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(a) Penemuan Projek/Abstrak
(Perlu disediakan makluman di antara 100 — 200 perkataan di dalam Bahasa
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Projek ini telah menghasilkan suatu Info-Struktur Pengeksplikasian

Pengetahuan Kesihatan Tersirat yang mampu memperolehi, menyimpan dan

menyebarkan pengetahuan kesihatan tersirat untuk digunakan oleh para pakar

dan doktor kesihatan supaya perkhidmatan kesihatan yang berkualiti dapat
diberi secara berterusan. Dalam penyelidikan ini, kami telah:

1. Mendefinisikan dan membangunkan suatu Perwalikan Pengetahuan
Kesihatan Tersirat menggunakan struktur senario yang diubahsuai.

2. Mendefinisikan dan membangunkan suatu Mekanisma Pengeksplikasian
Pengetahuan Kesihatan Tersirat berasaskan teknik pemerolehan
pengetahuan secara tak terus, iaitu dengan menjana ‘cabaran’ di beberapa
lokasi persoalan dalam struktur senario.

Struktur senario yang diubahsuai ini lebih mudah berbanding dengan senario
asal untuk pemerolehan pengetahuan tersirat dan ia direkabentuk untuk
digunakan dalam bidang kesihatan. Struktur senario yang diubahsuai ini dapat
menampung binaan-binaan Pembelajaran Berasaskan Masalah manakala Info-
Struktur Pengeksplikasian Pengetahuan Kesihatan Tersirat juga memuatkan
fungsi-fungsi untuk menyokong pemerolehan pemicu yang kaya dengan.
pengetahuan tersirat untuk memperkayakan Pembelajaran Berasaskan Masalah.
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(b)
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Project Findings/Abstract

The project has produced a Tacit Healthcare Knowledge Explication Info-

Structure that is designed to acquire, store and disseminate tacit healthcare

knowledge to be used by healthcare specialists, experts and practitioners to

ensure the provision and continuation of expert-quality healthcare services. In
this research, we have:

1. Defined and developed a Tacit Healthcare Knowledge Representation
Formalism using a modified scenario structure.

2. To define and develop a Tacit Healthcare Knowledge Explication
Mechanism based on contrived knowledge acquisition techniques, i.e. by
generating challenges at various point of interrogation in the scenario
structure.

The modified scenario structure is a more streamlined version of the original
tacit knowledge explication scenario and is designed to suit the healthcare
environment better. This modified scenario structure has been utilised to
incorporate Problem-Based Learning constructs while the Tacit Healthcare
Knowledge Explication Info-Structure also incorporates functions to support
the acquisition of tacit knowledge-rich triggers to enhance Problem-Based
Learning.

Senaraikan Kata Kunci yang digunakan di dalam abstrak:

Bahasa Malaysia Bahasa Inggeris
Pengetahuan tersirat Tacit knowledge

Pemerolehan pengetahuan tak terus  Contrived knowledge acquisition

Pengeksplikasian pengetahuan Knowledge explication
Pengurusan pengetahuan Knowledge management
Informatik kesihatan Health informatics
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APPENDIX A: RESEARCH BACKGROUND
AND METHODOLOGY



1 Research Background

Knowledge management (KM) is becoming an important research area especially in terms of
how the knowledge capital of healthcare enterprises can be effectively managed and utilised.
KM is very relevant in healthcare especially since KM experts have argued that the strategic,
intuitive and experiential knowledge of (healthcare) experts are stored tacitly in the minds of
the experts.

Traditional and more direct healthcare knowledge acquisition methods are quite effective in
procuring explicit healthcare knowledge but they are relatively ineffective in acquiring a
healthcare expert's tacit knowledge and do not adequately address the intuitive and innate
characteristics of tacit healthcare knowledge. As a resuit, tacit healthcare knowledge is often
unsuccessfully explicated. Furthermore, tacit healthcare knowledge remains elusive due to
the lack of adequate tacit knowledge representation schemes.

Related research/publications:

e Baumard, P. (1999). Tacit Knowledge in Organizations. London: Sage Publications.

e Nonaka, I. and Takeuchi, H. (1995). The Knowledge Creating Company. New York:
Oxford University Press.

* Raven, A. and Prasser, S.G. (1996). Information Technology Support for the Creation and
Transfer of Tacit Knowledge in Organizations. Second Americas Conference on
Information Systems (AIS '96), Phoenix, Arizona.

2 Research Objectives

The objective of the project is to acquire, store and disseminate tacit healthcare knowledge to
be used by healthcare specialists, experts and practitioners to ensure the provision and
continuation of expert-quality healthcare services. We aim to achieve this through the
definition and development of formalisms and applications that can be effectively applied to
the area of healthcare. Therefore, in this project, our main aims are:

e To define and develop a Tacit Healthcare Knowledge Representation Formalism

* To define and develop a Tacit Healthcare Knowledge Explication Mechanism based on
contrived (or indirect) knowledge acquisition techniques

e To build a Tacit Healthcare Knowledge Explication Info-Structure with application in
healthcare Problem-Based Learning

3 Research Methodology

Research efforts for this project was focused on the task of healthcare knowledge creation, in
particular, the explication, i.e. the acquisition and representation, of tacit healthcare
knowledge from healthcare experts.

The main premise of our methodology is that tacit healthcare knowledge can best be
explicated by provoking healthcare experts to act and apply their knowledge, experience and
skils to solve novel or atypical healthcare problems. Therefore, contrived or indirect
knowledge acquisition techniques are deemed more suitable as compared to direct
knowledge acquisition methods. For this purpose, we have defined and developed a
knowledge representation formalism that is suited for tacit healthcare knowledge explication
based on existing tacit knowledge explicating scenarios.

This streamlined scenario-based tacit knowledge representation formalism was then used as
the basis for the definition and development of a contrived knowledge explication tool. Based
on our main premise and the original content of the tacit knowledge base, the knowledge
explication mechanism would then generate healthcare scenarios and situations, or
challenges, to provoke the healthcare experts into using their tacit knowledge to produce the
solutions. To do this, specific points of interrogation are applied.



We have also defined a Tacit Healthcare Knowledge Acquisition Info-Structure (TKAI) that
integrates the knowledge acquisition tools with other possible components (e.g. a knowledge
validation/crystallisation tool) into a framework that utilises the JAVA platform. The TKAI was
then experimented on a Problem-Based Learning environment where existing triggers can be
enriched with tacit knowiedge.

4 Project Timeline
The research was carried out in 4 phases

Phase [ - Literature Review
¢ Knowledge management
e Contrived knowledge acquisition technigues

Phase Il - Tacit Healthcare Knowledge Representation
e Formalism of tacit knowledge
e Conceptual design of contrived knowledge acquisition strategy using this formaiism

Phase Il - Tacit Healthcare Knowledge Explication
e Implementation of contrived knowledge acquisition strategy

Phase IV - Tacit Healthcare Knowledge Explication Info-Structure
* Consolidating implementation with other possible knowledge-based components

5§ Project Outcome

Key deliverables include:

Tacit Healthcare Knowledge Representation

Tacit Healthcare Knowledge Base

Tacit Knowledge Explication Tool

Tacit Healthcare Knowledge Acquisition Info-Structure (TKALI)
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Abstract
Existing Problem-Based Learning (PBL) problems, though suitable in their own
right for teaching purposes, are limited in their potential to evolve by themselves
and to create new knowledge. Presently, they are based on textbook examples of
past cases and/or cases that have been transcribed by a clinician. In this paper, we
present (a) a tacit healthcare knowledge representation formalism called Healthcare
Scenarios, (b) the relevance of healthcare scenarios in PBL in healthcare and
medicine, (c) a novel PBL-Scenario-based tacit knowledge explication strategy and
(d) an online PBL Problem Composer and Presenter (PBL-Online) to facilitate the
acquisition and utilisation of expert-quality tacit healthcare knowledge to enrich
online PBL. We employ a confluence of healthcare knowledge management tools
and Internet technologies to bring tacit healthcare knowledge-enriched PBL to a
global and yet more accessible level.

Keywords:

Problem-Based Learning; Healthcare Scenarios; Tacit Healthcare Knowledge

1. Introduction

Problem-Based Learning (PBL) is a cognitive paradigm in which a student learns through
solving a certain problem. The rationale for posing problems is so that the student is
motivated to hold discussions and independently learn new knowledge in order to solve the
problem at hand [1]. PBL has been utilised to train medical students since the 1960s in
view that students found it difficult to apply the relevant skills and knowledge into the real-
life practise of medicine [2].

Presently, medical PBL problems are based on textbook examples of past cases and/or
cases that have been transcribed by a clinician. We argue that these existing PBL problems,
though suitable in their own right for teaching purposes, are limited in their potential to
evolve by themselves and to create new knowledge. Furthermore, healthcare institutions are
sometimes faced with the problem of procuring PBL problems. We believe that current
healthcare PBL problems can be brought to a higher level of abstraction that will allow
healthcare experts to use their tacit knowledge to generate PBL problems that are of added-



value with the injection of tacit healthcare knowledge and thus alleviating the problem of
acquiring new PBL problems.

Tacit healthcare knowledge is non-formalised healthcare knowledge. It is the kind of
knowledge that govemns the healthcare experts’ skills, common sense and intuitive
judgement. Due to the abstract and informal nature of tacit healthcare knowledge, the state-
of-affairs vis-a-vis healthcare tacit knowledge acquisition does not commensurate with the
importance of tacit healthcare knowledge, thereby resulting in the under-utilisation and
non-documentation of such a vital component of the overall healthcare education and
delivery system [3].

To address the above issues, we present (a) a tacit healthcare knowledge representation
formalism called Healthcare Scenarios [4], (b) the relevance of healthcare scenarios in
PBL in healthcare and medicine, (c) a novel PBL-Scenario-based tacit knowledge
explication strategy and (d) an online PBL Problem Composer and Presenter (PBL-Online)
— a sophisticated client-server PBL system that combines the effectiveness of PBL-
Scenarios and the Internet — to facilitate the efficient acquisition and utilisation of fresh and
dynamic expert-quality tacit healthcare knowledge from healthcare experts in order to
enrich medical PBL.

2. Tacit Healthcare Knowledge Representation using Healthcare Scenarios

A healthcare scenario is a customised, goal-oriented narration or description of a healthcare
situation. It includes the specification of actors, events, outputs and environmental
parameters. Healthcare scenarios may be composed of four main components [4, 5, 6]:
Meta-Scenario, Scenario-Construct, Healthcare Episode and Healthcare Event (see Figure
1). Healthcare scenarios can be represented by a four-tier scheme where Meta-Scenarios are
placed at the top level followed by Scenario-Constructs, Healthcare Episodes and
Healthcare Events at the bottom level. Just as knowledge bases store rules for healthcare
expert systems, the healthcare scenario components are stored in scenario bases which also
adhere to the same hierarchical scheme.
META-SCENARIO

Class 1D ‘Sub-Class List (1 to n)
SCENARIO-

CONSTRUCT
Description/- - Initiator
Context / Timestamps. Event
i ; T
1

BT PR CRTE VI Concluding Event

. Event List (1 ton)

. ‘Par:mwler-\";‘nlu;-.'l.ist (1ton)

Figure 1 - The Healthcare Scenario structure

Of these four main components, the key components of the healthcare scenario are
actually the Scenario-Construct and Healthcare Event components. The Scenario-Construct
stores all background information pertaining to individual healthcare scenarios. It also
ensures the correct sequencing of Healthcare Episodes and Events. The Healthcare Event
stores the details of a healthcare scenario including the Event Type (which could be
Normative, Obstacle or Action) and the various event parameters and their values.



Therefore, a healthcare scenario can be viewed as a sequence of real or hypothetical
healthcare events encountered by healthcare experts together with their responses or
actions. An example of a healthcare scenario is the procedures (investigations, differential
diagnoses, treatment, etc.) undertaken to treat a patient with urinary tract infection.

1850 LIV

3. The Relevance of Healthcare Scenario in Problem-Based Learning

We have observed that current medical PBL materials are also in the form of problem
narrations. Each problem is presented in sections called triggers over the course of a certain
time period, usually one week. Medical PBL problems/triggers typically begin with some
background description of the problem followed by events that happened (e.g.
complications, improvement, etc.), actions that were carried out by a clinician, laboratory
test results and other details.

With the above details in mind, we are able to adapt our healthcare scenario
representation to suit the dynamics of medical PBL. We have noticed that it is common to
have two or three triggers pertaining to a particular PBL problem which can be decomposed
into a number of sub-problems similar to that of our Healthcare Episodes. Therefore, we
introduce another component to our healthcare scenario structure to accommodate these
triggers. The resultant structure is what we will call a PBL-Scenario with five main
components: PBL Meta-Scenario, PBL Scenario-Construct, PBL Trigger, PBL Episode and
PBL Event.

4. Utilising PBL-Scenarios: A Tacit Healthcare Knowledge Acquisition Method

Our tacit healthcare knowledge acquisition exercise distinguishes between three types of
PBL-Scenarios:

1. Solved PBL-Scenarios: These are PBL-Scenarios that define actual clinical
situations/problems that have already been encountered and solved by healthcare
experts. Such scenarios are records of complete descriptions of typical or routine
clinical situations together with the expert’s responses.

2. Challenge PBL-Scenarios: These are PBL-Scenarios that represent atypical
situations and are posed to healthcare experts as challenges to their expertise. We
argue that tacit knowledge is best explicated when experts are required to solve
atypical problems in line with contrived knowledge acquisition approaches [7].
Challenge PBL-Scenarios are derived from existing Solved PBL-Scenarios or Solved
Challenge PBL-Scenarios by way of selecting a Point of Interrogation (POJ), i.e. a
distinct point in the PBL-Scenario between two PBL Event of type Obstacle or
Normative and a PBL Event of type Action. The result is a Challenge PBL-Scenario
which is then presented to a healthcare expert for the explication of his/her tacit
healthcare knowledge (see Figure 2).

3. Solved Challenge PBL-Scenarios: These scenarios originate from Challenge PBL-
Scenario that have been completed or solved by a healthcare expert and are deemed
as the encapsulation of the healthcare expert’s tacit knowledge (see Figure 2).



Trigger | Episode ‘Event - Event Description
PBL-Scenario Trigger Initiator Event Patient admitted with 3
EV0001 fever, decreased
5 month old Obstacle appetite and vomiting
boy with several times a day.
history of Frequency of passing
fever for 6 urine is decreased.
days prior Episode EV0002 Perform anthropometry. >Cha]]enge
to admission Action
EV0003 Weight = 4.8 kg (pl0 =
Obstacle 6kg) .
Length = 55cm (pl0 =
6lcm) .
Head circumference = J
40cm (pl0 = 40.5cm).
Action Check condition. B POI
Obstacle Patient is ill looking,
lethargic and showing
signs of mild to 5
moderate dehydration. Expert’s
Response +
} Tacit
Concluding Event Patient responding well Knowmdge
Normative to treatment and is
discharged. Arrange a
review in 1 month. J

Figure 2 - The expert’s response to the Challenge in a Solved PBL-Scenario

The Solved PBL-Scenarios are then subjected to a process of peer evaluation. The
discussion on this process is beyond the scope of this paper. However, suffice to say that
this process allows healthcare experts to assign ratings to the PBL-Scenario components
based on their relevance and usefulness. This leads to the crystallisation of healthcare tacit
knowledge [4].

5. PBL-Scenario-based PBL-Online System

To enrich current PBL problem repositories and to facilitate the explication of tacit
healthcare knowledge, we are in the midst of developing an online PBL Problem Composer
.and Presenter (PBL-Online) — an intelligent web-based system that allows healthcare
experts to systematically respond to atypical PBL-Scenarios. To achieve this, PBL-Online
presents web-based knowledge elicitation forms (see Figure 3) which contain attributes that
correspond to the PBL-Scenario structure. These prompt healthcare experts to provide
information or suggest probable and realistic values to the various PBL-Scenario attributes
presented in the forms thus creating new PBL problems that are of added-value and
enriched with expert-quality tacit knowledge. PBL-Online is a step-forward compared to
the stand-alone version of our legacy Healthcare Scenario Composer [4, 8].

PBL-Online also includes healthcare ontology/thesaurus-based consistency-checking
mechanisms to standardise the input of the healthcare experts because, as it tumns out, there
are no restrictions on the terms used by healthcare experts [9]. For our purpose, we will
incorporate the MeSH thesaurus.

In addition to facilitating the explication of tacit healthcare knowledge, PBL-Online
functions as a full-fledged medical PBL problem presentation system that allows
coordinators, facilitators and students to prescribe and view the scheduled PBL problems

and triggers.
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PBL-Scenario List [s79930713.1640 5 add [Des

PBL Scenario

S moncth old boy with hiatory of fever for 6 ﬁ
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Start Timastamp : |1640 . End Timestamp : Imu
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Description :

Figure 3 - Sample PBL Scenario-Construct form

5.1 PBL-Online for Students

Upon logging-in to PBL-Online, the students would first be presented with the PBL trigger
for the session in narrative format. The students can then input notes in the form of key
points, hypotheses and learning issues in the text boxes provided. Students can also view
the PBL trigger’s recommended key points. The key points are derived directly from the
hierarchical Solved PBL-Scenario for the corresponding PBL trigger narration. Finally,
students are allowed to answer a number of discussion questions based on the PBL trigger.
Their answers will be evaluated by the PBL facilitator and students are allowed to proceed
to the next PBL trigger only if they achieved a predetermined score.

5.2 PBL-Online for Coordinators and Facilitaiors

PBL coordinators are allowed to prescribe PBLs to the students. They can also edit the
narrations, recommended key points (i.e. the Solved PBL-Scenario) and discussion
questions. Facilitators monitor the PBL sessions and evaluate the students answers once the
deadline for answers has passed (see Figure 4).

iD= 1935071218404

Question 1 Point

Quostiona;. -~ List allthe poinis in the-history which Rave clinical Signifcanca. -

. The most important clinical factors are g
fpentioned in the first two paragraphs. b

Answer : [pesides that the prolonged feeding problems
jand the previous history of unexplained
: [fever are very significant. ﬂ

* What othsf paint, importan in'the'asséssment of tho hydration of ~ © .

Question & a child were not mentioned.” 2

'O @assessing the hydration status of an

& X 7 "|infant the following points are most
Answer important and can let you estimate the
|degree of dehydration.

{}uestion 3 | Paint

Question a: _What othier causes of favar has 10'be thiought of in any child . - -

presenting.to you with:febrile illness?:

In every child wicth fever one should think
@bout meningitis, pneumonia, UTI. - not

Answer : rare, possibly life threatening conditions = :
: : {Of course there arc many Othexr causes).

Figure 4 - Student evaluation form




6. Concluding Remarks

We believe that the PBL-Online system presented here does provide an all-rounded facility
to enriching the overall PBL initiative through the addition of explicated tacit healthcare

e P O P Y R A e S P L G A A P e R O S D

healthcare knowledge with the aim of extracting the essence of the healthcare experts’
problem-solving methodology. We also presented the PBL-Online system and its
components that function as both a PBL presentation system as well as an authoring tool to
enrich the PBL-Scenario base with tacit knowledge-enriched PBL problems. PBL-Online
employs a confluence of healthcare knowledge management tools and Internet technologies
to bring tacit healthcare knowledge-enriched PBL to a global and yet more accessible level.
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SCOPE OF TELEHEALTH RESEARCH PROJECTS IN UNIVERSITI SAINS
MALAYSIA

Nor Azlina A.B.A., Wan N.W.H., Faridah AR, Cheah Y.N.

Telehealth Research Group, School of Medical Sciences,
Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia

INTRODUCTION

Telehealth in the broadest sense, refers to the application of any Information and
Communications Technology (ICT) to provision of healthcare when distance separates the
participants. Telehealth research and development at the School of Medical Sciences, USM,
focuses on an electronic health system that is equitable, affordable, efficient, technologically
appropriate, environmentally adaptable and consumer friendly. It is in line with the MSC -
Telehealth Flagship application and includes projects such as Mass Customised, Personalised
Health Information and Education (MCPHIE), Lifetime Health Plans (LHP), Continuing Medical
Education (CME), and Teleconsultation.

Currently, there are 6 on-going research projects under Telehealth. Each project is led by a
lecturer who acts as Project Leader. One or more Research Officer (RO) or Research Assistant
(RA) assist each Project Leader. All projects are carried out in collaboration with the researchers
of the Health Informatics Research Group at the School of Computer Sciences, USM Main
Campus, in Penang. '

Project 1: An Info-Structure for the Acquisition of Expert Tacit Knowledge: Development of
PBL Online for Phase 2 Medicine, USM

Project 2: A Clinical Case Acquisition and Transcription Info-Structure: The Development of
Multimedia XML-based EPR for the Acquisition, Cleaning and Transformation to Clinical Cases

Project 3: Development of an Agent-Based Data-Mining Info-Structure: The Development of
Multimedia XML -based EPR for The Acquisition, Cleaning and Transformation to Clinical Cases

Project 4: Web-Based Personalized Wellness Maintenance Info-Structure: Towards An
Intelligent Tele-Healthcare Environment Offering Person-Centric and Wellness-Oriented
Decision Support

Project 5: An Intelligent Healthcare Assistant for Knowledge Adaptation and Retrieval from
Healthcare Knowledge Repositories: A Web-Based Radiological Assistant In Clinical Practice.

Project 6: An Info-Structure for the Delivery of PHI for Respiratory Problems.

OBJECTIVES
Two major objectives of present Telehealth research are:

1. To create the necessary systems which can transfer the manual health information and records
to the electronic form.



2. To save and record healthcare expertise and knowledge by using IC”..

METHODOLOGY

Two main research methods are used. These are data analyses and key-in data.

Data Analyses
There are two data sets the project collects and utilizes for analyses. These are manual medical
records and online surveys.

Key-in Data
This is the manual key-in of contents into the prepared key-point template of the various
systems created.

RESULTS

Six novel web-based templates (end-user interfaces) have been created and théy are at various
stages of refinement.

1. PBL Online using the PBL-Scenario System.
We are at the second stage of further refining the PBL-Scenario System that has been

developed. We propose to perform a test run and evaluation of the PBL-Scenario System
some time during the Genitourinary Block in January-February 2004



APPENDIX C: PROJECT REPORT

P.X. Lye. (2004). An Ehterprise Memory for Healthcare Knowledge Management.
M.Sc. (by coursework) Project Report, Universiti Sains Malaysia.
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Abstract

Enterprises and organizations are facing difficulties in keeping the knowledge of their
employees especially staff turnover of an enterprise is quite high nowadays. However,
information technology has enabled organizations to generate and retain huge amounts of
information by using the ﬁnderlying concept of an Enterprise Memory (EM). Generally,
Enterprise Memory is used widely in most organizations due to its capability of decreasing
redundancy by feusing the past experience and knowledge of their employees. Therefore, it is
important to healthcare organizations have to deal with big chunks of new discoveries and past
records everyday.

.In this report, we are going to commence with the background, definition of EM,
Enterprise Memory Systems (EMS) and state the problems as well as the solutions in Chapter 1.
Following this chapter, we reviewed about a few related works and approaches/algorithms that
reveal éome points of commonality with our proposed methodology. Chapter 3 is an essential part
of this report as it describes and explains _the details of the proposed methodology for our
Enterprise Memory System for Healthcare Knowledge Management (Healthcare-EMS).
Subsequently, Chapter 4 presents the implementation details for Healthcare-EMS with
justification by some example results. These expected results are captured in the form of
screenshots of user interfaces, calculation by applying proposed equations along with simulated
results. Finally, evaluations, comparison with other similar systems and possible future work are

further discussed in Chapter 5.



CHAPTER 1

INTRODUCTION

They have the information they need, but they don't know they have it.
Or, knowing they have it, they can't find it.

—Mark S. Ackerman

1.1 BACKGROUND

Enterprises and organizations are facing difficulties in keeping the knowledge of their employees
and therefore staff tﬁmover of an enterprise is quite high nowadays. However, information
technology has enabled organizations to generate and retain huge amounts of information by using
the underlying concept of an Enterprise Memory (EM). Generally, Enterprise ‘Memory is used
widely in most organizations due to its capability of 'decreasing redundancy by reusing the past
experience and knowledge of their employees. Thus, there are many organizations attempting to
build their own frameworks for knowledge reuse purposes. The knowledge of employees will
persist in the enterprise, as the knowledge will be képt in the core of EM. Therefore, this repository
will maintain a group of both formal and informal knowledge.

The enterprise memory, however, has become a hot topic recently due to the growing
recognition that it appears to be missing in many organizations today [1]. These ofganizations have
serious limitations in transferring previous leaming experiences to current problems. Thus,
enterprise memory must exist for many aspects/in many forms within an organization, including
organizational c?ulture, processes, and structurés. It must exist not only in archival forms bﬁt as a

vital ingredient embedded within the many organizational processes and tasks [2] without



disturbing the flow of work of employees. Enterprise memory has been used in both profit and non-
profit organizations or enterprises including healthcare organizations. Healthcare organizations have
to deal with big chunks of new discoveries and past records everyday. Consequentlj, healthcare
enterprises will make use of EM concepts ‘to manage its intellectual resources and therefore

minimize the outflow of limited resources.

1.2 DEFINITION OF ENTERPRISE MEMORY

Enterprise Memory is sometimes written as Corporate Memory, Group Memory, Organizational

Memary, Cormmunlly Memory end many more, The term used solely depends wn the context of use
for the memory or repository being maintained and presefved by an organization. Although
Organizational Memory (OM) is the term most widely used nowadays, we refer to the collection of
memory as Enterprise Memory (EM) throughout this mini thesis rather than those mentioned
before.

Even though, there is little consensus in organizational literature about how to define
organization memory, we will mention some definitions proposed by experts. As defined in [3],
Enterprise Memory (EM) is the “explicit, ‘disembodied, persistent representation of knowledge and
information in an orgonjzaﬁon which preserve(s) reasoning, capture, modeling and storage of
organization knowledge”. Conklin [1}, defined enterprise memory as “the record of an organization
that is embodied in a set of documents and artifacts” whereas VOM is delineated as long-term vision
at the core of learning organizations, supporﬁng sharing and reuse of individual and corporate
knowledge and lessons learned (past experience) in [4]. In defining the Enterprise Memory,
Ackerman [5], suggested it as “ an organization’s ability to benefit from its past exiaerience in
responding more effectively (i.e. fastor or more accurately) in the present. Apart from that,

“Enterprise Memory” refers to stored information from an organization’s history that can be

brought to bear on presenf decision [6].



For our purpose here, enterprise memory is a repository that allows knowledge input,
retrievals-and access by employees in a healthcare enterprise where this repository stores the past
experience of experts and lessons that can be learned. Eﬁterprise memory deals ﬁmostly with
“authoritative” knowledge about how to do things (such as using devices or following

organizational procedures).

1.3 ENTERPRISE MEMORY SYSTEMS (EMS)

Whilst EM is a conceptl'ml term, an EMS ftries to support this concept with information technology.
The ambition to create an Organizational Memory Information System (OMIS) (referred as OMS in
[7]) is not realistic as shared knowledge spaces are spanning all over the entire knowledge of an
organization [6]. The main prbblem is the intricacies to interpret the stored data that has a large
knowledge domain correctly.

Organizaﬁonal learning and knowledge management have been the two most imporfant
underlying approaches of enterprise memory. Organizational learning and knowledge ﬁanagemcnt
approaches in these EMSs were supported by the application of advanced database and network
technologies. Fundamentzally, an EMS is a system, which realizes pafts of the EM (also called
organizatiénal knowledge base) with the help of information system and processes closely related to
the use of the EM. |

Enterprise Memory System (EMS) can be gouped into five categories based in approaches
as defined in t?]. Basically, thésc five categories of EMS can be disﬁnguishca and classified as
corporate knowledge repository or meta-knowledge system, knowledge agents, knowledge bases
expert systems, knowledge and commuqication integration platforms and knowledge creation and

knowledge structuring respectively. Further descriptions on these five categories can be referred to

in Appendix A, Table 1.



1.4 PROBLEM STATEMENT

Nowadays, many organizations are attempting to abolish the redundancies in term of _iriformation
and data after the recognition of enterprise memories (EM). Generally, there are some
disadvantages of current EM system as stated below:

1. Current knowledge representation technique does not support too fine-grained and complex
knowledge and at the same time, provided another more comprehensible form of
knowledge representation.

2. Acquisition mechanism being used does not reflect how experts solve problems especially
too fine-grained knowledge representation technique (i.e. scenario) is less convenient for
showing how a problem is being handled. Manual knowledge acquisition mechanism is less

" helpful in acquiring experience or knowledge.

3. Current knowledge acquisition technique does not link back to the performance ‘evaluation
on employees in the enterprise.

4. Current knowledge repository does not evolve with knowledge while the repository is
growing. | | |

Hence, multiple precautionary steps must be taken to create a resourceful and prevailing EM

system.

1.5 PROBLEM SOLUTIONS

~ To address the above issues, we present an Enterprise Memory System (EMS) for healthcare
knowledge management. For this purpose, we would like to put forth the following solutions: -
1. Using scenario-based and QA-bdsed approaches to represent the procedural and problem-

solution knowledge in healthcare enterprises.



2. If users cannot find the desired answers or knowledge in the scenario-based knowledge
repository, they can post their questions in the forum-like session aﬁd experts will be
invited according to their previously submitted experience/knowledge to give théir answers.

3. Making use of a reward system to motivate employees to store their respective knowledge
in the EM system.

4. Informing the owner of a particular knowledge to do appropriate modification from time to
time via a update reminder to prevent answer or knowledge from becoming out-of-date or
inaccurate. In addition, employees in a healthcare enterprise should be allowed to rank their
favorite knowledge in the forum via a ranking system. Consequently, the irrelevant or less

popular knowledge can be removed permanently from the core repository.

1.6 OBJECTIVES

The main objectives of this research project are: -
e Propose suitable knowledge representations for a healthcare enterprise memory system.
e Introduce knowledge acquisition algorithm to enable the repository of a healthcare
enterprise memory system to grow continuously.

~ @ Produce a new methodology to maintain a healthcare enterprise memory system.



CHAPTER 2

RELATED WORKS

2.1 ENTERPRISE MEMORY FRAMEWORKS

There are lots of organizations and enterprises that are making use of the underlying concepts of
enterprise memory to build their own framework for reusing and even trading their employees’
knowledge. Generally, in this chapter, we discuss four main frameworks, which are Answer Garden

(AG), Answer Garden 2 (AG2), and HyperMail architectures.

2.1.1 Answér Garden

. One of the popular enterprise memories widely used is the Answer Garden (AG). It is a tool
for growing organizational meniory as well as to facilitate a cooperative work that helps
improve an enterprise’s memory. The AG permits entérpﬁses to develop a database of
- commonly asked. questions, which grows “organically” as new questions arise and are
answered [5]. It is designed such that there exists a stream of questions, in which it may
occur over and over but along with those that the system might not have seen before. AG

incorporates three key ideas as stated below:

1. A branching network of diagnostic questions: This branching network assists users to find
the answers they requested. At the end of the path of the Branching network of diagnostic
questions are a stream of quéstions pgople have asked in that situation and the answer to the

particular questions by experts.
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2. Automatic routing of new questione to appropriate experts and inserted into the
branching network: In case users c#nnot find the answer they want by following through
the guided branching network, they can create a new question and this question will be
routed to the appropriate expert. The answer for the question will be sent back to users and
at the same time inserted into the branching network where question was initiated.
Consequently, the information database grows over time.

3. Mod;'ﬁcatiéns of the diagnostic branching network in response to user’s Jeedback: When
experts conclude (or from usage statistics for the branching network as a whole) that a
branching network is misleading or inefﬁcienf for users, they can add to or change the

diagnostic questions in the branching network.

As described before, there are three key ideas that play a crucial role in the Answer Garden.
Nevertheless, [5] does not clearly indicate how these three ideas work in the system. The main way
users locate answers in a branching network is by answering a branching series of multiple- choice

'questions. These questions are more likely to be obvious symptoms users can observe, not _
_underlying causes or subtle diAffefencesthat experts can distinguish. Nevertheless, it is pi'eferable
that a view tree is used where some esers (partticularly experts), mayiknow roughly where their
question is answered and so, will not have to “click” their way dqwn the 1oﬁg branching chain to
ﬁn& it. By using the view tree, users can jump ihstantaneously to any required node in the tree.

However, we can anticipate that by representing knowledge using this approach my have
some disadvantages. The previous scheme only works well when Answer Garden has correct
answers to all the questions people might ask and a well-structured branching network. There are
several problems that create intricacies to the Answer Garden, for example when users eannot
understand the questions; the knowledge-based answer is incomplete or out-of—_date; answer for

questions being asked is “buried” at the end of the long branching path, etc. The Answer Garden has

solved them by utilizing two primary tools, which are New Questions and usage feedback



respectively. The first tool enables users to create new questions and routed questions to appropriate
experts as well as an additional notification list. Ultimately, answer for the questions will be sent
béck to users and inserted into the branching network. Usage feedback provides users with another

kind of indication of how the system is being used and locations where the branching network is

- ambiguous, confusing and unclear.:

2.1.2 Answer Garden 2

In the earlier section, we discussed about how Answer Garden allows organizations to develop
information databases that grow when new questions arise and are answered [8]. Answer Garden 2 -
continues its work to yield 2 second-generation architecture of Enterpriéc Memory by ixifrestigating
some of the issues encountered in ﬁhe original system. Thus, there are several advantages to this

architecture:

1. | The design cleanly separates the front-end of Answer Garden from the back-end needs.

2. Answer Garden’s functionality is decomposed into a set of distributed software services
that provides a high level of organizational flexibility along with services that can be mixed
and matched for additional flexibility.

3. The new architecture is generalizable as it makes much of the help functionality possible

from any information system.

In this new architecture, Answer Garden 2 incorporates two underlying support systems:
The Café ConstructionKit (CafeCK) and Collaborative Refinery (Co-Refinery). CafeCK provides a
set of reusable objects that include message transport for synchronous and asynchronous

communication; parsing a variety of semi-structured protocols; private and public channels for



narrowcast communication; message filters; and message refrieval by a variety of semi-structured

methods. Co-Refinery provides mechanism for handling individual and joint informatio_n spaces [8].

2.1.2.1 System Flow

Web client and

pages
“raw” information CaféCK
input (partially — e > el coliaborative help
CaféCK) m “pack-end”
! Generator for ‘
Information “ront-end”
database client

Collaborative Refinery (Co-Refinery)

Figure 2.1: Answer Garden 2 (AG2) Architecture [8]

The working of the Cafe ConstructionKit (CafeCK) and Collaborative Refinery (Co-
Refinery) is shown in Figure 2.1. First of | all, raw information (partially processed before it is
moved to the information database) comes into the collection archive through CafeCK processés

. (such as news filters) as an input to the Co-Refinery, by being explicitly sent to the archive through -
e-mail or filtering agents. Then, upon explicit queries (depending on a site’s tailoring of AG2),
materials are built into Web Pages, notes documents, or flat files. Sequentially, the AG2 Web or

notes clients can send mail to CafeCK’s back-end processes to handle the details of obtaining help;

2.1.2.2 Main System Components

AG2’s back end can be viewed either as a collective memory system or as a collaborative help -
system. (The term collabomtive help is used to denote those helpbsystems that use people as
| informaﬁon sources). Each of these views 1s dual of the others [8]. The term of duality in this

context means that the language of linear programming is invoked when two forms exist for each
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particular problem. Users can choose form, which with the most anaiytical tractability to be solved.
By having this duality characteristic, it is believed that a mechanism for reducing the context
problem is found. Furthermore, its functionality also provides help to users at their own éxplanatibn
level and potentially with iterative diagnosis. This collaborative help system provides escalation
services (module) to users by its escalation agents. Users were able to simply construct an
escalation agent for questions in AG2 using the facilities of CafeCK. This module allows users to
decide what to do if the question is not answered. They are permitted to get answers from chat
systems, bulletin boards, software agents, or other people.‘It is envisaged that the system being used
can escalate the help request until it can be answered. This process can be quite flexible because the
escalation ageht makes use of a CafeCK process. This agent is currently programmed to follow -
organizational rules on the order of escalation (although this is under user control). The possible

escalation processes are shown in Figure 2.2.

Usars

chent agent

(a) The user's first attempt to get an answer goes to a chat channel.

O e O— 0

) QA - Help
clisnt Escalstion tracker desk
agent

(b) The user’s jfth attempt to get an answer gets escalated to a help desk

Figure 2.2: Two possible escalations for a question [8].
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The Co-Refinery tool is another main component of AG2, which supports an authoring process that
includes four general activities, which are collecting, culling, organizing, and distilling. Each
activity is clearly important and may be done iteratively or in any order. The table below shows

those four activities:

Table 2: Four general activities of authoring process

The phase in which information is gathered.

O Automatic collecting can be set up for certain types of
information streams that occurs in AG2, such as NetNews,
synchronous chat channels, or distribution lists.

O Manual collecting allows individual items to be submitted through
the system directly or by e-mail.

O It places items into the archive.

Culling Q  This activity will cull the collection for interesting material.

‘ Q It is a selection mechanism, identifying themes or threads that
occur within a collection to make subsequent organizing and
distilling easier. '

Q It causes a sizable reduction of material as well as the noticeable

size of the archive.

“Collesting

Organizing Q Enhance retrievability and understandability by allowing one to
group materials according to some classification schemes.
Distilling O The most important part of refining — uncover the answers or

- knowledge by boiling down the existing materials (and culled).
Q This results in a more concentrated and concise form of the
original information. :

2.1.3 HyperMail Architecture

HyperMail Architecture is an enhance email architecture. Figure 2.3 presents the' overview of the
HyperMail architecture. Fundamentally, the software components of the HyperMail architecture
comprises of an email client, a parser that analyses the email text, a relational representation of
meta-knowledge, an indexing search engine, a HTML generatof that recomposes the email message
with embedded links into OM and an Enterprise Memory (EM). Besides these, there are a few types
of actors involved in the system flow, i.e. the email author, the email rccipiént, the contributor of
any portion of the Enterprise Memory referred to by the enhanced email. Each type qf actor utilizes

different functionalities and different interfaces when interacting with HyperMail.
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Basically, the process of the HyperMail (see Figure 2.3) is initiated when users intend to
send an email. If users choose to enhance an email when sending out an email, a dialog box will
present three choices: Enhance and Send; Enhance and Preview; and Just Send it. firsﬂy, the
enhanced email will parse the email text to identify any concepts that is located in the
Organizational Memory. The selection and ranking of the identified concepts are based on
correlation between the user-specific meta-knowledge about the sender, and similar knowledge
about the recipient. The identified text is ‘r.hén augmented with a link to the appropriate location in

the OM. Finally, a HTML version of the email message is created wherein the OM entries are

presented as links [10].
, 3. Mall reciplent views emall In
1. User writes regular emall miessage. HTML-aware amail client.
HTML File
Emall HTML-
Cisnt [ " |amall chant
&
Concept
Tex! File Links
Organizational |
Mamory

eta.
2 Parser analyses email, concepts
in OM 2nd add finks,  Hmowtedge

Figure 5: Enhanced Emall (Myperidall Archilaciura

Figure 2.3: Enhanced Email (HyperMail) Architecture [10]

Every key concept identified by HyperMail appears as a link in the email text when the

recipient receives it. For viewing concept information, one can choose to ascribe to a given
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meaning, disassociate himself/herself from the explanation or view the representation of other

participants who did not do so, or add new entry to represent his’her understanding of the concept.

2.2 RELATED APPROACHES/ALGORITHMS

Several useful approaches and algorithms were being examined. These approaches and algorithms

were previously employed as a strategy and structure for tacit knowledge explication and tacit

knowledge crystallization.

2.2.1 Scenarios: Strategy for Tacit Knowledge Explication
The tacit knowledge strategy suggested by Cheah and Abidi (2001) utilizes ‘hypothetical’ scenaﬁos
for systematic manipulation of innate problem-solving skills in response to complex and/or novel
problem situations. It is asserted that domain experts will make use of tacit knowledge when they
are required to solifc atypical problems.
The essential strategy of tacit knowledge explication is the notion of ‘hypothetical’
scenarios and therefore a novel knowledge structure called scenarios was devised. It manifests dual
functionality: (a) situation descriptor, and (b) tacit knowledge accumulator. Scenarios are depicted
as a goal-oriented nérraﬁoﬁ or sequencedvdescripti_on of situation, together with the entities that

constitute the situation, i.e. the actors, events, inputs, outcomes, environment and so on. With a

scenario knowledge structure, explicated tacit knowledge can be accumulated as it is captured in

terms of () a sequence of distinct actions that might be undertaken to accomplish a particular task;
and (b) details of the sequence of interactions 'performedv or ekperience by the scenario’s entities to
solve the problem [11]. | | |

Fundamentally, this knowledge representation struc;ture comprises four main components
and they are organized in a hierarchical taxonomy as illustrated in Figure 2.4. The ﬁmctionality and

description of these main components are further explained in the following chapter.
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Concluding Event

B ParameterValue List (1 to n)

Figure 2.4: The Scenario Structure Outline [11]

The strategy for tacit knowledge explication using the scenario approach does have i;cs own
weaknesses. This scenario structure is too structured and less comprehensive from é user point of o
view. Training as well as a help tool might be useful to provide explanation but these may not to be
a good way to solve the problem. Therefore, some other useful ways of representing tacit
knowledge should used to complement this knqwledgé explication strategy in order to reduce any

shortcomings of this scenario structure.

2.2.2. Connecting People to Knowledge
The second approach that might be useful in knowledge management is connecting people to
knowledge [12]. In addition to search engines, unique tools are generéted to help connect users and
informatiqn. These tools are utilized to summarize available knowledge and suggest other places
with the same and similar knowledge. In this approach, the “pull” techﬁoloéy is applied-search
engines and intelligent agents.

Intelligent agents (e.g. InfoFinder developed by Arthur Andersen) offer another approach

by generating user’s profiles based on user’s information interests in a document repository (Lotus
P P
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Notes). This agent learns profiles from documents and guides the users to other new and existing

documents in the repository.

2.2.3 Tacit Knowledge Crystallization

Knowledge crystallizatibn would prove to be a vital process in an EM. This process follows the
chemical interpretation of crystallization based on structural/conceptual similarity and/or specified
business rules. The underlying éoncept being used is the establishment of relationship between
similar scenarios, leading to the ontological classification of knowledge within the scenario base
[11]. Knowledge crystallization comprises of two sub-processes: Nucleation and Growth (Cheah
and Abidi 2000). |

The nucleation sub-process is the process where knowledge seeds are created. A knowledge
seed is illustrated as a specification for s&nthcsis of scenario items, which also served as catalyst for
the formation of knowlédge crystal in addition the nuclei around which the knowledge crystal is to
be created. These knowledge seeds are released into the scenario base for following the growth sub-
process. Thus, a domain expert, knowledge engineer and knowledge manager are responsible to
design these knowledge seeds by following the knowledge requirements.

Automatic attraction of scenarios towards séenérios seeds is the main process of the growth
sub-process. A priori screening is performed on candidate scenario items based on their user
acceptance, correctness, appropriateness and éompleteness and as a subjective evaluation by
enterprise-wide knowledge practitioners towards the scenario itéms they used. The scenario items
that are voted with accumulated high pdints will be considered as stable and assigned with high
Crystallization Factor (CF) values. Ultimately, the growth process compares all the knowledge

seeds that have CF values greater than a predefined threshold and yields a Scenario Attraction

Factor (SAF) that would determine if growth could proceed. Knowledge crystallization comprises
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of a two-phase algorithm: Evaluation (Phase I) and Afiraction (Phase II). The process flow of these

phases is illustrated in Figure 2.5.

EVALUATION PHASE ATTRACTION PHASE

\4

Voting of Scenarlo
C

———— A ———— — —— —— —— o —m———

v

Calculation of
Crystalilsation
Factors .
Calculation of
Scenarlo
Attraction Factor

Figure 2.5: Knowledge Crystallization algorithm [11]

For Phase 1, there are two important steps to accomplish its goals whereas there are
three steps for Phase II. These steps will be performed in the sequence as shown in Figure 2.5. The

steps involved in these 2 phases are voting of scenario components, calculation of Crystallization
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Factor, knowledge nucleation, calculation of Scenario Attraction Factor and knowledge attraction

respectively.
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CHAPTER 3

PROPOSED DESIGN METHODOLOGY

3.1 PROPOSED METHODOLOGY

In this chapter, we will describe the details of a proposed methodology for a Healthcare Enterprise

Memory. The proposed method was designed to achieve following objectives:

* To storc/rcﬁ'ieve knowledge in/from the Enterprise Memory.
¢ To augment the knowledge repository.

* To encourage the process of knowledge sharing in an enterprise.

In this project, the proposed methodology mainly makes use of the algorithms and approaches
Being reviewed in Chapter 2. This proposed methodology .would be used to implement a system
called the Enterprise Memory System for Healthcare Knowledge Management (Healthcare-EMS).
Fundamentally, this system works as a core repository for knowledge acquisition and dissemination.
Hence, there must be ways of augmenting the knowledge repository to enable it to learn from past
experiences of experts. In addition to ﬂmt, this system should faqilitate the browsing, searching as
well as editing of the past knowledge. Ultimately, the process of sharing knowledge in an enterprise
will be acéelerated and the members of the enterprise will start to gain knowlédge through their own
experiences. The proposed methodology is designed such that all the objectives l;nentioncd earlier

can be achieved.
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3.2 ARCHITECTURE OF THE PROPOSED SYSTEM

For solving the problems associated with the current Enterprise Memory systems, we introduce a 5-
layer ﬁameﬁork (See Figure 3.1) to implement the system described in section 3.1.This framework

reveals some points of commonality with those related works being reviewed in Chapter 2. The five

layers are as follows:

Enterprise Memory

Figure 3.1: 5-layer Healthcare Enterprise Memory Framework

1. Knowledge Object Layer: The lowest levcl of the proposed framework, which consists of

both scenario base(s) and Q-A base(s). The scenario structure is described in section 2 2.3
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whereas Q-A structure is working by pairing a question with a liét of answers given by
experts. These structures are quite direct and simple yet comprehcﬁsible in knowledge
explication processes. These two distinctive knowledge structures are uﬁlizea to represent
procedural knowledge and problem-solutions knowledge. |

2. Knowledge Description Layer: Both the generic scenarios and Q-A structures reside here.
This layer describes the organization and formatting details of the scenario structure as well
as the Q-A structures. Hence, it provides a structured and standard access to sources of
knowledge at the Knowledge Object Layer.

3. Applicatibn Layer: The main subsystems of the Healthcare-EMS reside in this layer. These
subsystems comprise the Knowledge Acquisition, Knowledge Browsiﬁg & Rating,
Update Reminder, Scenario Crystallization and Q-A Connect appiications. “

4. -~Tf¢?sé9” Layer: This is the medium through which the applications on the server
interact with the users at the client side and vice Versé. For our purpose, we propose
to extend the funétionality of this system over the Internet. HoWever, other possible
media could be the local area network (LAN) or the wide afea network (WAN).

5. Intetfacé Layer: 'fhis is the léyer where clients (users) interact with the respective
applications in the server through the transportation layer. The layer provides. user

interfaces for sending requests and inputs to, and receiving outputs and replies from the

server. This may be in the form of'the Q-A/Scenario Editor and Q-A Searchrinterfaces.

3.2.1 The Main Components in the Khowledge Object Layer

There are two types of distinctive lmowledge objects in this layer. These knowledge objects make
up the Healthcare-EMS system and they are called scenario structures and Q-A structures. The
scenario base(s) consists of generic scenario structures whereas Q-A base(s) comprises of Q-A

structures.
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The scenario structure is explained at Chapter 2 (section 2.2.1) and it is illustrated in Figure
2.4. But, it is modified from the original structure (scenario in tacit knowledge strategy suggested
by Cheah and Abidi (2001)) such that this knowledge representation structure contains only three
main components namely Meta-Scenario, Scenario-Construct and Event (Figure 3.2) in the
Healthcare-EMS. This modification can reduce the problem of scenarios being too fine-grained as

described at section 2.2.1.1.

META-SCENARIOQ

Class Name

Scenario Contributor's
{dentity Number

Figure 3.2: Modified Scenario Structure Outline

Q-A structure is another knowledge representation in the Healthcare-EMS (Figure 3.3). This
knowledge structure is composed by pairing a question with a list of solutions/answers provided by
experts based on the degree of matched keywords. These two knowledge objects work together to

enable knowledge management processes in Healthcare-EMS.

META-SCENARIO

Class Name

O-A
CONSTRUCT

Figure 3.3: Q-A Structure Outline
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Q-A structure has 3 main components, which play an important role in knowledge
representation. These components comprise of Meta-Scenario (sharing same component with
‘scenario structure), Q-A Construct and Answer. Q-A structure’s components have their respective

attributes used for knowledge maintenance as well as knowledge acquisition.

3.2.2 The Main Components in the Application Layer

There are various knowledge-centric and regulatory components in the application layer.

Fundamentally, there are five components used to support this system: Knowledge Acquisition,

- Knowledge Browsing & Rating, Update Reminder, Scenario Crystallization and Q-A Cormect.

Their functionalities as well as their respective algorithms or approaches used will be explained in

detail in the following section.

3.2.2.1 Knowledge :Acquisition & Rewards

There exists two ways of knowledge acquisitiop in the Healthcare-EMS because thé system
employs two different knowledge represéntation structures. For a particular scenario structure, users
must fill information for three components as shown in Figure 3.2 in order to create a comp]eter
scenario. This information comprises of class name, descriptor/context/keywords/timestamp,
scenario céntributor’s identity number and an episode list.

The Q-A structure is utilized when users cannot find their solutions/answers of their
problems in the scenario-constructs. Theréfore, they will be allowed to create their
questions/problems in a forum. Those questions/problems can either be answered by anyone who
has experienced/encountered the similar/same problems before or a number of experts, who will be
invited to contribute their knowledge/experience in the forum. Answering questions in the forum-

like approach will be further explained in Q-A Connect section (see section 3.2.2.5).
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Aldng with knowledge acquisition, Knowledge Rewards application will assign bonus
points to those who contribute their knowledge to the Enterprise Memory repository. Contributors
to both the scenarios base(s) as well as the Q-A basc(s) will be given points, which mey contribute
to their performance appraisal at the end of the year. Consequently, employees in an enterprise will
be motivated to share their experience or knowledge in the healthcare enterprise. The rewards
system will assign points to the knowledge contributors based on the users’ acceptance level and the
type of knowledge representation they will use for knowledge explication (scenarios base(s) or Q-A
base(s)). This users’ acceptance level refers to how helpful users found the knowledge in solving
their own problems. Knowledge contributors will be assigned with higher bonus points if they
contribute their knowledge using the scenario approach, which requires a greater number of steps to

yield a complete scenario.

3.2.2,.2 Knowledge Browsing & Rating
Knowledge Bmwsing is an application that permits users to navigate through the Healthcare-EMS
repository. This app]icaﬁon is particularly useful when users are seeking for solutions/answers for
their respective problems. Scenario structures are categorized into classes (differentiated by class
-name) and therefore, users can browse through scenario items under different classes. For Q-A
eh'ucmres, users can find their questions, which are categorized under distinctive class name (same
like scenario browsing). A list of solutions/answers will be presented to users for every single
question, — |
Along with the browsing process, users will be forced to rate the solutions/answers
provided by experts. These rated values reveal the user acceptance, completeness, correctness, and
gppropriateness for scenario or Q-A structure. Knowledge Rating for scenario items requires users
to evaluate usefulness of every single component for a scenario item whcregs users are requested to

rate the answers for a question.
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3.2.2.3 Update Reminder
| The Update Reminder is an important application for the Knowledge Creator/Editor interface. This
application helps to remind owners of a particular knowledge residing in the corc repository
(Enterprise Memory) to update fheir knowledge periodically., This is done to mainfain the
“freshness” of the knowledge in the knowledge repository. The reminder is baséd on other users’
acceptance towards the composed knowledge as well as the period between the last modification
date and the current date, D. If the other users’ acceptance value is greater than a predefined
threshold then value D will have negligible influence on activating the update reminder. These
users’ acceptance values will be highly dependent on the users voting fpr Q-A items.

Update Reminder is being practiced for Q-A items only. It ié utilized for the purpose of

maintaining the Q-A base(s) that will grow continuously over the time.

3.2.2.4 -Scenario Crystallization
Scenario Crystallization is an underlying application of Q-A Search interface that utilizes
knowledge crystallization algorithm. However, crystallization algorithm is perfdnﬁcd on scenario
items only where the final result of the a]gorithm will be employed by the Q-A Connect application -
to connect people to knowledge. This crystallizétion algorithm is important for keywords matching
(sub-process numbered 3 in Figure 3.4). It collaborates with the Q-A Connect applicaﬁon to permit
users to specify their questibns and a list of keywords with their respective keyword attraction
points (KAPs) (see explanation in Chapter 4). This application uses knowledge crystallization
algorithm along with these KAPs values and keywords in order to invite experienced experts to
contribute/share their knowledge.

The knowIedge explication using the scenariq approach enables the utilization of the
knowledge crystallization 'aIgorithm, ie. it ﬁllows the computation of various crystallizaﬁon factors

that reflect user acceptance, correctness, appropriateness and completeness and as a subjective
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evaluation by enterprise-wide knowledge practitioners. It works towards organizing the knowledge
into clearly defined sub-repositories or ‘knowledge crystals’.

Pl Kerwords matching is
carried out to find scenaro
owners with relabed

experience or knowledge.

TR User cannot find
o gnswerisciubon in
scanario-constict

Lizt of =cenario

User will be redirected Sosqurio ouners, X and
toa forutn lke page lo contribute thelr

post hiser quesion. knowledge o the forum

Figure 3.4: Knowledge Acquisition Process

The Attraction phase utilizes knowledge seed as a query mechanism for attraéting
knowledgc owners to share their experience/solutions in the forum. A knowledge seed is defined by
a questioners contains a question together with a list of keywords and their respective weights
(KAPs values). These keywords and KAPs values of the .knowledge seed will be used to calculate a
scenario attraction factor (SAF) (see explanation- in Chapter 4). The calculation of SAF is computed
based on the criteria stated in Equation 3.4. If this SAF value is greater than a pre-determined
threshold, then the scenario owner will be invited to share their knowlédge to the Healthcare-EMS
systerh. The invitation information (e.g. email address, .scenario contributor’s identity number) will

be sent to Q-A Connect application for further processing. ‘ _

3.22.5 Q-A Connect

The Q-A Connect application is used to connect all the experiencéd experts to share their
knowledge in the forum. It only works with Q-A items in Q-A base(s). If a compﬁted SAF value is |
greater than a predefined threshold, this denqtes that the expert has previously submitted a similar

scenario and is assumed to have similar/same knowledge/experience for a pérticular problem or
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answers provided by other experts (an answer may activates an attraction process). Therefore, an
email will be sent to the expert in order to invite him/her to share their knowledge/experience in the
forum-like session. This email will be attached with a link that will guide users to view the question

in the session. The Q-A connect application will iteratively navigate through the scenario base(s) to

connect all qualified experts to the session.
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' Figure 3.5: Q-A Connect Workflow

" Fundamentally, Q-A Comnect application is a tool that assists the Healthcare-EMS
Icnow]édge repository to grow continuously. This module is provided as a solution due to the lack of
employees’ initiatives to share their knowledge or experience. In anothef words, it cultivates a
knowledge-sharing culture in an orgam‘zation; The workflow of the Q-A Connect module is
depicted as shown in Figure 3.5.

When less experienced experts who encounter a problem that they might not be able to
diagnose, they will come and post their question in a forum-like séssion. Subsequently, ‘Q-A

Connect will request for a few keywords which can best describes the problem that has been
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submitted to the system. These keywords will be used as inputs for the calculation of the SAF value
which determines to' whom the invitation emails should be sent (refer to Equation 3.4(a))_. A link to
the question is attached with the email to inform the experienced experts to give solutions to the
question. When these experts contribute their answers/solutions to the question, they are, again
required to specify a few keywords than can relate to the answer provided by them. Consequently,

~ this process creates a chain of invitations to the experts from scenario base(s).
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CHAPTER 4

IMPLEMENTATION AND RESULTS

In the previous chapter, we had discussed the proposed methodology and algorithms being used.
Now, we will proceed with implementation details for two important layers in the Healthcare-EMS
framework, i.e. the Application Layer and Knowledge Description Layer (Figure 3.1 in Chapter 3).
In this chépter, we will discuss and explain in details the workflows, cquations' and the Al
approéches/algorithms in the following sections by using some sample results (i.e. screen shots) that

we expected to obtain,

4.1 Introduction

We have designed and developed a Healthcare-EMS (Healthcare Enterprise Memory System),
which provides the fﬁnctiona] -and operational framework for knowledge creation. Both the
Knowledge Description Layer and Application Layer in the proposed framework (highlighted using
dotted rectangular box as in Figure 4.1) are two vital layers in the Healthcare-EMS system. The
knowledge descriptioﬁ layer compris.es of two distinctive knowledge structures for knowledge
representation and knowledgé acquisition purpbses. These knowledge structures are the generic
scenario structure and Q-A structure. The Application Layer consists of the underlying applications
which support the operation of the 'Healthcare-EMS' system. These essential applications are the
Knowledge Acquisition and Rewards, Knowledge Browsmg and Ratmg, Update Reminder,
Scenario Crystalhsatlon and Q-A Connect applications.

The generic scenario structure is a modified structuré of the ‘hypothetical’ scenarios taken
from the tacit knowledge explication strategy suggested by Cheah and Abidi (2001). This

knowledge structure has been evolved such that it becomes a simplified version 6f the original
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‘hypothetical’ scenario (see Figure 3.2). This generic scenario knowledge structure breaks down a
scenario into a sequence of events that is used to describe the actions carried out in a healthcare
scenario. Therefore, composition of a scenario requires an experts to cxplaWdescﬁbe their
treatment/ experience (procedural knowledge) with a great numbers of steps (events) in this system.
In contrast to this knowledge structure, the Q-A structure allows experts tolgive both their problems
and solutions in free-text format (see Figure 3.3). Both these knowledge representations maintain a
liét of keywords, \x}hjch permits the Q-A base(s) to grow continuously. In the framework, the
automatic knowledge acquisition mechanisrh only works with Q-A base(s) but it depends greatly on

scenario base(s)’s crystallization values to grow.

1

—— . —— ———————— =

Enterprise Memory

Figure 4.1: The two important layers of Healthcare-EMS framework (indicated by dotted box)
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The applications of the Healthcare-EMS reside on the Application Layer. The Knowledge
Acquisition and Rewards and Q-A Connect applications aré primarily utilized as .tools for .
knowledge acquisition to cultivate a knowledge sharing culture in an organization. whereas the
Update Rcmindér application helps to maintain the ‘freshness’ of the infonnation/lméwlédge in the
Q-A base. Thus,‘ outdated/inapplicable knowledge in Q-A base might be eliminated after a
particular period. Besides that, the Scenario Crystallization application is an essenﬁal tool to
calculate scenario cryétallization factors used for the attraction phase of the Q-A Connect
application. The explanation and implementation details of the applications will be further discussed
in the following .sections in this chapter-.

As mentioned in Chapter 1, the objectives of the Healthcare-EMS cover the knowledge
repreécnt_ations, knowledge acquisition and knowledge maintenance. Thus, the explanation of

implementation details and example results will reflect my contributions towards the system.

4.2 _lmplemehtation at the Knowledge Description and
- Application Layers |

In this section, we will discuss the functional and algorithmic details of the applications in the

Knowledge Description and Application Layers which we have briefly described in Chapter 3.

- 421 Implementation Details of Knowledge Representation in th'e
Knowledge Descrip_tion Layer

The Knowledge Description Layer consists of two distinctive hlowledgc represcﬁtation structures
namely generic scenario structures and Q-A structures. 'I'heserlmowledge structures are represented
using XML files in a‘tree structure.
| Procedural knowledge (scenario structures) is stored in five XML files in which three of them

are representing the main components in a scenario structure. These components are Meta-Scenario,

Scenario-Construct and Event (see Figure 3.2) respectively. These components’ attributes are kept
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in meta_scenario.xml, scenario.xml and event.xml (see Figure 4.2, Figure 4.3 and Figure 4.4). XML

files are treated as the storage medium of the Healthcare-EMS system. Besides, it allows storing of

knowledge predicates by using custom tags (names that represent the knowledge item’s elements

and attributes). The procedural knowledge representation structure ‘can be defined in a number of

predicates as stated below:

meta_scenario/3

meta_scenario (Class_1Id, Class_Name, Sub_Class_Instance_Llist)

Class_Id, Class_Name and Sub_Class_Instance_List are fundamentally the elements
to represent the scenario/problem domain for the Healthcare-EMS system. For instance, the -
Claés_Name can be “Heart”, “Choldng”, “Back” and etc. sub_Class_Instance List is
used to keep all the scenarios that are categoﬁzcd under the same class_1d (see Figure

4.2, meta_scenario.xml).

scenario/12

scenario (Sub_Class_Id, Scenario_Id, Contextual_Instance_List,
Start_Timestamp, End _Timestamp, Scenario_Description, Event_Instance List,
Keywords, Vote_List, Scenario_Crystallisatj.on_Factor, Voter List,
Scenario_Contributor_ ID)

A scenario relation has twelve elements as mentioned above (see examples in Figure 4.3,

scenario.xml). Apart from the details of a scenario (for instances sub Class_id,
Scenario_Id, Contextual Instance_List, Start_Timestamp, End_Timéstamp. ,

Scenario_Description, Evént_In'stance__List ar.ld' Keywords), information of the
votes obtained and scenario contributor’s information are kept for use during the scenario
éttraction phase. The scenario attraction phase is highly dependent on the
Scenario_Crystallisation_Factor and Keywordg.

event/7
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event(Event_ID, Event_Name, Event_Type, Event_Actor, Event_Object,
Parameter, Value)

This is the predicate used to keep the information of an event. Basically, it keeps the details
of an event (i.e. Event_ID, Event_Name, Event_Type, Event Actor, Event_Object,

Parameter and Value). This information describes the treatment/action by a medical

officer (see examples in Figure 4.4, event.xml).

<meta_scenario>
<claas_id id="cli"»
<class_pame>Hsart</clags_name>
<sub_class>2</sub clasa>
<sub_cless>368</suly_class>
</claszs_id»
<claga_id id="c12">
<class_name>Choking</class_name>
<sub_clasa>T0</aub_clasa>
</class_id>
<clasma_id id="cla"*>
<class name>Blesding</class_name>
<aub_clasa>i0l</sub class>
</fclass_id>
<clasa_id id="cl4*>
<class_pame>Back</claya_name>
. <aub_class>200</auh clasa>
</class_id>
</meta_scenario>

Figure 4.2: Procedural knowledge representation in XML file (Part of meta_scenario.xml)

Apart from the scenario structure for procedural knowledge . representation, the
representation for problem-solutions knowledge representation is also stored in XML file. This
knowledge representation structure is called the Q-A structure. The predicates of this structure are
as follows:

. questidn_Insténce_List/Z
question Instance_List (Domain_ID, Question_Li st)
® question_answer_List/3
question_answer_l.ist(Question_ID, Keyword_List, Answer_List)

s answer/7
answer (Answer ID, Answer_Creation_Date, Answer_Composer_ID, Answer Content,

Keywords, Reference_Link, Vote List)
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<scenario>
<scenaric_construct lisg_id="71" scenario_id="s.20000(222.1032" userID="4">
<scenaric_desc»Choking adunlt male, 35 years of age. Location: Resteaurant</acenario_desc>
<contextusl link context id="75" /> .
<gtart timestamp>2005</start_timestsmpd>
<end_timeatamp>2010</end timestampd>
<episades episode id="77" />
<episndes eplsade id="133" />
<episodes episode_id="134" />
<episodes eplsode id="135" />
<epispdes episode_id="35" /> .
<voter 1d="2">0.74</voter><avgScesl.74</avgScr<ScCrysFactor>0. 645¢/ ScCryaFactor>
</scenario_construct>
<scenarip construct lisc_id="134" acenario_id="s,20000613.0540" userID="4">
<scenario_desc>Mild heart attack on adult male</scenario_desc>
<contéxtual link context id="145" />
<contextual _link context id="143" /»
<start_timestamp>l520</starc_timestamp
<end_timestemp>lS38</end timestamp>
<episotles epiacde_id="1S50" />
<episodes episode id="152" />
<episodes epiaspde id= 153" /%
<epigodes episode id="158" />
<episodes episode_id="153" />
<episodes episode id="160" />
<eplaodes episode_id="161" />
<episodes episode id="166" />
<voter id="1">0,78<¢/voterx<avgic>Q,86</avgSer<ScCryalactor>0. 7909375000000001</5 cCryaFacrary<voter
1d="2">0, %4</vocer>
</acensrio_conascruct>
</acenario>

. Figure 4.3: Procedural knowledge representation in XML file (Part of scenario.xml)

<epismode _construct>
<episade id="T7">
<name >epéC/ naney
<desc>Verify</dascy>
<event id="79">
<name>eavli8<s/namel
<rype>Rectiond/typed>
<actor>First-aider</acuor>
<abject>Patisnt</object>
<parameterValue id="80">
<name>py2 ¢/ name >
<paramecer>Ask</paramatery
<valuerPatlient is choking</valus>
</parameterValue>
</event>
<voter 1d="2">0.56</voters><avdEp>D.56< /avdEp>
</episode> :
<episode id="133">
<pame>ep7</nane
<descrFirat-aid</desed . .
<avent id="s2"> -
<ntme>evlSd/names
<type>Obstaclec/type>
<actor /> .
<gbject>Patisnt</phisct.

- <parameterValue id="83">
<name>pv28</names
<parancter>Choking</parameter>
<valuex¥Yeal/values

</paramererValue>
</event>
<voter id="2">0.34</voters<avdEp>0.34</avdip>
<fepisode>
</episode conatrucc>

Figure 4.4: Procedural knowledge representation in XML file (Part of event.xml)



<trigger list domain="cl3"»
<gueation id="1" date="22/02/2004°>Eow Are Fibroids Treated?
<keyworda>
<¥eyword Hei§h1:=“0 §7"smenstival bimeding</keyword>
<¥eyvord weight="0.89”>Fibroids</keysord>
</fkeywords>
<answer>
<ans id="z" dace="22/01/2004" userlD="1">
<cont>If fibroids are not causing problems, they may need no treatment apart from regular medical
checkupa. Surgery is the standard trestment for fibroids that are causing pain, heavy or lengthy
menatrual bleeding, or other problems. The two kinds of surgary most commonly performed are
hysterectomy and myomectaly. &lt;bregrLislt;brigt:Hysterstctamy is the surgical removal of the uterus
‘{and usually of the cervix as well). It is the most common treatment for fibrolds. Three oot of
every 10 hystersctomies in the United Scates are performed bscause of fibroids. Currently,
hystersctomy is the only permanent cure for fibroids, However, @2 woman camnot become pregnant or
carry a haby after having a hysterectomy.slt;bregr:elt:bzsgt:Myomectomy is the removal of fibroids
without removing the uterus. This operation preserves & waman's ability to bear children. However, a
succeasful pregrancy is not guaranteed. Only 4 or 5 out of 10 women become pregrant and give birth
after & myomectomy.
</cont>
<keywords>
<iteyword weight="0.30"»Hysterectamy</keyword>
<keyword weight="0.30">Myomectamy</keyword>
</keywords> :
<link>htzp: Ifyoumedicalaouree cam/library/fibroids/FER rreatment. html</link>
<vacer 1d="2">0.95<¢/voter><avVore>(.9533333333333333¢/avWnced<vocer 1d="1">Q0. 98<Ivnter><vawe:r.
id="4">0,53</voter> .
</ans>
</answer>
</questicn>
</trigger_list>

Figure 4.5: Problem-solutions knowledge representation in XML file (Part of Q_AList.xml)

In Figure 4.5, there is a domain “c13” with a question created on “12/01/2004”, question
content is “How Are Fibroids Treated?” along with two related keywords and weighte, which are
“menstrual bleeding” and “Fibroids;’ respectively. As depicted in Figure 4.5, there is an answer
provider (userID “1”) who gave his/her solution on “22/02/2004” | along - with keywords
“Hysterectomy” and “Myomectomy” aed weights, a reference link, with a list of votes’ values from-
other experts.. Some other predicates will be illustrate& as examples in Appendix B.

These knowledge representation structures provide a clear and comprehen(si_blc illustration
of both the procedural and problem-solution knowledge. On the other hand, the system needs not
create a connection object when accessing the XML file. Therefore, this can be considered as one of
the advantages of using XML to represent the knowledge. ‘Every‘ element or 4attribute of the XML
files plays a crucial role for example element keyword and its respective weighi contribute towards

the knowledge acquisition in the Q-A base(s) of Healthcare-EMS.
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4.2.2 Implementation Details for the Application Layer
We now discuss the implementation details for the applications in the Application Layer. A few
example results are shown with some justifications to illustrate the efficacy of the Healthcare-EMS

in the next sections.

4.2.2.1 Knowledge Acquisition & Rewards

The calculations of the user acceptance level for the scenario structure and Q-A structure are quite

differeht ﬁrom one and another. The Q-A structure n_1akes use of the users’ evaluatiori value (see

Equaﬁon 4.1) whereas the scenario approach makes use of the scenario crystallization factor (see -
éxplanation in section 4.2.2.4) although both values are greatly dependent on users’ votes. This is

because users need to evaluate every single fine-grained level (i.e. events) in the scenario strategy

but they only need to give their feedbacks (vote values) on Q-A structures for every item in the list

of answers/solutions. Thus, the calculation of scenario crystéllization factor (see Figuré 4.11)

rerquiresr more computations. The knowledge rewards in term of bonus péint is calculated by

multiplying the users’ acceptance level for a particular knowledge with a pre-defined number (i.e.

10) to get its nearest integer value.

N
Users evaluation, E; = TV
1
j=1

N

where V;= Total votes of answer numbered i®
N = Number of registered users in Healthcare-EMS

Equation 4.1: Users Evaluation

For the example shown in Figure 4.5, a Q-A solution/answer composer (userID “1”) will be given

9.5 points as bonus for his/her contribution if all the experts who registered with the Healthcare-
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EMS voted for this answer. Scenario crystallization factor (SCF) equation will be discussed later
(see section 4.2.2.4). Thus, the calculated SCF value will be employed to produce bonus points for
the scenario contributor (example in Figure 4.3). For the calculations below, we assume that all the

registered experts have already voted for the Q-A item and scenario item below. The calculations

involved are: -

(i) Q-A item bonus point’s calculation

By applying Equation 4.1,

N 09540984093 Y
o Ty, {____}
The user evaluation, E, = ~ B | 3 ‘
£ =% ' = 0.953
N

0953 X 10  points

Bonus points

= 9.5 (appfoximation) pointé

(ii) Scenario item bonus point’s calculation

Scenario Crystallization Factor for 5.20000613.0540 0.7909

Bonus points for the scenario contributor 0.7909 X 10 points

= 7.9 (approximation) points

4.2.2.2 Knowledge Browsing & Rating
The Knowledge Browsing application allows experts to navigate the knowledge/experience in the
Healthcare-EMS system. Knowledge Browsing enables experts to view both scenario items and Q-

A items in a more comprehensible and organized interfaces. This knowledge are loaded from the
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XML files (as mentioned in the previous section) and displayed in a well-oi'ganized manner.
Procedural knowledge is depicted as a sequence of events (see Event List in Figure 4.6) that have

was carried out in a particular scenario. In contrast, problem-solution knowledge is displayed as a

question with a list of answers shown in a forum-like session (see Figure 4.7).

Be Gt tor Fpodes Tk by

Healthears-£88 Block =

_!HIMMMMMI m ' :
< [omomrmoees B QAGEE "

Capyrighl © 2003 hig.o.Amm.my. AR right seared.

answar(s)or solutionis). (Hghlighted witty red wiar X)

A

Figure 4.7: Q-A Item Knowledge BrOWSing Interface
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The Knowledge Rating application has similar rating interfaces for both the scenario items
and Q-A ifems. The vote values of scenario items are more important than Q-A items because these
values will ultimately used to yield the scenario crystallization factor (see its functionality in section
4.2.2.4) that will be used for automatic knowledge acquisition process later. Therefore, experts will
be forced to réte an event after they vif:wed each event whereas experts can volunteer to rate the
answers of a question for Q-A items (see the “Rate It” button in Figure 4.7). However, for bbth
knowledge items, each expert only can rate once for each scenario component or each answer to a

Q-A item. Each rate/vote is a value between zero and one.

Copyright & 2008 hlrg.cs, usm.my. All tighly mesned.

Figure 4.8: Q-A Item Knowledge Rating Interface

4. 2.2_.3 Update Reminder

The Update Reminderr is a tool to keep all knowledge in the Healthcare-EMS “fresh”,
Experts who contributed knowlcdge/experience that is rated as inapplicable (determined by a pfe-
defined system threshold) will be notified to update them, If they do not update their contribution in
a specified period, then their knowledge will be removed permanently from the repository. The
weakness of this application is its inapplicébility on the scenario items because alteration of a
scenario’s content (i.e. the i;xforﬁaation for events) will greatly falsify the voted/rated values

previously done by other éxperts (since an expert only can vote/rate once).
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There are two kinds of reminders. One of them is just to notify experts (highlighted with a
red star, see Figure 4.8) to update their contribution when they visit their Personal Contributions
page. There is another type of reminder, which is the result of the Update Reminder performing
daily inspections on the outdated Q-A items. If these Q-A items are still not modified after more
than one month, then an e-mail notification (see Figure 4.10) will be sent (information of these
outdated answers will be kept in garbage.xml) and it will permanently eliminated if the answer
composer does not modified the answer after three days of being informed. When these answers are

eliminated, they will be subsequently removed from garbage.xml (see Figure 4.9) .

Figure 4.9: Personal Contributions with Update Reminder

~ <garbage>
‘ <garbegellem domain="gll™ Qid="1" dacelnsert="0%/04/2004" o</ garbageElem>
<garbageflem domein="cll™ Qid="1" detelnsert=" 0%/ 0472004 >f</garhageElen>
<garbegeilem domain="cll™ Qid="3" detelnsert="0%/04/2004"¥</garbageElemn>
<garbegellem domain="cl2™ Qid="1" dateInsert="09/04/2004"b</garbageL]lem>
</garbage>

Figure 4.10: Qutdated answers in garbage.xml
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The task of the Update Reminder is performed based on User Evaluation values (see
Equation 4.1) for a composed knowledge as well as the period between the last modification date
and the current date, D. If the User Evaluation of an answer is greater than a predeﬁﬁed threshold,
then value D will have negligible influence on activating the update reminder.

If modification of an answer is done, then the composed date field will be set to the present
date. Therefore, the Update Reminder tool will help to ensure all the knowledge items in the Q-A

base(s) are applicable and “fresh”.

: it hwitt be deleted from domain: c12 ¢ 1.1, Pleas e update your answer
accordingty (ot later than'3-days after this mail is Semt). Thank yotw

Figure 4.11: Email notification sent by Update Reminder

4.2.2.4 Scenario Crystallization
There are two vital phases in knowledge crystallization algorithm, namely the evaluation phase
(phase I)(same process as for the evaluation in Knowledge Rating) and attraction phase (phase II)

(Cheah and Abidi, 2000). In the evaluation phase (see Figure3.5), scenario crystallization factors
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and event crystallization factor will be computed based on users voting/rating process. The

crystallization factors are basically defined in Figure 4.11 (Equation 4.2 and Equation 4.3).

. Calculation 1:
( S ) Event Crystallization Factor, Y = B,

| [
EVALUATION PHASE -

where B = Average score of votes cast for each
event.

Equation 4.2: Event Crystallization Factor

Calculation 2:

Y+D

Scenario Crystallization Factor, Z =

“where ?

i

The average of the Event
Crystallization Factors of a
particular scenario-construct, and

D = The average score of votes cast for

the scenario-construct.

Equation 4.3: Scenario Crystallization Factor

Figure 4.12: Evaluation Phase and Calculation of Crystallization Factors

For an example, we will show the calculation of the scenario crystallizétion factor (SCF)
and event crystallization factor (EvCF) for scenario item 5.20000613.0540”. This scenario item has
five events and their EvCF vaiues are 0.56, 0.34, 0.74, 0.85 and 0.26 respectively. Before we can
calculate the SCF value, we must first collect all EVCF values the event of this scenario (see Figure
4.11). Unlike the calculation for event crystallization factor suggested Cheah and Abidi, this
equation will not take into consideration the sharing of same event becaﬁse the event and episode
proposed in the k:nowledge explication strategy has been combined into a single component named
- event. The follo@g are the calculation for both the event crystallization factor and scenario

crystallization factor by applying Equation 4.2 and 4.3 in Figure 4.11: -
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By applying Equation 4.2

056 + 034 + 0.74 + 0.85 + 026

The average of event crystallization factor =
5

= 0.55

By applying Equation 4.3,

The scenario crystallization factor = 2

055+ 074
2

= 0.645

These calculations will be performed whenever ther¢ are new votes/rates for the event or
the scenario. Néw votes will affect the value of these crystallization facfors for a scenario.

Due to the simplification of the scenario structure, the calculation of the ‘scenario
crystallization factor and the event crystallization factor has become less complicated as compafed
to the calculation discussed by Cheah & Abidi, 2000. The scenario crystallization factor will later
be employed in the attraction phase. A greater SCF value will have more influence in ‘attracting’ a
sceﬁario expert to contribute an answer for a question posted in the forum;like session.(’Ihcrefore,

forming a Q-A item).

4.2.2.5 ‘Q-A Connect
As mentioned in Chapter 3, the Q-A Connect application is utilized to link Q-A questions to the
relevant expérts who have contributed scenarios, or in other words to ‘attract’ experienced scenario

composers to contribute their knowledge to the questions and hence, form Q-A items. The scenario
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attraction process will be initiated when an less experienced medical officer who encounters a

problem, post his/her question with a list of keywords and their respective weights (also known as

Keyword Attraction Potential (KAP)). These keywords and their respective weights (Keyword

Attraction Potential) describe how important these keywords can relate to the question (see Figure

4.12).

P + 5
Scenario Attraction Factor = _—
. 2 s
where P = Total keywords similarity measure degree divided by TW,
S = Scenario Crystallisation Factor of the same scenario,

TW = Total weights for Q-A’s keywords.

(a) Scenario Attraction Factor

4
y 21 - Ly x¥
Keyword Similarity Measure, P; = K K

i=1

j

: W
where P; = Keyword similarity measure for a particular keyword i,

K = Number of words for a particular keyword i,

f = Frequency of word for a particular keyword i that can match
with keywords for a scenario,

Keyword Attraction Potential (KAP) for keyword i.

E
]

(b) Keyword Similarity Measure for a keyword i

Equation 4.4: Scenario Attraction Factor And Keyword Similarity Measure

The KAPs values will be employed to calculate Keyword Similarity Measure (KSM), which shows

the degree of keyword similarity between an existing scenario item and the present Q-A item. The

KSM equation takes into consideration the frequency of word for a particular keyword i that can
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match with keywords for a particular scenario item. This eqhaﬁon makes an assumption that every
word for a particular keyword i has the same confidence value (e.g. keyword “Heart Aﬁack" with
weight *“0.98”; Therefore, the word “Heart” and “Attack” have “0.49” as their own confidence). The
calculations of both the Scenario Attraction Factor (SCF) and Keyword Similarity Measure (KSM)
for a keyword i are explained in Equation 4.4. The SAF value is greétly dependent on the average of

the total Keywords Similarity Measure and SCF value for a scenario.

oot Healtheare EMS QA Creater, = | e

GRS MENOPAUSS INCYRASE Iy (8K (OF heart disdase?

o Meywords o oo

Copyright 2068 hig,c.usm.my. All tGh eserved

Figure 4.13: Question interface with keywords and weights

The same process will be performed when ‘attracted’ experts post their answers. The
answer submission interface is almost the same as the oné shown in Figure 4.12 except that there is
extra information needed (e.g. refefencc 1ink). The keywords ‘specified for 4th_e answer is used to
‘attract’ yet scenario contributors with tﬁe knowledge/experience denoted by the keywords, to give
their solutions to the problem and give further information for the answer (which would invite them
to give their apswef to form Q-A items). As an eMle (see Figure 4.12), the keywords stated are

“menopause” and “heart attack” with weights “0.86” and “0.76” respectively. The calculations
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involved will take scenario item “s.20000613.0540” as an example and this scenario item has two

keywords, which are “angioplasty” and “heart attack”.

By applying Equation 4.4 (a) and Equation 4.4 (b),
Let Keyword 1 = menopause,
Keyword 2 = heart attack,

Scenario crystallization factor for s.20000613.0540 = 0.7909

1= 1-1 Y 056
P - () e

= 0

G ISR G GRS

= 0.38

i

P,

| -038+0
P 20000613.0540 ' - 0.36+0.76

= 0.234

-l- .
Scenario Attraction Factor = 0.234 2 0.7909

= 0.512

Thus, the scenario attraction factor fo; scenario item “s.20000613.0540” is 0.512. As a
conclusion, the scenario attraction factor not only dependent on keywoi'd'similarity measure alone.
Scenario crystallization factor (value determined by its applicability, correctness, appropriateness
and completeness) also plays a crucial role in determining the attraction process. If the attraction
threshold is predefined as 0.5, then an invitation email will be sent to expert with u.s;erID “4”. From

the calculations above, we can observe that if the frequency of a word is higher then the computed
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Keyword Similarity Measure will be greater. Therefore, the possibility of experts® attraction will be

higher as well.
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CHAPTER 5

SUMMARY AND FUTURE WORK

Ultimately, we have implemented' an enterprise memory system for healthcare knowledge
management system, namely Healfhcare Enterprise Memory System (Healthcare-EMS). After
providing the implementatidn details with some example results, we are now going to evaluate the
| Healthcare-EMS. This }evaluation would not be quantitative in nature, ie. in terms of
speed/performance in view that contributions are not algorithmic in nature or process oriented.
Rather, we would present comparisons (advantages and/or disadvantages) of the Healthcare-EMS
with other‘similar systems. -
Before we do so, we are going to revisit the objectivés, which we stated at the beginning of
this Teport (see section 1.6) and hence, we will then evaluate our contributioﬁs for this project. In
view that more can be done in the area of enterprise memory and that the Healthcare-EMS can be

expanded further, we will conclude with some suggestions for future work.

51 REVISITING OUR CONTRIBUTIONS

Earlier in Chapter 1, we stated three main contributions of this research project: -
1. The development of knowledge representations formalisms called scenarios and Q- that

models both the procedural knowledge and problem-solution knowledge as two distinctive

hierarchical structures.

2. A hybrid knowledge acquisition methodology, which makes use of both the scenario

crystallization with scenario attraction strategies (combines scenarios and Q-A in the sense that
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they are linked via keywords) to ‘provoke’ the experts to give their solutions for a particular

problem via notification through email.

3. A knowledge maintenance mechanism to preserve the ‘freshness’ and applicability of the
knowledge, which resides in the repository of the Healthcare-EMS. This knowledge
maintenance mechanism is solely dependent on the rating process, which reflects the

applicability, correctness and completeness of the knowledge items.

5.1.1 Revisiting the First Objective
The first objective as stated early in this report (see section 1.6 in Chapter 1) is the definition of
suitable knowledge representation formalisms for two distinctive forms of knowledge, which are

procedural knowledge and problem-solution knowledge.

Our scenario representation formalism for procedural knowledge is a simplified hierarchical
structure, simpler when compared with the scenarios in the tacit knowledge strategy suggested by
Cheah and Abidi (2001). We argue that the simplified scenario representation formalism facilitates
the navigation and exploration of problem situations at a less fine-grained descriptive level (event
level) which is favourable rather than being too fine-grained.

The Q-A representation fqr problem-solution knowledge can be viewed as hierarchical too

and hence, it provides an economic and scalable formalism.,

As a conclusion,

1. The scenario representation is simple but multi-purpose: Its simplified structure illustrated
in Figure 3.2 enables the situational experience to be stored as a scenario. This simplistic
knowledge representation structure facilitates the scenario crystallization and scenario

attraction processes, which ultimately permit the lmowledge acquisition methodology.
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2. The Q-A representation is simple émz' scalable: Scalable in term of its ability to grow
continuously whenever a question or an answer is added to the knowlgdge repository.
Definition of keywords and weights (explained in section 4.2.2.5) allows the process of
scenario attraction hat invites experts who have previously submitted similar knowledge in
the form of scenarios to give their solutions in Q-A format. In addition, the Q-4
representation enables experts to explicate their knowledge in free-text format that is
different from scenarios. Knowledge explication Vcan be performed for both procedural
knowledge and problem-solutions knowledge. However, their scalability allows for the
expansion of the knowledge representation to accommodate more sophisticated knowledge

creation functions in future.

5.1.2 Revisiting the Second Objective

The second objective qf the system is to introduce knowledge acquisition methodology to enable
the repository of a healthcare enterprise memory system to grow continuously. As we can see, the
traditional knowledge acquisition techniques seem to be ineffective in both knowledge explication
and acquisition. This is due to the fact that knowledge manifests itself in situational descriptions
especially those knowledge that are ﬁow}el, atypical and incomplete situations.

In addressing this difficulty, both the knowledge representation formalisms have been
manipulated to explicate knowledge in procedural and problem-solution format, which provides
altcmétives to explicate tacit knowledge. |

Knowledge sharing is not a common culture in an enterprise because knowledge is
considered as the intellectual property of an expert. Therelfore, knowledge acquisition methodology
must be used as a way to ‘populate’ the knowledge items in the Healthcare-EMS and motivating
employees in an enterprise to share their knowledge by having incentives scheme (i.e. in terms of
reward based on the assigned bonus points as explained in the Knowledge Rewards ‘scction). In the

_knowledge acquisition process, new knowledge will be generated when experts who previously
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submitted similar knowledge/experience (in the form of scenarios) are informed to give their
answers/solution in Q-A format. The attraction of experts to contribute their solutions is basically
dependent on the keyword similarity measure and scenario crystallization factor. However, this

knowledge acquisition process needs plenty of scenario items to have keywords in order to find

similar scenarios.

Ovérall, we can conclude that: .

1. Knowledge acquisition can be achieved under certain condition;s': Knowledge acquisition
can be achieved at an optimum level if there are plenty of scenarios items in the
Healthcare-EMS because knowledge acqui;ition depends on the keywords similarity degree
and the scenario crystallization factor to grow. Keywords similarity degree will not be able
to find their matched keywords with scenarios if there are only a limited numBer of
scenarios in the system and would resﬁlt in the knowledge acquisition process being less
effective. Users’ rating for the events of a scenario also affects the knowledge acquisition
process. Thus, the performance of the knowledge acquisition méthodology also greatly

depends on the wisdom of user to rate this knowledge.

2. Knawledge‘ explication in a systematic manner involves a trade-off in tacit knowledge
content: When expeﬁs are provoked to explicate their knowledge in a systematic manner, it
does not remain tacit because any form of formalism is explicit in nature. VTherefore, to
soften'the impact of loosing too much tacit content caused by the structured nature of
scenarios, another knowledge representation formalism is introduced to permit lmoiv]edge
to be captured in a free-text format, i.e. in the form of Q-As Therefore, we can argue that
scenarios and Q-4 are collaborating with one another, mofc like a symbiosis rather than

hybrid, to achieve better knowledge explication and knowledge acquisition.
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3. Experts’ wisdom determines the optimum operationality and functionality of the system:
Knowledge acquisition of Q-A knowledge items requires definition of keywords and
weights. Experts’ wisdoni in determining keywords and weights are very crucial at this A
stage. Thus, they should be very aware in specifying the keywords and weights for the

knowledge item, as this will determine the practicability of the system.

5.1.3 Revisiting the Third Objective

By looking back to the third objective, we can #rgue that the knowledge maintenance is a vital
process in a knowledge management system. The applicability and ‘freshness’ of tl;e knowledge
residing in the system will affect the diagnosis and treatments performed by the experts (e.g.
medical officers) in a healthcare enterprise. Inaécurate or outdated knowledge may cause fatal
treatments to be prescribed or ambiguities in diagnosis. Consequently, outdated knowledge (which
already notified because of its inapplicability but no actions are taken) must be removed from the
knowledge repbsitory to prevent incorrect, incorhplete and inépph'cablc knowledge/experience to be

shared among the experts.
With regards to the knowledge maintenance process, we conclude that:

1. Knowledge maintenance only practiced in the Q-A base(s): We argue that knowledge
maintenance process should determine the applicability of the knowledge in the system
because it takes a number of ratings to assess the applicability of a scemario.
mcompleteness of user’s rating will affect the ultimate evaluation and therefore, the
’possibilit'y of scenarios to be removed is much higher than a Q-A énswcr/solution

(knowledge). Since the knowledge acquisition relies solely on the ‘population’ of the



5.2

52

scenarios, it is advisable not to practice the knowledge maintenance process with scenario

base(s). Thus, the knowledge maintenance process only caters for the Q-A base(s).

Knowledge applic;'ability and ‘freshness’ can be maintainéd with the scheduled update
reminder: Since the evaluation of knowledge keeps on changing everyday, there exist a
update reminder that is scheduled to keep track of the applicability, correctness (based on
users’ evaluations) and the difference between the last modification date and present date.
The update reminder will remove the knowledge permanently if necessary actions are not
taken after the outdated knowledge notification is sent. This agent collaborates with the
personal update remiﬁder to ensure that experts can benefit themselves with this useful

knoWledge.

Comparison with other Similar FAQ System

5.2.1 FAQ Finder System

There exists a FAQ system, namely FAQ Finder Syétem that is quite similar to the Healthcare-EMS

system from the knowledge representation structure. FAQ Finder system uses Al approaches to

automatically find the right answer. The FAQ Finder system will return the right answer taking into

account the following assumptions [13]:

QA Format: All the iﬁfonnation in the FAQ file is organized in question/answer format.

" Locality of information: All the information needed to determine the relevance of a

question/answer pair could be found within that question/answer pair.
Question relevance: The question portion of the question/answer pair is the most relevant
for determining the match to a user’s question.

General knowledge: Broad general knowledge is sufficient for question matching.
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The similarify between the Q-A knowledgc structure and the QA Format for FAQ Finder
system is that they are made up of questions and answers. However, our Q-A knowledge structure
allows multiple answers to be associated with one question.

The answer acquisition approach used is different from one and another. The FAQ Finder
system makes use of the Case-Base Reasoning (CBR) approach where the question serves as an
index to the knowledge contained in the answer. The use of CBR is based on an assumption that
there exist a single QA pair thét best matches the user's query [13]. This system will find the Tight
answer by comparing the question with the question in FAQ files. Bﬁt in our system, we are using
k‘eﬁvords matching to measure the similarity of keywords for two different knowledge
representations, i.e. linking the. Q-A with scenarios, and therefore invite the scenario knowledge
contributor to give a solution to the question. However, there is a possibility that no experts are
invited to share their knowledge/experience. The CBR approach is not suitable for our system
because there can be many different medical terms that refer to the same thing. Nevertheless, both
of the systems also rely on another file (data) in order to perform at an optimum level. In another
words, the FAQ Finder system rely on a FAQ files in order to get an answer for a frequently-ask-
question whereas our system rely on scenario’s keywords to indirectly get an answer to form Q-A
knowledge.

Both of the systems employ words similarity calculation to measure the similarity between
the questions but in our case, these are keyvyords. We utilize equation 4.4 to calculate the degree of

similarity whereas the FAQ Finder system makes use of the equation (see Equation 5.1) below:

_IT 4 wW +eC
T OT+W 4 C

where:
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T, W, C are weights

t - statistical term-vector similarity score (TFIDF)

w - shallow level of semantic analysis (variations in lexical content), knowledge taléen from
WORDNET(semantic network of English words - words and synonyms, is-a links)

¢ - degree of coverage of user terms by the FAQ question (penalty, if Q doesn't correspond to words

in user request)

Equation 5.1: Overall match similarity for FAQFinder System [13]

One of the advantages of this system is its ability to apply for a wide range of generic
quéstions. In addition, it does not require user to specify the relevancy (in tenﬁ of weights) of
question with those Qs in FAQ files (FAQ Finder syetcm’s knowledge base). The FAQ Finder
system employ the marker passing technique to compute a similarity score fdr two questions.
. Marker parsing is performed to compare each word in the user’s questioﬁ with each word in the

FAQ ﬁleé. Therefore, this technique requires a lot of computations especially there are plenty of QA
pairs in the FAQ files. It will be even worse if these questions in the FAQ file are lengthy. Unlike
the FAQ Finder system, Q-A structure in Healthcare-EMS only compares each keywqrd for Q- with
“each keyword for the scenario in scenario base and the Weights for each keyword is defined by a
user’s question/answer. However, these two systems bear the risk that they might not be able fo find
the correct answers in their knowledge base. Overall, the approaches used by the FAQ Finder
system are not suitable for Healthcare-EMS as each question/problem in healthcare domain need

distinctive treatment/solution from medical officers. |
Some of the interfaces of the FAQ Finder system are shown in Appendix B to give a better

illustration of how this system operates.




55
5.2.2 Answer Garden

As mentioned before, Answer Garden is a tool for growing organizational memory as well as to
facilitate a cooperative work that helps improve an enterprise’s.memory. However, this system does
reveal some similarities and distinctions with the Healthcare-EMS, First of all, Answer Garden is
using a branching network of diagnostic questions. The AG permits enterprises to develop a
database of commonly asked questions, which grows “organically” as new questions arise and are
answered [5]. Each question is associated with a few simple answers or in another words, the
knowledge is represented using Q-A format too but each answer leading to diﬁ‘erept subsequent
quesﬁons. Healthcare-EMS allows discription of possible problém and solutions in a free-text
fonnatqwhere these solutions can be fairly complicafed answers. This approéch permits experts to
explicate their knowledge using their natural language without too much restrictions (which may
result in loosing of knowledge’s taéitness).

These two systems are routing questions/problems to appropriate experts and the answers
provided by them will be inserted m thé khbwledgc base ultimately. The appr;)achcs used by these
systems is able to overcome the possibility of questions which cannot be found in the system’s
knowledge base. Therefore, they make it possible for the population in knowledge base to grow
over time and both knowledge acquistion processes are initiated by the users. -The routing of
questions to experts in AG does not baécd on the knowledge which the experts previously
provided. In conﬁ'ast, Healthcare-EMS ‘attracts’ experts to give solutions by comparing scenario’s
keywords with the question’s keywords. Besides, an answer of Q-A item too can initiate

In term of knowledge maintenance, . modifications of diagnostic bamching in Answer
" Garden is performed in reéﬁbﬁse to user’s feedback. Similarly, Healthcare-EMS will inform
knowledge owner to update/modify their contributions based on the users’ evaluation. Both the
approaches work to maintain the incomplete or out-of-date answers and hence, making sure that the

knowledge bases in both systems are applicable and correct.
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Apart from that, the type of questions in AG’s repository is commonly-asked (general)

questions whereas every question in the Healthcare-EMS’s Q-A base can be very unique, along

with a list of kevwords and weights ta descrihe the relevanay af kevwarde with tha anactiae
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Future Works

Overall, we might argue that our system still imperfect because of a few weaknesses which may be

improved/enhanced in fature. To conclude, we would like to present possible improvements or

extensions to our work that we believe would extend the functional limits of the proposed

Healthcare-EMS:

L.

Distributed knowledge crystallization and scenario bases: If there are plenty of scenario
bases in a distributed network, it would be advantageous to permit the system to capture all

the scenarios from individual scenario base in every personal computer in the Local Area

. Network (LAN)F. Thus, the system will not have to rely on the experts to log on to the

system to fill in the knowledge acquisition form or the centralized scenario base(s). In

- addition, this will provide the Healthcare-EMS with enough scenarios for the Q-A

knowledge acquisition process.

In a client-server environment, we believe that the distributed rérysta]]ization of
scmﬁo bases too could be performed effectively. It would prove to be a ﬁmre efficient
means to enforce knowledge crystallization and knowledge acquisition. When a question or
an answer is created, a knowledge acquisiﬁon task can be replicated at other scenario bases
to attract more experts to pﬁcipaté in giving their solutions/angwers. This saves time and

effort as the need to pérformed knowledge acquisition process at the other scenario bases

individually is eliminated.
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2. Inclusion of Document Base and a | Contextual Document Pre-processor component into
the Healthcare-EMS system: The system will perform better by including a .document base
at the knowledge object layer because this transformation of unstructured aocuments in
document base is believed to enrich the ‘population’® of scenarios. This document base is
made up with unstructured documents, which will need necessary preprocessing to extract
the contextual knowledge and restructure them to become scenarios.

Hence, the hybrid knowledge representation formalism comprises of the structured
scenario representation (supplemented by preprocessed umstructured documents from
document base(s)) and Q-A representation will become the core repository of the
Healthcare-EMS.‘ The inclusion of document base will enrich the knowledge repository of
the system. The illustration above (see Figure 5.1) shows the heterogeneous repository
(document base(s)) and hybrid representations (scenario and Q-A). From Figure 5.1, there
is a preprocessor (Contextual Document Pre-processor component) used to extract the
contextual lmovﬂedge from unstructured documents. Extraction.of the knowledge will turn

them into scenario representation structures.

Entarprise Moimory

Figure 5.1: Heterogenous repository (Document Base(s)) and Hybrid representation
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3. Incorporation of Knowledge Standardization and Knowledge Repair applications:
Knowledge standardization is a crucial issue in healthcare domain because there exists
many different medical terms (synonyms) that actually refers to one singie thing. The
computation of keywords similarity degree is very sensitive towards these synonyms as it
may get different final result if different medical terms are specified as keywords for a Q —
or A- item. Hence, knowledge standardization must be carried out to ‘unify’ the medical
terms used by experts in a healthcare enterprise. |

Besides, a Knowledge Repair application can be utilized to repair the scenario
_knowledge items because scenarios have the tendency to be inapplicable and incomplete.
This application can adopt case-base reasoning approach as explained is the in FAQ Finder
system earlier. We believe a Knowledge Repair application can help‘ to maintain the
‘freshness’ and applicability of scenarios in the Healthcare-EMS, as users’ perception itself
might not determine precisely the correctness and appiicability of knowledge items in the

system.

4. Exteﬁsion of Knowkdge Acquisition for scenarios: In addressing the. weaknesses of
Healthcare-EMS, it would Be Better if knowledge acquisition methodology can (_:ater for |
both scenarios and Q-As. K.ndwledge acquisition for scenario needs experts to manually
key in their knowledge into the Healthcare-EMS. Therefore, an automatic knowledge
acquisition methodology must be designed such ﬁat it will populate th';: number of
scenarios in the system. This knowledgé abquisition might be in the form in an e-mail that
will request experts to fill in their knowledge. The knowledge can be the follow ups
(events) of a ﬁatient and finally form a scenario. Therefore, they need not to log on to the
Healthcére-EMS to fill in the scenario form. The procedural knowledge caﬁ be created
locally in a personal computer that has no Intemet services available temporarily. After this

completed form is sent back to Healthcare-EMS, the system will keep the knowledge into
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the scenario base. This methodology is attempting to solve the difficulties encountered by

experts because they might not be free to fill the form when they are connected to the

system.

54 Conclusion

Healthcare-EMS is an enterprise memory for lmowledge management system. This system
comprises of scenario base and Q-A base as their knowledge bases. Knowledge acquisition has been
using these knowledge items to expand the ‘population’ of knowledge base but in my system, it
only caters for Q-A base. This automatic knowledge acquisition makes use of the keywords and
their respective weights to attract experts who have submitted their similar scenarios previously.
However, we can argue that this methodology is better because users can describe the relevancy of
the question they wanted with the scenario in terms of keywords and weights.

However, the power of our approach rises, as we are not using a pure question and answer
pair. The Q-A structure is designed such that this question and answer are not purely in free-text
format since some useful information is included (i.e. useful i-eference link). Knowledge
maintenance is making usé of e-mail notifications method to prevent outdated or inapplicable
knowledge to stay in the knowledge bése under certain conditions.

Ultimately, Healthcare-EMS will appear to be a powerful system by incorporating some of
the applications, which might be improving its ﬁmctionaiity. We believe, the enrichment of the
entcﬁ)rise memory (knowledge base) is the most important factor overall. All the apinh'cations are
attempting to keep the repository such that it contains all the applicable and éonstmctive
knowledge. This knowledge is iniportant as it allows people to learn from past and finally the
knowledge sharing culture in an cntérpn'se. Thus, the manipulation of this knowledge might benefits

both the employers and employees in an organization.
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Table 1: Description of five categories of EMS [7]

Corporate Knowledge Repository/ |

systems pvie fast retrieval ey access to

Meta-knowledge System existing information within the company [11]. Besides,
: they also give an overview of the existing knowledge
throughout the whole organization with help facilities.
Knowledge Agents In these systems, knowledge is used actively and

autonomously for intelligently searching information in
other information systems (internal as well as external to
the organization). The ability to learn is one of the typical
prerequisite to be considered as knowledge agent.

Knowledge Bases, Expert Systems

These systems have been around for a long time and
stored as well as process knowledge.

Knowledge and Communication
Integration Platforms

These systems integrate several independent information
systems, information types or communication systems.

Knowledge Creation and Structuring

These systems support groups in the creative process of
generating and structuring knowledge as well as linking
the newly found knowledge to existing knowledge.




Table 3: Simulation of SCF, EpCf and EvCF values based on Users® Votes
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Scenario Construct:
5.19990713.1520

Votes:

0.64, 0.58, 0.66,0.55,
0.70, 0.71

Average Votes: 0.64
SCF =0.69

Scenario Construct:
5.20000802.1928

Votes: .
0.55, 0.81, 0.76, 0.82,
0.76

Average Votes: 0.74
SCF =0.77

EP0001 Votes:
EpCF: 0.60, 0.66,0.81, 0.88, 0.58, 0.77
0.74 Average Votes: 0.72
Average Events: 0.76
EP0002 Votes:
EpCF: 0.85, 0.73, 0.50, 0.60, 0.62
0.65 Average Votes: 0.66
Average Events: 0.64
EP0003 Votes:
EpCF: 0.42, 0.50, 0.45,0.55
0.61 Average Votes: 0.48
Average Events: 0.74
EP0004 Votes:
EpCF: 0.84,0.67, 0.82,0.78, 0.79
0.73 Average Votes: 0.77 SR
Average Events: 0.68 EV0013 | Votes: 0.50, 0.65,
EvCF: 0.50, 0.47
0.53 Average: 0.53
EV0014 | Votes: 0.61,0.57,
EvCF: 0.55, 0.55, 0.47,
0.56 0.61
Average: 0.56
EV0017 | Votes: 0.84,0.76
EvCF: Average: 0.80
0.80
EV0017 | Votes: 0.84,0.76
EvCF: | Average: 0.80
0.80
EP0006 Votes:
EpCF: 0.51,0.58, 0.62,0.53, 0.56
0.60 Average Votes: 0.56

Average Events: 0.64




Appendix B - User Interfaces
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Figure Bl: Knowledge Editor-Scenario Structure, Q-A Structure and Personal Contributions

" - HullhearcENS Bloek -

Figure B2: Scenario Structure -View Scenario Details Interface
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. Asidress | http: fflocaihost:8080 jems ViewEpisode. jspPEpisode = 150;ep.13

Figure B4: Scenario Structure - View All Events’

Details for a Scenario (s.20000613.0540) Interface
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Gopyright 2003 hing.cs.umm.my. Al rights reservex.

Figure B6: Scenario Structure ~ Vote for Event Interface
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Figure B8: Q-A Structure — Browse Q-As Interface
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Figure B10: Q-A Structure — Add New Answer (With Keyword and Weight) Interface
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Copyright ® 2003 hirg. cs.usm. my. All rights reserved.

Figure B11: Q-A Structure — Vote for Answer Interface
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Figure B12: Q-A Structure — Create New Question Interface (With Keyword and Weight)
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. Hesttheare-ENS Personal Answars Edior:

Ne——

Figure B13: Personal Contribution - Update Reminder highlights outdated answer with red star

Jddress

episode of angina is MOT a heart aiack. However, people with
angina report having a hard fime tefling the difference between
angina symptoms and heart atfack symploms. Angina is a recursing
Pain or discomifort in the chest that happens wien some part ofthe
heant does not recqm.mwga bIood%empm Apermmgy

L

Copyight € 2003 hisg.cs.uerm.my, Al rights restrves.

i

Figure B14: Personal Contribution — Modify Personal Contributed Answer Interface
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<Ml version="1.0" encoding="1S0-8859-1"7>
<login_construct>
<login id="1">
<name>yncheah</name>
<password>yncheah</password>
<emel>ynchegh@cs.usm.my</emel>
</login>
<login id="2">
<name>kwbeh</name>
<password>kwbeh</password>
<emel>kwbeh@cs.usm.my</emel>
</login>
<login id="3">
<pame>pklye</name>
<password>pklye</password>
<emel>pohkhim@biziwave.com</emel>
</login>
<login id="4">
<name>phteoh</name>
<password>phteoh</password>
<emel>phteoh@cs.usm.my</emel>
</login>
</login_construct> i

Figure B15: login.xm! — Records All The Users (Employees in an Healthcare Enterprise) Details

<question_list>
<trigger_list domain="c11">
<question id="1" date="02/10/2003">List all the pomts in the heart attack history whlch have clinical
significance.
<answer>
<ans id="a" userID="1" date="22/02/2004">
<cont>The most important clinical factors are
mentioned in the first two paragraphs. Besides that, the prolonged feeding problems and
the previous hlstory of unexplained fever are very significant.
</cont>
<keywords>
<keyword weight="0. 56">breathmg</keyword>
<keyword weight="0.56">hand</keyword>
<keyword weight="0.56">compression</keyword>
</keywords>
<link>http://www.takeheart.co.uk</link>
<voter id="1">0.56</voter>
<voter id="2">0.98</voter>
<avVote>0.6125</avVote>
<vyoter id="4">0.67</voter>
<voter id="3">0.24</voter>
</ans>
<keywords>

<keyword weight="0.56">adult</keyword>
<keyword weight="0.56">death</keyword>
<keyword weight="0.56">compression</keyword>
</keywords> '
</question>
</trigger_list>
</question list>

Figure B16: A Clearer Illustration of Q_AList.xml
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<scenario>
<scenario_construct list_id="3" scenario_ijd="s.19990713.1520" userID="1">

<scenario_desc>First-aid CPR on adult male, 57 years of age. Bystander present.

Location:Roadside.</scenario_desc>
<contextual_link context_id="66" />
<contextual_link context_id="67" />

-<contextual_link context_id="68" />
<start_timestamp>1520</start_timestamp>
<end_timestamp>1538</end_timestamp>
<trigger event_id="4" />

<episodes episode_id="8" />
<episodes episode_id="9" />
<episodes episode_id="10" />
<episodes episode_id="11" />
<episodes episode_id="12" />
<episodes episode_id="13" />
<episodes episode_id="22" />
<episodes episode_id="23" />
<episodes episode_id="24" />
<episodes episode_id="25" />
<episodes episode_id="26" />
<episodes episode_id="27" />
<episodes episode_id="41" />
<episodes episode_id="42" />
<episodes episode_id="47" />
<episodes episode_id="48" />
<episodes episode_id="49" />
<episodes episode_id="58" />
<episodes episode_id="200" />
<episodes episode_id="201" />
<episodes episode_id="202" />
<concluding event_id="5" />
<keyWord>breathing</keyWord>
<keyWord>hand</keyWord>
<keyWord>compression</keyWord>
<voter id="1">0.67</voter>><voter id="2">0.45</yoter><avgSc>0.56</avgSc>
<8ScCrysFactor>0.6138095238095238</ScCrysFactor

</scenario_construct>
</scenario> ‘

Figure B17: A Clearer Illustration of scenario.xml — Scenarios’Details are kept in this file
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<sub_class_Jist_element>

<sub_class id="101">
<sub_class name>Severe bleeding</sub_class name>
<scenario_intance>102</scenario_intance>

</sub_class>

<sub_class id="70">
<sub_class_name>Choking adult male</sub_class_name>
<scenario_intance>71</scenario_intance>

</sub_class>

<sub_class id="200"> ‘
<sub_class_name>Lower back pain, adult</sub_class_name>
<scenario_intance>201</scenario_intance>

</sub_class>

<sub_class id="257">
<sub_class_name>Gun-shot wound</sub_class_name>
<scenario_intance>258</scenario_intance>
<scenario_intance>323</scenario_intance>

</sub_class>

<sub_class id="222">
<sub_class_name>Knife wound</sub_class_name>
<scenario_intance>223</scenario_intance>

</sub_class>

<sub_class id="368">
<sub_class_name>Heart rapture for Adult</sub_class name>
<scenario_intance>369</scenario_intance>

</sub_class>

<sub_class id="2">
<sub_class_name>Heart attack for Adult</sub_class_name>
<scenario_intance>3</scenario_intance>
<scenario_intance>134</scenario_intance>
<scenario_intance>174</scenario_intance>
<scenario_intance>278</scenario_intance>
<scenario_intance>431</scenario_intance>
<scenario_intance>440</scenario_intance>
<scenario_intance>445</scenario_intance>
<scenario_intance>600</scenario_intance>
<scenario_intance>607</scenario_intance>

</sub_class> : '

</sub_class_list_element>

Figure B18: A Clearer Mlustration of sub_class_list_element..xml
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<episede_construct>
<episode id="77">
<name>ep6</name>
<desc>Verify</desc>
<event id="79">
. <name>ev]8</name>
<type>Action</type>
<actor>First-aider</actor>
<object>Patient</object>
<parameterValue id="80">
<name>pv27</name>
<parameter>Ask</parameter>
<value>Patient is choking</value>
</parameterValye>
</event>
i <voter id="2">0.56</voter>
<avdEp>0.56</avdEp>
</episode> :
<episode id="133">
<name>ep7</name>
<desc>First-aid</desc>
<event id="§2"> '
<name>ev]9</name>
<type>Obstacle</type>
<actor /> ‘
<object>Patient</object>
<parameterValue id="83">
<name>pv28</name>
<parameter>Choking</parameter>
<value>Yes</value>
</parameterValue>
<fevent>
<voter id="2">0.34</voter>
<avdEp>0.34</avdEp>
</episode> :
</episode construct> -

Figure B19: A Clearer Ilustration of event.xm!

<garbage>
<garbageElem domain="c] 1" Qid="1" dateInsert="09/04/2004">c</garbageElem>
<garbageElem domain="c] 1" Qid="1" dateInseﬂ="09/O4/2004">f</garbageBlem>
<garbageElem domain="c] 1" Qid="3" dateInsert="09/04/2004">b</gai'bageElem>

<garbageElem domain="¢]2" Qid="1" dateInsert="09/04/2004">b</garbageElem>
</garbage> '

Figure B20: A Clearer Ilustration of garbage.xmi
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<context_construct>
<context id="601">
<text>diabetes</text>
</context>
<context id="602">
<text>severe bleeding</text>
</context>
‘ <context id="605">
! <text>heart attack</text>
<fcontext>
<context id="606">
<text>chest pain</text>
</context>
<context id="608">
<text>First-aid</text>
</context>
<context id="609">
<text>CPR</text>
</context>
<fcontext_construct>

Figure B21: A Clearer Illustration of context.xml!
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Appendix B ~ The FAQFinder System User Interfaces

FAQFINDER

% PAQ Finder Help About FAQ Finder

Hlease Entera natural-language question to be answered.
{for example, "Who i5 Lila Feng?")
FAQfinder is not a search engin_e-:dn not.enter keywords

Is downshifting a good way to slow down my car?

Fid A

[ Quick Match
[O'Merge Related FAQs

Figure B22: Asking Question of FAQFinder [13]

FAQEINDER

”r : i .

Question: 1s downshifting a ood way to slow down my car?

Pick A FAQ

[] Define Unknown Wonds

Figure B23: Choosfng a FAQ Files to match against [13]
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EAQK Eanibec

Questian; 1s downshifting a good way to show down my cor?
File: antos_conswrer FAQ

» Eow ufien should 1 repl brake (inid?

Probably more afien than yeu do. Traditional brake fal..

b

T short, 4, dnel boil ends, To axplain, noey dedvers s

Figure B24: Choosing an answer [13]



