.

Although each conceptualisation interprets different aspects of the three terms, it
is very important to understand when information becomes knowledge. Alavi (2000)
explains that the distinction between information and knowledge is not found in the
content, structure, accuracy, or utility of the supposed information or knowledge.
Hence, throughout this thesis, knowledge is regarded as the human expertise stored in
a person’s mind, gained through experience, and interaction with the person’s
environment (Sunassee & Sewry, 2002). Knowledge is also highly subjective
depending on a number of factors such as the culture, beliefs, values, insights,

intuitions, and emotions of the individual. Furthermore, as knowledge is shared and

10



disseminated throughout the organisation, it increases in value, as argued by
Davenport & Prusack, 1998; Sveigy, 2000a; Tiwana, 2000; Zack, 1999).
Figure 2.1 further illustrates the relationship among data, information,

knowledge and wisdom.

connectedness wisdom
“ understanding
: prnciples
knowledge
/" understanding

pattemns

‘ fonmation
understandimg
\ : relations
data - S— - understanding

Figure 2. 1 Progression from data, to information, to knowledge, and to wisdom
(from Ackoff, 1989)

Further, two forms of knowledge are identified by the philosopher, Michael
Polanyi, and the Japanese organisation researcher. lkijuro Nonaka: explicit and tacit,
which have some similarity to Stewart's hard and soft knowledge assets (Nonaka &
Takeuchi, 1995; Polany1, 1964; Stewart, 1997)

Explicit knowledge is the knowledge that 1s written, sketched, spoken about, and
recorded. It can be expressed in words and printed in documents. Tacit knowledge is,
on the other hand. hidden, inaccessible, embodied. almost unknown, and often
unconscious. It 1s mostly deeply located in human beings’ brains. Knowledge can not
be directly transferred (Hunter 2002). Transmitting knowledge from one person to
another requires that the sender create data containing information that is sufficiently
manifest for the receiver to comprehend the new distinctions and / or norms being
communicated. Since communication is a subjective process, the same data that
informs one person and changes his or her knowledge of a situation may be too latent
for someone else, whose knowledge then remains unaffected after receiving the same
data (Argyris, 1993).

The main challenge of managing knowledge is less in its creation but more in its
discovery and integration (Davenport, 1997; Grant, 1996). Thus, it 1s vital for
organisations to invest their efforts in discovering, integrating, sharing and reusing the

knowledge from organisational members. Through the development of modern

11



computer techniques, the methods of knowledge discovery and transfer have largely
changed from the traditional face-to-face interaction to electronic means, which gives
more flexibility and effectiveness in managing knowledge assets. As stated by Brown
and Duguid (1991), ‘knowledge will not necessarily circulate freely firm-wide just
because the technology to support such circulation is available’.

In order to give more insights on knowledge assets within the tertiary
environment, a survey was conducted of different aspects on teaching database

normalisation. The survey details are fully illustrated in Chapter 4.

2.3 Knowledge Management Review

KM is an attempt to deal with the collective knowledge of an organisation and
individuals® knowledge within the organisation, i.e. what an individual does with his /
her own knowledge (Wiig, 2000). This includes storing, cross-linking, categorising,
conceptualising, retrieving, and further presenting. Thus the knowledge to be managed
is not the knowledge of a single individual being available to that individual whenever
it is needed, but the knowledge of at least one individual being usable by at least one
other.

KM is not just about businesses, although it is a heavily commercialised notion.
Student management systems like Blackboard are also forms of KM systems. Think of
a classroom as a sort of organisation with the goal of increasing the knowledge of the
organisation and of the individuals within it.

KM deals with the organisational optimisation of knowledge to achieve
enhanced performance, increased value, competitive advantage and return on
investment, through the use of various tools, processes, methods and techniques. KM
i1s not synonymous with concepts such as ‘organisational learning’ and ‘learning
organisations’. KM can be seen as a process that involves the creation, capture,
storage, dissemination, sharing, utilisation, and retirement of knowledge. This process
should, however, lead to organisational benefits (e.g. innovation, improved
performance and competitiveness).

Duffy (1999) defines KM as “the identification, growth and effective application
of an organisation’s critical knowledge’. However, Takeuchi (1998) proposes a
contradictory view of KM which advocates less control over employees and involving

everyone in the organisation to create and share knowledge, which - in turn - fuels the
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organisation’s innovative strategy. This different phiesophy is shared by Sveiby
(2000a) who argues that knowledge ts not something that can be ‘managed”. and that
the term to be "Knowledge Focused™ 1s preferable. Sveiby (2000b) also emphasised
that it is the environment in which knewledge 1s created that initiates the task of
managing knowledge. but the knowledge managers are not capable to manage
knowledge.

In line with this review, (n this thesis KM is defined as identifyving and mapping
knowledge for the use of an organisation, that s, teachers and students; generating
new knowledge from competitive advantage based on exasting knowledge. making
vast amounts ol knowledge accessible. sharing  best  practices and lechnology that

cnables all the above,

2.4 Knowledge Management Application in Education

In the educational eny ironiment. KM often encompasses identifving and mapping
intellectual assets, transmitting knewledge to lcamers, improving knowledge sharng.
and providimg a new covironment a1 which new knowledge s to be created {Carroll ot
al., 2003).

KM in teachmyg s closely related with the mnovation of a mutual learning
culture wherein teachers’ communines of practice work together as weachers and, 1n
the course of therr prolessional collaberations,  these comprumties will better
understund ther own knowledee shannge practices: as well as therr frustrations. necds
and deswes. lnpovations o knowledge sharmg practees wall enhance the social
experrence of working together, which - in turn - will promete a better teaching and
fearning environment and benetit hoth teachers and students.

In a perfect class, using a KM system, all of the knowledee and information
generated by the students and teachers would be distributed, shared, catalogued, and
avatlable, all the ume. Teachers would layv oul something interesting and valuable,
interpret the concepts based on their own teachtng expertence and understanding, and
then store the knowledge m the KM svstem. That means sharing not only the explicnt
knowledge such as notes, keywords, categontes, and links to other related knowledge.
but more importantly, discovering. sharing and re-utilising the active / update-to-date

human knowledge 7 expertences.



The benefits from the use of various forms of KM tools such as action teaching,
retrospect and lessons learned meetings are adding value to both the teaching and the
learning processes. Further it can improve the functionality in the educational
institution, such as: reduce communication cycle times, provide an effective and
efficient teaching and learning process (learners, facilities, network), shorten
knowledge acquisition time, and improve the quality of services provided to the
students / teachers. If it can be successfully used by the campus students, it can also be
used for distance education; it can provide a different kind of education environment
which innovates and delivers learners’ self-learning motivation, enhances flexibility
and adaptation and encourages sharing and communication.

The foregoing discussion shows that there are huge benefits in applying KM in
teaching to achieve higher teaching and learning expectations. Therefore, in the
specifically educational scenario, by appropriate justification / modification, the idea
of what KM does for business can be applied to teaching database normalisation in
order to explore an effective way to manage teaching resources and to help students to

better understand knowledge of database normalisation.

2.5 Knowledge Management Frameworks in the Literature

KM frameworks emphasise the focus for consideration in KM efforts (Earl,
2001). These frameworks can help one to approach KM methodically and
consciously, which can help identify a specific approach to KM, to define goals and
strategies, to understand the various KM initiatives, and then to choose the best ones
in the particular circumstances (Maier & Remus, 2001).

Rubenstein-Montano et al. (2001) classify KM frameworks in three categories:
descriptive, prescriptive, and hybrid. Prescriptive frameworks provide direction on the
types of KM procedures without providing specific details of how these procedures
can, or should, be carried out. Descriptive approaches describe KM, and identify
attributes of KM that can influence the success or failure of the initiative. Finally,
hybrid approaches are a mixture of both the prescriptive and the descriptive
approaches.

The literature review and an analysis of six current KM frameworks reveal that

six can be classified as descriptive ones (Carlson, 1999; Mentzas et al., 1998; Skyrme,



1999}, four as prescriptive (Macintosh, 1999; Van Der Spek et al., 1994), and onc as a
hybrid framework (LS. Army, 1999).

Upon analysing these frameworks, three main characterishics were observed.
Fiestly, the analysts revealed that the prescnptive frameworks {Macintosh, 1999 Van
Der Spek ct al.. 1994} do not place any emphasis on the alignment of the KM strategy
with the organisational strategy., whereas all of the descriptive frameworks (Carlson,
1999, Mentzas ot al., 1998 Skyrmme, 1999} and the hybrid framework (118, Army.
£999) do. This 1s in ine with what other authors agree upon that a KM strategy should
be closely aligned with the overall business strategy, and provide the organisation
with a competitive and innovative edge (Dutfy, 1999, Tiwana. 2000; Wag, 1999),

Sceondly. two of the deseniptive frameworks (Carlson, 1999; Skyrme, 1999} and
the hyboid framework (LS. Anmy, 1999} also emphasise the importance of people and
therr contribution towards the KM cffort, whercas only one of the preseriptive
frameworks {Van Der Spek et al.) [994} looks at this aspeet. Andrews (2000) and
Tiwana (2000} also contirmed the similar findmgs.

Thirdly. in three of the frameworks {Macintosh, (999 Mentzas et al, 1998 Van
Der Spek et al. 1994) analvsed. the focus on technelogy was distinctly
disproportionate 1o the focus on the employees ol the organisation. [a the other three
trameworks (Carlson. 1999 Skyome. 19990 U8, Aoy, 19993, the emphasis on both
the technological and human factors was strony.

The luerature alse reveals that mest Western managers and orgamsations have
rended to choose an [T-Centric-Top-Down approach, bat Takeuchr (199%) argued that
what succeeds 15 a people-centrie approach, from the bottom-up, but properly
encouraged and supervised by fop management.

Although each KM framework mentioned above addresses certain KM clements,
not one addresses KM across  the full spectrum of the organisation’s needs

(Calaberese, 2000). which applees to the cducational environment.

2.6 Knowledge Management Framework for Education

The literature shows that the KM frameworks vary from one to another due to
differences i the orgamsational esvironmen! or targeted outcomes (Rubenstein-
Montano et al., 20011 The goal of this thesis 15 not to create yet another definition, but

to define 2 KM framework to suit the objectives of KM in the educational
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environment, specifically, teaching database normalisation. The corresponding
definition is to create efficient and effective way to discover, capture and utilise
knowledge of teaching database normalisation, form a knowledge-sharing community
in a related database normalisation area, and produce a flexible knowledge acquisition
and maintenance process.

Certainly, the KM systems and other variations mentioned above are extremely
valuable contributions to the KM society, but this thesis argues that problem solving is
a motivation for learning. KM practices should be applied to the process of problem
solving, as problem solving is essentially the same activity as understanding the nature
of the problem (Popper, 1972). Further, the real challenge in KM is less in the
‘sending’ and more in the ‘receiving’, particularly the processes of sense making,
understanding, and being able to act upon the information available (Denning, 2001).

In the light of this thesis, it is proposed that both teachers and learners must get
involved in order to obtain a better understanding of the current teaching and learning
situation by recognising and resolving problems and recognising opportunities.
Therefore, knowledge transformation occurs dynamically based on problem solving
processes and the ability to reconfigure and reuse knowledge to satisfy a variety of
learning uses. The process is initially triggered by the learners. Figure 2.2 depicts the

KM framework in the educational environment.
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Figure 2. 2 Educational knowledge management framework



According to Figure 2.2, this KM framework consists ol three parts: teachers
and learners, knowledge provider and knowledge process. presented as an oval shape.

Teachers and learners fire the trigger to start this knowledge process by sending
the knowledge request. They send the request based on ditferent kinds of educational
scenarios. such as scenarios on gaining practice on the 3 normal form. Knowledge
providers are the source of knowledge. They maintain the amount of knowledge used
by the users.

The knowledge creation process is the abstract view of the series of leaming
actions evoked along the corresponding teaching scenario. Based on the previous
argument, this fearning process is divided into four integrated phases: knowledge
discovery, knowledge creation, knowledge utibisation and knowledge reuse, Each
phase contains several activittes which are based on natural human learming
behaviours. for example: problem  discovery consists of the activities such as
environment observation, open communication, searching and inguiry. The four
phases mentioned above are integrated with each other. They form a rolling cyele
which starts with knowledge discovery and this rotation does not terminate until
learners are satistred with the required knowledge. The sub-components of cach phase
self-rotate along the learning process. The totation of inner activities of each phase
terminates when the leaming process shifts front one phase to another phase.

To view horizontally the central oval, knowledge discovery {cell 1) and
knowledge utthsation {celi 4) are focusmg on practices that help learners find out
problems. while knowledge creation {cell 23 and knowledge capture {cell 3y are
focusing on the problem solving. H the central box 1s viewed vertically. cell 1 and cell
2 are the process of knowledge generation along which leamers discover and solve
new problems. Cell 3 and cell 4 combie knowledge sharing practice and emphasise
the re-adoption of the knowledge about previously solved probiems or issues,

[n short. this framework has an advantage over other frameworks, because the
tangible knowledge assets from both teachers and learners. like their “external

mteraction with thewr environment (information), and / or an individual’s “internal

I External interaction means the degree o which human input influences (changes) the messiages
presented from external media.



interaction® between new and previously existing information and experiences are
captured and stored.

Thus, valuable knowledge can be further enhanced by other teachers and
learners so as to generate further knowledge based on the original knowledge, and
reuse what was achieved. Applying this KM framework guarantees that knowledge is
sharable and reusable. New knowledge can be created at the end of each knowledge
life cycle. Further, KM may also encourage the learning and feedback loops to

continue.

2.7  Summary

Most organisations realise that ‘Knowledge’ is a strategic resource that gives
them sustainable competitive advantages (Drucker, 1993). In order to effectively
manage the knowledge assets with the educational environment, and understand the
impact of students’ learning patterns on teaching, in this chapter knowledge was first
defined, then the concepts of KM and the importance and benefits of applying KM n
education were explained. Based on the reviews of six different existing KM
frameworks, a KM framework is set up in an educational environment. Four sub-
processes — knowledge discovery, knowledge creation, knowledge utilisation, and
knowledge reuse — are shown interacting with each other which encourages new
knowledge to be generated and thus it is stored and continues the interchange within

the knowledge life cycle. This frame work lays the foundation of this thesis.

2 Internal Interaction = Changes in cognitive knowledge structures and processes resulting from the
interchange  between new information (received via media) and previously-existing
information/knowledge structures.

18



CHAPTER 3

il

Knowledge Discovery via Web Mining

Enter the World Wide Web.onueh morve interest in
tifetong learning, just in tine learning, and what do we
have? A shattering of Industrial age methods. models.
und ideas about education. .

- Poley. 2001

3.1 Introduction

Many tertiary education institutions  have invested heavily in information
technology to help them manage their teaching resources more effectively and gain a
competitive edge. Over the last three decades, increasing amounts of enitical teaching
and learning resources have been stored electronically and this volume 1s expected to
continue (o grow considerably in the near future.

Yet despite this wealth of data, many institutions have been unable 1o fully
capitalise on ats value. Thus. the intention ol managing these online data brings
forward the concept of knowledge discovery, an incorporated part of KM processes.

This chapter locuses on the concepts of knowledge discovery and its functions

and benefits to teachers and students. In addimon, 1t explores the techniques for



knowledge discovery, which involve its contents, functions, and benefits. At the end
of this chapter, the educational KM framework which integrates knowledge discovery

as part of the knowledge process will be re-emphasised.

32 Knowledge Discovery Review

The field of knowledge discovery is getting to be very popular and has grown
recently. The large amounts of data collected and stored might contain knowledge
which could be useful, but it is not obvious to recognise, or trivial to obtain it (Fayyad,
1996). There is no human capable to sift through such amounts of information and
even some existing algorithms are inefficient when trying to perform this task.
Knowledge discovery systems incorporate techniques from a large variety of related
fields to utilise their strengths in the process of discovering knowledge.

In order to achieve a thorough understanding of the knowledge discovery
techniques and apply them in the educational environment, the following two
subsections concentrate on the definition, components with their functionality and

processes of knowledge discovery in database.

3.2.1 Knowledge Discovery in Database VS Data Mining

Quite often, literature on the topic of knowledge discovery uses terms like data
mining and knowledge discovery in database (KDD). In Frawley et al. (1999), a clear
distinction between data mining and knowledge discovery is drawn. Under the
conventions, the knowledge discovery process takes the raw results from data mining
(the process of extracting trends or patterns from data) and carefully and accurately
transforms them into useful and understandable information. This information is not
typically retrievable by standard techniques but is uncovered through the use of
Artificial Intelligence techniques.

Data mining is defined as the process of data exploration to extract consistent
patterns and relations among variables that can be used to make valid predictions.
Data mining is a modern data analysis approach that does not replace traditional
statistical techniques; rather it combines statistical methods with increasing computing

power to process huge volumes of available data (Berry & Gordon, 2000).



Fayyad et al. (1990a) state that knowledge discovery in databases 15 the process
ofidentifying vahd, novel. potentially useful, and ultimately understandable patterns ¢
maodels in data. Data mining is a step 1n the knowledge discovery process consisting ot
particufar data minmyg  algonthms  that. under some  acceptable  computational
etficiency limitations, find patterms or models in data.

To further explain the above KDD defimbion ¢Dalkilic et al., 1997} the pattern.
traditionally, refers to the models or structure in data. but now places more emphasis
on the expression in some lanpuage describing a subsct of the duta or s model
apphicable w that subset (data comprises a set of facts).

Valwdity and nuvelty speak 1o how potentially useful the imformation is. Validity
18 a real concern. since there 1 not any means of verifying the newly discovered
information. ‘the novelty aspect means that the information most likely could not be
obtained by other means, For exawple, “the algorithim to deline the ik somal form
5 obvious information, but to emphasise that "a databasc in the third nommal form 1s
definitely in the first normal form™ should be avoded, because it 18 trivial. Lastly,
process i more of an apolopia about the current state of aflairs than anything elxe is.
Knowledge discovery 1s a process, loosely coupled to some scquence of events
fcading to knowledee, but this rarely. i ever. runs lincarly, Figure 301 (Fayvyad et al.,
1990b) tllustrates the signifcant steps 1 the process of KDD: nearty 473 of the time s
spent tn pre-process and transformation and somowhat less than 175 of the tme 18
spent m data nuning. Data brought from the data warchouse typically are clean and
therefore, do not need pre-processing.

An important notion. called mtercstingness ' (Patetskv-Shapiro & Matheus
1994), is usually taken as an overall measure of pattern value, combining validity,
novelly, usetulness, and simplicity. Interestingness can be explicitly defined or can be
manttesicd inpheitly via an ordering placed by the KDD system on the discovery
patlerns or models. Note that all the termimologies used here are derived  from

relational databasce theory and database systems.

U This word dnrerestingaess s directly from the litersture and no claim s made a» 10 s loxical
legitimacy.



3.2.2
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Figure 3. 1 Significant steps in the process of knowledge discovery in databases

According to the definition above, KDD is an interactive and iterative process,

which means that the possibility of changes in status are possible and a better quality

of the search result can be obtained by repeating the KDD steps.

In order to adapt a suitable KDD process in this thesis, four known and

commonly accepted literatures were chosen as the comparison base in Table 3.1.

Simoudis
(1997)

Mannila
(1996)

Fayyad et al.
(1996a)

Brachman & Anand
(1996)

understanding the domain

learning the application domain

task discovery

data selection

data
transformation

preparing the data set

creating a target dataset

data discovery

data cleaning and pre-processing

data cleaning

data reduction and projection

choosing the function | model development
of data mining
. ) choosing  the  data mining
data mining decovering patierns | algorithm(s) data analysis
(data mining) —
data mining
result post processing of

interpretation

discovered patterns

Interpretation

putting the results into use

Using discovered knowledge

output generation

Table 3. 1 The process of knowledge discovery — list of steps
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Data mining (the dark grey coloured row) gets the most attention in research,
therefore in publications as well. Those are mostly focused on learning algorithms;
some methods combine data mining with previous data preparation (light grey
coloured row), which is usually dataset reduction.

Thus from the above comparison, the KDD processes can be encapsulated into a
smaller number of higher level stages to more simply identify the whole process,
which consists of data selection, data analysis / pre-process, mining and evaluation.

Figure 3.2 illustrates the KDD process in graphic presentation.

Unified relevant
' Y Selected knowledge Knqwiedge

Knowledge |
== g selection = .‘
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Patterns and trends

ey X
Knowledge |
analysis |
mining J

ELE| Merging
Filtered external knowledge Exaluation

/f‘—#.‘/_h“‘vfﬂ‘“'/’“_"‘ /

/J New
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Figure 3. 2 The four steps (selection, merging, analysis and evaluation) of the knowledge
discovery process

In most cases, knowledge discovery starts with the data-sets in the knowledge
repository, usually developed for tasks other than KDD. After due consideration (and
this can require some initial exploratory runs through the KDD process to gain better
insights into what is required from the knowledge repository.) an appropriate
collection of selected data is extracted from the knowledge repository. These selected
data, along with external data extracted from sources such as web searches, form the
basis for the rest of the KDD process.

The knowledge selected via knowledge selection activity is merged with
knowledge obtained from external sources in knowledge merging activity. The
knowledge analysis and mining activity result in patterns and trends that lead to the

creation of new knowledge after evaluation.



Evaluation 1s a vital task, because using a variety of tools and even tuning a
single tool in a variety of ways leads to the discovery of many different patterns that
have to be evaluated on relevance.

In short, data mining and KDD are concerned with extracting interesting and
useful patterns, information, or knowledge from the local knowledge repository and
from the external data. Based on the comparison of four common KDD processes, a
four-step KDD process is formed and should be considered as an iterative process
where earlier stages often need to be refined to add ‘discoveries’ made in later stages.
Further, to recall the educational KM framework (Figure 2.2 in Chapter 2), knowledge
discovery is the beginning of the knowledge life cycle. Thus, this four-step KDD
process is used to discover the knowledge which is incorporated as the first stage of
the KM framework, which plays a vital role in the integrity for the KM system to be

constructed.

3.3  Importance of Knowledge Discovery in Education

For the last decade, education reform has been high on the agenda of school
sectors (Carroll et al, 2003). The basic premise is to provide the most favourable
environment for teaching and learning, so that students can fully realise their potential
and teachers can have more room to help students learn more effectively.

Teaching should be in favour of learning. On one hand, it is clear that education
aims to provide a better teaching and learning environment for both teachers and
students. Thus, from the teacher’s point of view, the knowledge to be delivered should
be more specific and targeted in accordance with different groups of knowledge
receivers. This means that teachers should customise the teaching curricula, teaching
materials, and teaching resources based on the course levels and students’
understanding level, which is the major task for teachers in order to meet students’
learning requirements and achieve educational goals.

On the other hand, the media for knowledge delivery no longer relies on the
traditional style. As the web continues to evolve and expand, the information
technology - the Internet — has gradually changed our ways of studying, living and
working. Educational institutions are continually undergoing change as they respond

to the demands of their internal and external environments (Kearsley & Moore, 1996).



Recently, advances in the high-speed networks and the Internet technelogies have led
1o new types of teaching and learning.

An advantage of web-based material in general is accessthility. which means
that 1t can be used by any student in any country who has the required hinguistic and
computing skills and appropriate hardware (Huckvale et al, 1997) Web-based
teachmg makes the distunce between teachers and students shorter and ensures that
teaching and learning can take place any time and anywhere. Teachers can answer the
student’s questions immediately by making use of the tutorial system estabhished.
Students can Jearn through the web-based courseware. The powerful knowledge
acquisition and processing ability can establish a learning feedback system so that a
student’s learning process can be tracked. The active and varied forms of presentation
of multimedia technology and web can make some absiract concepts easier o
understand {Daugherty & Funke, 1998). Further, web-based waching has reduced the
operational cost of knowledge delivering.

Thus based on the situanon as desenibed above, Knowledge [Discovery of
student learning patterns plays a vital part for teachers in producing quahty teaching
material to tulfil the educational purpose. Good teaching resources benefit students’
future development which - m tumn - will encourage teachers” own professional
development.

In order o apply konowledpe discovery techniques. this thesis posittoned the
teaching channel as web-based teachmg. because of ity flexibility and adaptivity n
teaching database normakisation. Further. n the next section gives close consideration
1o the dvnamic nawre of knowledye discovery related with the students” lfeaming

patierns i web-based education via web minmng,

34 Knowicdge Discovery in Web-based Education

Currently, many umiversitics have set up thetr own iptranet, which s able to
access public domains as well. Different teachers and students have different feaching
stvles and leaming interests. Determining the composiiion of user interest on the web
15 a daunting task. Given the massive size of the web, along with the time and resource
costs invohved 1n the traditional techiques  such as contextual inguiry, user surveys,
and so on, - they are unabie to determine the wser browsing patierns which best

represent the high level composttion of user activity on a site. This leaves students
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with the need to browse through different web sites until a seemingly acceptable
choice is reached. Thus in this section, the technique of web-based knowledge

discovery — web mining is discussed in detail.

3.4.1 Web Mining in General

Web mining is the extraction of interesting and potentially useful patterns and
implicit information from artefacts or activity related to the World Wide Web. There
are roughly three knowledge discovery domains that pertain to web mining (Kosala &
Blockeel, 2000): web content mining, web structure mining, and web usage mining.

Web content mining is the process of extracting knowledge from the content of
documents or their descriptions. It focuses on techniques for searching the web for
documents whose content meets web user queries. Web document text mining,
resource discovery based on concepts indexing or agent-based technology may also
fall into this category. Web structure mining is the process of inferring knowledge
from the World Wide Web organisation and links between references and referents in
the Web. It is related to the analysis of the link structure of the Web, in order to
identify relevant documents. Finally, web usage mining, also known as web log
mining, is the process of extracting interesting patterns in web access logs. It 1s
defined as the process of applying data mining techniques to the discovery of usage
patterns from web logs data, to identify web user behaviours (Srivastava et al., 2000).

Figure 3.3 illustrates the taxonomy of web mining.

Web Mining '
Web Content Web Structure Web Usage
Mining Mining Mining
Web Page " Search Result Customized
Content Mining Mining Usage Tracking

“\

Figure 3. 3 Taxonomy of web mining The focus of this thesis
(adapted from Srivastava et al., 2000)

In general, web mining and personalisation require modelling of an unknown

number of overlapping sets in the presence of significant noise and outliers. Moreover,



the data sets in web mining are extremely large. Therefore, this thests concentrates on
inquiring tnto web usage minmp which mines and clusters web access logs, because
categorising students’ learneng patterns based on then interactions with the course
website 1s the key i web usage nminmg. The click streams generated by vanous
students often follow distinet patterns. knowledge of which may help the teachers

customise their teaching materals,

34.2  Knowledge Discovery via Web Usage Mining

As mentioned belore, the {lexabily of the web-based teaching and fearning
ceaviroament has been the driving foree in the rapid growth of e-education. The abilsty
1o track learners” browsing behaviour down to mdividual mouse elicks has brought the
teachers / educational researchers and students closer together than ever before,

The scenario described above 15 one of many possthle applicanons of web usage
mining, which is the process of applying data mining wechnigques to discovery usage
patterns for web data, targeted towards vanous applications in order to understand and
serve hetter the needs of web-hased applications, such as the web-based reaching and
learning environment. Web wsage muung consists of three phases, namely pre-
processing. pattern discovery. and pattern analysis.

boas possible to uwse thes v conjunciion  with standard  approaches 1o
personalisation, such as collaborative filtering, which can help address some of the
shortconings of these techmques. meluding reliance on subjective user ratings, the
fack of scalability and poor performance in the face of high-dimensional and sparse
data {Mobasher et al, 2001 ).

fn web minmg. data can be ecollected at the server-stde, client-side, proxy
servers, or a consolwdaied business database. In (Soivastava ot al, 2008}, the authors
present a more detatled deseription of these data sources. o summanise., (13 web
server lops explicitly record the browsing behaviour of site visttors, (11} client-side
data collection can be mmplemented by using a remote agent or by modiying the
source code of an existing browser, and {u1) web proxies act as an intermediate level

of caching between client brawsers and web servers.



3.4.3 Web Usage Mining Process

The information provided by the data sources described above can be used to
construct several data abstractions, namely users, page-views, click-streams, and
server sessions (from WWW Committee Web Usage Characterization Activity). A
user is defined as a single individual that is accessing file web servers through a
browser. In practice, it is very difficult to uniquely and repeatedly identify users. A
user may access the Web through different machines, or use more than one browser at
one time. A page-view consists of every file that contributes to the display on a user’s
browser at one time and is usually associated with a single user action such as a
mouse-click. A click-stream is a sequential series of page-views requests. Note that
any page view accessed through a client or proxy-level cache will not be recorded on
the server side. A server session (or visit) is the click-stream for a single user for a
particular website. The end of a server session is defined as the point when the user’s
browsing session at that site has ended.

The process of web usage mining can be divided into three phases: pre-
processing, pattern discovery, and pattern analysis (Srivastava et al., 2000).

Pre-processing consists of converting usage information contained in the various
available data sources into the data abstractions necessary for pattern discovery.
Another task is the treatment of outliers, errors, and incomplete data that can easily
occur due to reasons inherent in web browsing. The data recorded in server logs
reflects the (possibly concurrent) access of a website by multiple users, and only the
IP address, agent, and server side click-stream are available to identify users and
server sessions. However, it is important to notice that the data collected by server
logs may not be entirely reliable because some page views may be cached by the
user’s browser or by a proxy server. In a web server log, all requests from a proxy
server have the same identifier, even though the requests potentially represent more
than one user. In addition, due to proxy server level caching, multiple users
throughout an extended period could actually view a single request from the server.
The web server can also store other kinds of usage information such as cookies, which
are markers generated by the web server for individual client browsers to
automatically track the site visitors.

After each user has been identified (through cookies, logins, or IP / agent

analysis), the click-stream for each user must be divided into sessions. As often it is
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not know when the user has lefi the website, a tuneout 1s often used as the default
method of breaking a user’s chick-stream into sessions,

The next phase 1s the pattern discovery phase. Mcethods and algorithms wsed 1o
this phasc have been developed trom several fields such as statistics. machine
learning, and databases. This phase of web usape mhung has three main operations of’
interest: association (1o, which pages tend to be accessed together). clustenng {i.c.
finding groups of users, transactions, pages, ete. ), and sequential analysis (the order in
which web pages tend to be accessed). As m most real-world problems. the clusters
and assoclations mw web nmuming do not have cnisp boundaries. and often overlap
considerably.

Pattern analysis 1s the last phase m the overall process of web usage mimng, In
this phase. the motivation is to filter cut uninteresting rules or patterns found in the
previous phase. Visualisation techniques are useful to help the application domains

expert analvse the discovered pattems.

344 Access Logs Processing Architecture

In order 10 apply the web nuning technigues o assist teaching and learning, a
general architecture [or web aceess mimng 15 adapted using the site’s web sorver Togs
as data source (refer o Figure 3.5 The pre-processing phase includes initial
preparaton tasks that are inctuded it a processing agent system (Marta et al. 1Y98).
This system performs the following tasks: noise tiltering (e removing mrrelevant data
like access ermors or images requests), session’s 1dentification, and storage In a
repository. Sesston wdentification consists of grouping ail page-view records {tom a
given IP address collected during user activity periods {inactivity is defined as a
pernad of 30 minutes or higher for which no registered accesses are sent o the web
scerver). For cach valid page-view, the processing agent assigns the corresponding
knowledee section based on sie structure mformation present on the page’™s URLL
Each webpage s associated to one section and user accesses one or more web pages

during a session.
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Figure 3. 4 Overview of a general architecture for web access mining
(from Batista & Silva, 2002)

The sessions identified by the processing agent as described above are called
short sessions. When a user inputs / accepts the requests for identification, the web
server also registers a cookie that is accepted by that user. Long sessions are defined
as the set of short sessions that share the same cookie (accumulation of the user access
transactions grouped by cookie).

To adapt these data to the data structures of the data mining algorithms used, log
access tables are transformed into numerical and Boolean matrices, where each
column corresponds to a newspaper section and each row represents a session. In
numerical matrices, each matrix cell contains the quantity of articles accessed on each
pair (session, section); in Boolean matrices a cell is True when at least one article is
accessed in that (session, section) pair.

The aggregated data matrices are examined through a set of basic statistical
functions that help in obtaining a preliminary view about the data. For numeric
variables, the maximum, minimum, mean, and standard deviation are observed: for

Boolean variables the frequencies are obtained.
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35  Summary

in this chapter, knowledge discovery 1s emphasised. since 1t 1s the beginning of
the KM process. The application of data mining and knowledge discovery techniques
ts explained and compared.

With the vast usage of web-based education, it becomes vital to understand
students’ learning patterns to prepare the teaching curricula in a professional manner.
Thus knowledge discovery on the Web  web usage mining as the focus of this thesis,
is further iftustrated in detatl. The benefits of using web usage mining will help and
mmprove the teachers” knowledge of students™ learning behaviours so that they can
customise the teachmg materials on the weh basts. AH these activities will finally
provide ap active teaching and learning envitonment, encourage students™ learning

attitude and knowledge re-utilisation,






CHAPTER 4

i

Knowledge Capturing on Teaching Database Normalization

Learning can and often does take place withoid the
berefit of tearhing - and sometfmes even in spite of it -
but there (s no such thing as effective teaching in the
ahsence of fearning, Toeaching without learning fs juse
dalking.

-- Angelo & Uross, 1997

4.1 introduciion

Teaching supports and guides learning. After defining the KM framework and
identilying the knowledge discovery techniques of student learning pattern discovery.
this chapter concerns  trom the teaching peint of view  how knowledge can be
captured while teaching database normalisation. This knowledge capturing of the
leaching related knowledge includes difterent teaching methodologies in teaching
database normalisation. the contents and scope of database normalisation, common
practice in teaching this subject, and limitations to be aware of while delivering the
knowledge to the students.

The knowledge mentioned above is tacit knowledge, which will be used as the

knowledge input in the knowledge repository, {rom which students can obtain the
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knowledge on database normalisation. Thus, the approach to the knowledge capturing
of this type of intangible knowledge should differ from the knowledge discovery
techniques — web usage mining mentioned in Chapter 3.

By reviewing, comparing and analysing the different techniques of knowledge
gathering, a survey approach is brought up to complete the task because it is seen to
be preferable in comparison with other approaches, as it gives more benefits while
handling the soft knowledge ‘recording’. Based on this result, a survey on teaching
database normalisation is conducted and the survey results are analysed and illustrated

to be used as the input of the knowledge base.

4.2 Common Techniques for Collecting Explicit Knowledge

In the field of KM, the term explicit knowledge is usually accepted as
documented information. Thus the tasks of discovering explicit knowledge can be
conducted by the techniques used in information collection. In general, collecting
information is carried out mainly through asking questions of various types, but also
through observation. The process of collecting information, however, involves much
more than listing a few questions and then asking them in the field.

For many years, scientific techniques have been set up for collecting
information. These techniques seek to establish cause-effect relationships, produce
generalised results and provide quantitative data through structured data collection
procedures. These techniques have gained recognition over past years as being
favoured for understanding complex social or scientific conditions. Techniques such
as observation and open-ended interviews seek to explore situations in depth. Some of
the common techniques are introduced as the following (Bickman & Rog, 1998
Hemmer et al., 2000; Hentschel, 1998; McNamara, 1999; Pretty et al., 1995; White,
1998).

The most publicly used and accepted technique is survey, in which standardised
information is collected through structured questionnaires to generate quantitative
data. Surveys may be mailed (surface and electronic), completed on site or through
interviews, either face-to-face or by telephone. Another known method is to design a
case studv, which examines a particular case in depth (programme, group of
participants, single individual, site / location). It uses multiple sources of information

and methods to provide as complete a picture as possible. Interviews, a face-to-face
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information gathering technique, colfects information by talking with, and listening (o,
people either face-to-face or over the telephone. Interviews range on a continuum
from those which are tgehtly structured {as in a survey) to free flowing and
conversational mterviews, Observgtion. on the other hand. colleets mformation
through “seeing” and “histening™. Techniques, such as group assessmenl, expert or peer
review. and portiolio review use group processes to collect evaluation mlormation.
Some approaches used tor particular purposes include testimomals, tests. photographs,
slrdes. videos, diantes, journals. logs. and document analysis. Very occasionally,
techniques like action cards” are used and applied for information gathering.

These information-collecting  techniques  melude  traditonal - micasurement
approaches such as tests and ratings, as well as more investigative procedures such s
observation, interviews, case studies. and Dterature veviews, Fach method has s
advantages and disadvantages. For example, an terview requires time rephies (o g
questionnaire might not be truthtul, with observation you might not get to see what
vou need to see and fetters might not be answered. Whatever methods are used in the
nvestigation. a number of ditferent steps are imyvolved. Al these steps are unportant

tor the rehiability. relevance and cost eftectiveness of the investigation.

4.3 Techniques for Capturing Tacit Knowledge

Knowledge can ake various shapes and lorms. Tactt knowledge necds w be
formalsed and made explicit to be shared more casily. Further. Information
Collecting does not necessartly convey  that knowledge 15 delinitely  captured.
Tangible knowledge can be captured relatively casily, but intangible knowledee which
is embedded i individual’s mind 1s rather abstract and hard 1o capture,

In the teachimg environment, there s gencral recogmtion that educational
mstitutions need to pay more atiention o how to manage the mtangible knowledye
provided by the academic faculty. They may undervalue the creation and capture of
knowledge, they mav ose or give away what they possess. they may deter or inhnibit
knowledge sharing, and they may underestimate in both using and reusing the
knowledge they have (Iarl & Scott, 20013, On the contrary, recognising the potential

ol knowledge m value creation and reuse would encourage managing knowledge as a

T Action curds use of indes cards on which participants record what thev did - the “action”  and when
they reach themr goal: primarily used mseliassessment.

T
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resource, to discover and to release knowledge that is not known (Resatscha &
Faisstb, 2004).

Different educational institutions compete with each other in terms of effectively
demonstrating knowledge leadership and consistently delivering better knowledge to
their students. These questions require more attention, such as what knowledge is
crucial to successfully deliver the knowledge to the students? What knowledge is to be
stored and reused? How well do teachers and students manage, develop and exploit
this knowledge? Who is responsible for maximising its value to the students?

The questions mentioned above are very important, but before providing the
answers to these questions, the initial knowledge has to be first effectively captured,
then KM can carry on the processing of the knowledge in the knowledge repository to
create new knowledge (Vat, 2003).

Many existing techniques which have evolved from the cognitive psychology
and artificial intelligence fields have been developed over the years. Within these
common data collecting technologies, various techniques have been also applied over
the years to capture knowledge. The following are the most common methods used for
programme evaluation, some of which are applied along with the social science
research methodologies, which are geared toward qualitative knowledge. In
comparison, similar approaches are also mentioned in De Long & Davenport (2003),
Friedman-Hill (2003) and Talisayon (2001).

Interviewing, the most typical method for capturing knowledge, may be
conducted using either structured or unstructured interviews. Structured interviews
follow a sequence of questions prepared in advance with some flexibility for
deviation; while unstructured interviews use typically open-ended questions and are
not planned in advance. The skill of the interviewer is a key ingredient in getting at
the deeper knowledge as opposed to the shallow knowledge of the expert. Used
usually as a supplement to interviews, the survey / questionnaire is another of the
important techniques for capturing knowledge. Lessons learned, best practices and
heuristic knowledge (rules of thumb) could be described on these forms which express
tacit knowledge explicitly.

Observation / simulation, another common method, refers to the fact that some
knowledge can perhaps be gained through observing an expert solving a problem in
his / her work environment. In this technique, the knowledge engineer is a casual

observer, watching the actions of the expert, firsthand. in the workplace. Computer
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simulation may also trigger the application of knowledge by the expert in running
through a simulation. Further, protocol analysis. another common way, deals with
verbal walkihroughs in which the expert reasons aloud with his 7/ her decision-making
process without the intervention of the interviewer. The expert describes the dead-end
paths. as well as those that follow a positive direction, in reaching a decisien. Besides
these methods, learning by doing utilises the fact that some knowledge and insights
used by an expert can be picked up through apprenticeship. mentonng or on-the-job
training. This master-apprentice relationship may uncover some of the knowledge that
the expert applies.

In order 1o facilttate KM processes, it is essential to provide ubiquitous ways of
capturing knowledge at the explicit level and then directing it 1o specific roles tor
processing. The goal will be to capture reasons tor actions as well as the aclions

themselves 1o be able 1o see their relevance in context.

4.4 Justification for Choosing the Survey Approach

.. Tools (such as surveys) are created by toolmakers who invest their devices
with o certain sphere of knowledge. These wols are then employed to generate
mtormation which typically re-enters the wol maker’s sphere of knowledge to
conlirm. deny or embellish what s'he believes s-he already knows, (Chauvel &
Drespres. 2002},

A survey 1s most appropriate when the evaluation questions and intormation
needs are best answered by the people themselves (Thom. 2001). Often individuals
own reports of their opinions and behaviours needs tracking down for turther usage.
Further, there are things which can not be seen directly. such as attitudes and beliefs,
Or it is really hard to observe people’s actions, such as students” preferences level of
in a given topic. Therefore, the solutions to these situations are to ask them and find
out the answer.

The use of surveys based on the production of data by means of a questionnaire,
15 perhaps the most common tool of extracting knowledge. Several factors explain the
appeal of surveys to rescarchers. First, this analytical tool allows the researcher
directly to focus on her / his subject of interest, by just questioning people about it. In
this way, scientific nvestigations can have content as specific as intended, and can

gather homogeneous data supphied. in principle at least. by exactly the kind of people
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who are the target of the research. Second, the scores produced by the survey are
amenable to statistical description and analysis, through the use of correlation and
regression techniques. Third, by relating the surveyed sample to the corresponding
population, the set of data provided by the survey can be the basis of statistical
inferences. Fourth, it can not be ignored that survey methodology is fast and
straightforward compared to many other research methods. This allows researchers,
research centres and practitioners to act in a relatively quick and intellectually
respectable manner. These four main reasons would explain the widespread use of
surveys in scientific research.

On the other hand, we have to note that tacit knowledge, however, is not best
collected through a survey. It may be more direct and useful to use other methods. A
variety of alternatives exist such as, existing data, records, documentation, tests of
abilities, case study. For example, it may be more useful to actually observe course
management practices than to ask a teacher if s/he 1s using the systems. Alternatively,
it may be difficult for teachers to know how many times students access the web-
based course sites over the past term. An analysis of the tracking records of students
browsing behaviours would be better sources of knowledge.

It is very important to be first clear about the knowledge that is highly wanted
and needs collecting, and then comes the decision of the proper methods. The purpose
of this thesis is to use KM techniques to capture the teaching knowledge on database
normalisation so that the knowledge can be stored, reused for the academic staff,
which can lead to creation of new knowledge related with teaching methods. Based on
the review of different techniques on explicit and tacit knowledge capturing, a survey
on teaching database normalisation is considered suitable and proper to capture the

knowledge related with database normalisation teaching and learning.

4.5 The Nature of the Survey

A survey is a way to collect information directly from people in a systematic,
standardised way (Saluja et al., 2000). Surveys use questionnaires that ask the same
question in the same way of all respondents. Data collected this way can then be used
to make inferences about the population of interest (e.g. students’ learning style).
Knowledge can be collected about people’s opinions, thoughts, attitudes, beliefs,

behaviours, experiences and backgrounds.
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[n this thesis. a broad distinction is made between two schools of thoughts n this
regard: the classical (positivist) perspective and the interpreuve  (posipositivist)
perspective on survey rescarch (Hamilton, 2002). The classical perspective 1s closely
associated with the scientific method as it was retfined during the twentieth century,
while interpretivism arose as a serious response to the classical perspective tin the

field of business management) during the 1980s (Rose. 2000),

4.5.1  The Classical Approach

The classical school holds that survey research gencrates a detailed and
quantilicd desceription, a precise map and 7 or a precise measurement of potential’
(Kuhn, 1970). This is accomplished by the lollowing well estublished methods
(Fisher, 19984 (1) developing the rescarch plan, which lixes certain attention on some
tapic and defines this topic properly which presents charactenstics or facets of the
phenomenon: {0 rasmg the survey questions around the vamables; (11) attaching
metrics to the surveyv guestions; tivh laying out the survey formation, launching a prlot
test and sending 1t to a predetermined sample of respondents: (v) analvsing the
surveys that are returned. providing the raw matertal for research reports, survey-
{eedback programmes, and pubhications and so on: and viy finslly, reporung the
survey resuis.

The approach outlined n these six steps encapsulates most of the survey
research reported in the business literature dating from 1950 to the present day
{Peterson, 2000). The reasons why this approach is so popular are that its benefits can
be expressed in the following three aspects.

Reality. The classical school assumes that a reality ¢xists “out there', that this
reality 15 singular, and that the phenomena circulating within it are knowable to the
point of delinmyg all therr charactenstics and causal relations with other phenomena
{Diaz-Martinez & Navarro. 19963,

Objectivity. If reality 18 made up of knowable phenomena. and the rescarcher’s
job s to study these phenomena, the rescarcher and the phenomena are o 1o way
connected and, hence, the rescarcher can be objective (from Webster's Dictionary).

Common meanings. Since the rescarcher is studyving phenomena which are

ohservable to all circulating 1n a reality common 1o all. the meanings of the words
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assigned to the phenomena are (in the 1deal) perfectly shared by the researcher and all

others.

4.5.2 The Interpretive Approach

Interpretivists, the counter approach to the classical school, hold that realities are
multiple rather than singular, objectivity 1s a myth, that action arises from interactions
in circumscribed situations, and that the meanings ascribed to the words we use are
imperfectly shared, at best (Conroy, 2001).

Indeed, these two schools of thought represent two different bases. The classical
approach 1s to define, measure, codify and eventually control a phenomenon, whereas
interpretivists are focused on how individuals conceptualise their world and make
sense of it. Because it is rather complex for interpretivists to stress the fundamentally
interpretive nature of social reality (Pozzebon, 2003), the forms of interpretive survey
methodology are more likely to employ particular methods, such as cognitive
mapping, case histories, focus groups, Delphi techniques and so on (Diaz-Martinez &

Navarro, 1996).

4.5.3 Justification for Selecting the Classical Survey Approach

The researcher must choose a survey method that best suits the research topic,
respondent characteristics, time line, experience and resources available. The goal of
the survey is to obtain the trustworthy, authentic and responsible evidence that will be
used.

When choosing a method, the following statements need to be considered, such
as: What is the purpose of the evaluation? Who are the users of the evaluation, the
respondents from whom the survey will be conducted? What resources are available
(time, money, volunteers, etc)? What will be the degree of intrusiveness, the
advantages and disadvantages of each method? (Gillham, 2000; Harkness et al., 2003;
Munn & Drever, 1999; Peterson, 2000).

Moreover, the interpretive approach shows its advantage over the classic
approach in certain perspectives, however, the classic approach is considered more
practical in capturing both explicit and tacit knowledge. The reason is that the classic

approach permits the researchers to generate a ‘thick description’ of their view of
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reality. This feature 15 consistent with the aim of this thesis  to discover the deeper
insight of the underlying knowledge in teaching database normualisation. Hence. the
appropriate survey method n this thesis ts - conduct a survey of a particular group of
people to question in detail.

Based on the general strategics of the classical survey construction, a survey on
knowledge collection 15 accomplished through S stages: {1} survey planming. this
mcludes dratt survey design. pre-survey cvaluation and finalisation of the survey: (i)
invitation for survey participation, that is. contact the academic staff who teach
database design in relation (o database normalisation in the Departnent of Information
Systems, Massey University. Palmerston North campus: (111) conduct the survey that
is. ask lecturers to {ill out the survey torms and obtamn teedbhack from the academic
staff. This stage is (o capture knowledge of teaching database normalisation,
particularly targeted on tacit knowledge: (iv) survey collection and organisation. that
1s. prepare for the survey analysis: (v) extract the knowledge and analyse the outcomes
for further usc. This stage s particularly mterested 1 assessing lecturers” atttudes and
understanding of their own teaching behaviours, deternuning  different teaching
methodologies  or  strategies  applied in database  normalisation  teaching. and
determining the content of knowledge on database normahisation which should be
taught with the awarencss of the tevels of study during normal semester time.

One further remark on the survey design: a survey should be developed in such a
way that the fecturers” tacit knowledge should be able to be captured tirst and then be
“interpreted” into explicit knowledpe, This requires that the survey must cnable the
fecturers to cxpress what their approaches in teaching database normalisation are and
how they apply their knowledge to the real teaching siuations. In addion, the
rescarcher should be aware of the constraints 7 influence factors related to the teaching

objectives and tasks within the department,
4.6 Survey Development
With the review of different knowledge capture strategies and  further

justification of the classic survey approach, the following factors are detailed and

explained. simultancously with the conducting of a meaningtul survey,
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4.6.1 Survey Participants Selection

Involving intended users in the survey leads to greater commitment and helps to
ensure the survey is relevant and is used. Key people might be involved in the
planning, questionnaire construction, data collection or analysis and interpretation.
They can serve in an advisory role, be involved in, or manage one aspect of the survey
or be fully involved throughout the survey implementation.

Since the intention is to capture the knowledge of the existing academic staff in
the Department of Information Systems, the vested interests in this survey concern
how to finally target knowledge of teaching methods in database normalisation.
Hence, most of the academic staff whose teaching activity relates to database
normalisation theory were asked to participate in this survey.

To smooth the survey process, the staff were notified about the coming survey
by an invitation for participation. In this way, staff could be reassured that they could
actually answer the questionnaire, and some possible suggestions could be raised

before distributing the survey so that improvements could be made within the survey.

4.6.2 Survey Content Outline

Clarifying the specific content and topics of the survey is difficult but necessary:;
otherwise it 1s possible to include a lot of questions that do not answer the needs.
Defining the survey content means setting boundaries so you can write the correct
questions.

Further, the survey should focus on the priority information needs. It is
important to make a distinction between what would be nice to know and what is
necessary to know. In order to collect all sorts of valuable teaching resources related
with database normalisation knowledge and make the best use of them, capturing
knowledge starts with understanding the lecturer’s educational background, teaching
roles and the allocations of teaching activities in the department. All these help
analyse the teacher’s educational intention, that is, identify whether they focus on
research or they focus on real life practices. Next, questions are raised in terms of the
preferred teaching methodologies in teaching normalisation, which reflects a range
and diversity of experiences, that is, an in-depth story of each individual teacher.

Based on the knowledge obtained from the previous stages, questions on the next
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section are designed to capture the deep thoughts of teaching activities and methods m

database normalisation theory, such as what should be taught in normalisation theary
Moreover, the survey Is also designed to focus on the role of Informanton

Technologies in teaching since in the thesis KM techniques will be applied to capture

the knowiedge.

4.6.3  Questionnasire Development

One ol the most common forms of human comimunication is asking questions.
Asking questions s perhaps second only to observation as the wav people acquire
knowledee (Kipling, 1903). Technically, a question comniunicares an ingquary.

Research questions seldom appear 1n wsolanon. 1t 15 rare for a single research
question to be asked 1n an empirical rescarch project. Rarther, several research
questions tend to be ncluded in a questionnaire, whether it 15 called that or an
interview schedule. a measurement instrument. or simply a list of questions. An
effective questionnalre is caretully structured to provide vahd and relishie information
at g reasonable cost. It provides just the right” amount ol informuation to meet the
needs of a research projects, no more and no less (Peterson. 200th.

A gquestionnawrre provides a ool for extracting intormaton which can he
organised and discussed. However, the numnber and tvpe ol questions, the format of
questions and the lavout of the questionnaire depend on the type of survey. Based on
the survey objectives and content, severdl aspects are mentioned tn constructing a
gquestionnaire.

Kind of Information. There are tour ditlerent tvpes ol informaton which need
o be distinguished. Knowledoe (what people know. how well they understand
somethingj: Beliefs © opmwas (the perceptions people hold); behavieur (what people
do). personal atnbutes {a person’s personal charactenstic — age. educational
background. and so on.)

Wording of the Questionnaire. This ensures that guestions in the questionnaire
are understandable by the respondents so the intended results can be obtained.

Formatting the Questionnaire. The appearance. length. and the order in which
the questions appear can dircetly umpact the survey outcomes. The questionnaire

designed in this thesis 1s pleasing to the eves and casy 10 complete,



Pre-testing the Questionnaire. Pre-testing is an indispensable part of
questionnaire design. This gives a chance to examine individual questions, as well as
the whole questionnaire, very carefully. A time frame for this action is considered

during the survey development.

4.6.4 Survey Plan Schedule

Survey milestones help structure time, resources and responsibilities. Good
planning ensures that the resources will be used more thoughtfully and effectively. In
regard to this survey, a Gantt chart is set up to clarify each milestone, please refer to

Appendix II.

4.7 Survey Analysis and Interpretation

4.7.1  Brief Summary of Survey Results

Following Invitation of Survey Participation (ref. to Appendix I), a survey on
teaching database normalisation was conducted within the Department of Information
Systems, Massey University. The initial timetable for the Survey is shown in
Appendix II. In outline it involved planning the survey, drafting the questionnaire,
several-round discussion on the development of the format of the survey and
questionnaire, on the implementation of the survey and on the eventual successful
implementation of the findings.

On the wider basis, support was involved at all stage including a pre-survey
testing. The questionnaire was delivered to all the staff who teaches database design
courses with database normalisation as part of the teaching tasks. The wide range of
survey participation has generated a great deal of interest, which lays the success to

the research work.
4.7.2  Main Survey Findings
The questionnaire (please refer to Appendix III) was designed in consultation

with my supervisors and pre-survey testing participants. It consisted of closed and

open questions which were grouped into four sections.



Section 1 - General information about the questionnaire participants.

Section 2 — General views on teaching - the respondent’s views as a teacher and
veneral teaching objectives, and so on.

Section 3 Teaching methods and content on database normalisation
respondent’s knowledge on how to conduct effective teaching in this area based on
different teaching levels,

Section 4 Use of technology in teaching  respondent’s comments about
Information Technology influence on teaching.

The overall level of response was very high at ninety-seven percent of the
lecturers 1 the Department of Information Systems. Massey University. The response
was higher from lecturers (34%;) than Twors (23%) and Graduate Assistants
(23%%).This 18 testimony 1o the success of the effort to mvolve most of the teaching
staft in the department. In addition. the level of response o the open questions was
very high demonstrating enhanced commuments (rom stalt in terms ol ume and thelr
desire to be involved to assist students” research. The open questions. besides
reinforcing  the mam issues.  further the understanding of teaching  database

normalisation which would mert further investigation,

Section 1 — General Information about Participants

in this scction. respondents are asked to specity the levelfs) ot coursets) m
which database normalisation theory forms pant of the twachimg task. Fifty-four
percent of the respondents responded that database normahisation 1s regarded as part of
teaching task 10 300 level and 200 level papers. respectively. while another fifieen
percent responses indicated that it features in 100 fevel courses.

At this stage. in the department. there 15 no distinetive outline or scope that
database normalisation s scheduled as part of the curricula at either the Masters level
or the PhI) level. One reason to support this as that in these two levels students are
supposed to apply what they have learned to turther and deepen the knowledge
understanding level. For example, one of 1he survey participants 1s currently
undertaking his PhD 1n advanced normalisation theory, which is pure research
ortented individual development and requires independent research throughout a 3 to
4 year period. Further, based on these figures, the average teaching hours assigned to
corresponding course levels are ilustrated in the following Figure 4.1, This implies

thalt database normalisation is largely taken as part of the teaching task in the 300



level, 200 level and 100 level. The teaching hours have quite significant weights in
these levels with 21 hours per semester, 9 hours per semester and 2 hours per
semester, respectively.

In short, this section evaluates the current teaching tasks, showing that focusing
on database normalisation is mostly at the 100 level, 200 level and 300 level, which
requires the thesis to place more emphasis on the normalisation teaching at these

levels.
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Figure 4. 1 Teaching resources allocated to teaching database normalisation

Section 2 — General Views on Teaching

In this section, participants are asked to identify the responses which best reflect
their level of agreement on 7 different statements regarding effective teaching. The
level of agreements are designed based on a five-point Likert scale’ (ScienceDaily
encyclopaedia), that is, 5 = strongly agree, 4 = somewhat agree, 3 = not sure, 2 =
somewhat disagree and 1 = strongly disagree. The responses to this section for the
whole group are quite positive about the 7 listed statements. As teachers, they would
like to provide students with an environment conducive to learning new knowledge, to
understand and to master what they have leammed. Figure 4.2 below show the
comparison based on Likert five-point scales. Teachers feel more comfortable with

agreements on Question 3, Question 5, Question 6 and Question 7.

5 Likert scale 1s a raung scale measuring the strength of agreement with a clear st I is often ad tered in the form of a questionnaire used to gauge

attitudes or reactions
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Many discussions surrounded Question 4, Question 8 and Question 9. Regarding
Question 4, agreements and disagreements share similar weights, which reflect two
main teaching focuses: research-oriented teaching versus practice-oriented teaching.
In Question 8 and Question 9, different teachers have different definitions of what up-
to-date materials and interesting materials are in terms of effective teaching and
learning. Thus the up-to-date materials referred to in this thesis are the latest research,
thoughts or discussion on certain topics, wherein these materials are guided and first
filtered by the teachers, rather than blindly passed on to the students. The interesting
materials considered in the thesis are those which can encourage and guide students to
further their learning journey.

Generally, the responses in this section identified that two main teaching focuses
currently exist in the tertiary education environment. One is the research oriented - in
which there is more or less theoretically based teaching, and the other 1s practice
oriented which places more emphasis on applied science, how to apply what the

students have learned in the real life situation.
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5 = strongly agree, 4 = somewhat agree, 3 = not sure,
2 =somewhatdisagree, 1 = strongly disagree
= Enabling students to acquire basic know ledge
= Passing on lecturer's experiences lo students
Challenging students with ideas, so that they may develop therrselves
—— Encouraging students to ask questions

—— Producing an independent learner w ho can carry on learning after leaving the university

Providing up to date resource material for students

Providing interesting resource material for students

Figure 4. 2 Views on the overall teaching objectives and approaches
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Section 3 — Teaching Methods and Teaching Contents

In this section, there are 11 questions in total which go deep to discuss the
possible teaching methods in regard to database normalisation and the related teaching
content in accordance with the respective course levels.

The first question in this section, Question 10, asked for comments on whether
database normalisation is an important part of database design theory and whether it is
possible to obtain a sound database schema without in-depth understanding of the
normalisation theory. All (100%) participants agreed that normalisation is an
important part of database design theory which can not be omitted from any learning
on database design. It lets students understand that not all databases were sound and
faithful when they were set up and that there are several points to be considered to
achieve a well-defined database, that is, normalisation is one of the concerns.

Hence, it is worthy of further research and any research or efforts which can help
teachers to teach efficiently and students to learn effectively will be absolutely
welcomed and encouraged. In response to the second question under Question 10,
quite diverse opinions were presented. Some teachers mentioned that in real life
projects, it is quite common that normalisation theory is not applied for those
experienced database developers, since they have sound knowledge or experience
with database schema and structure. But in whatever case, the knowledge of database
normalisation is essential to both novices and advanced database developers. For a
detailed illustration of responses, please refer to Figure 4.3.

Question 11 asked respondents to specify the teaching methods they would like
to use while teaching database normalisation. Forty-six percent of teachers prefer
lecture-centre teaching. Thirty-eight percent of teachers are in favour of case-based
teaching and problem-based teaching, respectively. Seminar style teaching and
collaborative / cooperative teaching share another fifteen percent separately. The last
eight percent goes to project-based teaching. All the answers reflect that there are
fairly different ways concerning teaching database normalisation.

As mentioned before, 300 level, 200 level and 100 level teaching are the main
foci of this thesis; this can easily explain the reason why the teachers are in favour of
lecture-centred teaching and case-based / problem-based teaching, that is, learning is
motivated by examples / cases from real life projects, while lectures are on general

concepts, problems and further discussion. Further, several participants expressed the
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view that web-based teaching is another possibility to teach database normalisation.
This adds another valuable research input on web-based KM. Please refer to Figure

4.4 for detail.
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30% = Obtain a sound database
g schema without deep
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5 = strongly agree, 4 = somewhat agree, 3 = not sure,
2 = somewhat disagree, 1 = strongly disagree
Figure 4. 3 Views on the objectives of teaching database normalisation
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Figure 4. 4 Appropriate teaching method(s) utilized in teaching database normalisation theory

(each respondent could select one or more methods)

Question 12 continues Question 1 with more specification on the teaching
objectives in different course levels (refer to Figure 4.5). Figure 4.4 shows that the

higher the course level is, the more independent and flexible teaching objectives are
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expected. In regard to the 100 level to 300 level, teaching objectives step from
knowing the concepts to understanding, mastering and applying the theory in real life
projects, which corresponds to practice-oriented teaching. On the other hand, the

Masters level and PhD level have a more research-oriented basis.

[

0% - = 1 E =4 1 = N
Memorize  Understand Masterthe  Apply the Conduct
the concepts the theory theory  theory in real independent
/ definitions life practice  research

@100 Level ®200Level 0O 300Level OMaster Level W Ph.DLevel

Figure 4. 5 Expecting teaching objectives in different course levels

Question 13 to Question 20 open the discussion more from the teaching content
point of view. In response to Question 13, twenty-three percent of the respondents
clearly identify the best approach to design a normalised database schema is to apply
algorithms and follow the normalisation step by step, that 1s, a successful database is
obtained by first modelling the information in 1™ normal form, then successively
adjusting it to the 2™ normal form, 3" normal form, Boyce / Codd normal form, and
so on. Another thirty-one percent prefers to attempt to come up with a normalised
schema, that is, model the structure of the information directly in BCNF satisfying
lossless-join and dependency preservation ®. In contrast, thirty-eight percent of
respondents choose the adaptive solution that is, based on a different situation, to
apply the suitable approach.

An interesting finding during the survey interview is that teachers in lower level
courses found that the inductive way of teaching facilitates the students’

understanding process and students are encouraged to extend the learning / research,

[i v i
" If we can not achieve this, we accept one of
lack of dependency preservation (or use of more expensive inter-relational methods to preserve dependencies)
- data redundancy due to use of 3NF

50



while teachers in higher level courses prefer the deductive way to direct students’
learning, since students have the ability to adapt the environment to learn by
themselves. These findings give the evidences that effective teaching also needs to
take students’ knowledge levels into consideration.

When asked in Question 14 and Question 15 — what knowledge should be
delivered first to the students before learning database normalisation and what should
be emphasised first to achieve a thorough understanding of the concepts of functional
dependencies, the following points are listed based on the rating, see Table 4.1 and
Table 4.2. These show that relational schema, redundancy, anomalies, database tables,
conceptual modelling and the ER model are the foundation of the entry of database
normalisation theory, plus a better mathematics background will help the learning to

occur smoothly.

Knowledge to Learn (Question 14)

Intuitive understanding of the structure of database tables 15%
Quality aspects of relational schema: redundancy, anomalies, etc 54%
Mathematical rigor 54%
Concepts of soundness, completeness, faithfulness, etc 77%

Table 4. 1 Knowledge to be delivered to the students before learning database normalisation

Knowledge to Learn (Question 15)

Prerequisite mathematical knowledge 54%

Database design process, such as conceptual database design and logical

database design, etc 54%
Entities, relations, cardinality, and entity-relationship model 23%
Redundancy, anomalies, functional dependency and multi-value dependency 15%

Table 4. 2 Knowledge to achieve thorough understanding of the concepts of functional dependencies

In Question 16, the respondents are asked to identify the importance of
algorithms in normalisation theory. About thirty-eight percent confirmed that it is
extremely important, because it lays the foundation of the normalisation theory;
twenty-three percent said it is important, but not critical to grasp. In contrast, eight
percent said it is not important at all, and even twenty-three percent expressed the
view that it can be omitted. In the question, the dramatic changes reflect that different
course levels have quite different teaching and learning foci. At the lower level,

algorithms do not play an important role at all and students can understand and use the
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database normalisation concepts by simply learning and applying some real life
examples, but at the higher level, students are supposed to learn the algorithm first so
as to apply it to the real life cases. The responses to this question are consistent with
the previous finding, which will be applied in the thesis.

Question 17 is the last closed question in Section C. It asked the participants to
specify up to which level of normal forms is sufficient for students to master. About
sixty-two percent went to Third normal forms and another fifty-eight percent went to
Boye / Codd normal form. Based on this finding, this research will also focus on the
normal forms below the Boyce / Codd normal form.

In Section C, there are 3 open questions — Question 18, Question 19 and
Question 20. A summary of statement made by individual teachers in response to
these three questions is as follows:

Question 18. Based on your teaching experience, what knowledge should be
taught regarding the normalisation theory?

Most the responses indicated that the following knowledge should be considered
as part of the teaching task regarding database normalisation, including fundamental
mathematical knowledge in algebra; related knowledge in database design process,
entities, relations, cardinality, and entity relationship model; redundancy, anomalies,
Armstrong Axioms, functional dependency, multi-value dependency; derivation tree;
both normalisation concepts and table examples with more emphasis on table
examples; norm forms with special emphasis on the third normal form and the Boyce /
Codd normal form; and further explanation on redundancies caused by other
dependencies which leads to the fourth normal form.

Question 19. Normalisation theory also has its own limitations; please briefly
describe the content that vou would like students to know.

The survey responses expressed the point that teachers consider that not only
the positive side of database normalisation is important, but also knowledge in terms
of limitations of normalisation theory helps students to understand the knowledge
more thoroughly. Knowledge which, it is suggested, should be taught includes:
comparison between the Boyce / Codd normal form and the 3 normal form to
illustrate the limitation of normalisation concepts: the number of join query
determines the database performance; the concepts of loss of semantics should be
further explained, also the concepts of normalisation for database not in the 1 normal

form have not been well studied yet. This survey result shows that a good
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understanding of both the advantages and disadvantages of table structure,
relationships, Entity-relationship model, anomalies and the range of different normal
forms is essential for students to clearly understand this knowledge.

Question 20. What knowledge on normalisation theory should be delivered so
that students can determine when to apply normalisation principles and when not to
apply them?

The survey answers emphasised three aspects. Firstly, it should be able to
distinguish between well and poorly designed database, that is, why they are or not
well designed and basic knowledge on normal forms such as why they are useful and
how to achieve them. Secondly, practical examples of where and how to apply second
normal form, third normal form, and the Boyce / Codd normal form should be further
illustrated. Thirdly, in the real project, de-normalisation may be required.

In short about the above three open questions, the responses gave more
knowledge on the content level - what should be taught based on their own teaching
experience in the department. This knowledge will be used as one source of

knowledge inputs besides the textbooks.

Section 4 — Use of Technology in teaching

In section 4. there are 2 questions which further explore the possibility of
applying Information Technology to assist teaching. Question 21 asked n what
aspects Information Technology (such as WebCT) can help your students to learn the
course content, The majority, seventy-seven percent goes for flexibility for distance
learning, sixty-two percent said it provides instant feedback to teachers and learners,
and thirty-eight percent considered that knowledge can be easily updated. The rest

(23%) said it goes to enhance learning experience.

Possible Aspects with Information Technology Support (Question 21)

Flexibility for distance learning 77%
Enhance learning via the use of multimedia 239,
Provide instant feedback to teachers and learners 62%
Knowledge can be constantly updated 38%

Table 4. 3 Benefits of Information Technology in education
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The responses to this question show that modern teaching is inseparable from

Information Technology. With the support of Information Technology, teaching can

be treated more efficiently and effectively. Students also enjoy this learning

experience which eventually helps them achieve better learning goals. Table 4.3

shows the percentage allocation.

The last question of this survey 1s designed as another Likert scale question but

with three points, i.e. 3 = yes, 2 = not sure, 1 = no. Question 22 asked participants to

comment on the current Information Technology usage, the status and further

application from 7 different aspects.

Not
Information Technology (IT) Usage, Status and Future in Teaching Yes g No
ure
On line lectures / tutorials 75% | 0% | 25%
- - - = - =
Currently On line reading materials 75% | 0% 8%
. | Online lab assignments 75% | 0% 17%
use IT in i : ' :
Tools to supporting teaching & learning 33% (8% |42%
my teaciing Simulation / interactive learning 17% [ 0% | 75%
Measure of student participation 25% | 33% | 26%
Measure of the level of comprehension of the materials | 25% | 33% | 25%
On line lectures / tutorials 42% | 42% | 8%
On line reading materials 33% [67% | 0%
Is it [On line lab assignments 50% | 42% | 0%
working Tools to supporting teaching & learning 33% | 33% | 0%
effectively? Simulation / interactive learning 17% | 33% | 8%
Measure of student participation 25% | 42% | 0%
Measure of the level of comprehension of the materials | 17% [ 50% | 0%
On line lectures / tutorials 58% | 0% 17%
Would like | On line reading materials 67% | 0% 8%
. On line lab assignments 75% | 0% 8%
to use IT to g > ‘
| Tools to supporting teaching & learning 58% (8% |8%
enhance in | — : . 5
Simulation / interactive learning 55% | 20% | 8%
future Measure of student participation 50% |8% |8%
Measure of the level of comprehension of the materials | 50% | 17% | 8%

Table 4. 4 Benefits of electronic tools in course content & course management

Table 4.4 illustrates the percentage under each scale. The corresponding figures

are highlighted in bold type if they are greater than fifty percent (including fifty
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percent 1n the case). The analysis summarised that currently Information Technology
is used only at the basic level of course content delivery which merely converts paper
documents into an e-version. such as online lectures. tutortals. some extended reading
materials and laboratory assignments and so on. Further potential can be mvestigated
in these two areas: tools o support teaching and learning and simulation / mteractive
jearmmg.

As highlighted for attention. 1t is quite distinctive that simulation / interactive
learning 1s far behind the teaching expectation. and needs more effort to develop.
Although the answers show quite uneven percentage allocation on whether
[nformation Technology 1s working effectively. most of the survey participants would
prefer a hittte brt longer time span to identily whether tt1s eflective or not, that Is one
reason for this guite diverse feedback on this part. In this part of this question. all the
aspects received  over 50%  positive responses. This shows that  Information
Technology has the potentiality to assist and support teaching. This finding supports
the goal of this thesis o further the rescarch i applying medern technology. in this

case KM, for teachmyg database normalisation.

4.8 Summary

This chapter concentrates on transferring tacit knowledge to explicit, 1t starts
with exploning  different knowledge collection technigues 1in terms of  exphicit
knowledge collection and tacit knowledpe capturing., By comparing and contrasting
difterent approaches, the classical survey approach is chosen as the suttable option for
capturing knowledge on teaching database normalisation.

The major findings are (1) significantly more positive responses than negative
ones: (1) currently courses on database nonmalisation are designated 1n the 300 level,
200 level and 106 level. respectively: (1) database normalisation theory 1s seen as an
important part of the teaching task: (1v) there 1s a major demand for finding out better
solutions on teaching database normalisation: (v) different teaching methods should be
applied in accordance with different course levels: (vi) course content and the way of
knowledee delivery varies from the 300 course level to the 100 level; (vin) details of
course contents on different learning levels are recorded, which will be used in the
system prototype implementation stage: and {vi) the role of Information Technology

in teaching is encouraging, and is expected to be utilised even more m the near future.
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CHAPTER D

Svstem Design and Implementation

Good system desion {5 o balance of mumy foctors.
tichieting  reliabilitg, scalebiing. marmtainabidity, cost
effcctiveness und appropriate technalugivs.

- Rystem plannivig corporation

5.1 Introduction

Modern mformation systems are usually based on the sottware development life
cycle. The system design phase occurs night after the feasibility study phase and the
requirements analvsis and specifications phase. The perspectives of svstem design
require an integrated approach 1o look at the system requirements and to outhine the
design models and architecture, after which system implementation can be carried out
successfully. Three maportant benefits of an integrated system are improved dectsion-
making capabilitics, improved business processes, and nercased  productivity
{Ranslord, 2002).

KM systems are one type of information system. This technology support KM 1n

organisations, specifically knowledge discovery, creation, utihization and reuse

~1
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(Ruggles, 1997). In this chapter, in order to develop a sound KM system, a number of
KM systems and practices are classified. The related current system development
methodologies, techniques and tools are also reviewed and discussed. An integrated
design approach is then outlined in accordance with the scenario of this thesis. Based
on the findings from the previous chapters, a KM system design architecture is
developed and illustrated in detail. This serves as the guide for implementing the
system prototype in the next stage. The web mining related logging system is
described and embedded as part of the KM system in order to analyse the user
learning patterns. Further, the system prototype is implemented. A brief description on

the user interface and coding is illustrated at the end of the chapter.

5.2 Knowledge Management System Design Approaches

In modern system design, there are known methodologies, such as business
process re-engineering (Hammer & Champy, 1993), expert system development
methodologies (Prerau, 1990), and information system development methodologies.
These three approaches all involve different type of developmental life cycle. Each
respective life cycle begins with planning and analytical tasks (e.g. re-engineering
process identification, expert system problem assessment, IS planning). Furthermore,
each life cycle prescribes some physical and procedural changes through
implementation and makes a transition (or moves) into a maintenance phase to
complete the life cycle.

On the contrary, Mertins et al. (2003) argue that few approaches on KM systems
have been widely published and acknowledged, and even fewer approaches have tried
to develop a systematic method to integrate KM activities into educational practices.
In order to outline education-based KM system design methodologies, in the
following paragraphs some selected business based KM system design approaches are
presented and discussed.

The Business Knowledge Management Approach (Bach et al. 1999) tries to
relate KM activities to business objectives and business processes that are based on
multimedia document processing. The approach distinguishes between business
processes, the knowledge structure and knowledge repository. The knowledge
structure represents the knowledge domains and content. The knowledge repository

includes KM processes, roles and responsibilities as well as Information Technology
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systems and documents. In their second book {Bach et al. 2600), they present a lew
instruments to improve the use of tacit knowledge for business processes and an
evaluation of these instruments with recommendations for their 1ategraton mto
business processes. With this enhancement. the KM system proposed has more
emphasis on the potential and live knowledge within the employee’s brain and
experience,

The Model-Based Knowledge Management Approach (Allweyer, 1998) adds
a new perspective to the modelling of existing business processes. especially ol
knowledge-intensive  processes. Alweyer (1998} also atfirms that knowledge
intensive processes are less structured. not exactly loresecable and. in most cases. not
repeatable. KM activities are considered as an itegral part of existing business
processes.

However. this approach is limited to the descnption of required and used
knowledge as well as geonerated and documented  knowledge., Knowledge s
understood as information in connection with the value for the owner of the
information, which allows people to act. This s explicit knowledge rather than tacit
knowledge,

The Building Bloek Approach (Probst ¢t al. 1998} is considered to be the most
widespread KM approach in German speaking arcas, It specifies eight building blocks
to manage knowledge  knowledge goals, knowledge identification. acquisitions.
development, sharing, utihzauon, retention and assessment. The idea of building
blocks for KM has been proposed by Wilg (1995) with examples of building blocks
for knowledge creation and dissemination. Knowledge as a resource is considered to
be the only mtegrative pattern of their approach. which follows on external logic
rather than the inherent logic of knowledge. Furthermore, categories such as
leadership, culture and technology are not systematically included within the concept.
which has already been crincized by practitioners as a deficu (Vogel, 1999). Figure
3.1 18 one of case studies on KM, which can be adopted as building blocks into the

selected arca and process,
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Figure 5. 1 Best practice methods as building blocks for knowledge management

(from APQC, 1996, EFQM 1997, cf. Chapter 11)

Besides the above mentioned three approaches, there are other existing
methodologies, such as PROMOTE Methodologies (Hinkelmann et al. 2002),
CommonKADS Methodologies (Schreiber et al, 2000), etc. In terms of a business
environment, whatever method 1s used, the improvement of the existing methods and
development of new methods should be considered in relation to meeting business
needs. In terms of an educational environment, the existing methods provide good
direction and guidance, and an adapted approach to KM system design methodologies

with an educational focus can be developed.

5.3 Educational Knowledge Management System Design Methodology

Based on the brief review of the existing KM system design methods, the
proposed methodology defines lifecycle actions referring to knowledge and KM in an
educational environment. The methodology tries to divide the whole design
methodology of KM into three dimensions: KM system planning and evaluation,
Knowledge Management Life Cycle (KMLC) and Software Development Life Cycle
(SDLC) (refer to Figure 5.2).
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Figure 5. 2 Knowledge management system incremental design framework.

The KMLC is the most common activity in educational institutions. [t has a
significant impact on the academic staff and students. Through a feedback loop based
on knowledge discovery, knowledge creation, knowledge utilization and knowledge
reuse, both explicit knowledge and tacit knowledge are captured. Based on teaching
and learning objectives, the KMLC captures all sorts of knowledge and allocates
quality knowledge into the knowledge repository. The KMLC 1s not linear, which
means that knowledge components are processed not necessarily in a sequential way.
However, the sequence of operations while processing a single knowledge component
is always the same: first knowledge creation after problem solving request (discovery
knowledge), then utilization, and reuse by the target students. Figure 5.3 illustrates
how knowledge flows in an educational KM system.

Students initialize the trigger of problem solving and look for the solutions
which are the actions of knowledge discovery. Knowledge i1s created based on
teachers’ exchanging of knowledge and students” giving feedback on the
corresponding knowledge. Newly updated knowledge is stored in the knowledge
repository. Teachers and experts with different teaching curricula are other sources of
knowledge input to the knowledge repository. Other knowledge input sources can be
provided from external sources and educational communities. For example,
communities may generate knowledge products in terms of FAQ, best practices and

white papers. The knowledge repository may be enriched further by external sources
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like Internet or knowledge vendors. Thus the users of this knowledge repository,
teachers and student who are the beneficiaries of the database, are able to keep this
knowledge repository updated and sharable which - in turn - encourages the

knowledge circulation within this knowledge life cycle.
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Figure 5. 3 Knowledge flows in an educational knowledge management system

The KM action manages the knowledge life cycle and software life cycle. It 1s
iterative and incremental. Management in this thesis involves making decisions on
teaching structure and adjusting the teaching and learning objectives which - in turn -
impact on the knowledge life cycle. KM actions consist of stages: verification, design,
implementation, and change management. Figure 5.4 snapshots the KM actions over
knowledge life cycle.

A software life cycle can be defined as a set of activities, methods practices and
transformations used to develop the software and associated procedures. It lays the

base for KM system implementation.
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Figure 5. 4 Knowledge management actions over knowledge management life cycle

In summary, the major innovation of this methodology 1s to consider a KM
system as not being a pure information system. A KM system needs extra
consideration in the knowledge life cycle and KM activities, because the knowledge
itself, especially the tacit knowledge is continually updated and changed. Therefore,
KM actions guarantee that both explicit knowledge and tacit knowledge within the
knowledge life cycle are captured. utilized and re-used. while the software life cycle 1s
the process which provides the technology environment to make all this action

happen.

54 Knowledge Management System Platform Architecture

The principal functional area of the KM system platform architecture in this
thesis should provide an overview of system features. The target of this system design
is to help teachers share teaching resources in database normalisation related
knowledge and to help students learn and grasp database normalisation concepts

better. Figure 5.5 illustrates the KM system platform architecture in details.
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Figure 5. 5 Educational knowledge management system architecture

The KM system architecture's central feature is the knowledge repository
supported by associated management functions which enable knowledge creating,
sharing and re-utilization. Access to the knowledge repository and the related data-
manipulation actions 1s effective via the end-user graphic interface. The goals of this
architecture are listed below:

* Provide web based education on database normalisation

¢ Encourage teaching & learning resource storing, sharing and updating

e Support effective learning strategies

e Help students to understand the database normalisation concepts easily

e Track student learning preferences and patterns

e Support student evaluation

e Support access to external resources

e Support students’ direct discussion with suitable database experts on certain

database related topics.

The major components of this architecture are: curriculum components, search
components, expert mapper, knowledge input, action capture and knowledge filter.

These components are represented in Figure5.5.
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Curnicubum components: Cwricelum components provide access (o official class
information, including announcements, the svllubus, a course outline, assignment
information. project information, and class resources. These categories are similar 1o
the categories used in WebCT.

Search components:  Scarching  componeats are based on a meta-search
framework and support gueries on external source and local database and browsing
pattern analysis. Meta scarch s based on the Google search engine. Regarding the
user chek stream tracking and analysis, it 1s recorded by the jaction capture] logging
mechanmisms sitting behind the user wnterlface. This s explained 1 detail in the next
section.

The expert mapper component allows students to direct queries to domain
experts, and the knowledge mput component enables students to share knowledge
with each other.

The action capture component acis o< an intercepting {ilter. fogging user actions
for subsequent usage mining, Finally, the knowledoe filter acts 1o guarantee the
guahty ot knowledge made availabic via the knowledge repository,

In shert. this KM system architecture s the basts for protofype development
the next chapter. It explains the svstem functions to mect the feaching and learning

requirements,

5.5  lLearning Pattern Profiler Design

Researchers m the hypertext commumty have studied dynamic hypertext
confipuranion. Stotts and Furuta {1991) mentioned that criteria for reconfiguration are
supplied by the hypertext designer. Many research studies { AccessWatch.com; Cunha
el at, 1995 Yan el at. 1996) and some commercial products such as: Interse Market
Focus 3 and NetCount Service have looked at capturing user’s web aceess patterns
and storing them n log files for different purposes. Based on a user's accesses, these
criteria are checked and 1f satistied. the linkage among documents adapts m a
predefined way. WebWatcher (Armstrong ef al., [995) proposes a learning approach
to provide naviganon hints. User teedback is used to improve the quality of the hints,
Letizia {1995a) records whal interests a user has shown, ¢.g., links ollowed and
kevwaord searches performed. It then looks ahead in the associated pages that might be

of interest and suggests them to the user,



In this thesis, as explained in Chapter 3, understanding students’ learning
patterns is vital to teachers in terms of setting up the teaching curricula and effectively
organizing teaching resources which - in turn - help students to learn effectively.
Further, as web mining is focusing on knowledge discovery which is the first task of
the KM framework in this thesis, this is implemented as part of the KM system
prototype. For the purpose of recording students’ browsing patterns, a simple profiler
is designed as a counter which counts the number of accesses to a web page and
records the visit path. By referring to the approaches mentioned in Armstrong et al.
(1995) and Letizia (1995b), Figure 5.6 below gives an overview of the learning

pattern profiler with modification and adaptation to serve the purpose of this thesis.

Dynamic Link Processor

Action capture Log analyser
controller

Access Iog

Figure 5. 6 Learning pattern profiler design

The architecture consists of four main components: action capture controller,
access log, encapsulating the log data, the log analyser, performing log analysis and
encapsulating the data obtained in the analysis, and the dynamic link processor.

The profiler is executed entirely on the server side. The web server is able to
support HTTP and additionally supports the notion of a user session: 1.e. an ongoing
interaction between the user and the web server. As a user may have different
information goal each time s’/he accesses the web links, in order to better model
student learning patterns, analysis should be set up as per session base. However, in
HTTP, connections between a web client and a server are stateless and there is no
notion of session at all. To overcome this difficulty, one of the common practices

(e.g., Time Warner’s Pathfinder, 1996) is to encode session identifiers in URLs. The
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first time a user accesses the server, a new session identifier 18 generated. In the
IITML document returned, this identifier 1s encoded 1n all URLs referring to objects
on the same web site. Thus. the next time the user clicks on these encoded URI s, the
session identifier s passed back. This way, a sesston can be maintained across
multiple URIL reguests. An identifier timeout mechanism can also be used to make
sure different sessions from the same client are given different identifiers.

Log Analyser Module. This periodically (c.g., weekly) extracts information
rom user access logs (o generate records of users sessions. One record 1s generated
for each session in the logs. The record registers the access patterns exhibited by the
user i1 that session. Records are then clustered into categories, with “similar” sessions
put into the same category.

During a session. students may show varying degrees of interest n these iems.
If there are s interest ttems in the web site, a user session is represented as an -
dimensional vector. the -/ element being the weight. or degree of interest, assigned
to the -t iterest wem. U an HTML page s viewed as an nterest item. then 1 1
assigned a weight equal to the number ot times the page is accessed. or an estimate of
the amount of time the user spends on the page (cg. nomnalized by the length of the
page). or the number of links the user clicks on that page,

Onee the sessions are represented in a vector format, a clostering algorithm is set
up against them. The goal of this process 1s to discover session clusters that exhibit
similar learnimg mterests and patterns which - i turn - help teachers prepare the
teaching curricula. When transtated 1o the vector representation, the “similar’ clusters
of session vectors are exanmined.

stmilarity can be defined in a number of ways. Clustering (also known as
unsupervised learning) 18 a well-studied area (Bezdek & Pal. 1992; Hartigan. 1975)
and there are a number of well-known clustering algorithms; ¢.g.. leader. k-means,
hierarchical, and tuzzy set approaches. In some algorithms, a vector may belong to
more than one cluster, and 1n that case, cluster membership can be crisp or fuzzy.

The algorithm uscd 1n this thesis applies a number ol constraints desirable for
performance (clustermg time) reasons or for better clustermg outcomes. The Nrst 18
that only those sessions that access are more mteresting than a certain number of
pages, say MinNumPuages. For example, 1t 15 not very usetul to cluster users who just
visit the home page and leave. With this constraint. the number of sessions can be

reduced in this analysis. Secondly. constramning those clusters that are under a certain

o7



size, say MinClusterSize, removes insignificant clusters and may also improve
performance.

Dynamic Link Processor Module. When a user requests a new page, this
module tries to classify his current partial session record against one or more of the
categories obtained offline by the log analyser. The top matching categories are
identified, and links to unexplored pages contained in these categories are inserted at
the top of the page shipped back to the user.

This section presents a learning pattern profiler design that facilitates the
analysis of student’s access patterns to discover common learning patterns, behaviours
and interests. This information can be used by teachers to customize their teaching

material in order to meet student learning needs.

5.6 Further Remarks on Knowledge Management System Design

Based on educational KM system design architecture and the associated learning
pattern profiler design architecture, two additional aspects are concerned to support
the KMS functionalities: (i) the network design to support sharing: and (ii) meta-
knowledge (knowledge about the knowledge) to support organisational memory.

In terms of Network Design: Knowledge networks are intended to create links
between individuals to facilitate knowledge sharing (Alavi, 2000). This thesis
proposes that the network design can best support the socialization process by
connecting knowledge seekers to knowledge sources, as opposed to the repository
model — e.g. knowledge bases — that is not designed to encourage socialization.

In terms of Meta-knowledge: Meta knowledge can support effective
management of organisational memory (Plant & Gamble, 1997; Schwartz, 1999). This
1s similar to maintaining meta-data about data stored in databases or maintaining
information about items stored in physical inventories. An additional support for the
use of meta-knowledge comes from epistemology literature (Lehrer, 1990) where
information about the knowledge is required by users of the knowledge to justify its
use. Meta-knowledge mainly supports the internalization and storage of knowledge
but can also support socialization by providing users with information about

knowledge and knowledge sources.
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5.7  System Prototype lmplementation

The system prototype offers in ats GUI the concepts of KM. It 15 orgamzed to

help teachers and students develop knowledge,

5.7.1 Platform Requircments

‘The protatype 15 browser based so that both teachers and students can dccess 1t
from a 1ypieal universily computer lab, The main codmg languages are HEML., ISP,
PHP and MySQI..

ISP technologies are used in the middleware and run on a web server. Messages
passed between client and server in HTML format which is compatibte with different
computer platforms.

At this stage, there 1s no wsercode and password required betore login on the

systent, thus it does not require hugh seeurity authentication.

th

7.

d

User Interface Components

The manm user iderface 15 composed of four panels: nomualisation tasks panels.
concepts display panel which 1y subdivided into further panels and Knowledge search
panel.

The right-hand side of the screen s the display panel which 1s divided into one
part lor definition tvpe of results, and one part for example type ol results. This
display panel corresponds with the normalisation tasks panel and the scarch panel.
The curricutum components are provided with the course links which are displayed in
the general course window, This 1s not considered the major part of this user interface.

On the left upper part are the listed nonmalisation tasks, The design iy based on
the Survey findings on teaching databuase normalisation. Each concept 15 presented as
a folder. within which detailed nonmalisation knowledge 15 listed. This panel
corresponds with the display panel. re. given one concept, the definition of this
concept 18 described m the upper display window, while examples of related
knowledge are illustrated n the lower part of the display window. This gives simple.

clear visual effects, which - 1n turn - helps students enjoy the learning “fourney’
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The left lower part of the screen is the query panel which can search the results
from both the local database and Google knowledge base. Once the query is entered,
the search result will be displayed in the upper display window. Figure 5.7 is a

snapshot of the main user interface.
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Figure 5. 7 Home page of the prototype system

Another feature of the system is its ability to provide a knowledge sharing
function. For any users, teacher or students, who are interested in any topics and
would like to share the knowledge with each other, this is a good place to upload the
knowledge. However, note that all the submitted knowledge is first gone through by
the course controller. This 1s one of the actions which ensures the knowledge uploaded
to the system is indeed knowledge for the right level of the students. This is one of the
procedures to avoid any frauds and guarantee that all the incoming knowledge is for
the right purpose. A screen print of a knowledge sharing window is provided in Figure

5.8.
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Figure 5. 8 Knowledge sharing portal

To further increase knowledge sharing, Ask Experts 1s another feature to provide
sharing and exchange of knowledge. This opens the media for those who are seeking
database experts for any sort of normalisation related problem solving actions. The

benefit of this channel is that it is fast and confidential.
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Figure 5. 9 Interface for contacting an expert
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As discussed in previous chapters, the system also provides the report on
students’ learning pattern tracking, which is used by teachers to customize their
teaching contents. At present, the prototype only analyses the learning pattern on the
knowledge of general normalisation tasks, the knowledge requested via the search
engine and the knowledge requested via contacting a specific expert. Although the
system is capable of tracking and logging the user actions against the prototype, the

fully functioned analysis profiler will be further improved.

Three aspects of knowledge pattern reports
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Figure 5. 10 Sample learning pattern analysis report — normalisation tasks

5.8 Summary

This chapter, compared with the first four chapters, shifts the focus from
theoretical explanation to close practical system design. Based on the review of the
different KM system methodologies, a specific KM system approach is set up to meet
the requirements of serving educational based teaching and learning purposes. System
design architecture is set up, which includes educational based KM system
architecture embedded with learning pattern profiler design architecture. A system

prototype is implemented and illustrated in this chapter.
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CHAPTER 6

-nlfl[l

System Prototype Evaluation

A elear definition of what the software needs to doto be
sweeessful, Target users, tavget markel, performance
needed. level of skill of the users. areas of later
expansion, efe. - these are wil boasie factors thedt hate to
he taken into account  foroouan Csuccessful’ osystem
implementation.

-- Mortensen., 20009

6.1 Introduction

L.ducational technology s a tool that can Facilitatc new ways of teaching and
fearning. High quality software 15 a vital ingredient of teaching. Teachers are using
technology to implement new nstructional techniques. restructure their classrooms,
and transform student and teacher roles. According to the Seeretary’s Conference on
Educational Technology "95, technology makes 1t easier for teachers to individualize
wstructton and for students to engage in sel-motivated learning. Technology can
accommodate students with a variety ot fearning  stvles more flexibly than
conventional materials and 1s well suited to collaborative instruction.

As the amount and variety of educational software grows, there 1s commensurate

need tor it to be assessed for suitability for its intended purpose. such as usability.
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Lecturers and teachers need to know whether and how software can be used to
improve their teaching and learners need to know how it might affect the learning
experience (Golebiewski, 1997). Not least, software which is developed for
educational purposes should be assessed against the initial system development
requirements so as to reassure the system is capable of fulfilling the goal of assisting
teaching and learning.

Different system evaluation methodologies are available to examine the overall
system functionalities and judge the quality of academic software. Thus, in order to
assess the KM system prototype, an evaluation method is chosen in comparison with
the existing evaluative criteria. An evaluation survey is carried out, which focuses on
whether the prototype is able to provide a KM environment. The survey results show
that the prototype enables knowledge discovery, creation, sharing and reutilization

potentials, which - in turn - encourage teaching and learning.

6.2 Existing System Evaluation Methods

With the vast improvement in computer technologies, different software is
available for assisting our daily life in an easy format. This also applies to the
educational environment, since education is more and more inseparable from modern
information technology, to achieve better teaching and learning outcomes.

Although different educational software is available, not all the software meets
educational objectives and educational context of use (Hammond et al., 1993). Thus,
software evaluation becomes a more and more important process to determine
whether a particular software meets educational requirements in supporting teachers to
construct a more professional teaching environment and student to learn effectively
and efficiently.

To fulfil the software assessment purpose, different system evaluation methods
are available, which can be summarized into four categories according to evaluation
characteristics, 1.e. subjective evaluation methods, objective evaluation methods,

expert evaluation methods and experimental evaluation methods.
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6.2.1  Subjective Evaluation Methods

Subjective evaluation methods, known as survey methods (Macleod. 1992, are
directly based on the users’™ leedback. These wmethods allow users independently o
interact with a system via the user mterface and collect the subjective view while
using the system. In these methods, real users are involved. and mformation is
gathered after the users use the system.

The first method i this category s guestionaaires. They offer the advantage ol
providiug the data about the ¢nd users” views of user tivertace quality, as opposed to
an expert or theoreticion’s view, and can provide data abour system usability in a real
work setting (Norman & Shneiderman, 1989). [t is essential 1o ensure that the group of
people responding to the questtonmaire match the actual and mtended group ol end
users. and that they have used the software tor mtended purposes. perfornung the
spectic work tasks which helps determine whether the soltware 15 worth disteibuting
ar not,

Practical examples of using this method are applied m the "ISONQORM 934
Questiomnaire” desiened by Primper (19931 and  the "Questionnane  tor User
literaction Satistaction” (QUIS 5.4 developed by Norman and Shociderman (198U,

Duerviewy alse belong to s category. but are more tme-consiining  than
questionnaires, They need caretul pre-plannmg. and a good degree of expertise on the
pawrt of mierviewers (Dindeaard, 1994 Since the wterviewer can adyust the mntery iew
to the sitwation, interviews are well swted o exploratory studies in which the
evaluation scope 15 not vet finally defined. Structured interviews with o pre-
determined set of precisely phrased questions are required it data 15 to be analysed
statstically. Unstructured or flexible interviews covering pre-spectited topies but i a
style and order shaped by the responses of the user can clicit more revealing
mformation about the usabily of a svstem. The results are more difticult to analvse.

but can be aghly informative (Fowler & Mangione, 1990},
6.2.2  Objective Lvaluation Methods
Objective evaluation methods (also known as observational methods) mvolve

real people using working systems (Macleod. 1992), They are based on observing

users” titeraction with the system and can range from being almost entirely informal to



highly structured. Often, the interaction of the users is recorded in some way for later
observation or analysis. Many software producers use a usability lab in which
representatives of real users perform test tasks under the observation of experts.
Observation or video records are often used to confront developers with usability
problems of users. Wiklund (1994) stated that this approach seems to be more
effective than a report generated by human factor experts.

Under this category, three common methods are highlighted, direct observation,
video recording and interaction monitoring.

Direct observation is the simplest form of observation. It involves having a
person familiar with usability issues observe individual users performing tasks with
the system. If the system is fully implemented and in its natural work setting, then
direct observation tells much about the use and usability of the system.

Video recording allows data to be separated form analysis. The evaluator is free
from analysing the data during the observation. Any aspect that has been recorded can
be analysed by the evaluator in details after the session. One of the major
disadvantages of this method is the time required to analyse the data.

Interaction monitoring is to automatically gather data about how people interact
with the system. With the help of monitoring facilities all user inputs (e.g., commands,
mouse clicks, menu options) and system outputs (e.g. information displayed, changed

states) can be recorded.

6.2.3 Expert Evaluation Methods

Expert evaluation methods ask for a person with expert knowledge to make
judgements about the usability of the system for specific end users and tasks. These
methods lie at the intermediate stage between subjective evaluation and objective ones
(Blackmon et al., 2002). Although Hammond et al. (1985) reported the superiority of
the expert judgement based on a comparison between expert judgement and user
observation, expert evaluation could not really reflect the real user’s interaction and
feedback.

Expert methods can be expressed in the following ways: specialist reports and

expert walkthrough, cognitive walkthrough, checklist, guidelines and principles.
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6.2.4  Kxperimental Evaluation Methods

The last category is based on experiments asking scientific questions, This
requires soundly designed empirical expeniments 1n the testing of hypotheses about
the usability effects ol various factors 1n design. These methods are rather hard to
define, because the methods involved in the determination of the dependent and
independent variables, the selection of the proper environment for the study, and the

underlying theory dealing with man-machine interaction (Vredenburg et al.. 2002).

6.2.5  Summary of Evaluation Merhods

From the above sections, each evaluation method has its advantages and
disadvantages. The choice of a method for a specific evaluation depends upon the
stage of the system development, the kind of user involvement. the type of data
necessary for the kind ol results required. the available expertise, the possible place ol
evahuation and the avatlable resources (time and money).

Based on the Macleod (1992). the mmportant characteristics of evaluation

methods are illustrated in the table 6.4

Type of Method Subjective Objective Expert Lxperimental
Timing of use prototype or later prototype or later any staug Gy stagg
User-based ves vos I YU

Scope broud broad broad LCIY ATTOW

in-house or at

in-fouse or
Place in-house the expert’s | laboratory
laboratory
workplace
.E'wsls:.iimc, |.m)m,\-'-__lt.>;~' - medium Medium - high low high
User-basad and User-hased
Fairly quick User- | involyes user 1 Low cost | Rigorous: can
Main advantaves hased: really user’s ¥ performance an | Quick: produce:  results
view: dingnostic work lasks: | diagnostic with vahidity and
Diagnostic reliability
Less effective carly | Less etfective carly { Not-user based | Narrow scone
Mun disadvantages i the design eyele | the design eyele [ Quostionablc High cost
rehiability

Fable 6. 1 Summary of important characteristics of evaluation methods
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6.3 System Prototype Evaluation

In order to provide a basis for both effectiveness and analytic evaluation, 5
teachers who are involved in teaching database normalisation in 100 level, 200 level,
300 level, respectively, were chosen. The knowledge bases are first defined as 7
normalisation tasks, which can be expanded based on further teachers requirements
after the evaluation. The evaluation is set up based on the consideration of the

following processes.

6.3.1 Justification of Survey Approach on Prototype Evaluation

The purpose of the system prototype is to help teachers to better deliver the
knowledge on database normalisation to the students, which - in turn - benefits the
students in grasping the knowledge in professional manner. Thus, evaluating this
system prototype requires the real end user to ‘play’ with it and provides the feedback
upon the system interaction. Further, in the field of KM, it emphasizes the
identification of the knowledge flow along the knowledge life cycle, thus it is rather
important to reflect the real end user’s understanding and actions on the prototype.

Based on the evaluation methods and their characteristic comparison described
above, the survey approach shows its potentiality in evaluating the KM system
prototype. This approach ensures that knowledge entered into the system reflects
teaching and learning requirements, such as suitable teaching content in database
normalisation, awareness of students’ different knowledge levels, etc. It can also
capture the teaching methods, background and knowledge differences since the
teacher who controls different course levels is directly involved in the system
evaluation. It might be possible to overcome the biases imposed by a particular
domain, by having particular experts for example. Further, users can directly
contribute new inputs while assessing the system.

In short, without significant time and money consumption, it is feasible to

perform a survey evaluation on this KM system prototype.
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6.3.2  The Survey Participants Study

The basic concerns in performing the participants study are: identify the right
croup of user to assure the right nput of knowledge bases: mstruction or traumng
before the evaluation: perform any necessary enhancements to the system tn order to
accommodate thelr needs so as to smooth the evaluation: study the results of their
knowledge based building etforts.

As a survey approach is applied in the prototype evaluation. academic staff who
teach database normalisatton or database design are suitable for the evaluation,
Nevertheless, the selection should take mto account the dilference between course
levels, thus evaluators should be chosen from ditferent course levels.

In order to smooth the evaluation, a brief systemn user tutorial {refer o Appendix
V) iy documented. This provides cach participant with a better understanding of the
system tunctionality and gwides the participants through ditferent parts ot the
prototype while doing the evaluanon. Further, during the rescarch period. the
prototype remains active which means the system will be modified or improved from
time to time based on any sienificant new feature reguirements.

Since the prototvpe is a KM based system, knowledge bases are defined mto 7
teaching tasks according on the Survey on Teaching Database Normalization {refer 1o
Appendix 1), These seven aspects are anomahies, basic concepts, dependencies.

normal forms, comparisons. himitations, and web resources.

6.3.3  System Evaluation Questionnaire Development

The questionnaire contains four sections conptaining a lotal of 30 questions. The
magority ol the questions (28 out of 30 questions) are closed gquestions. which are 3-
range Likert scale questions. It is expected tor cach participant to use 10-15 minutes to
linish the questionnatre.

Section A of the queshonmare asks for general information on the course level
i order to identty the dilferences of knowledge base. Section B deals with what the
prototype has achieved in helping teaching and learning database normalisation. There
are 11 questions in this section. {n section C, § questions are asked i terms of what
the prototype fatls to achieve. Section 1D consists of 9 guestions which are concerned

with how to improve the prototype.



6.4 System Evaluation Questionnaire Analysis

Based on the responses from lecturer and tutors, the questionnaires are analyzed
in order to identify whether the system prototype meets the objectives set in teaching
database normalisation.

In Section A, the general information on course level is raised: Please specify
the level(s) of course(s) you currently teach, in which database normalisation is part
of the teaching task. This is a multiple-choice question which has four choices: Master
Level, 300 level, 200 level and 100 level.

The survey participants fall into three different course levels, i.e. 300 level, 200
level and 100 level. This reflects that database normalisation remains at the
knowledge delivery level rather than the higher research level within Massey
University. Participants in higher levels expressed the need to enrich the content of
database normalisation which means that teaching in 300 level should explore the
deeper knowledge of this theory than the 200 level. Similarly, 200 level course
requires more attention on this topic than 100 level. Figure 6.1 illustrates the

percentage of participants of different course levels.

50%

40%

20%

L

a0% 1 |
2

|
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]

300 Leve 200 Lewel

0% —

Master Lewel 100 Level

Figure 6. 1 System evaluation survey: percentage of participants teaching database normalisation,

separately for each course level
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Section B is to ascertain the success of the system prototype by collecting the
comments of the overall system quality, that is, is the system perceived to be useful in
teaching database normalisation?

In order to answer the above question, eleven sub-questions are posed to the
participants of the study. These questions range from the knowledge scope on
database normalisation, benefits of using the prototype, to knowledge life cycle.
Answers were on a scale where 3 means ‘achieved’, 2 means ‘partly achieved’, 1

means ‘not at all achieved’.

mproves student’s abilty on self-solving the problems |

Improves students/teachers’ relationship

teaching curriculum customzation (&

Provides learning pattern analysis for better

Encourages teaching resources sharing and reuse |&

Has an effective know ledge delivery o students

Responses faster to the key study ssues |8

Allow s opportunities for asking questions (4

Has a wide range of know ledge on normalization

New w ays of working with problems

Better problem understanding

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

@3 =achieved mZ2=partly achieved 01 = not at all achieved

Figure 6. 2 Perceived potential benefits of the system

Ten questions out of eleven questions have received positive responses (please
refer to Figure 6.2 above). This indicates a reasonable strong feeling that using the
prototype is worthwhile. Participants gave a high score on ‘prototype can respond
faster to the key issues’. This suggests that the prototype is capable of capturing the
student problems, which - in turn - encourages knowledge discovery within the
knowledge life cycle.

Regarding the prototype as a new way working with problems, a high positive
response was received, which expressed that the prototype helps both teachers in
teaching database normalisation and students in learning this knowledge.

Moreover, the prototype has the potential to encourage sharing and reutilizing

the teacher resources, which confirms it is rather important for teachers to

81



communicate with each other in order to learn from one another. Since this question
only received fifty percent agreement, the prototype evidently should deploy more
efforts in this perspective.

Besides the positive responses, two aspects did not receive positive scores. The
prototype does not seem to significantly contribute to improving students / teachers’
relationship. Thus, a better solution to this aspect should be found, because a
harmonious teacher & student environment can definitely increase motivation in both
teaching and learning.

By identifying the prototype's benefits, Section C looks at different aspects
which the prototype fails to realize. The main reason for this section is to discover the
prototype's weakness as a KM system. This will definitely help improve the system
functionality in the next version of the prototype. There are 8 questions addressing
different concerns in this section. As in Section B, a three-range Likert scale is used: 3
stands for “strongly agree’, 2 refers to *agree’, and | equals to “disagree’.

To recall the response in Section B, it shows that the prototype, as an example of
educational KM system, has the potentials to help teaching and learning database
normalisation. It has the advantages over traditional teaching methods on this topic.
However, in certain aspects, the prototype has not fully achieved the set target. Figure
6.3 illustrates the weakness by contrasting with the strength.

Generally speaking, there are two aspects which show the system prototype
needs further development. On one hand, more efforts should be deployed on the
system functionality perspective so as to overcome the drawbacks, such as:
insufficient knowledge in the knowledge base and insufficient output for pattern
analysis. On the other hand, some non-technical issues are highlighted. High negative
response rates explained that the KM system is still not known by the teachers and
students, and is still in the infant development period. Therefore, more information on
which KM system can really help teachers and students, and how KM system will
help them should be emphasized while distributing any KM based systems. Moreover,
all the participants expressed that it is a good idea to use web mining on tracking and
analysing student click-streams, as this is good for teachers to understand student
learning patterns so as to customise the teaching resources based on the course level

and student understanding level.
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Figure 6. 3 Perceived potential drawbacks of the system

In short, the system evaluation on what the prototype fails to realize, to some
extent, conveys a positive response that the idea of applying KM in teaching database
normalisation is a good practise. However, this educational KM prototype still needs
more efforts in terms of improving system functionality and user navigation.

Section D concentrates on what should be implemented next in the prototype.
Nine questions are designed for this section, focusing on the following aspects: more
knowledge inputs and more common practices: better pattern analysis to achieve deep
understanding of student learning interests: a full-functional search engine: a
discussion form, more information on applying KM in teaching database
normalisation: training and help etc. All these questions serve the purpose to develop a
fully functioned KM system to support teaching database normalisation. Figure 6.4
gives the general weights on question 21 to question 29. Three scales are: 3 = done, 2
= next 3 months, and 1 = later. Designing three scales based on the time constraints,
on one hand, confirmed the status of the current prototype functionality; on the other

hand raise the priority concerns as to what should be implemented next.

83




Help files S

Traming process

External search engne links

Up-lo-date new s on database normalization

Discussion forum / BBS

Full functioned search engine [

Better pattern analysis design [f

More know ledge input in the know ledge base

0% 0%  20%  30%  40%  50%  60%  70%  BO%  90%  100%

D 3 =done @ 2 = next 3 months 01 =later

Figure 6. 4 Evaluation of the possible new features

To simplify the chart list above, it is divided into two independent charts: one is
on what is to be implemented in 3 months (refer to Figure 6.5), and the other one is on
things to be developed later (refer to Figure 6.6).

The responses to these nine questions in Section C show the participants are
happy with what has been done relating to the search engine. This functionality
enables effective knowledge retrieval and knowledge sharing. The top priorities of
system amendments focus on more knowledge inputs which all the participants
emphasized should be done as soon as possible, so that the teachers can start more
serious knowledge sharing and knowledge re-utilization on database normalisation
related theory, and students can fully use the system and grasp the knowledge better.
This - in turn - gives evidence that the prototype encourages knowledge flow between
teachers and students. Further, regarding the student learning pattern tracking, more
development work should be prepared and designed in order to capture more student
click stream action on the website, and provide a detailed tracking analysis report.
More efforts should be deployed on discussion forums, external search links, and
system help files / manual etc. Improving these aspects can influence the knowledge
environment and knowledge discovering, knowledge sharing and knowledge re-use

can be processed in a more professional manner.
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Figure 6. 5 Priority rating for the proposed new features — high priority features.

Although tramning and KM system news updates are listed in the second priority
group, these two aspects reflect that KM system supports are vital to KM system
success. Without pushing system supports related development, a KM system can not
be fully developed, and can not attract users to ‘play” with the system, which - in turn

- will block the knowledge flow within the knowledge life cycle.
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Figure 6. 6 Priority rating for the proposed new features — low priority features.
6.5  Executive Summary of Evaluation Findings
The prototype has the KM characteristic of encouraging the iteration of the

knowledge flow along knowledge processes: knowledge discovery, creation, sharing,
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use and reutilization. It deploys the efforts in applying KM techniques in teaching
database normalisation theory. Meanwhile, with the application of web mining
techniques, it enriches the knowledge discovery process which provides teachers with
more knowledge on students learning patterns and interests.

To look closely at the system, the prototype addresses the tacit knowledge and
explicit knowledge on normalisation theory in a different manner. Explicit knowledge
is defined as normalisation tasks, which are generated from the teachers’ survey on
teaching database normalisation. On the other hand, it deals with the tacit knowledge
by directly linking the student with the database normalisation experts. This makes the
communication more friendly and efficient. Moreover, all the knowledge inputs are
evaluated by the teacher before they are put into the knowledge base. This guarantees
that knowledge is suitable for the right group of students based on the knowledge
gathered from the student learning pattern analysis.

The search functionalities of the system also provide students with another
source of learning database normalisation.

All these aspects mentioned above attest to the prototype's success. But on the
other hand, the evaluation also reveals the weakness of this system implementation.
Two major aspects are highlighted in the survey analysis. One is that more diverse
normalisation knowledge should be captured and added to the knowledge base, which
enriches the knowledge pool for both teachers and students. The other concern is that
the learning pattern analysis is still in the infant period and more functionality features
should be designed or re-designed to meet the educational purpose. Both of the issues
are in the top priorities which should be sorted out in the next three months.

The survey analysis also indicates that KM system support is also a vital part,
because KM system is still a vague ‘term’ in the educational environment. Most of the
teachers and students are not sure how a KM system can really help users to achieve
better teaching and learning outcomes. Hence, extra efforts should be deployed,
including: related news on KM systems in an educational environment to achieve
better acceptance by the end users; help files and training sessions should be provided

for a better user friendly system.
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6.6  Summary

In abstracting thesis, several key questions emerged. The questions revolved
around how to effectively share and utilize teaching resources on database
normalisation, and how to discover the student learning interest and customize the
educational materials to meet students’ learning needs.

Surrounding these two key questions, the system prototype is designed and
implemented. In order to evaluate whether the system prototype meets the original
system requirements, the survey evaluation method is chosen in comparison with
other existing methods.

In short, based on the analysis of the survey responses. the prototype appears an
important KM contribution to the education in database normalisation. Several
important features explained its potential in assisting teaching database normalisation,
but extended system improvements should be considered to meet the ever changing

teaching and learning requirements.
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CHAPTER 7

1||'

Conclusions and Future Implications

...Knowledge management can thus cause motivation for
a long — lasting change of the previous way of dealing
with knowledge, i.e. a sustainable change of behaviour...

-~ Tazari et al., 2003

This thesis has involved conducting three pieces of new research: (1) apply KM
in teaching database normalisation: (i1) capture tacit knowledge on teaching database
normalisation; and (iii) adopt web-mining techniques in a KM system to analyse the
students' learning patterns and assist teaching-content customization.

This chapter summarises the findings from the new research conducted for this
thesis. The collective findings are then considered as a whole in terms of their
implications for future research, the application of KM in education, KM performance

evaluation and system design and evaluation more generally.
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7 | Summary of Major Findings

Knowledge Management Perspective. In a business context, many
organisations apply KM to improve their efficiency and effectiveness, and to
encourage the creation and sharing of knowledge among people in the organisation.
Thus KM should have a resonance in education, as one major function of education is
the impartment of knowledge. This implies that just as businesses attempt to improve
the efficiency and effectiveness of their operations through KM, so do educational
institutions use the potential of KM to enhance teaching and learning.

This thesis explores the KM potentials in a particular educational environment:
teaching database normalisation. Teaching and learning requirements are identified.
The KM framework for educational purposes is developed and the KM system
architecture is then defined. These laid the foundation for the implementation of the
final system prototype. Until the evaluation of the prototype was conducted, the
available evidence indicated that: (i) KM utilises both explicit knowledge and tacit
knowledge; (i1) KM promotes knowledge creation, sharing and reutilization at all
levels; (111) KM overcomes the space and time constraints; and (iv) KM encourages
the trust between teachers and students.

These findings prove that KM encourages both teachers in organizing the
resources on database normalisation, and students to get motivated via this learning
channel. Above all, the application of KM concepts can be extended to other teaching
tasks.

Tacit Knowledge Perspective. For effective knowledge sharing, the knowledge
has to first be captured. Tacit knowledge which is described as personal and deeply
rooted in an individual’s experience, values and culture, thus is difficult to
computerise, codify, store and share with others (Murray & Myers, 1999; Polanyi,
1996).

This thesis reviewed the different strategies in knowledge capturing and
developed the survey on teaching database normalisation, aimed at capturing teaching
experience, judgement and further thoughts relation to database normalisation. The
questionnaire received fully positive responses and teachers’ personal knowledge
could be gathered and conveyed into the knowledge base for sharing and generating

new knowledge.
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During the prototype evaluation, evaluators were satisfied with the categorized
knowledge tasks which were derived from the tacit knowledge captured through the
survey mentioned above. This positive response confirms that tacit knowledge in an
educational environment can be captured and should be captured for better sharing
and distribution. Note that further enrichments of the knowledge base are required
during the prototype's evaluation.

Web Mining Perspective. The individual’s visit to the public web pages can be
a good source for inferring user’s expertise in particular fields and the quality and
quantity of web pages s’he has visited may be a good reflection of her / his expertise
in the area (Srivastava et al., 2000). This leads to further research in analysing student
learning patterns to achieve better customization of the teaching resources. The
general knowledge discovery techniques were reviewed, and can be linked and used
within the first process of an educational KM framework: knowledge discovery,
knowledge creation, knowledge utilization and knowledge reuse.

In the scenario of teaching database normalisation, web mining techniques were
identified as the right tool in terms of usage pattern discovery from the web data.
According to the system requirements, web mining techniques, incorporated as part of
system prototype, mainly concentrate on tracking students” browsing behaviours down
to individual mouse clicks.

From the prototype evaluation results, this feature becomes an important part of
the educational KM system, because teaching and learning are inseparable - they
interact and influence each other. The more understanding of student learning interest
obtained, the better teaching resources on the corresponding subjects can be utilized.

Although the pattern analysis was implemented as part of the system
functionality, yet it 1s still in the preliminary stage and more efforts should be
allocated to developing a learning pattern analyser with a fully functional tracking

mechanism

7.2 Future Implications

There are a number of areas to consider for future research as a result of this
thesis. More systematic research should be undertaken in the application of KM. A
KM system shows its advantages in an educational environment, but how to measure

the KM system performance will lead to other intensive field of research. Further, the
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system prototype should be developed further to meet teaching and learning
requirements. Optional system evaluation methods may discover more issues and raise
suggestions on advanced system implementation.

Educational Knowledge Management Implications. This thesis only deployed
the concept of KM in a rather narrow scope: teaching database normalisation. Its
success on this particular scenario should lead to extended investigation on applying
KM in other educational scenarios.

In the thesis, a survey method is used to make tacit knowledge explicit. Since
this method needs rather a large number of survey participants to assure knowledge
diversity, it is comparatively time consuming. Further research input is encouraged to
identify better methodologies on making tacit knowledge explicit.

Knowledge Management Performance Implications. This thesis so far has not
addressed any measurement issues on KM performance. Thus, allocation of KM
performance indicators along the entire knowledge life cycle could be taken as another
research direction. This would mean that questions such as how effective students
learn can be answered.

System Design Implications. As more expectations are expressed on a fully
functioned knowledge base, further research such as developing an ontological base to
provide a shared language, or meta-knowledge base (knowledge about the knowledge)
to support organisational memory might bring out more benefits for knowledge
sharing and knowledge acquisition. Furthermore, more research efforts should be
placed on developing a more reliable and more analytical pattern analysis profiler.

System Evaluation Implications. The initial prototype evaluation results
indicate that the prototype affects teaching and learning database normalisation in a
positive manner. However, it is only a study with very basic pilot KM modules and
the number of survey participants is comparatively a rather small group. Hence, more
study is recommended in this perspective. This research should occur over a longer

period of time so that the system can be enhanced with more features.
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Appendix I

Survey Participation Invitation

Dear all:

In the tertiary educational environment, learning is still closely attached to teaching,
that is, what teachers teach will, to some extent, guide the students on how to learn
effectively.

This survey is intended to give immediate, qualitative feedback on how the academic
staff, who teach database design in the Department of Information System, Massey
University, apply different teaching methods to guide and assist student learning. The
summary of this study based on the data provided by survey respondents will be
published / distributed at the end of this year.

Further, the results of this survey will be used in my master thesis as one source of
knowledge input in the knowledge repository. On top of this knowledge base, a
knowledge management system will be implemented for better knowledge sharing and
reuse.

Your responses will be strictly confidential. Only summary data from all survey
participants will be included in the final thesis.

Please return the completed questionnaire in the envelope provided to the pigeonhole
for postgraduate students in the main office on or before 18 December 2003. If you
have any questions about this study, you can contact the person(s) below:

Ler Zhang

Dept. of Information Systems

Massey University

L.L.Zhangie massey.ac.ng

Thank you very much for taking the time to provide me with this important
information.

Sincerely Yours,
Lei Zhang
Master Student

Department of Information Systems
Massey University
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Appendix 11

Survey Milestones

Project Start:  Mon 1/12/03
Project Finish:  Fri 13/02/04

Tasks

ID|Task Name Duration Start Finish Resource Names
I [Plan the Survey 2days] Mon | 12:03]) Tue2 [203)Ler Zhang
2 |Intormation gathering 2days] Wed 3 1203] Thu< 1203 L er Zhang
V| Produce draft survey + days Fro 30203 Wed 1012 03] Ler Zhang
4 [Hold feedback session 4 davs] Thu 11 1203] Tue |6 1203 Supervisors.Ler Zhang
S [Run pre-survey evaluation PddavsiWed [7 12 031 I 19 [203) Lecturers.] ¢ Zhang
O JCondudt the survey == Part | | da: Tog 23712 03] Tue 23 1203 Lecture
Conduet the sury ey Part 11 davl Toe 12300 048 Tue 13 0] 031 coturers
C onduct the surves Part |1 LRy Wed 40204 Wed 402 04 ecturers
Y |Analveze the survey Sdavs]  Thu 302 O04fWed 110204 Ler Zhang
[0 Report the surves result 2davs] Thu 12202 04) Fri 130204} Ler Zhang
ResH -
ID [Name Group Max Units Peak Units
: -
I |lLei Zhang Student 100%% 1002
I
i
1| 2 [Bhavani Sridharan [ecturer 100% 09, f
3 JAlexer Tretiakoy [ ecturer 100% 0%
N
4 JLecturers Participants 100% 100%0
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Appendix 11

Survey on Teaching
Database Normalization

Department of Information System
Massey University

Completing the Questionnaire

Please answer the questions in the order given. Mark the
choice which corresponds to your answer. For each question
choose only one answer unless otherwise instructed.

Please answer all the questions, doing so as precisely as
possible. If no answer fits, please choose the answer which
comes closest to your views.

Unless otherwise specified, in this questionnaire the word
teaching covers the following activities:

- Preparing, originating, or giving courses;

- Updating course material;

- Preparing educational material such as
learning modules, computer software
packages;

- Assessing / grading student learning;

- Advising students;

- Supervising student during research, practical
work or other work.

Your responses will be strictly confidential. Only summary
data from all survey participants will be included in the final
thesis.
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Section A
This section includes general questions about you.

I. Please specify the level(s) of course(s) you teach, in which database normalisation
theory is part of the teaching task. (Choose more than one if appropriate).
O PhD level
O Master level

O 300 level
0O 200 level
0O 100 level

2. How many hours, on average, do you ASSIGN to teaching activities related with
database normalisation theory during the database design course (i.e. teaching
material preparation, delivery, curricula enrichment, projects, research, etc)?
Please fill in:

Section B
This section includes questions about your views on teaching.

To what extent do you agree with each of the following statement regarding effective
teaching? Circle the response which best reflects your level of agreement.
5 = strongly agree, 4 = somewhat agree, 3 = not sure,
2 = somewhat disagree, 1 = strongly disagree

3. Enabling students to acquire basic knowledge > & 3
4. Passing on lecturer’s experiences to students 5 4 3
5. Challenging students with ideas, so that they may develop themselves 5 4 3
6. Encouraging students to ask questions 5 4 3
7. Producing an independent learner who can carry on learning after S 4 3

leaving the university
8. Providing up to date resource material for students 5 4% 3
9. Providing interesting resource material for students 5 4 3

Section C
This section includes questions related with teaching methods and content on database
normalisation.
Present your opinion on the following statements regarding database normalisation.
S = strongly agree, 4 = somewhat agree, 3 = not sure,
2 = somewhat disagree, 1 = strongly disagree

10. Is it important to teach normalisation theory as part of 3> 4 3

the database design theory?

Is it possible to obtain a sound database schema without an in-depth 5 4 3

understanding of normalisation theory?

11. While teaching database normalisation theory, which teaching method(s) would
you like to utilize? (Please select the most appropriate choice only).
O Lecture-centred teaching
0O Seminar style teaching
O Case-based teaching
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Problem-based teaching
Collaborative/cooperative teaching
Project-based teaching
Others, please specify

18 i o

12. What are your expected teaching objectives at each level? (Put circles around as

many levels as appropriate).

Teaching Objectives Course levels
Memorize the concepts / definitions PhDlevel  Master level 300 level 200 level 100 fevel
Understand the theory PhD level  Master level 300 level 200 level 100 level
Master the theory PhD level  Master level 300 level 200 level 100 level
Apply the theory in real life practice PhDlevel  Master level 300 level 200 level 100 level
Conduct independent research PhD level  Master level 300 level 200 level 100 level

13. What is the best approach to design a normalized database schema?

O

O

Apply algorithms and follow the normalisation procedure step by stepAttempt
to come up with a normalized schema Both approaches are legitimately
dependent on the situation

Others, please specify

14. What knowledge should be delivered first to the students before learning database
normalisation? (Choose more than one if appropriate).

ooo oOOg

Prerequisite mathematical knowledge

Database design process, such as conceptual database design and logical
database design, etc

Entities, relations, cardinality, and entity-relationship model

Redundancy, anomalies, functional dependency and multi-value dependency
More, please specify

. What should be emphasized first to achieve thorough understanding of the

concepts of Functional Dependencies? (Choose more than one if appropriate).

Intuitive understanding of the structure of database tables
Quality aspects of relational schema: redundancy, anomalies, etc
Mathematical rigor

Concepts of soundness, completeness. faithfulness, etc

More, please specify

Extremely important
Important, not critical to grasp
Not important at all

Can be omitted

Not sure

O
O
O
O
O
. Do normalisation algorithms play an important role in normalisation theory?
O
O
a
|
O

. Up to which level of normal forms do you think it is sufficient for students to

master?

ooocoao

Second normal form
Third normal form
Boyce/Codd normal form
Fourth normal form

Fifth normal form
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18. Based on your teaching experience, what knowledge should be taught regarding

the normalisation theory?

19. Normalization theory also has its own limitations; please briefly describe the
content that you would like students to know.

20. What knowledge on normalisation theory should be delivered so that students can
determine when to apply normalisation principles and when not to apply them?

Section D

This section includes questions related with the use of technology in teaching.

21. In what aspects can Information Technology (such as WebCT) help your students
to learn the course content? (Choose more than one if appropriate).

Flexibility for distance learning

animation etc.

ooo oo

Knowledge can be constantly updated
More, please specify

Provide instant feedback to teachers and learners

Enhance learning via the use of multimedia, such as sounds, graphics,

22. The following refer to electronic tools that assist in the delivery of course content
and in course management. Circle the appropriate numbers.

3 = yes, 2 = not sure, 1 =no

§aih Currently use Is it working l\(fﬁgtlcdl'llllis
Astvites :T i effectively? | enhance in
eachig future
Delivery of Course Content
On line lectures / tutorials ¥ 2 1 3 2 1 |3 2 1
On line reading materials 3 2 1 3 2 1 3 2 I
On line lab assignments 3 2 1 3 2 1 |3 2 1
Tools to supporting teaching & learning 3 2 1 3 2 1 13 2 1
Simulation / interactive learning 3 2 1 3 2 1 {3 2 I
Course Management
Measure of student participation 3 2 1 3 2 1 (3 2 1
nl\ﬁ[:tz:asrlil;fsofthe level of comprehension of the 3 2 I 3 2 1|3 ’ |

23. Please write any comments or suggestion you may have. Use overleaf or add

page(s) if necessary.
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Appendix IV

The System Prototype: Quick Start Tutorial

This User Guide is designed to be very easy to use and to get you up and running as quickly
as possible. For people who want to dive right into using the prototype, the following Quick
Start Tutorial is created.

Current Features

1. Access to the home page using the URL that was given to you. No user name and
password are required at this stage.

2. The main home page consists four panels: Normalization Tasks panels, Concepts
Display panel which is subdivided into two further panels and Knowledge Search panel.

3. Normalization Tasks Panel
7 main normalisation related concepts are defined. Under each major task, there are
some further sub-knowledge areas. To view the corresponding knowledge you are
looking for, simply click the corresponding link. The related information will be displayed
in the Display panel. Note that the upper display panel deals with the definition and the
lower display illustrates the concepts by using examples.

4. Knowledge Search Panel
Enter your query in the text field and then click Submit. The result will show up in the
upper Display panel.

5. Ask Expert
If the suitable answer to your queries is not provided, then you can go to the Ask Expert
page and directly exchange knowledge with the available experts.

5. Learning Pattern Analysis
The target user for this link is the teaching staff. The main function is to analyse student
learning patterns by recording and analysing students’ click streams.

111






Appendix V

QUESTIONNAIRE

KM System Prototype

Testing Survey

Department of Information System
Massey University

Completing the Questionnaire

Please answer the questions in the order given. Mark the
choice which corresponds to your answer. For each question
choose only one answer unless otherwise instructed.

Please answer all the questions, doing so as precisely as
possible. If no answer fits, please choose the answer which
comes closest to your views.

Unless otherwise specified, in this questionnaire the word
teaching covers the following activities:

- Preparing, originating, or giving courses;

- Updating course material;

- Preparing educational material such as
learning modules, computer software
packages;

- Assessing / grading student learning;

- Advising students;

- Supervising student during research, practical
work or other work.

Your responses will be strictly confidential. Only summary
data from all survey participants will be included in the final
thesis.




Section A
General information on the course level(s).

1. Please specify the level(s) of course(s) you currently teach, in which database
normalisation is part of the teaching task. (Choose more than one if appropriate).
O Master level

O 300 level
O 200 level
O 100 level

Section B
System Prototype: best achieved

To what extent do you agree with each of the following statement regarding the overall
quality after using the prototype? Circle the response which best reflects your level of
agreement.

3 = achieved, 2 = partly achieved, 1 = not at all achieved

2. Better problem understanding 3 2
3. New ways of working with problems 3 2
4. Has a wide range of knowledge on normalisation 3 2
5. Allows opportunities for asking questions 3 2
6. Responses faster to the key study issues 3 2
7. Has an effective knowledge delivery to students 3 2
8. Encourages teaching resources sharing and reuse 3 2
9. Provides learning pattern analysis for better 3 2
teaching curricula customization
10. Improves students/teachers’ relationship 3 2
11. Improves student’s ability on self-solving the problems 3 2
12. Is approachable, friendly and respectful to students 3 2
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Section C
System Prototype: failed to realise.

Present your opinton on the following statements regarding what fails to achweve by

using the prototype.
3 =strongly agree, 1 =apree, 1 =disagree

3. Lack of sutficient knowledge in the knowledge base

14, Lack of user uptake due to the insufficient communication

15, Lack of suffictent output [rom pattern analysis

16. Lack time 1o learn ¢ system too complicated

17. Users could not see personal benefits

18, Unsuccesstul due to the technical problems

19. Not enough student  teachers know aboul 1

20. Not enough support of KM System from teachers and students

Section D
System Prototype: to be implemented.

Present vour opuston on the followmg  statements  regarding  what
implemented next by using the prototype.
3 =donc. 2= next 3 month, 1 = later

21 More knowledge input in the knowledge base
22, Better pattern analysis design

23 Full tunctioned search engine

24, Build and develop common practise

25, Dhscussion forum - BBS

26. Up-to-date news on database normalisation
27. External scarch engine links

28 Traimng process

29, Help files

3 2
3 2
3 2
3 2
3 2
3 2
3 2
3 2
should
3 2
3 2
} 2
3 2
3 2
3 2
3 2
3 2
3 2

be

30, Please wnte any comments or suggestion you may have. Use overleat’ or add

page(s) if necessary.
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Appendix V

Sample Coding — Knowledge Sharing

<IDOCTYPE HTML PUBLIC "-/W3C//DTD HTML 4.01 Transitional//EN">
<html>

<head>

<title>Knowledge Sharing</title>

<meta http-equiv="=Content-Type" content="text/html; charset=iso-8859-1">
<SCRIPT LANGUAGE="JavaScript">

<!-- Begin

extArray = new Array(".doc", ".pdf".".gif", ".jpg", ".png");
function LimitAttach(form, file) |

allowSubmit = false:

if (!file) return;

while (file.indexOf("\") !=-1)

file = file.slice(file.indexOf("\") + 1);

ext = file.slice(file.indexOf(".")).toLowerCase( ):

for (var i = 0; i < extArray.length; i++) |

if (extArray[i] == ext) | allowSubmit = true; break; |

if (allowSubmit) form.submit();

else

alert("Please only upload files that end in types: "

+ (extArray.join(" ")) + "\nPlease select a new "

+ "file to upload and submit again."):

/! E:nd -
</script>
</head>

<body>

<center=
Please upload Database Normalization related resources below:<br>
(format at:.doc, .pdf. .jpg. .)that end in:

<script>

document,write(extArray.join(" "))

</script>

(pb

<form method=post name=upform action="mailto:1.l.zhang(@massey.ac.nz"
enctype="multipart/form-data">
<table width = "434">
<r>
<td><div align="center">
<input size= "40"type=file name=uploadfile>
</div></td>
</tr>
</table>
(p><,-*'p.‘>

<!--Use tables to line stuff up nice-->
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<!--Radio Buttons-->
<table width="434">
<tr>
<td width="119" height="108" valign="middle">
<p align="center"><font color="Black"> <b>Knowledge Sharing <br>
Tasks</b></font></p>
</td>
<td width="167">
<fieldset>
<legend align= "top"> Category </legend>
<font color="black">
<input type="radio" name="topic" value="BasicConcepts">
Basic Concepts<br>
<input type="radio" name="topic" value="Dependencies">
Dependencies<br>
<input type="radio" name="topic" value="NormalForms">
Normal Forms<br>
<input type="radio" name="topic" value="Comparisons">
Comparisons<br>
<input type="radio" name="topic" value="OtherResources">
Other Resources</font>
</fieldset>
</td>
<td width="132">
<fieldset>
<legend align= "top"> Level </legend>
<input type="checkbox" name="Beginners">
Beginners<br>
<input type="checkbox" name="Intermediate">
Intermediate<br>
<input type="checkbox" name="Advanced">

Advanced
</fieldset>
</td>
</tr>
</table>
<p>(fp>

<b>Comments</b><br>
<textarea name="question" rows="5" cols="70"></textarea>
<br><br>

<!-- Hidden field, good for passing descrete values (maintain state) -->
<input type="hidden" name="Snap" value="Admin">

<!-- Submit and Reset buttons are needed in most all forms -->

<input type=button name="Submit" value="Submit" onclick="LimitAttach(this.form,
this.form.uploadfile.value)">

<input type="reset" value="Reset">
</form>
</center>

</body>
</html>
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