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Abstract

This doctoral thesis presents a knowledge intensive organization model in virtual space
based on CommonKADS methodology. One of challenges in knowledge engineering is analysis and
organization of knowledge finding with an appropriate empirical methodology. Although some
methodol ogies are powerful, many of them are passive, in the sense that only a few suggestions are
made by the environment. From the survey, most of system lack of explain how an organization uses
it knowledge is built up, collaborative work supportability and interface understandable manner. To
compare with other techniques, it has complicated models and most of frameworks are non-
standardization. In this thesis, | propose a novel knowledge intensive organization model in a virtual
space based on knowledge model and organization model in CommonKADS framework, which by
developing knowledge schema as a part of analysis process covering knowledge management level
and knowledge object level. The benefit of the proposed method is useful and practical guidelines
for knowledge intensive organization. It provides the methods to obtain a thorough understanding of
the structures and processes used by knowledge workers. This method is not only to support
knowledge methodology with its environment, but also encourage a groupware by participating in
geographically-distributed development that contributes to knowledge exchange and sharing.

Chapter 1 explains research overview and knowledge management concept. Knowledge
management consists of many mechanisms that encourage a system with SECI concept. To realize
mechanisms, knowledge engineers need to explore the existing knowledge and recreate knowledge
intensive task for solving encounter situation. The problem is lack of suggestion and environment-
driven convergence in the real world for an intellective-insight. An involvement of knowledge
development environment is related to the concept of computer-supported cooperative work assist
communicating, collaborating, and coordinating activities. The critical success factor of knowledge-
developing is an environmental supportability that encourages development process for creation and
usage of existing knowledge. Finally is an overview of research methodology and positioning.

Chapter 2 contains background concepts, including CommonKADS framework,
architectural views and UML extension, Google™ APIs, and Keyhole markup language (KML).
CommonKADS methodology is a technique helps knowledge engineers to clarify the structure of a
knowledge-intensive task and specification of knowledge data. Unfortunately, its framework has an
ambiguous in model perspective and symbol-notation. To fix the problem, | apply an architectural
model and UML extension mechanisms to modify the knowledge schema for identification. By the
way, the Google™ APIs provide an interface to the provided services, and generate a virtual space
by loading the necessary components onto display space. These open services APIs alow
customization of the virtual space output, including ability to add application specific data on the
space and integration to the third-party components. Keyhole markup language (KML) is a
descriptive markup language based on the syntax and file format of XML. KML is used for
describing and storing geographical information that is associated with two and three-dimensional
coordinates system.

Chapter 3 elaborates knowledge systematic schemas, which is recreated from
CommonKADS by using an architectural model. In this study, | develop three schemas on
knowledge discipline name: knowledge landscape, knowledge atlas, and knowledge systematic
schema. The knowledge landscape describes knowledge model in knowledge management level, on
the other hand, knowledge atlas defines organization model in knowledge object level. | conclude
both schemas in one schema: knowledge systematic schema. It was implemented three levels of
architectural views: physical view, logical view, and functional view and used UML extension for
describe model and elements.

Chapter 4 explains knowledge readlization. | propose a general scene-graph to implement the
knowledge systematic schema regimen for the virtual environment. About the element description, |
explain via tag-based schema by separate geographical information in KML and knowledge
informatics in XML with encapsulation. The system extracts the information using DOM-parser and
manipulates knowledge informatics with AJAX implemented module. | demonstrate this study by



developing a prototype system using Google™ Earth APIs environment as virtual environment.

Chapter 5 contains evaluation and discussion. For experiment the proposed schema, |
provide three strategies evauation: feature comparison, questionnaire user response, and
experimental process task. In feature comparison, the results shows that the strength point of
proposed system is interface-wise guidance in knowledge-developing supportability dimension and
collaborative work in interoperability dimension. For the questionnaire user response, the
experimental results show the proposed method satisfies on supportability, usability, and utility in
knowledge-developing process. Additionally, its convergent design improves knowledge
methodological suggestion for wider user with various experiences. About the process of
experimental task experiment, the result can be shown that learning does not take too much time, so
that can easily learn in proposed system. Moreover, user can learn by themselves without material
suggestion and learning with experience from environment suggestion satisfies same as material
guideline.

Chapter 6 is conclusions and future works. In this study, | present a knowledge intensive
organization model in virtual environment based on CommonKADS methodology. | demonstrate the
proposed approach by prototyping a system developed in Google™ Earth APIs environment as
virtual environment. Experimental results show that its convergent design improves knowledge
methodological suggestion for wider user with various experiences and the proposed method
satisfies on supportability, usahility, and utility in knowledge-developing process. The new propose
of this thesis are the three knowledge schemas: (1) knowledge landscape schema for knowledge
concept in abstract space, (2) knowledge atlas schema for organization aspect in real world space,
and (3) knowledge systematic schema for knowledge management system. Finally, | demonstrated
the prototype application that developed with knowledge systematic schemain virtual environment.
The results of experiment show that the proposed system improves knowledge methodology in
various experience user levels for supportability, usability, and utility. Additionally, its convergent
design improves knowledge methodological suggestion for wider user with various experiences.
Based on this study, the proposed system can be further improved by including schema that provides
more complicated knowledge system and strategies for complex explanation in virtual space.
Furthermore, implementation in portable device may provide flexibility in access and collaboration
at diverse location.
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Chapter 1: Introduction

Chapter 1

Introduction

This chapter introduces an overview of researcltottsists of four main parts. Firstly,
section 1.1 describes about the concept of knowladgnagement that is main basic concept for
developing the prototype system. Section 1.2 ierdiure review related with: knowledge
quantization mechanism, ontology definition, coneptgupported collaborative work concept,
survey of existing systems for proposed systemndiin, and knowledge modeling techniques
comparison. Section 1.3 describes research purposielems and opportunities, research goal, and
challenge. Finally, section 1.4 is thesis orgaiwreand overview of research methodology.

1.1 Concept of Knowledge Management

Knowledge Management (KM) is an important mechanfemmanaging knowledge of
organization that embedded in people, processdsnérmation generators. It views knowledge as
a valuable asset for value-adding organization. \Manganizations define their own KM strategies
for explicating, developing, and distributing knedbe in order to stay competitive and be
innovative on proactive approacfihe well-known definition of knowledge managemerit o
Davenport and Prusak is definétt “Knowledge Management is the name given to a set of
systematic and disciplined actions that an orgatiracan take to obtain the greatest value from
the knowledge over which it dispoges.

In knowledge management, the words “Data”, “Infation”, and “Knowledge” are three
often-encountered words that belong closely togetteem to have slightly different meaniﬁﬂ;s

Data are the uninterpreted signals that reach our sengsy minute by the zillions. A red,
green, or yellow light at an intersection is oneraple. Computers are full of data: signals
consisting of strings of numbers, characters, ahérosymbols that are blindly and mechanically
handled in large quantities.

Information is a data equipped with meaning. For a human ceerd a red traffic light is
not just a signal of some colored object. It igipteted as an indication to stop.

Knowledgeis the whole body of data and information thatgedoring to bear to practical
use in action, in order to carry out tasks andtereaw information. Knowledge adds two distinct
aspects: First, a sense_of Purpasece knowledge is the “intellectual machinergéd to achieve a
goal; Second, a Generative Capabilibecause one of the major functions of knowledgéoi
produce new information. It is not accidental, &iere that knowledge is proclaimed to be a new
“factor of production”
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Characteristic Example
Uninterpreted
Data Raw e
Information meaning attached to data SOS
- attach purpose and Emergency
Knowledge competence to information ->
- potential to generate action start to rescue

Figure 1.1: Distinction between Data, Informatiangd Knowledge.

In information society, knowledge systems seenaragsmportant mainstream technology
that needs to convert the art and craft of knowdesigstems building into a real scientific disciplin
Organization and task analysis are knowledge-eedimg activities that directly hook up with
business administration and managerial aspectseo&nt field that has emerged in business
administration is knowledge management. It takesMedge as a central subject for organizational
decision making in its own right, and attempts ¢aldvith the management control issues regarding
leveraging knowledge.

1.1.1 Fundamental Process of Knowledge Management
Amrit defined the three fundamental processesofdtedge management 55

- Knowledge Acquisition. The process of development and creation of intsjgikills,
and relationships. Knowledge formalization toolg &xamples of direct knowledge
acquisition. Data capture tools with filtering dtiils, intelligent databases, note-capture
tools, and electronic whiteboards are examplesifofrination technology components
that can support indirectly knowledge data acqoisit

- Knowledge Sharing Disseminating and making available what is alyekdown. A
decision support system that provides a novice ipiays best clinical practice is an
example of knowledge that is being shared with thaical agent. Possibly, the sharing
process has to be optimized on the specific context

- Knowledge Utilization: Learning is integrated into the organization. Yékar is
broadly available throughout the company can beegdized and applied, at least in
part, to new situations.

Figure 1.2 shows the fundamental process of krigde management: knowledge
acquisition, knowledge sharing, and knowledgeaailon. Figure 1.3 shows the continuous process
enabling users, who are utilizing the system faoaplishing their processes, to add, in the same
time, new knowledge and share it.
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Communications
Networks

Collaborative Tools

Figure 1.2: Basic of Knowledge Management Technolog

Figure 1.3: Knowledge Management Tool.

1.1.2 Knowledge Conversion Process

The classical view organization knowledge congi$xplicit and tacit knowledge. Explicit
knowledgecan be expressed in words and numbers and shretleel form of data, scientific finding,
product specifications, manuals, universal prirespland etc. This kind of knowledge can be readily
transmitted across individuals formally and systegcady. Tacit knowledges highly personal and
hard to formalize, making it difficult to communteaor shared with others. Subjective insights,
intuitions and hunches fall into this category abwledge. Furthermore, tacit knowledge is deeply
rooted in an individual's actions and experiensewall as in the ideals, values or emoti&hZable
1.1 shows explicit knowledge versus tacit knowledge

3
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Table 1.1: Explicit Knowledge versus Tacit Knowledg

Explicit Knowledge Tacit Knowledge

¢ Knowing about (objective knowledge) ¢ Knowing how (subjective knowledge)

¢ Rationalization of facts; formal methods. e Systems of ideas, perceptions, experience.

e Easy to codify and transfer. ¢ Difficult to transfer.

e Articulated knowledge (explicit knowledge e Relatively easy and inexpensive to begin.
assets) maybe moved instantaneously ¢ Employees may respond well to recognition
anytime anywhere by information of the (claimed) knowledge.
technologies. e Likely to create interest in further

e Codified knowledge maybe proactively knowledge management processes.

disseminated to people who can use specific
forms of knowledge.

¢ Knowledge that has been made explicit can
be discussed, debated, and improved.

e Making knowledge explicit makes it
possible to discover knowledge deficiencies
in the organization.

In area of knowledge management, it has been gmiout based upon old work in
philosophy, by the way a large part of knowledg@aads explicit but tacit”! That is, knowledge is
often not explicitly describable by the people whassess it, nor is it easy to explain and to
formalize in books or manuals. Instead, it is ackgmound” capability, partly unconscious and
stemming from experience that is used in problelvisp and other human task. “The Knowledge-
Creating Company”, Nonaka and Takeu€hihave built a whole theory about knowledge and its
creation, on the basis of this distinction betwé&ssit and explicit knowledge. As shown in Figure
1.4, four models of knowledge production are idesdi

__________ TacitKnowledge 10 Explicit Knowledge
Tacit Socialization Externalization
Knowledge: ; . ! Articulate experience in
i Shares experience, discusses i
' ; L ' formal model; embed
ideas, opinions . . ) !
experience into equipment ;
. ............% .. software,etc.
Internalization
Explicit : Convert models and formulate
Knowledge: into tacit skills, learn/teach !
how to use equipment

Combination |
Re-formulate formal models:
and data, converts codes, etc.

Figure 1.4: Knowledge Conversion Process.

1. from tacit to tacit knowledge (Socialization): we can teach each other by showing
rather than speaking about the subject matter;

2. from tacit to explicit knowledge Externalization): knowledge-intensive practices are
clarified by putting them down on paper, formuldtem in formal procedures, and the like;

3. from explicit to explicit knowledge (Gombination): creating knowledge through the
integration of different pieces of explicit knowlgs|

4
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4. from explicit totacit knowledge (Internalization ): performing a task frequently leads
a personal state where we can carry out a taslessitdly without thinking about

Organizational knowledge creation continuously needls four types of knowledg
production. The aim of knowledge management is to properlylifatd and stimulate the:
knowledge processes, so that an upward, dynamial sfi knowledge emerges. This is a uni
feature of knowledge engineering, because thehandly any other mature scienc methodology
capable of extealization tacit knowledge. Al: the combination of knowledge is well supportec
knowledge engineering, e.g., through librarieseafsable task and domain models. The import
of tacit knowledge is nowadays widely acknedged in knowledge engineering and manage!

1.1.3 Lifecycleof Knowledge

There are many frameworks for knowledge managerMost of all have in common the
intension to cover the complelifecycle of knowledgewithin the organizatiol”! Typically, the
following activities with respect to knowledge afitd management are distinguishby and
depended ommany authors. Figure 1.5 shows the activities ioviledge management and !
associated knowledgelue chair

Acquire /

Develop Distribute

Identifiy Plan

Maintain /

Foster us Control quality

Dispost

Figure 1.5: Activities irKM and the Associated KnowledgedueChain.

- ldentify: internally and externally existing knowled

- Plan: what knowledge will be needed in the fut

- Acquire and/or develof: the needed knowledge.

- Distribute: the knowledge to were it is needed.

- Foster the applicatior: of knowledge in the business processes of the gz
- Control: the quality of knowledge and maintair

- Dispose of knowledge when it is no longer neec

The practical definition of knowledge management isframework and tool set fc
improving the organization’s knowledge infrastruetuaimed at getting the right knowledge to
right people in the right form at the right tir®
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Obviously, knowledge management is not a one stiiit. It is embedded in a cycle
model of the Learning Organizationhis is based, for example, on Argyris model asutlle loop”
organizational learning. The first loop is direeaitning about an application, product, or activity.
The second loop runs on top of that and is learalmgut knowledge and learning itself whereby the
mission, goals, and strategy of the organizatianaacthe driving force. Knowledge management
helps the organization to obtain feedback and oantisly learn from its own experiences, on the
basis of which its knowledge infrastructure for fotire.

1.2 Literature Review

The related literature review consists of. knowkedjuantization mechanism, ontology
definition, computer-supported collaborative wodacept, survey of existing systems for proposed
system definition, and knowledge modeling technéogc@mparison.

1.2.1 Knowledge Quantization Mechanism

According to Webster's dictionary defined, “Knowtge is the fact or condition of knowing
something with familiarity gained through experienor association; acquaintance with or
understanding of a science, art, or techniques;stima of what is known: the body of truth,
information, and principles acquired by mankind” In philosophy, cognition belongs to
consciousness category. Danah Zoh3rthinks the consciousness moves under the quantum
mechanics rule, and his quantum management sclemeaused response and discussion in the
international management domain in recent yearsodling to the understanding about the light in
physics, Verna Alleé™ proposed that the knowledge has “the wave-particiality”. We may
understand the knowledge for the entity and thegs® from different angles. The particle identifies
the body knowledge, while the wave refers to trecess knowledge and terms of tacit knowledge.
So the knowledge is one kind of field material whitas quantum attributes and characteristic.

Quantum management thinking changes the level asrdeb of knowledge energy:
According to the DIKW hierarchy model (The Data dmhation Knowledge and Wisdom
Hierarchy) about human mind proposed by Russellof¢k! used figure 1.6 shows the transition
from data to information to knowledge and to wisddrhey thought understanding could facilitate
the transition of process from one to another. ffaesition from data to wisdom is often along with
the transformation from explicit knowledge to tdaibwledge through learning.
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Connectedness
A
Wisdom
/ understanding principle
Knowledge
/ understanding patterns
Information
/ understanding relations
Data

» Understanding

Figure 1.6: Transition from Data to Informationkoowledge and to Wisdort?!

Conceptually, the framework of knowledge quantiwats generalized to a quantization
spiral that comprises (1) quantization, (2) corgttom, (3) tailoring, and (4) re-quantizatiBﬁ.
Figure 1.7 shows the spiral of knowledge quantizathechanism.

_____ 1\
[ Quantization ] ! S, [ Construction ]

[ Re-quantization ] ST i [ Tailoring ]

Figure 1.7: Knowledge Quantization Mechanism.

Figure 1.8 expresses the knowledge quantizatiazhamesm in detail and compare activities
on the knowledge abstract and real world knowledge.
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Figure 1.8: Knowledge Quantization Mechanism Spiral

1.2.2 Ontologies

Ontologies are put forward as a means to share |kdge bases between various
knowledge based systems. The main motivation bebiridlogies is that allows for sharing and
reuse of bodies of knowledge in a computationahfaand develop a library of reusable ontologies
in a standard formalism that each system develee supposed to addbeﬁ. The essence of
ontology is based on the related definition: ordglés a formal, explicit specification of a shared
conceptualization. “Conceptualization” refers to avstract model of phenomena in the world by
having identified the relevant concepts of thosenmmena. “Explicit” means that the type of
concepts used, and the constraints on their useexglcitly defined. For example, in medical
domain, the concepts are diseases and symptomseldteons between them are casual and a
constraint is that a disease cannot cause it$afmal” refers to the fact that the ontology shdodd
machine readable, which excludes natural langu&gieared” reflects the notion that ontology
captures consensual knowledge, that is, it is mya to some individual, but accepted by a
[17-19]

group:
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Ordinally, the term ontology comes from philosophlyere it is employed to describe the
existence of begins in the world. Artificial Infgknce (Al) deals with reasoning about models ef th
world. Therefore, it is not strange that Al resbars adopted the term ontology to describe what can
be (computationally) represented about the worla mogrant?®

Ontologies are also essential to the developmehuar of intelligent systems, particularly
for the interoperation of heterogeneous systemeyTdre responsible for informing about the
domain vocabulary and explaining the meaning thaeracting systems attribute to terms.
Furthermore, they facilities the domain model cargton since it is through the ontology that the
vocabulary of terms and relations, with which ipassible to model the domain, is proviél?éb.

1.2.3 Computer-Supported Cooperative Work

Computer-supported cooperative work (CSCW) is aaithat people should be able to
work together in a group, but do not have to beret pace or time. “CSCW looks at how groups
work and seeks to discover how technology (espggaiaimputers) can help them work”. Because
people should interact with each other by some sieda communication model, which is the same
for all attendees, software packages have beerrootes] to help the interaction between the users.
The programs and additional hardware are calledti@wvare”?> %!

Groupware is a computer-based system that supootsps of people engaged in a
common task or goal, and provides an interfacéamesthe environment. Collaboration technologies,
cooperative systems, coordination tools, group suppystems, etc., are synonymous with the
groupware technology. By mediating human interacamd communication processes, groupware
systems have the potential to bring about the dianehanges to the social functioning of
individuals, groups, and organizations. The goajrolupware is to assist groups in communicating,
in collaborating, and in coordinating their acie®. Because of ontology building by a group of
people geographically separated over the worlikédyl to increase in the future; CSCW aspects by
Groupware are becoming more relevant for the ogjottevelopment tool&*28!

1.2.4 Survey of Existing Systems and Proposed &m® Definition

This section presents a survey of existing systermurrent market comparison with the
proposed system. In this study, | chose Protég€-20@ WebODE for comparison. A survey is
divided into following clusters:

- Development tool feature includes tools, environments and suites thateansed for
building a new from scratch or reusing existing Wtezlge. Apart from the common
edition and browsing functionality, included docuntaion, exportation and
importation from different formats, graphical vieand libraries.

- Merge and integration feature appeared to solve the problem of merging or
integrating different on the same domain. This napgears when two companies or
organizations are merged together, or when it es®ary to obtain a better quality
schema from other existing in the same domain.

9
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- Evaluation feature: appear as support tools that ensure schema andeldted
technologies have a given level of quality.

- Annotation feature: the tool has been designed to allow users imgerand
maintaining (semi)automatically schema.

- Storage and querying feature the tool has been created to allow using andyinggr
easily. Use of the web as a platform for commuiigaknowledge have appeared in
this context.

Figure 1.9 shows a comparison survey of three sysstthe proposed system, Protégé 2000,
and WebODE. A chart was arranged by number of featend system environments separated in
each cluster. All survey features = 28 featureselipment environment 10 features, merge and
integration 7 features, evaluation 4 features, tatiom 4 features, and storage and querying 3
features. For more detail of survey are elaboratesh appendix.

Development
environment (10)

Merge and
integration (7) =—&—Proposed system
=—Protégé
WebODE
Annotation (4) Evaluation (4)

Figure 1.9: Survey of the Proposed System Compauisth Protégé 2000 and WebODE.

1.2.5 Knowledge Modeling Techniqgues Comparison

From knowledge modeling techniques were review€dmmonKADS, Protégé 2000,
Multi-perspective, and UML), CommonKADS is the onigchniques that can be considered a
knowledge engineering methodology. All this teclueigsupports object-oriented approach in
modeling activities and their models are platfomdependent. CommonKADS, multi-perspective
modeling and UML are considered as hybrid appraadghodeling as opposed to Protégé which is
not modeling tools in sense that use it to drawalisnodels or diagrams, but it is a tool that aiow
us to input the knowledge into its knowledge baBee modeling part of Protégé is already

10



Chapter 1: Introduction

incorporate into the editing tool that could notdeen by the users. UML is a standard for modeling
defined by OMG; where else the other techniquesnatestandardizing in a formal manner. All
these techniques are fully documented in variousngo CommonKADS and UML is fully
documented in books and reports, Protégé docunmmgabre online at their website, multi-
perspective modeling are documented by the resgectiodeling techniques. Most of these
technigues are evolving; Protégé is undergoinghéurenhancement by the Protégé developers,
multi-perspective by the respective technique dpei and UML by the OMG members. These
technigues are useful to model domains, rangingn freedical, legal, engineering, business and up
to social sciences. Protégé 2000 modeling techrsgpports Open Knowledge Base Connectivity
(OKBC) knowledge model and can be adapted for reglitnodels in different Semantic Web
languages and supports RDF (Resource Descriptiaméwork) format for saving files. The
modeling technigues and their features are list€thble 1.2.

Table 1.2: Comparison of Knowledge Modeling Techei

Technique Protégé Multi-
Feature CommonKADS 2000 perspective UML
K.E. methodology 4
Object-oriented v v v v
Approach
Platform v v v v
Independent
Hybrid Approach v v v
Editor Tool v
Standard
Modeling v
Language
Documentation v v v v
Evolving v v v
Medical, Medical,
Medical, legal, legal, legal, Medical, legal,
. engineering, engineering, engineering, engineering,
Domain . . . .
business and upbusiness and business and business and up
to social sciences up to social up to social to social sciences
sciences sciences
Other features
(OKBC, RDF, v
Semantic web)

11
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1.3 Research Purpose

The research propose starts from the source ofgmsband opportunities from literature
review, survey, and comparison, then identify teeearch achieve goals with the features of
acquired system, and develop through the reseaallenge.

1.3.1 Problems and Opportunities

- [P-1] Organization knowledge is a key asset in an omgdioin but it is often tacit and
private. From the survey, most systems lack of a&mphow an organization uses it
knowledge is built up.

- [P-2] From the survey, many systems lack of an interfacderstandable manner and
suggested usability in user perform.

- [P-3] From the survey, some system has not methodologicpport and lack of
collaborative work to improve knowledge exchange.

- [P-4] From the comparison, some technique has complicatedels and most of
frameworks are non-standardization language fomkeage-developing process.

1.3.2 Research Goals
Overview purposes of the system are identifietbbewed:

- [G-1] Aim to develop useful and practical guidelines Kaowledge intensive organization
by develop the schema is to get acquainted withsyiséem and to assess the amount of
foreknowledge needed.

- [G-2] Enables one to spot the opportunities and bottlken@ how organizations develop,
distribute and apply their knowledge resources, smdives tools for corporate knowledge
management.

- [G-3] Provide the methods to obtain a thorough undedstgnof the structures and
processes used by knowledge workers even where ofutbleir knowledge is tacit leading
to a better integration of information technologysupport of knowledge work.

- [G-4] Designed concern how difficult is it to learn t@nk with the system and about the
amount of knowledge required of the underlying klemge representation language.

- [G-5] Build better knowledge system that easier to has,a well-structured architecture,
and simpler to maintain.

1.3.3 Research Challenges

- Finds an appropriate schematic for developing Kedgké Management System (KMS).

- Discover two dimensional knowledge spaces: abskramiviedge and real world knowledge,
on hypothesis this connection can encourage tk#dotive insight.

- Supports and encourages knowledge management nigaisan

- Improves communication and collaboration.

- Easy to use in non-experience users and beginees,ubrough the concept “everyone can
use and share knowledge”.

- Based on the fundamental process of knowledge reamegt, knowledge conversion
process, lifecycle of knowledge, and learning oizgtion.

12
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1.4 Thesis Organization

The thesis is organized as follow: Chapter 2 mgsi@about the background concepts: 2.1:
CommonKADS framework, 2.2: architectural views adL extension mechanisms, 2.3: the
Googlé™ API, and 2.4: Keyhole Markup Language (KML). Creap8 describes about knowledge
schema covers both of concept and context levélapter 4 describes knowledge realization, virtual
space design, realized mechanisms, and systemitidefirChapter 5 is evaluation and discussion.
Finally, chapter 6 is conclusions and the futurekso

1.4.1 Methodology

The flow chart diagram below in figure 1.9 shotws steps of the research methodology.

¢

1. Develop the new framework

Content | | ‘oo Context
Level Level

[ 2. Develop Knowledge Landscape} [ 3. Develop Knowledge Atlas Schem}a
Schem

4. Develop Knowledge Systematic Schema

[ 7. Conclusions ]

J
®

Figure 1.10: Research Methodology Overview.
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Chapter 2: Background Concepts

Chapter 2
Background Concepts

This chapter describes about research backgroomcepts. It consists of four main parts.
Firstly, section 2.1 describes about the concegfahmonKADS framework that applied for this
research. Section 2.2 describes architectural meidels and UML extension mechanisms for
develop knowledge schemas. Section 2.3 descriteGtioglé" APIs and its features. Finally,
section 2.4 describes about Keyhole markup lang(lelgi) and their characteristic.

2.1 CommonKADS Framework

2.1.1 Knowledge Management with CommonKADS

The basic of knowledge management with CommonKADR®Br@ach is distinguish a
management level and knowledge object level. Fer khowledge management level, we see
knowledge as a resource that has to manage jushyasther resource. Knowledge-management
level comprises management taSksBasically, this means that the resource has tambde
available: - at the right time; at the right placethe right shape; with the need quality; agathst
lowest possible cost.

To make knowledge management a viable enterpnigge flesh must be added to the
skeletal model in figure 2.1. This means descrilzipyocess model for the management level and an
object model for the object leviél.

organizational goals

[ Knowledge Management Level ] knowledge as a resource
value chain
N
knowledget report
managemen experiences
actions
A4 knowledge assets

[ Knowledge Obiject Level } organizational roles
business processes

Figure 2.1: KM as Meta-level Activity acts on Oljéevel.
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Reflect

identify improvements

. lan changes
Conceptualize P ¢
identify knowledge
analyze strength/weakness
Act
implement changes
monitor improvements

Figure 2.2: Cyclic Execution of three main KM adirs: Conceptualize, Reflect, and Act.

Figure 2.2 shows the knowledge management is Bcgymcess that consisting of three
different types of management activities: concdpeareflect, and adf!

2.1.2 CommonKADS Principle

The CommonKADS enterprise originates from the nedulild industry-quality knowledge
systems on a large scale, in a structured, coalel| and repeatable way. When the CommonKADS
work started back in 1983, there was little inteiassuch methodological issues. At that time, the
prevailing paradigm for knowledge systems was rag@totyping of one-shot applications, using
special purpose hardware and software such ashkgiines, expert system shells, and s6dn.

A methodology such as CommonKADS or any otherwvwsni-development approach
consists of a number of elements. These elememtsbeadepicted graphically in the form of a
pyramid see figure 28, The methodological pyramid has five layers, whesreh consecutive layer:
the “worldview” of the methodology. There are ictféhe advertising slogans of an approach. These
slogans need to be grounded in theory, methods towl practical case studies which constitute the
other four Iayerg.] The slogans of CommonKADS can be formulated asnaber of principles that
form the baseline and rationale of the approacke piinciples are based on the lessons learned
about the knowledge-system development in the[ii%lst.
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case studies Use
application projects — feedback —
CASE tools
. . . Tools
implementation environments
life-cycle model, process model,
: y_ . p . Methods
guidelines, elicitation techniques
graphical/textual notations
worksheets, document structure Theory
model-based knowledge engineering :
reuse of knowledge patterns World View <«

Figure 2.3: Building Blocks of CommonKADS Methodgio

CommonKADS model suite is the practical expressanthe principle underlying
knowledge analysis. It constitutes core of the ComADS knowledge-engineering methodology.
Figure 2.4 shows three groups of levels. In eaedl leas models for develop the own goal for target
knowledge system. In context level, it consist®mfanization model, task model, and agent model.
Concept level, it has knowledge and communicatiamdeh Artifact level has only one model:

design modef®*2

organization task agent
Context
model model model
knowledge communication
Concept
model model
Artif design
rtifact model

Figure 2.4: CommonKADS Model Suites.
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2.1.3 Purpose of Modelsin CommonKADS

Table 2.1: Description of CommonKADS Model Levels.

Level Description
Analyze an organizational environment and the cpweding
Context critical success factors for a knowledge system.

Yield the conceptual description of problem-solviingctions and
Concept data that are to be handled and delivered by a leutge system.

Converts into a technical specification that theiddor software
Artifact system implementation.

In practice, not always do all models have to twestructed. It depends on goals of project
as well as experiences gained in running project.

Table 2.2: Description of CommonKADS Models.

M odel Description
Context Level
Support the analysis of major features an orgaioizain order
to discover problems and opportunities for knowkedgstem,
Organizational model establish their feasibility, and assess the impamts the
organization of intended knowledge actions.

Tasks are the relevant subparts of a business ggo¢ée task
model analyzes the global task layout, its inpuid autputs,

Task model L oo
preconditions and performance criteria, as well reeded
resources and competences.
Agents are executors of task. An agent can be huraan
information system, or any other entity capableafying out a
task. The agent model describes the characteristiagents, in
Agent model

particular their competences, authority to act, emastraints in
this respect. Furthermore, it lists the commundgatiinks
between agents in carrying out a task.
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Table 2.2: Description of CommonKADS Models. (cangd)

M odel Description

Concept Level
The purpose of knowledge model is to explicateatad
types and structures of the knowledge used in
performing a task. It provides an implementation-
independent description of role that different kiexge
components play in problem-solving, in a way that i
understandable for humans. This makes the knowledge
model an important vehicle for communication with
experts and users about the problem-solving aspéets
knowledge system, during both development and syste
execution.

Knowledge model

Since several agents may be involved in a tasks it

important to model the communicative transactions
between the agents involved. This is done by
communication model, in a conceptual and
implementation-independent way, just as with the
knowledge model.

Communication model

Artifact L evel
The above CommonKADS models together can be seen
as constituting the requirements specification tioe
knowledge system, broken down in different aspects.
Based on these requirements, the design model tiiees
Design model technical system specification in terms of archiies,
implementation platform, software modules,
representational  constructs, and  computational
mechanisms needed to implement the functions laid
down in the knowledge and communication model.

2.2 Architectural Model Viewsand UML Extension

2.2.1 Architectural Modd Views

Architectural model deals with the analysis andgtesf the high-level structure of system.
It is the result of assembling a certain numbearohitectural elements in some well-chosen forms to
satisfy the major functionality and performanceuiegments of system, as well as some other non-
functional requirements such as reliability, scgilgh portability, and availability. Architectural
model deals with abstraction, with decomposition @emposition, with style, and esthetics. To
describe architecture, |1 use a model composed tifptedview perspectives. In research, | propose
two architectural model’s views for develop knowjedmodeling: Logical view and Functional
view !

Logical view primarily supports what the system wdoprovide in terms of services. The
system is decomposed into a set of key abstractiaken mostly from the domain in the form of
objects or object classes. It exploits the prirespdf abstraction, encapsulation, and inheritance.
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Functional view supports how the system’s elemeittsk together seamlessly by usage of
scenarios. For which, it describes the correspansimnipt like the inference structure and sceniario
task knowledge of CommonKADS methodology in researc

Logical View Process View

end-user functionality,
structure, class, interface,

active class, communication,
integrator, performance,

collaboration ~ ___.--d---—--coo_ - scalability
Functional View .
__________________ , N e e
| .
' use-case, scenario /
[ e — = \\ P e i
I il ) )
Physical View

Implementation View

components, package

topological, network, i
system engineering !

Figure 2.5: Architectural Model Views.

2.2.2 UML Extension Mechanisms

The extension mechanisms are provided by the UMarder to allow users to customize
and extend the language to suite their particubgds. The standard extension mechanisms allow
developer to adapt UML to accommodate new concepts Stereotype, Tagged Value, and
Constraint?*%!

Stereotype is an extension of vocabulary of UMlhick allows designer to create new
building blocks from existing ones but specificdimmain problem. Basically, all UML elements can
be customized and/or extended by defining and ngmsing the stereotypes. General form of
stereotypes is <<stereotype-name>>.

Tagged value is an extension of properties of aLUNMement which allows designer to
create new information in that element’'s specifarat It need not be always visible and can be
contained e.g. in a database record associatée tbject, which is not graphically represented in
diagram. General form is: {tag=value}.

Constraint is an extension of semantics of a UN&ment. It represents rules that apply to
UML models. It may apply to one or more elementthini the model. Designer may employ both
predefined and user-defined constraints. Conssraiaty also be defined using the Object Constraint
Language (OCL).

Nowadays the UML extension mechanisms are appliedeveral model systems for
example; UML for Enterprise Application IntegratiggAl), UML for CORBA, and UML for
Enterprise Distributed Object Computing (EDOC), atcf*®
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2.3 The Google™ APIs

The Googl&" APIs reference includes a description of variouterface, members, and
google.earth functions in the Earth API. The goaglgh namespace contains global functions that
aid in process of using the Earth API interfacest &amples, instantiation of GooffeEarth
browser plug-in objects is done via the googleleantateinstance method, event handling can be
accomplished via the google.earth.addEventListandrgoogle.earth.removeEventListener methods,
etc?”]

For the browser plugin-specific interface, inteda whose names begin with GE allow for
programmatic access to core plugin functionalitg ather miscellaneous options. For examples,
GEGIobe, GENavigationControl, GEControl, GEOptionsGETime, GEEventEmitter,
GETimeControl, GEPIlugin, GETourPlayer, GEFeaturd@ioer, GESchemaObjectContainer,
GEView, GEGeometryContainer, GEStyleSelectorCortaiGEWindow, etc.

For KML-based interfaces, interfaces whose nangingeKml- represent KML —related
objects such as <Placemark> and <LookAt>. For elesnpKmlAbstractView, KmilFolder,
KmlLocation, KmlAltitudeGeometry, KmlGeometry, Kmbid, KmIRegion, KmlLookAt, KmiIScale,
KmiIModel, KmlCamera, KmiStyle, KmiIMultiGeometry, K@ontainer, KmlObject,
KmlOrientation, KmITour, KmIDocument, KmlFeaturdce

2.3.1 Stepsfor using the Google™ APIs
Step 1 Loading the Googl&' Earth AP!I:

The Browser tells Googl¥ to load the earth module into the google.earthesmace and
specifies version.

Step 2 Creating a container for the plugin.
The Googl& Earth plugin is loaded into DIV element with aqune id.
Step 3 Creating initializing functions.

Create three functions as part of this step. dreowill: (1) attempt to create a new instance
of the plugin, (2) Be called when the plugin instars successfully create, and (3) Be called if the
instance cannot be created google.earth.createtestshow three options: the DIV element into
which the instance should be added, the functiaalonhen success is returned, and the function to
call if a failure is returned.

The success callback function will contain altled code required to set up all of the objects
and views that will first appear when plugin instaris loaded in browser. The function must contain
the GEWindow.setVisibility method, setting the wind visibility to true, so that the plugin is
visible inside its DIV.

Step 4 Calling the initializing function when the pageloaded.

The Googl®” namespace includes the setOnLoadCallBack() fumctichich calls the
specified function once the HTML page and requestBts has been loaded. Using this function
ensures that the plugin is not loaded until theefaBOM is completely built out.
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Step 5 Loading Additional Databases.

Developer can load own database to display oGtegle™ Earth globe by specifying that
database during initialization, or by calling addE)atabase() on the Earth object. Loading a
database at initialization will load only that dadae; the standard GoolfeEarth imagery will not
be loaded.

Step 6 Googlé™ Maps Engine maps.

Googlé" Maps Engine uses the term of map to refer to kectin of imagery and vector
layers; it is equivalent of a database in GoBglEarth. Googl&" Maps Engine maps can be loaded
into the plugin using the methods above.

2.3.2 Related Features

To deploy the knowledge model on the virtual spaegplied the features for using in
research below?*?°

Table 2.4: Mapping Knowledge Model and GodYléPIs Features.

K nowledge M odel Elements Google™ APIsFeatures
Knowledge Node Placemark: icon, short description
Node Description Ballon: description, link

Relationship LineStrings
Camera Control: panning, tiling
- Camera
Viewpoint - Look At
Zooming
Fly to
Layer Controls
Control Navigation Controls
Altitude Modes
Touring
Scenario - Importing a Tour

- Defining the Active Tour
Event Listener
DOM Event
Accessors
Additional Object Containers
KML (reference in section 2.4)

Event Handling

- Placemark

A point placemarks marks a position on the Earthigace. The most basic placemark
includes a standard icon and geographic locati@ditionally, placemark can include: description,
custom icon, and style-map that defines a rollis@n. The activities about placemarks are adding a
placemark name, defining a custom icon, changiagtike of an icon, and using a StyleMap to style
an icon
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- Balloon

Balloons are information windows displayed in Gled§ Earth Plugin, optionally
associated with feature. Their content can incltfléML, CSS, or JavaScript. Most aspects of
balloons can be controlled through the API.

Feature balloons: content scrubbing such as, getiption(), getBalloonHtml(), and
getBalloonHtmlUnsafe(), HTML string balloons, HTMDIV balloons, Closing balloons, and
geometries and overlays.

- Line Strings

A lineString is a connected set of line segmente color, color mode, and width of line
can all be specified in the associated placemdrkieStyle. If the line string is drawn above the
Earth’s surface or above the sea floor, it candidasextend down to the terrain using the extrude
property; if the line is drawn on the surface (bgnaping to the ground or sea floor), it can betget
follow the terrain using tessellate property.

- Camera Control

The “view” in Googlé" Earth is the image user see in the plugin windbwe;“camera” is
the viewer’s location in space. These are two difieways to define a view: Camera and LookAt.

Camera with the Camera view, the point user specify megi the location of the viewer in
space. Setting a latitude and longitude moves igh@er to a specific location; the viewer can then
be hoisted into space and rotated around theand/z axes until the view is as desired.

LookAt with a LookAt, the point being specified in thede is the point being viewed.
Changing the range, tilt, and heading values véilar change the absolute point in space at which
the view is aimed.

Getting the current view: Developer can use theyAsLookAt() function to return the
latitude and longitude of the point at which thenega is looking, the altitude at which the camsra
set, its tilt, and the compass heading in degrees.

Panning the cameraThe camera can be moved to either an absologtidm, defined by a
Camera or LoOKAt, or to a position relative todtsrent view.

Panning to an absolute location - Locations onglbbe are specified by their latitude and
longitude values. The Googlé Earth Plugin accepts values with up to six digifsprecision
(0.123456). To move from the current view to ancéite location, while retaining the tilt, range,
heading, and altitude values: Panning relativeheodurrent view - The view can be moved in by
direction relative to its current position.

Tilting the camera A LookAt can contain a tilt value between 0 &@tildegrees inclusive,
with 0 being directly above the viewed point, arl\@ewing along the horizon. A Camera can
contain a tilt value between 0 and 360 degreeggdegs is a view directly down from the specified
point; 90 set a view along the horizon; 180 viewsdly up into the sky. In addition, a Camera
accepts a roll attribute, which rotates the viear@und the z axis.
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- Zooming

Zooming in and out is controlled by the rangeilatte for a LookAt, and the altitude
attribute for a Camera. Changing the altitude kaite of a LookAt changes the altitude of the point
being viewed. Because the viewer range is relativhis point, the viewer’s altitude is also chathge

- FyTo

Developer can control the speed at which the plugbves to newly-specified locations.
GEOptions.setFlyToSpeed() accepts a float from Q® 5.0, inclusive, as well as
SPEED_TELEPORT. Speed increases with the valueEBPEELEPORT moves to the specified
location instantly.

- Layer and Controls

Layers contain additional information that is drdver the base GoogleEarth imagery
layer. Navigation controls allow the user to palt, &nd zoom using controls superimposed on the
viewport. By default, the terrain layer is the oolye layer displayed when the Google Earth Plugin
first loads. Not all of the layers that are avdiain the Googl&” Earth desktop client are available
with the plugin.

~  Navigation Controls

Navigation controls allow a user to move arounooglé" Earth, and include zoom, pan,
tilt, scroll, and rotate controls. These can beagwisible, never visible, or can be hidden uihi
user moves their mouse cursor over the controésl ar the plugin.

The navigation controls can be positioned at aogner of the Googf¢' Earth Plugin
window. To do so, change the value of the x andaiisuo be relative to either the top or bottom of
the window, and either the left or right.

- Altitude Modes

Absolute altitude modes are calculated from sealleTo place an object underwater,
specify a negative altitude value. A negative it over land will place the object below the
Earth’s surface. Objects below the Earth’s surfamenot be viewed or clicked.

- Touring

The Googl&" Earth Plugin can play tours authored in KML, aliog viewers to interact
with the Earth environment while viewing scripteshtrolled tours. The plugin currently exposes
tour playback methods; tour authoring is not sugabin the plugin.

Importing a tour

Simple tour: with the <gx:Tour> feature as thet#ewvel feature of the KML, can be
fetched and passed directly to GETourPlayer. Therwst be the only feature in the KML file.

Complex tour: If developer tour is contained witls KMZ file, or if developer KML file
contains more than just a tour, or if the tour ésted within a container (such as <Document> or
<Folder>), developer will need to manually look the <gx:Tour> feature within the file. One way
is to “walk” through the file’s DOM until the KML ®ur feature is found. Developer can use the
kmldomwalk.js utility script to do this. For an erple, the KML file includes some placemarks and
features, which need to be loaded into Earth at Weé preceding code simply loads the fetched
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tour into the Earth plugin. It does not include trols for setting the fetched tour as active, ar fo
controlling playback.

Defining the Active TourAny number of tour objects can be loaded into ghegin, but
only one can be set as the currently active tonceCa tour is set as active, the tour controls appe
on the screen.

- Events

The Googlé" Earth API provides a number of different eventjol can be used with
google.earth.addEventListener to provide additidngdractivity in developer applications. Using
event listeners, developer can create actionsdtetiriggered on mouse events (such as clicks,
movement, or dragging) or screen events (suchasgehto view).

Adding an Earth API event listener requires tlasgiments, and accepts an optional fourth:
the object on which to add the listener, the ewelistener for, the function to call when the evient
fired, and (optionally) whether or not this listershould initiate capture (refer to relevant W3C
DOM documentation for details of event capture)e Tefault value for this fourth argument is false.

- Event Listeners

Mouse eventsan be attached to most geometry in the plugia €tkception is 3D models)
to entire viewport, or to the globe only. There Bsteners for most mouse events, including clicks
and movements. For a full list of mouse eventgrrif the GEEventEmitter_Interface Reference.

View eventare fired when the view begins to change, while ¢hanging, and when it has
ended. Listeners for view events must be attacbethdé viewport object of the plugin instance
(ge.getView()).viewchangeend may fire in the middfea view change, if the plugin pauses for a
brief period during the change. If users are rgyon viewchangeend to indicate the absolute end of
a view change, it is recommended that user includbeief timeout to ensure that no further view
changes are to follow

A frameend everis fired when Earth has finished rendering thevpiert. This event will
be called many times in succession when the viewpahanging. Add a listener for this event and
make incremental changes to the viewport for smaotimation. A frameend listener must be
attached to the Goodl# Earth Plugin instance.

The balloonclose even fired when the current description balloon lissed. Its listener
must be attached to the plugin instance.

Removing event listeners

Developer can remove event listener using remogstEistener(). Developer must pass the
same object, event type, and function name to refesntListener() as were specified when
creating the event listener.

- DOM Events

To add listeners to HTML elements on the pageideisf the plugin, developer can use this
helper function that will work across all modermwsers: This accounts for the different methods of
attaching handlers in Internet Explorer and modteotbrowsers; Internet Explorer® uses
attachEvent and onclick, while other use addEveiehier and click.
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- Accessors

getUrl() : An object’'s URL is its base addressaairnated with its ID using the # character.
This URL can be returned by calling getUrl() on tigect. Objects created with the API (rather than
imported as KML) do not have a base address; Wl will consist of a # character and their ID.

getComputedStyle() : Returns the object’s stylepprties as a KML style object, merging
any inline styles with styles imported from setHyair a StyleUrl.

getElementsByUrl() : Objects that are imported KglL have an identifying URL
consisting of their base address and ID, joinetl Wi # character.

getElementByld() : When an object is created \lith API, rather than imported as KML,
the object does not have a base address. In t#gs ttee object can be returned by passing onlits
to getElementByld().

getElementByType() : Developer can obtain an aofagll elements of a certain type, by
passing that type as a string to getElementsByType(

- Object Containers

There are a number of container objects in theg®b9 Earth API. These are used to hold
arrays of related objects:

A GELinearRingContainer holds an array of lineagrobjects. For example, a
polygon’s inner boundaries are stored in a lingday container.

GEFeatureContainers contain features, as with felidekKML.

GEGeometryContainers hold any number of geomatriadMultiGeometry
object.

Containers are abstract classes and cannot beddiggctly from the API.

Modifying Container Containers have methods that allow developermomerate, add,
remove, and manipulate individual items in the exiibn. Some common methods are described
below; for a full list, refer to the API| Referenfae the applicable container type.

2.4 Keyhole Markup Language (KML)

Keyhole Markup Language (KML) is an open-standararkup language for display of
geographic data in geo-browser. The GoB§lEarth Plugin can import KML in different ways, in
order to display features, tours, and views. Thagipl supports all KML 2.2 tags, as well as
extensions to KML using the gx namespace. The plaegn also return KML representations of
features, whether those features were imported\ils & created with the AP[EY
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2.4.1 Importing KML
There are three methods of importing KML into thegin.

(1) KmINetworkLink loads a KML or KMZ file from &pecified URL. The fetched KML
can then be added to the plugin just as any otbgcth using ge.getFeatures().appendChild().
KmINetworkLink references a KML or KMZ file by it RL. The contents of the file can be added
into the Earth instance, but they cannot be maatpdlbefore being displayed — there is no access to
the KML's DOM. A NetworkLink is a standard way ahporting content in the KML language.

fetchKml and parseKml accept KML in different wapsit both return a KmlFeature object,
allowing for access to, and manipulation of, thgeotss hierarchy (its children and other descendant
features).

(2) fetchKml also loads KML from a URL, but retsra KmlFeature object representing the
root KML feature. The object’'s KML DOM can be acsed and updated before it is appended to the
plugin’s KML DOM. fetchKml calls specified callbadkinction when a success or failure message
is returned. fetchKml's asynchronous behavior afidiae plugin to continue while the network fetch
is completing.

(3) parseKml takes a KML string, and also retuartsmlFeature object. As with fetchKml,
the returned object’'s KML DOM can be accessed.g¥éars returns the object immediately.

Accessing and Modifying the DOM

The fetch KML object's DOM can be accessed and ifisod before or after the KML
features are displayed. In the example below, eeptark is created using the Earth API, and is then
appended to the KML object returned by the fetchral parseKmi() function. When the KML
object is added to Earth, the API-created placensairicluded.

Getting a feature's KML representation

The Googl&” Earth Plugin can provide a feature’s KML repreaéioh, so that the feature
can be displayed in any KML-compatible applicatioho obtain a feature’s KML, use
KmlFeature.getkKml().

2.4.2 Server-sideand Client-side KML Rendering

When KML content containing a large number of deas$ (placemarks, polygons, lines) is
loaded into Googié' Maps, a server-side decision is made about whetherot to render the
document’s features on the server or in the useeb browser. The user experience, including
feature appearance and interactivity, will not Heced by this decision; the content will look and
behave the same way, regardless of the chosen dnéfloavever, there is a subtle difference in the
behavior of these methods that surfaces when ubs@&GeoXml class to render KML content in
the Googl&" Maps API. When simple KML files are loaded via G&enl and client-side, browser-
based feature rendering is chosen; Goverlay-baggertte are created and added to the map,
triggering addoverlay events accordingly. On theeohand, when large KML files are loaded with
GGeoXml and server-side rendering is invoked, tledgects are not created and addoverlay is not
triggered. For this reason, it is not recommendeckly on the addoverlay event being triggered on
individual KML features loaded via GGeoXMt"
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2.4.3 Creating and Sharing KML Files

Developer can create KML files with the Goddle€Earth user interface, or can use an XML
or simple text editor to enter “raw” KML from sccht KML files and their related images (if any)
can be compressed using the ZIP format into KMzhiges. To share KML and KMZ files,
developer can e-mail them, host them locally foarsty within a private internet, or host them
publicly on a web server. Just as web browserslalispiTML files, Earth browsers such as
Googlé™ Earth display KML files. Once developer have prypeonfigured server and shared the
URL (address) of KML files, anyone who is install@boglé™ Earth can view the KML files
hosted on developer public web server. Many apiitioa display KML, including Googl&' Earth,
Googlé™ Maps, Googl® Maps for mobile, NASA WorldWind, ESRI ArcGIS Expés, Adobe
Photoshop, AutoCAD, and Yahoo! Pipes.

KML is an open standard official named the Oper& ML Encoding Standard (OGC
KML). It is maintained by the Open Geospatial Catiam, Inc. (OGC). Figure 2.6 shows the
diagram of object oriented hierarchy related witlllKelements. They are a useful way for a single
element to serve as the programmatic foundatiomidtiple similar derived elements. All elements
derived fromObjectcan have id assigned to them. This id is usechbytML update mechanism
for files loaded with a NetworkLink. It is also usby shared styles. The id is a standard XML ID.
Because KML is an XML grammar and file format, ta@mes are case-sensitive and must appear
exactly. When developers are editing KML text fildeveloper can load the schema into any XML
editor and validate KML code with [
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ObjeCt. — gx:Tour
(has an id) _
| NetworkLink
L Placemark PhotoOverlay
ScreenOverlay
Feature — Overlay
GroundOverlay
Container —[ Folder
Document
Geometry — .
— Point
— LineString
Link Icon — LineRing
—— Orientation — Polygon
L Location — MultiGeometry
— Model
Scale — gx:Track
— gx:MultiTrack
— Style
StyleSelector  |—
— StyleMap
- —— — TimeSpan gx:TimeSpan
TimePrimitive  — _
— TimeStamp fx:TimeStamp
- — Camera
AbstractView | —
— LookAt
—— Region
——Lod
—— LatLonBox
——LatLonAltBox — BalloonStyle
L gx:LatLonQuad — ListStyle LineStyle
PolyStyle
SubStyle — ColorStyle ySty
IconStyle
— — gx:AnimationUpdate LabelStyle
gx:TourPrimitive L gx:FlyTo
— gx:SoundCue
— gx:TourControl
. L gx:Wait
L gx:PlayList ¢

Figure 2.6: Diagram of Object Oriented Hierarchya®ad of KML Elements.
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Chapter 3
Knowledge Schemas

This chapter describes about knowledge schemasiéisagned for this system. Section 3.1
describes concept of knowledge model in CommonKAdD8 category of knowledge structure:
Domain knowledge in 3.1.1, Inference knowledge i1.3 Task knowledge in 3.1.3, and
comparison with others analysis approaches in 3Fb#Asection 3.2 describes about an organization
model and related models. Section 3.3 describeshans®a name Knowledge Landscape which
designed for concept model. Section 3.4 describestaKnowledge Atlas schema which designed
for context model. Section 3.5 describes the KndgdeSchema. Finally, section 3.6 is conclusion.

3.1 Knowledge Model

Knowledge thus typically has an “aboutness” characit tells us about the way to
understand some other piece(s) of information. Kiewledge model specifies the knowledge and
reasoning requirements of the prospective systeis.al tool that helps us clarifying the structafe
a knowledge-intensive information-processing tiskhe different between a knowledge system
and database applicatiddatabase application seldom interested in the khtdats that have to be
placed in the databadeor the knowledge system, a knowledge base typgicalhtains certain pieces
of knowledge such as rules, which are of intedesknowledge modeling, we typically distinguish
multiple knowledge bases containing different typé&nowledge (e.g., instances of different rule
types)

CommonKADS moves away from the idea of one langevkedge base. Instead, we need
to identify parts of the knowledge base in whicle #tnowledge fragments (e.g., rules) share a
similar structure, as shown in figure 3.1.

Rule 1: IF...THEN...

Rule 2: IF...THEN... | rules of rules of
Rule 3: IF...THEN... : vpe A tvoe B
Rule 4: IF...THEN... ' P al
Rule 5: IF...THEN...

Rule 6: IF...THEN... rules of rules of
Rule 7: IF...THEN... type C type D
Rule 8: IF...THEN...

Rule 9: IF...THEN.

<plus many others> multiple rule sets

containing rules
with similar structure

single flat knowledge base

Figure 3.1: Knowledge Fragments (e.g, rules) Sah&enilar Structure.
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Knowledge modeling is a technique that helps #rifgl the structure of a knowledge-
intensive task and provides a specification ofdata and knowledge structures that required for the
application. It is developed as part of the analysbcess therefore phrased in the vocabularyeof th
application meaning both of domain and reasoningk.tdn CommonKADS methodology,
knowledge model consists of three parts each dagtw related group of knowledge structure
called “knowledge category?! It consists of: domain knowledge, inference knalgke and task
knowledge.

3.1.1 Domain Knowledge

This category specifies the domain specific knogéednd information types. Its modeling
implies capturing the static structure of inforroatiand knowledge types. Just like in regular data
modeling, a schema is constructed containing thgmigpes and relations occurring in an
application domain. The notation used is similaa tdML'’s class diagram principle but no included
behavioral things such as, operations and metldatiain knowledge description typically consists
of two types: Domain schema and Knowledge Hése.

Domain schemais a schematic description of the domain speckiowledge and
information through a number of type definitionsof a general software engineering point of view,
the domain schema resembles a data model or aibjedel. In addition to UML class diagram,
constructs are included to cover modeling aspéeiisdre specific to knowledge-intensive systems.
In practice, the three main modeling construct @@NCEPT, RELATION, and RULE-TYPE. In
addition, several other constructs are availablechsutas SUPER/SUBTYPE OF and
AGGREGATE/PART. All of concepts similar to UML cksnodel. Figure 3.2 shows the domain
schema in CommonKADS methodology.

CONCEPT name; <<CONCEPT>>
ATTRIBUTES: name <>_
value: dial-value; value: dial-value;

END CONCEPT name;

VALUE-TYPE dial-value; <<VALUE-TYPE>>
VALUE-LIST: {zero, low, normal}; dial -value
TYPE: ORDINAL; VALUE-LIST: {...}

END VALUE-TYPE dial-value; TYPE: ORDINAL:

Figure 3.2: Sample of the Domain Schema in Commdd&Methodology.

Knowledge baseontains instances of the types specified in donsghema. It contains
certain pieces of knowledge such as rules which ddrénterest. In knowledge modeling, we
distinguish multiple knowledge bases containindedint types of knowledge such as, instances of
different rule types. Figure 3.3 shows the sampfe koowledge base in CommonKADS
methodology.
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KNOWLEDGE-BASE knowledge-base_name;
USES:

<RULE-TYPE> FROM <SCHEMA NAME>;

EXPRESSIONS:
*RULE-TYPE EXPRESSION?*/

antecedent  expression CONNECTION SYMBOL consequent
expression

END KNOWLEDGE-BASE knowledge-base_name;

Figure 3.3: Sample of the Knowledge base in Comm#dd& Methodology.

Domain Knowledge Lifecycl&he separation of “domain schema” and “knowledgeeb
means that we have to reinterpret the term “knogdedcquisition” as consisting of at least two
steps: (1) Defining a knowledge type such as atype, (2) Elicit the instances of this type and
putting them in a knowledge base.

3.1.2 Inference Knowledge

The inference knowledge describes the basic inberesteps that want to make using the
domain knowledge. It describes how these statiecires can be used to carry out a reasoning
process. In software engineering terms, the int@errepresent the lowest level of functional
decomposition. The components of the inference keage are inference, knowledge role, and
transfer function

Inferencesare best seen as the building blocks of the reéagonachine because it carries
out a primitive reasoning step. Typically, an iefece uses knowledge contained in some knowledge
base to derive new information from its dynamicunpn addition, inferences are indirectly related
to the domain knowledge. The indirect coupling mfieience and domain knowledge enables to
reuse inference descriptions independently fromaiorknowledge.

Specification of inference: The main feature thadtidguishes an inference from a
traditional “process” or “function” is the way inhich the data on which the inference operates are
described. Inference I/O is described in term oicfional roles: abstract names of data objects that
indicate their role in the reasoning process. gl shows the inference knowledge and domain
knowledge mapping with the knowledge role.
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KNOWLEDGE-ROLE dynamic_input_role;
TYPE: DYNAMIC;

DOMAIN-MAPPING: concept_name;

\

END KNOWLEDGE-ROLE dynamic_input_role; .
concept_name from inference-

domain mapping

KNOWLEDGE-ROLE dynamic_output_role;

TYPE: DYNAMIC; /

DOMAIN-MAPPING: concept_name;

END KNOWLEDGE-ROLE dynamic_output_role;

Figure 3.4: Mapping of Inference and Domain witholdihedge Role.

Knowledge role (Inference 1/0) is described in terms of functional role: abstrzamnes of
data objects that indicate their role in the reaspprocess. It has two types of roles: dynamic and
static role.

- Dynamic rolesare the run-time inputs and outputs of inferenéagh invocation of the
inference typically has different instantiationgtloé dynamic roles.

- Static rolesare more or less stable over time. Static rolesi§pthe collection of domain
knowledge that is used to make the inference.

Transfer function is a function that transfers an information iteloesween the reasoning
agent that described in knowledge modeling aneritsronment such as another system or some
users. Transfer functions are black boxes fromktit@mvledge model point of view: only their name
and I/O are described. Transfer function has 4tfans: obtain, receive, present, and provide.

- Obtain The reasoning agent requests a piece of infoomdtbm an external agent. The
reasoning agent has the initiative. The externahtgolds the information item.

- Receive The reasoning agent gets a piece of informatiomfan external agent. The
external agent has the initiative and also holdgnformation item.

- Present The reasoning agent presents a piece of infoomat an external agent. The
reasoning agent has the initiative and also hdlesriformation item.

- Provide The system provides an external agent with agpg#dnformation. The external
agent has the initiative. The reasoning agent hblelsnformation item.
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System Initiative External Initiative
Exter_nal Obtain Receive
Information
'”terf‘a' Present Provide
Information

Figure 3.5: Type of Transfer Function in Inferekc®wledge.

In CommonKADS methodology, the set of inferenc@siean be represented graphically in
CommomKADS's inference structure. The combinedafehference specifies the basic inference
capability of the target system. It is an abstrapresentation of the possible steps in the reagoni
process. For model the inference, there use af&peciation that no direct UML equivalent to
develop their structur® Figure 3.6 shows a CommonKADS's inference strecand its notations.

e
Transfer

Functions

/

Dynamic Input Dynamic Output
: ] > Y p

Knowledge Role Knowledge Role

Static Knowledge Role

Figure 3.6: Example of CommonKADS's Inference Sinue.

3.1.3 Task Knowledge

The third category of knowledge modeling is taskwledge. Task knowledge describes
what goals and application pursues, and how theaks gan be realized through decomposition into
subtasks and ultimately inferenc@sisk knowledge is described in a hierarchical fashiop-level
tasks are decomposed into smaller tasks, whictrindan be split up into even smaller tasks. Task
knowledge is similar to the higher levels of funatl decomposition in software engineering, but
also includes control over the functions involv@@sk can be decomposed into subtasks or into

basic inferences. At the lowest level of task degosition, the tasks are linked to inferences and
transfer function§!

The TASK and TASK-METHOD can best be understoodeaspectively the “what” view
(what needs to be done) and the “how” view (hout @one) on reasoning tasks. In most real-life
models, one level of decomposition is insufficient.that case, a top-level task is decomposed in
several new tasks, which again are decomposedghrailner methods, and so on. Tasks that are not
decomposed further into other tasks are calledifiventasks; the other tasks are called composite
tasks.Tasks are divided into subtasks up to level of elsiary inferences that are not decomposed

further. As a result, a task is composed of a nurnbeombined inferences yielding an inference
diagram®
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3.1.4 Comparison with Other Analysis Approaches

Difference 1 “data model” contains both data and knowledgeowledge can be seen as
“information about information”. It implies that fga of the “data model” describe how we should
interpret or use other parts. We could also wametscribe a domain-knowledge type that allows us
to infer the latter from the former. This requirsgecialized modeling tools, in particular the
construct RULE-TYPE’

Difference 2 “functions” are described datamodel-independ®scoupling of functions
and data makes a knowledge model more complexi baables exploitation on powerful forms of
reuse. The input/output of functions in a knowledggsdel is not described in terms of data model
elements, but in terms of task-oriented “role” nam€hese “roles” act as placeholders for data-
model elements. Effectively, role decouples thecdption of the static information structure oe th
other hand and the functions on the other hand.

Difference 3the need to represent “internal” control. In OMDntrol is specified through
state-transition diagram, useful for systems incwhinformation processing is mainly driven by
external events. However, in reasoning tasks, tiemgsually a clear need to also represent the
internal control of the reasoning.

Difference 4 knowledge model abstracts from communication etspelhe knowledge
model abstracts from all issues concerning intemaatith the outside world. These interactions are
described in the communication mo&8l.

Figure 3.7 shows the schematic view of the datatfon debate comparing between object-
oriented analysis and structured analysis, inclydineir view point with the CommonKADS
methodology™"

_ _ : static information structure is starting point
Object-Oriented Analysis functions are grouped with the data
! reuse of data/function groups (“objects”)

v
Data Viewpoint

A V\

CommonKADS: function-data decoupling
,/> parallel function/data description

reusable functional decompositions

v !/' reusable data/knowledge types

Function Viewpoint

A

functional decomposition is starting point
data types are derived from DFDs

Structured Analysis

Figure 3.7: Schematic View of the Data-Function &eb
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In the Yourdon approach, functional decomposii®the starting point of analysis; in the
modern object-oriented approaches the “data” arénitial focus of attention. CommonKADS takes
an intermediated position, assuming both data amtttibn descriptions can be stable and
reusabld™?

3.2 Organization Modd

The CommonKADS approach intentionally combines amdgrates ideas coming from
various areas in organizational analysis and basiaelministration. It has been influenced by soft
systems methodology, especially in its thinkinghamw to come a clear and agreed picture of what
the real problems and opportunities in an orgaiuiaare. In this regard, it is also useful to cdnsu
literature on organizational learning.

One of the prominent tools in managing knowledgthé knowledge-based systems. It can
be deployed as the technological means for cagfuaimd managing both of tacit and explicit
knowledge as part of an organization-knowledge mement initiativé*® The capabilities of
knowledge-based systems were no longer limitedhéoeimulation of expert reasoning; they could
also be applied to managing organization knowledgeh as business rules, procedures and
guidelines.

From the study on assessing the knowledge-basadnsysof Gill's problerﬁé‘”, the
successful adoption of knowledge systems is namngmily dependent on either technical or
economic reasons. It depends on mainly due to ag@onal and managerial issues. From this
study, | raise two issues concerns in an orgaoizatiaspect. The first concern is a coordination of
knowledge system development with organization’sitess and IT strategies. Knowledge system
should be able to support the strategic informasiggiem needs and overall business processes. The
second concern about failure to understand thettegksystem would best support. Generally, not
all tasks can be performed better by the systerarelare some tasks better performed by human
especially when the domain task is multidimensi@mal requires complex judgments.

From above concerns, the CommonKADS methodologyiges tool for scoping and
feasibility analysis for the organizational aspe€@®mmonKADS aims to integrate organization
process analysis and information analysis. It mlesiworksheets to describe the organizational
context, the performed-tasks, and the responsieetaffl For example, Table 3.1 shows a sample
of worksheet suite. This worksheet is OM-4: Knowgeassets worksheet.
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Table 3.1: Sample of a Worksheet in Organizatiord&lo

Organization Model | Knowledge Assets Worksheet OM-4

KNOWL- Pos- USED IN RIGHT RIGHT RIGHT RIGHT
EDGE SESSED FORM? PLACE? TIME? QUALITY?
ASSET BY

Concept Manufac- 2, Yes No (needed | Yes No (in-
develop- turing Feasibility at Devel- complete,
ment and phase opment) heuristic)
testing:

ice-cream

processing

Concept Develop- 2, No: paper Yes Yes Yes
develop- ment core Feasibility form too

ment and team phase limited

testing:

finished

product

specifica-

tion

To develop knowledge-based systems, knowledge eagircollect the system information
from organization aspect by the suite of workshe®lsof worksheets are separated in three groups
and one checklist: Organization model (OM), Agenbdei (AM), Task model (TM), and
Organization-Task-Agent Checklist (OTAY

Organization model is regarded as a feasibilitggtfor knowledge system. The study is
conducted based on problems and opportunities stesy It focuses on such areas as, structure,
process, people, resources, process breakdownknamdedge assets. This model has three main
proposes: (1) To identify an area in organizationerg knowledge-based applications can be
implemented, (2) To identify what impact the knosde-based application will have in organization
when it is implemented, and the last, (3) To previthe system developers with a feeling for where
the organization the applications will be deplo$éd.

For Agent model, it has purpose to understand e ptdyed by different agents when
performing a task. In knowledge system, agentsbeaas people, computers or any other entity that
can perform the task. In model worksheets, thegipagent characteristics, authority to perform
the task and any associated constraints.

Last model is the Task model. It has purpose tovigeo an insight of impact that
introducing the knowledge system will have on oigation. This model refers to characteristics of
the business processes, for examples, inputs apdtsyupre-conditions, performance and quality,
function of the agents that will carry out the pssing, flow of knowledge between agents and their
overall control, the knowledge and competencesi®fagents and the resources available to deliver
the business procel.

In this research focused on the organization mddmgbplied the organization model from
the worksheet to the model using the UML extensiwgchanism. | gathered all of organization
model worksheet and conclude to the one metamodel.
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Organization Model

OM-1 OM-2

Problems Organization
& Focus Area
Opportunities Description: OM-3 OM-4
General Structure
Context
(Mission, Process - Process
Strategy, Breakdown
Environment, People
CSFs,...)
Culture & Power
Resources
Potential
Solutions Knowledge » Knowledge

Assets

Figure 3.8: Roadmap of Models in CommonKADS Contextel.

Figure 3.8 shows a road map for carrying out keolye-oriented organization and task
analysis in context level of the CommonKADS metHodg. In the organization model, it consists
of four worksheet that investigate rely on theialgdll of worksheets have relationship and can
combine to one model with their relationsHip.

Table 3.2: Context Level Models and Description.

M odel Description
Organization Model
OM-1 Define problems and opportunities.
OM-2 Describe organization aspects.
OM-3 Describe all business process.
OM-4 Describe Knowledge assets of OM-2.
OM-5 Represents a big picture of all benefits versustst
and needed technologies for the solution.
Task Model
T™M-1 Refinement of data in OM-3 (Business process).
TM-2 Refine model of OM-4 (Knowledge assets).
Agent Model
AM-1 Agent description.
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In table 3.2 shows the worksheets number and dasicription. Figure 3.9 shows the set of
worksheets structure in CommonKADS methodologydaorgation model) and their descriptiBﬂ.

OM-1

start
problems, TN
solution, OM-3
context
process OM-5 .
v refine | breakdown |integratd _ (i unfeasibl e]S or
OM-2 > »  judge @)
_ refine integrate feaSi_bi_“ty
description of > s »  (decision
organization } \._document)
focus area knowledge [if unfeasible]
assets
/
v v A
TM-1 TM-2 AM-1
task analysis knowledge agent model
item
analysis

& change
(decision
document)

A

integrate, comparing both the old and new solutions

Figure 3.9: Set of Worksheets Structure in Corntexel.
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3.3 Knowledge L andscape Schema

To model the knowledge modeling, it composes of kw@ls point of views: architectural
level and metaclass (component) level. Archite¢tiggel is a higher level that describes the
structure of knowledge model in terms of packagpeddencies, as well as the control regimen
through which these packages interact. Architettavel composes with three main packages based
on the knowledge category in CommonKADS. It cossidftdomain knowledge package, inference
knowledge package and task knowledge package.elmgidomain knowledge package, it has two
sub-packages: knowledge schema package and knawlealge package. Figure 3.10 shows an
architectural view of knowledge model and the geijal packages that related with knowledge
modeling.

1

Context level ::
Business Knowledge

| abstracted

P ittt !
! Logical View |
! Domain 1Knowledge |
1 ' !
1 j '
| ! !
1

' Knowledge c<0_11_ec_tfd_ Knowledge i
! Schema Base '
1 1
| A :
1 1
1 1

composed by

Functional View

—_—————_--

1
I 1
! |
| ! I
\ 1
! Task I L_lS_€9> Inference |
I Knowledge Knowledge H
[}
1
; A A i
I | realized ! transferred !
A o oo P L EE !
! |
L 1
Knowledge Inten%ive Interface L
E Context level ::
o Agent Model
Communication

model

Figure 3.10: Architectural View of Knowledge ModelCommonKADS Concept.

From figure 3.10, the knowledge model architechas two perspective views: logical view
and functional view. The logical view provides ahst for represent the domain knowledge from the
knowledge domain-sources, such as business knosvliedgn organizational aspect. On the other
hand, the functional view realizes the scenariomfthe knowledge-intensive task that correspond
with inference and task knowledge in object’s fohw,inside-out and outside-in realized techniques.
Descriptions of architectural elements are iteminetiable 3.3.
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Table 3.3: Architectural Knowledge Modeling Concept

Package
Ster eotype

Responsibility

Logical view

Domain Knowledg
Knowledge Schema

Knowledge Bas

Model the domain specific knowledge and informatigres

Describe domain specific knowledge through a nurrdde
type definitions.

Contain instances of the types specified in dorsaieme

Functional view

Inference Knowled

Task Knowledc

Specification of invocation of an inference metl

Model of the reasoning functic

Figure 3.11 shows the metaclass diagram in conmiolesel. It defines the knowledge
model with the UML extension mechanisms and desddiowledge model characteristic in an object

oriented approach.

Table 3.4: Component Knowledge Modeling Concept.

Component Stereotype

Responsibility

Concep Class that represents the category of tt.
Used for more complicated types of modeling anéheel
Relation through a specification of arguments e.g. inhecitgaand
aggregation relationship etc.
Rule typ Categorization and specification of domain knowks

Knowledge Base

Collection of data stores that contains instan¢&®main
knowledge types.

Inference

The lowest level of functional decomposition onrging
out primitive reasoning steps.

Role

Defines functional roles in reasoning proc

Dynamic knowledge rc

Rur-time inputs and output of an inferer

Static knowledge role

The collection of domain knowledge is used to mtde
inference.

Transfer function

Transfers information between Inference knowledge
the reasoning agent / external entities.

Task

Defines the reasoning function and invokes
corresponding task method.

Task Method

Formalize method control structure in control |laage
provided by the architecture.
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Domain Schema

structured
Concept > Relation

1
]
: <<instantiate>>

Knowledge Base \/

described
Rule Type > Knowledge Instance

Logical view

Functional view
<<yses>

- ) - -
:
H
:
H
:
H
:
H
H
H

[ - S
H
H
H
:
:
H
H
H
H
H
H
H

Inference Knowledge

<

/O role

Inference <

Knowledge role

b

| 1

transferred

ext. info.

Transfer
function Dynamic Static
|
| <<realized>>
Task Knowledge \/
composed
Task < Task Method

Figure 3.11: Metaclass Diagram of Knowledge ModighwML Extension.

Concepts of component elements in metaclass dmagre itemized in Table 3.4. Figure 3.12
is an example schema from the case-study “onlimeseoregistration portal’. The domain concerns
the online course registration process in whichrees are registered for the students in the
respective LP/Semester. On case of knowledge intemask, | have mainly focused concern with
the “student counseling” for selection of coursEmterest.
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<<concept>>
student
<<transfer function>> 1 <<relation>>
course database -
0.6\/ select-course
<<concept>>
role \y/ role \{
course
<<static role>> <<dynamic role>>
course list selected course
selected-course-list updated-course-list
| —— T T T T K
1 . 1
1 <<inference>> |
: 9 d | 1
1
| rop selected-course <<inference>> 1
1 1
! finish !
<<inference>>
! 1
1 9 1
i select .
1 1
ke e e e e e e = Fm——————_—————— 4
: <<realized>>
<<task>> composed <<task method>>
select-drop select-drop-method

Figure 3.12: Knowledge Landscape in Online Cotkegistration Portal case study.

3.4 Knowledge Atlas Schema

Although different organization systems have défargoals and internal structures, they
use similar concepts to describe their structuceagerationsTo model knowledge atlas with UML
extension mechanism in high level, it consistshoé¢ package extensions rely on concept of context
model in CommonKADS methodology: organizational extppackage, agents package and task
package. All of package extensions based on the @NLcore definitions. Figure 3.13 shows the
core package of knowledge atlas.

UML 2.0
A
v
CommonKADS s Context Level
1
Organizational
Aspects
7 N~ .
- - g I S
Agents Tasks

Figure 3.13: Core Package of Knowledge Atlas.
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In package level, the main component is the omgdiginal aspects package. Figure 3.13
shows the meta-class diagram that describes thel&dge atlas’s architecture by using the UML
extensions. From figure 3.14, the primary concep&d when defining are:

Table 3.5: Knowledge Atlas Elements and Description

Component

Description

Structure

An organization is built from structural units.

Function

Each structural unit carries out one or more bssine
functions.

Process

Processes describe how the work is done within the
business. Processes are governed by Rules and
Functions are related in time through processes.

People

People play roles in the organization. They fill
positions in the structure. They sponsor certain
solutions to problems and possess knowledge that is
required for a function. They have responsibilites

S0 on.

Power

People derive power from their role in the
organizational structure and from the knowledgey the
possess. Power plays a role in defining the problem
and assessing a solution’s feasibility.

Resources

The objects within the business, such as material,
information, and products are used or producedhen t
business. The resources are arranged in struciagks
have relationships with each other. Resources are
manipulated by used, consumed, refined, or produced
through processes. Resources can be categoriaed int
physical, abstract and informational.

Knowledge

This subcomponent is especially relevant for
knowledge-based system - oriented organizational
analysis. Knowledge is an organizational assetcamnd

be described by knowledge items. A knowledge item
is a collection of knowledge fragments used to grenf
the tasks that are defined by one or more functions
Knowledge items characterize the knowledge in the
organization at a fairy general level of descriptio
mainly for managerial purposes. The organization
model also contains a list of an organization’ssjlale
knowledge bottlenecks.

Goal

The purpose of business or the outcome of busess

a whole is trying to achieve. Goals can be broken

down into sub-goals and allocated to individualtpar

of the business, such as processes of objectssGoal
express the desired states of resources and are
achieved by processes.
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A statement defines or constraints some aspedteof t
business, and represents business knowledge. It
governs how the business should be run or how
Rule resources may be structured and related to eaeln. oth
Business rules are defined using the Object Canstra
Language (OCL) which is a part of the UML standard.

<<System Interface>>

Business Agent
| |
v :
P positioned ,
Structure [<€< People 1
]
1
derived hold transferred :
1
\ V
applied
Power Knowledge PP > Resources
Asset
used used
\4
composed governed
Function ——>| Process [€ Rule
N

<<System Interface>>

Business Task

Figure 3.14: Metaclass Diagram of Knowledge AtléhwML Extension.
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<<structure>> derived <<power>>

department limit of Stu.

hold
positioned

<<people>> <<business agent>>

program Magr. registered Stu. DB

T
transferred v<<realized>>

<<knowledge asset>> applied <<resource>>
N

assessment criteria Stu. record

<<rule>>

used

pre-requisite

governed <<process>> used <<resource>>
App. assessment | > course offered
! -
<<rule>> composed 1 <<realized>>
1

max-min course A
<<function>> <<business agent>>

registration course DB

i .
| <<realized>>
1

<<business task>>

Stu. registration

Figure 3.15: Knowledge Atlas in Online Course Regtion Portal case study.

Figure 3.15 is an example schema from the casly-8tunline course registration portal”. In
this scope, | have mainly focused concern with*#fssessment criteria” for checking pre-requisites,
constraints, and policies.

3.5 Knowledge Systematic Schema

This proposal is recreated from former researchC@mmonKADS'’s Knowledge Atlas
with UML Extensions” and “CommonKADS'’s Knowledge M@ using Architectural View and
Extension Mechanism”. The difference is former a@sh separated virtual space development
between knowledge management level and knowledgetdievel. This approach concluded all in
one schema and one virtual space.

The main concept of elaborating knowledge in wktspace is explaining the knowledge
pattern by using virtual space supportability vatinanner that is understandable. The elaboration is
not only to make sense of knowledge methodologimal,also to support development in virtual
space and design of knowledge information in XMb-kesed. For these reasons, | propose the
knowledge systematic schema that is recreated @GommonKADS methodological by using three
architectural views: (1) physical view, (2) logicaéw, and (3) functional view. To realize all of
views in the same virtual environment, | have depet one spot to connect those views. | call the
spot as the conjugate point. The conjugate poirthénschema is an abstract template class that
associates role playing of knowledge relying orhesalected-view. It provides template structure of
three knowledge types for dynamic responsibilitkmdwledge.
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<<Org. aspect>> <<Org.. aspect>> <<Domain schema>> <<Domain schema>>
: structured .
Function Resource Concept Relation
0.* 1 1.7
) used 0+ I
composed applied instantiate
Lx\Y 1 1y
1
<<Org. aspect>> used <<Org. aspect>> <<Knowledge base>> described <<Knowledge base>>
Process KnowledgeAsset Knowledgelnstance (—n——>> RuleType
1 0.* 1 0*
AN N A
o | gOvemed . S I
e H [r— H .
<<realized>> | ConiumatePoint e : <<realized>>
. 1 onjugatePoint *+* -
<<Org. aspect>> .
2. asp Physical View : : Logical View
Rue | L____ I KnowledgeAsset 1
1
Knowledgelnstance = = = = = =
KnowledgeRole
T
1
Functional View ! <<realized>>
1
A4
<<Inference knowledge>> transfer <<Inference knowledge>> StaticRole
TransferFunction nfo. KnowledgeRole
0.1 1
0..*
1 \l/I/O role DynamicRole
<<Task knowledge>> derived <<Inference knowledge>>
TaskMethod Inference

1 1

141.*\1/ composed

<<Task knowledge>>
Task

Figure 3.16: Architectural View and Knowledge ®ysatic Schema.

Physical view realizes the role of conjugate classthe knowledge asset class in
organization aspect. Logical view realizes the aflé&knowledge instance class in knowledge base.
Functional acts as the knowledge role class ofrémee structure. Figure 3.16 shows the
architectural view and metadata diagram of schema.

About the view concept, Physical view representeganization aspect that contributes to
the understanding of knowledge context. It acts aas infrastructure for facilitating the
interoperability of geographically-distributed demment.

Logical view represents an abstraction of domaiwowedge and classifies the finding
knowledge with concept and their relation. It emssthe moderator of real world and abstract space
of knowledge between knowledge asset in physi@dand knowledge role in functional view via
knowledge instance. Additionally, logical view encages the quantization mechanism of
knowledge for the correlated abstraction of knogkethstance and concept.

Functional view realizes the scenario from thevkedge intensive task that corresponds
with inference and task knowledge. Its purpose iddvelop a new idea by determining a chronicle
order to inference knowledge as knowledge scerarib performing by touring timeline service.
Additionally, this view is used to predict an exqarknowledge and trace-back the expired-chain for
updating the knowledge base in logical view.
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3.6 Comparison of CommonK ADS Model and Proposed Model

This section shows a comparison of CommonKADS rhitbde: consist of knowledge model
and organization model to compare with the propaaedel that consists of knowledge landscape
schema, knowledge atlas schema, and knowledgersytiteschema.

Table 3.6 Comparison of CommonKADS Model and Puedddethod

CommonKADS Approach Proposed Approach
Technology
features Knowledge  Organization Landscape Atlas Systematic
Model Schema Schema Schema
Knowledge
Engineering v v v v
Technology
2 diagrams
(Domain K. 1 diagram 1 diagram 1 diagram
Artifacts diagram, (Meta (Meta (Meta
Inference diagram) diagram) diagram)
structure)
Platform v v v v
Independen
View / 2 views 2 views 3 views
Architectural . . . (Physical
X (Domain K (Logical 1 view . .
view ) . : . view, Logical
Diagram, (Organization view, (Physical View
Inference Functional view) S
. Functional
structure) view) .
view)
Object-oriented Only Domain v v v
approach| knowledge
Standard
modeling - v v v
language
Documentation v v v v
Consiste_ncy i v i v
checking
Extensibility i v v v
Exchanging i v v v
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3.7 Chapter Conclusion

Knowledge model is an important part of the CommaBs methodology and general
knowledge based system. In spite of the procesgsdostructing knowledge model is similar to
other software system but it has not standard tquakeravailable for developing. UML is a general
purpose modeling language that covers a wide rahd#éferent application domain. It is a standard
modeling and could be adopted for the knowledgeahddvelopment with its feature. This thesis
chapter describes an UML approach for developirg khowledge model in CommonKADS
methodology by using the architectural view andeegion mechanisms feature. This approach
provides model perspectives and extensible nowfimnmodeling the knowledge model in the same
context within standard of UML. The model consistéwo levels: architectural level and metaclass
(component) level. In methodology, | used two maqoispectives for develop in an architectural
level: logical view and functional view. Logicalew supports view of abstract representation for
knowledge type definition as objects. Functiona@wisupports view of scenario that correspond
with the usage of inference and task knowledgeléfine the interactive objects. All defined objects
will be correlated by relationship in metaclassgdien of the component level. To define the
metaclass, | used the extension mechanism sudbrastype for define knowledge model’s concept.
The result from methodology is the knowledge mothedt developed within CommonKADS
concept and relies on the UML standardization.

In this chapter, | propose three schemas for deviile prototype system: (1) knowledge
landscape schema, (2) knowledge atlas schema3ahka@wledge systematic schema. Knowledge
landscape schema is representative schema for tlosvlddge model in content level of
CommonKADS. Knowledge atlas schema represents ganational aspect in context level. Both
of schemas are concluded in one schema for implet@m in virtual environment called,
knowledge systematic schema.
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Chapter 4
Knowledge Realization

This chapter describes about how to realize knaydeih virtual space and prototype
system. The realization is based on problem andrppties and research goal relationships as
following in table 4.1:

Table 4.1: Traceability of Problem and Opportusiéad Research Goal with Related Realization.

Opgggglri?riﬁg Resear ch Goals* Realization
[G-1] Knowledge and virtual space design
[P-1] [G-2] Realized mechanisms
[G-3] Knowledge and virtual space design and
Realized mechanisms
[G-4] Knowledge and virtual space design and
[P-2] Realized mechanisms
[G-5] System specification and architecture
- ealized mechanisms
[G-2] Realized hani
[P-3] [G-3] Knowledge and V|_rtual space design and
Realized mechanisms
- ystem specification and architecture
G-5 S ificati d archi
- ealized mechanisms
[G-2] Realized hani
[P-4] Knowledge and virtual space design and
[G-3] : .
Realized mechanisms

* reference number from research purpose in chaptgrage 12.

From the traceability table the first column ig goroblems and opportunities which define
in research purpose in chapter 1. The second cosine@search goals which response to the problem
and opportunities. For example, problem [P-1]: “@migation knowledge is a key asset in an
organization but it is often tacit and private. farthe survey, most systems lack of explain how an
organization uses it knowledge is built up”. Thepensive of [P-1] in research goals are: [G-1]:
“Aim to develop useful and practical guidelines kmowledge intensive organization by develop the
schema is to get acquainted with the system aaddess the amount of foreknowledge needed”, [G-
2]: “Enables one to spot the opportunities andlééicks in how organizations develop, distribute
and apply their knowledge resources, and so goas for corporate knowledge management”, and
[G-3]: “Provide the methods to obtain a thorougllenstanding of the structures and processes used
by knowledge workers even where much of their keolgk is tacit leading to a better integration of
information technology in support of knowledge workhe last column is how to answer the
research goal with realization in this chapter.

For the description: Section 4.1 describes knogéeaind virtual space design that consists
of three subsections: scene-graph design for Visppece in 4.1.1, knowledge representation in 4.1.2
and simulation scene of knowledge space in 4.28ti& 4.2 describes about realized mechanisms:
topological of knowledge in 4.2.1 and knowledgense® development life cycle in 4.2.2. Section
4.3 is system description and its architectureti®eeal.4 is system features and users interfaces.
Finally, section 4.5 is chapter conclusion.
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4.1 Knowledge and Virtual Space Design

To develop a knowledge methodology in virtual spdcdevelop from the knowledge
systematic schema in chapter 3 section 3.5. It amexplicate in detail of type and structure of
knowledge used in performing task and also conatnion conceptual structure of knowledge. |
used this schema to design a scene-graph for aginerg guideline before implementation. The
benefit from manage knowledge in virtual space sangplicity and well-known by learning from
experiences in controllable spiral that understhleden human-sense. It is an important vehicle role
for communication between experts and users dimilg developing through system execution.

4.1.1 Scene-graph Design for Virtual Space

Knowledge schema has purpose to explicate in detafl/pes and knowledge structure
which used in performing task. Although the propetysystem demonstrates with GodYleAPI
which have feature functions for managing scenefgiay itself, but some API functions, developer
need the concept of scene-graph for insight impieati®n. To describe scene-graph concept, | use
concept of the WorldToolKt' (WTK) for demonstration. This concept is a gerigrathich can
apply for other programming languages, such as 3BVAPI, etc.

Generally, a common definition of a graph is aadstucture composed of nodes and arcs.
A node is data element, and arc is relationshigvéenh data elements. To render scene-graph, WTK
provides function for creating nodes and placingnihat specific positions in the scene-graph.
Developer might be concerned the scene-graph ocotinenon rules as followed:

- The scene-graph is rendered automatically intaMihelow as the simulation runs.

- Different scene-graphs may have common sub-trebis Means that the same
geometry can be referenced by more than one scapé-g

- Each scene-graph has a single root node.

- Traversal begins at the root node of scene-graph.

- The renderer traverses the tree from top to bo#ndleft to right.

Depending on the type of node, WTK will do diffetehings. Nodes in WTK can be
grouped into three distinct types: Geometry nodéjlute node, and Procedural node.

Geometry nodes contain the representation of leightities by draw the specified set of
polygons. Attribute nodes used to affect the wayngetry nodes are rendered by modify the current
state, which determines an appearance of subsegeemetry. Procedural nodes used to control the
way a scene-graph is put together by process thdran of this node, depending on the type of
traversal directed by the node. For managing thee sif the scene-graph, Separator and Transform
Separator nodes are used to manage state of s@ptehry isolating the effects of attribute nodes.

From knowledge schema, | design a general scamighown in figure 4.1 (left). Scene-
graph starts at the root node. The root node Hasameships with three nodes. Light node specifies
lighting of the landscape on the virtual space.n$farm node sets a position and orientation
information for develop Task method into Task kneage. The transform separator manages the
sub-graph of Inference knowledge level. On Infeecitevel, it consists of geometry node of
Inference knowledge, Transfer function, and Knowkedole. The transform separator in this level
separates Domain knowledge level by scope of thavkatge base. In this level, it has concept node
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and level of detail (LOD) node that describes kramgle instance and attribute instance in geometry
node. For figure 4.1 (right) shows a scene-grapiGfooglé" earth. The different is scene-graph for
Googlé™ Earth do not need configure environment.

<XFrom Sep>
Physical
<XFrom Sep>
Logical
<XFrom Sep>
Functional
<Geometry>
Inference

<Geometry>
KAsset
<Geometry>
Klnstance
<Geometry>
KRole
<LOD>
AltitudeVal

Figure 4.1: Knowledge in the virtual space sceragir
(left): Scene-graph for WTK, (right): Scene-graph Googlé" Earth.

<Geometry>
KConcept
<StringLine>
KTask
<Geometry>
TransferFn

Concept

4.1.2 Knowledge Representation

For added acquired knowledge to system, knowledgghtnbe transformed into the
knowledge item that represents with XML-formattifilg. It is composed of meta-knowledge and
hyperlink of information body. Meta-knowledge issédact of information body and hyperlink of
information body obtains the detailed content obwledge. Users can access to information body
through hyperlink, so as to implement the integratif operations.

In knowledge structure, it consists of three taggpacard name, description and hyperlink
of information body. Figure 4.2 shows a sample méwledge in an XML file. Considered tag of
XML file, the <card> element represents a unit okrowledge item. It contains three child
elements: <name>, <description>, and <bodylink>e ¥name> element contains a name of
knowledge card that impile to knowledge item, thdescription> elements contains the short
abstraction of knowledge item, and the <bodylinkerreent contains the URL of an embedded file
(e.g., animage, a movie clip, a slide, and so on).
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<?xml version="1.0" encoding="UTF-8"7>

<card version="1.0">

<name> Checked BIOS </name>

<description>

Check BIOS setting that compatibility with memory
</description>

<bodylink> IT_SUPPORT/BIOS/chkBIOS.mpg </bodylink>

</card>

Document (hasan id)

—1 pv:
—kasset — function process
L—resource  L—rule
— Iv
— kinst — ruleType
L__concept L relation
— fv:
—inf |— krole dynamic
L transferFn _I: static
o
KML element |— tourPrimitive flyTo
L playList —|:t0urC0ntrol

Figure 4.2: Diagram of KML/XML-tag.

For knowledge specification, | use an approacmifdle-in and middle-out techniques to
specify the knowledge. The middle-out approachrédgored, but can only be used if the inference
structure of the task template is already at tl@ired level of detail. If decomposition is necegsa
the process essentially becomes “middle-in". Degjdin the suitability of the inference structure is
therefore an important decision criterion. Figurg ghows middle-in and middle-out approaches for
knowledge specification.
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Task and Methods
A
Task Task Method
Deﬁ over
Inference Structure
v Inference Knowledge Transfer
role function
Middle Middle
In Out
. Task template
decomposition Rng emp
A
Domain Knowledge
Knowledge Domain Schema
Base Concept
Definitions Attribute

T v

Expressions in Knowledge Bases

Figure 4.3: Middle-in and Middle-out Approachesioowledge Specification.

4.1.3 Simulation Scene of Knowledge Space

The concern of knowledge realization in virtuahep is how difficult to learn to work and
how to clarify required of the underlying knowledgepresentation. First of all, | designed a
scenegraph to realize schemas that represent kigsvielements with geometry-node, an
application user can visually grasp the global reatf node, explore the information space, and
accommodate new at an appropriate place based mmemanderstandable by the abilities of virtual
space. | considered develop the GoBYIAPIs interface both of Map and Earth for implemthe
virtual space prototype, on reasons to investighée macroscopic view of knowledge and the
participating geographically distributed developmekbout the element description, | explain via
KML/XML tag-based schemas, relied on the scheminitieih and use meta-knowledge for access
information body via the hyperlink, so as to impterthan integrated knowledge operation. The level
of detail (LOD) depends on the zooming interfacku@aand priority of node type, for example,
inference node zooming priority more than trangterction node, etc. User can use the camera
control for getting current view, searching the @oganning, tiling, etc. based on the geocoding
application features. To realize schemas in virspalce, | separate the virtual space by geogrdphica
altitude in three layers: physical layer, logiafdr, and functional layer.
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Functional view

Logical view

> fask knowledge line @ inference
i U} transfer function T

@ concept

i a: attribute (rule type)

knowledge role
knowledge instance

— link of knowledge instance and knowledge role

Figure 4.4: Simulation-scene Diagram of Virtual &p®esign.

Physical layer is a ground layer that represemswlkedge assets in organization and
conducted by Knowledge Atlas schema. User can dpvehe knowledge asset via node
<placemark> and display <balloon> for detail, sashholder, resources, process, etc. Additionally,
they can customize an icon for more insight dim@msfor example, using man-icon for the tacit
knowledge and book-icon for the explicit knowledgts,.

Logical layer is a middle layer, located betwebggical and functional layer. It contains an
abstraction of domain knowledge that conducted H®y lbgical view of Knowledge Landscape
schema. It acts as the moderator between real-veoridabstract-world of knowledge by linking
between knowledge asset on physical layer and ladg@ role in functional layer via by knowledge
instance. Furthermore, its view encourages the amésim of knowledge quantization on the
correlated abstraction among knowledge instanceeq, and their relation.

Finally, functional layer is an upper layer thahducted by functional view of Knowledge
Landscape schema. Its purpose to develop the reanbigl determines a chronicle order of inference
knowledge, as knowledge scenarios for the systefompe by touring timeline. Additionally, | use
this layer to predict the expired knowledge ancdrback the expired-chain for updating the
knowledge base. Figure 4.4 shows the scene ofitfualspace in 2D diagram.
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4.2 Realized M echanisms

4.2.1 Topological of Knowledge

In virtual knowledge memory space, it comprisedmdwledge node that has own latitude,
longitude, and zooming value for determine user&wvpoint. The geographical value of node
enables user to judge the location reply on knogdeschemas and spatial clues. Figure 4.5 shows
the topological of knowledge node and filtratiorveleping.

(T e V=0

Configure the virtual knowledge

memory space.

(t=1)

Push the knowledge instances.

(t=2)

Synthesize and filtrate knowledge
instance relationship.

(t=3)

Find correlated concept and
develop group of knowledge base.

Figure 4.5: The Topological of Knowledge and Ftitsa Developing.

4.2.2 Knowledge Scenario Development Lifecycle

Knowledge scenario is the sequencing related ép sf inference knowledge usage. It
similarly likes functional decomposition and methadcomputer programming. Typically, each of
knowledge scenarios has only one individual goalduieve as atomicity goal.

To develop the knowledge scenario, user mightroéte the chronicle order to inference
knowledge element, such as, inference and/or &arighction. The chosen inference knowledge
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display its ordering number and the linking linethe others on a step, as a task knowledge. The
structure and length of scenario depend on that&iu occurs and the solution to achieve a goal.
User can edit knowledge scenario by rearrangirgporbining old and new the inference knowledge
as life cycle. Figure 4.6 shows the knowledge sterdeveloping: scenario (A) and scenario (B)
and their reusability.

Bl AS B3

>
»
o]
N

Figure 4.6: The Knowledge Scenario (A) and (B) Redisability of Inference X and Y.

From figure 4.6, knowledge scenario (A) represevits thick-line has 5 steps (al) - (a5).
knowledge scenario (B) represents with dot-linehaeps (bl) - (b5). Both of knowledge scenarios
have two shared 2 inferences: inference X andenfsr Y.

Example

This example describes two task knowledge havaemanaawrite a basic 3D program. Task
(a) is written by Javd' 3D and Task (b) is written by WorldToolKlt.

Table 4.2: Example of Knowledge Scenario Develogmausable and Shareable.

Task (a): Java3D'" Task (b): WorldToolKit™

(al) Create a Canvas3D obiject. (b1) Create a WTuniverse.
(a2) Create a VirtualUniverse object. (b2) Entered simulation by calling
(a3) Create a Locale object, attaching it fo/NTuniverse_go.
the VirtualUniverse object. (b3) Read sensors.
(a4) Construct a view branch graph. (b4) Call Universe action function.

(a4.1) Create a View object, (b5) Perform object tasks.
ViewPlatform, PhysicalBody, and (b6) Play/Record paths.
PhysicalEnvironment object. (b7) Render the Universe.

(a4.2) Attach Canvas3D, ViewPlatform,
PhysicalBody, and PhysicalEnvironment
object to View object.
(ab) Construct content branch graph(s).
(a6) Complie branch graph(s).
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From two above tasks, the sequencing number pf(atd - (a6) and b(1) - b(7) are the task
method that similar to knowledge scenario. Eacstgs in task method equal as an inference. Some
of inferences from task (a) and (b) could be shd@dexample, inference (a2) and (b1). Because of
these inferences contain the Knowledge instanashéive same Concept such as, VirtualUniverse
and WTuniverse are the Knowledge instance that ttev€oncept of creating of virtual area.

4.3 System Specification and Architecture

For system specification, | separated the spatifin with two dimensions: Developing
tools specification in table 4.3 and Environmentfgguration in table 4.4.

Table 4.3: Developing Tools Specification.

Developing Tool Specification
Modifying API
Googlé™ Code Playground Coding AJAX
Unit Testing

Coding AJAX and JavaScript
Develop XML (Knowledge Schema)
Develop KML + XML

Design Schema

EditPlus 3.51

IBM Rational Rose, Microsoft

Visual C++ Develop UML Model (e.g,Use-Case)
S TM
Worlc\jJ;(\)/gllég S Design Scenegraph Concept

For environment configuration, the applicatioméveloped on the system platform below:

Operation system#1: Windows 7 Home Premium SP1
Operation system#2: Windows XP SP3

CPU#1: Intel Core-i5
CPU#2: Intel Core-i3
RAM: 4GB
Browser: Internet Explorer 10.0.10

For more information about the Gootfeplugin, table 4.4 is currently supported on the

following platforms:

Table 4.4: Goog®' Plugin Supporting Platform.

Microsoft Windows

AppleMac OS X 10.5 and higher

(Intel)
Google Chrome 5.0+
Internet Explorer 7.0+ Goog_le Chrome 5.0+
_ Safari 3.1+
Firefox 3.0+ Firefox 3.0+
Flock 1.0+ '
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To install the Googl®' plugin, browser to any webpage in which the pligimcluded (e.g.
http://code.google.com/apis/ajax/playground/#heéarth). The browser will likely ask for
permission before installing plugin — click throughallow installation. Once the plugin is instdlle

user may need to refresh the page before the pilisjtay correctly.

For the application software architecture, | des@jrthe system with software layer
architecture. It consists of four layers: Applioatilayer, Business layer, Middle-ware layer, and
Physical layer. For the application layer, it corsg® of web browser as an application interface and
Googlé™ Map / Earth plugin for interpret KML to render tre virtual space. On the business layer,
it composes of a module for compile the XML thairesent the knowledge information rely on the
knowledge schemas, both of Knowledge Landscap&andledge Atlas. The module is developed
with AJAX for compile the XML file by construct thebject tree model (DOM — Data Object
Model). For using the knowledge schema via XML,sitused together with the KML-tag by
encapsulation the knowledge schema-XML with KML:t@p the middle-ware layer, it provides the
Googlé™ API and KML namespace as the fundamental infrastre. Finally the physical layer, it
focuses on the communication for interoperabilityhe system via the internet. Figure 4.7 shows
the software architecture with the layer architestu

Application Web Browser Interface
layer Google™ Plugin
Business AJAX Module KML, KMZ
logic layer Knowledge Info (XML)
Middle-ware ™
Google™™ APIs KML Namespace
layer
Physical Comm. Data
layer Network Storage

Figure 4.7: Architectural Layer (Software Archite).

For the system architecture, | elaborated theit@athre via the Web-base Client-Server
architecture, due to the system features use tlogl€8 Map and Earth API from the Google
server-side. For the knowledge information, it isresd in two ways: the first way is deploy the
database on the internet / WAN for globalized sitarThe second way is deploy the database in an
organization via intranet network. The differentwb options is the usability and security. However
knowledge engineer can use both two ways by seghthe critical knowledge into the intranet
scope. For the prototype system, | developed byirghéext file. The text file is lightweight shagn
in case the number of knowledge is not large. Fgrort and export knowledge information, the
system provides an interface for transform therimfttion via standard-XML to/from the system.

Figure 4.8 shows the system tier architecture.
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Organization Scope N

Client Client Client

Map / Earth
APIs

Intrz|met

TL

| | N
L\ XML ]
Int. DB Text tile
k S
LY J
Department /
Branch

Import / Export Interface

Figure 4.8: Architectural Tier (System Architecture

4.4 Features and User Interface

Knowledge Methodological in Virtual Space Project

Ki Tutor
o & @

A Search Hode:

Knowledge Node

Q Editor

Project: Online Course Registration edit
Description: edit

‘The domain concerns the online registration
for the srudent in the respective semester.

Name:

KML Description
Select Knowledge View:
! Physical view
! Logical view
Functional view

(3) Knowledge
perspective view

Scene KMLIXML:

<?uml version="1.0" encod:

[<kml smlas="hotp://uww

<Pla >

Type:

e = <Boint>
Create Node |

? Physical layer

2items
- assessment criteria
knowledge asset edit
- student counseling
knowledge asset edit
’ Logical layer
5 items
-student
concept edit

-course list
lnowl

descriptiol

(2) Project

<name>Test Flacemark</name>
<coordinstes>
</Boint>

</Placemark>
</ xmi>

Update

(4) Scene of
KML/XML

(e
(1) Virtual
space pan

Figure 4.9: Prototype User Interface.
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Figure 4.9 is the prototype system interface thetnsists of 5 panels:

(1) virtual space panel, (2) project descriptiomgda(3) selected knowledge view, (4) KML/XML
scene for editor, and (5) utility panel.

Virtual space panel is an operational knowledgéual space function; user can create,

update, and manipulate knowledge node directly wittual space features. All of information on
virtual space panel is linked to project descript@nel via KML/XML data. User can select node in
project description panel for update informatiortadlein case of user non-familiar operating on
virtual space, and for observe knowledge hierarchy.

For knowledge perspective view, user can seledthatle perspective view for inspection

knowledge layer on virtual space. KML/XML scene &mtitor shows data of selected node in project

description with KML/XML-format for advanced useirettly editing, as shown in figure 4.10.

C [ filey//C/Users/Boonprasert/Desktop/K\VS/KVS-ULhtml =
] C++ OpenGLWTK [] Google Eath API (] KADS | AUN-SEED-Net || Conf-ICIPM2011 |9 Conf-JSST2012 [ Conf - KJCIEE 2012 »

. Knowledge Methodological in Virtual Space Project

Q. Search: ‘VS'ar{F}ancisco.bA | FlyHere! | Exchange Information: M |Import| M |Export| Help: 9

Project Description
Select Knowledge View :
! Physical view
Logical view
! Functional view

Knowledge Space View

KMLIXML View :
|<7aml version="1.0" encoding="UTF-8"7>
|<kml xmlns="http://www.cpengis.net/kml/2.¢
<Placemazk>
<namerTest Placemark</namer

)
v

<Point>
<coordinates>
-122,37,0
</coordinates>
</Point>
</Placemark>
=/ kml>

| Parse and Add |

Figure 4.10: Interface for KML/XML Investigation.

On utility panel, it consists of the peripheral Ifoguch as, searching node, import and

export information, help information, and knowledgeor for assistance naive user.
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4.5 Chapter Conclusion

Managing knowledge through knowledge memory systeman important part of
knowledge management initiative. | use the Commob&Amethodology concept to be the
guideline for develop the schemas of knowledgeeatréind organization context for display in the
virtual space. In virtual space, | represent knolgte item by node. Each of knowledge node
composed of latitude, longitude and zooming valthed determine the user field of vision. To
delivery knowledge, user creates the knowledgeaseeiby the series of knowledge node, called
knowledge scenario. The advantage for define kmigdein a scenario are reusability and
modifiability. User can create a new knowledge scienwith previous knowledge and filtrate
knowledge forward to the sustainable knowledge mgragstem.

For knowledge realization, | develop the knowledgemory space on the virtual space, it is
a memory system that has an objective view enaldes to edit contents on surface by using
geographical arrangement and topological connediigomovides an overview of large data contents
and facilitate for knowledge sharing on people ameasing their connectivity as a lightweight
activity.

| propose a scene-graph to implement the knowledbema regimen. The scene-graph is
not only explicating graphical simulation, but alsas control over the decision of server-side and
client-side rendering to encourage the groupwaséesy. To describe the elements of knowledge, |
encapsulate knowledge informatics in XML with Keldhdlarkup Language (KML). The system
extracts the information using DOM-parser and malaiies knowledge information with AJAX
implemented module. Finally, | demonstrate the psgg approach by prototyping a system
developed in Googl¥ Earth APIs environment as virtual environment.

From an elaborate of knowledge realization respensesearch goal in this chapter, the
problems and opportunities issues have been salvéallowing:

[Problem-1]: Organization knowledge is a key asset in an orzgtion but it is often tacit
and private. From the survey, most systems laekofin how an organization uses it knowledge is
built up.

This problem was solved by developing of knowledggstematic schema which
compounded from both of concept and context lavdédnowledge discipline, especially knowledge
atlas schema from context level that indicate agaoization aspect and focus on organization
knowledge development. Finally, knowledge systezrsthema was realized in virtual environment
by scene-graph and knowledge representation gitinétchanisms.

[Problem-2]: From the survey, many systems lack of an interfexsierstandable manner
and suggested usability in user perform.

This problem was solved with creation of a virtualvironment that developed for
knowledge-developing process. The proposed systad wuirtual technology to simulate abstract
space and real-world space of knowledge developingrtual environment, with an objective to
connect abstract space and real world space innderstandable manner. An user interface of
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virtual environment is designed base on how diffigsl it to learn to work and how to clarify
required of the underlying knowledge representation

[Problem-3]: From the survey, some system has not methodologlipgort and lack of
collaborative work to improve knowledge exchange.

This problem was solved from knowledge schematsdbeeloped and modified by take an
advantage from CommonKADS methodology by optimized models: knowledge model and
organization model. Finally, the proposed schemanealized in virtual environment that developed
in web-based application and architecture for sigarand exchange knowledge information
enhancement via network communication.

[Problem-4]: From the comparison, some technique has compticatedels and most of
frameworks are non-standardization language fonidedge-developing process.

In this study, | solved the complicated and vasionodels by using architectural model
view for given multi-perspective in each of modmid concluded all in one model for realization in
a virtual environment. For the standardizationustomized the UML language with extensions
mechanisms to define knowledge elements and regimen
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Chapter 5

Evaluation and Discussion

This chapter describes about the experiment stemtdlgat designed based on research goal
as following in table 5.1:

Table 5.1: Traceability of Research Goal and Expenit Strategies.

Research Goals* Experiments Evaluation Strategies
[G-1] [Exp.1] Feature comparison
[Exp.2] Questionnaire: basic features
[G-2] [Exp.2] Questionnaire: basic features

Questionnaire: collaborative work
Questionnaire: environment driven suggestion

[G-3] [Exp.2] Questionnaire: collaborative work
Questionnaire: collaborative work
[G-4] [Exp.2] Questionnaire: environment driven suggestion
[Exp.3] Process of experimental task
[G-5] [Exp.1] Feature comparison
[Exp.3] Process of experimental task

* reference number from research purpose chaptgate 12.

From the table 5.1, the first column is the redegaals that refer from research purpose in
chapter 1. Second column are experiments: [Exg. Xpature comparison experiment, [Exp.2] is
user guestionnaire response, and [Exp.3] is theegmof experimental task. The last column is
evaluation strategies, especially in experimertae 3 types of questionnaire: about environment-
driven suggestion, about basic features, and atmdlaborative work supportability.

This chapter consists of two sections. First sact.1l describes about the evaluation
strategies: feature comparison in 5.1.1, user guEwire response evaluation in 5.1.2, and process
of experimental task in 5.1.3. Section 5.2 is #search discussion.

5.1 Evaluation

In this research, both qualitative and quantitattwaluations were employed in this study.
A comprehensive evaluation of knowledge intensikganization schema is the major focus is put
on static characteristics of the proposed systevaluation concentrated on characteristics of the
knowledge-development process supported by methggoll provided three strategies for
evaluations: features comparison, questionnaigorese, and process of experimental tasks. The set
of criteria that will be used for comparing dividiedo the following groups:

General descriptionvhich includes information about developers, redeand availability.

Software architecture and tool evolutiowhich includes information about the tool
architecture (standalone, client/server, n-tierliapfion), how the tool can be extend with other
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functionalities/modules, how information are stofgdtabase, text files, etc.) and if there is any
backup management system.

Interoperability with other tools and languagehich includes information about
interoperability capacities of the tools. | willview the tool's interoperability with other ontolpg
tools (for merge, annotation, storage, inferencetg,), as well as translations to and from ontplog
language.

Knowledge representationwill present KR paradigm underlying the knowledgpodel of
the tool. It is very relevant in order to know whaid how knowledge can be modeled in the tool.

Usability | analyze the existing of graphical editors foe @reation of concept taxonomies
and relations, the ability to prune the graphstaedoossibility to perform zooms of parts of iwill
also analyze if the tool allows some kind of calledtive working.

5.1.1 Experiment 1: Features Comparison

To evaluate the different engineering tools, Icdied a number of relevant criteria in three
dimensions. First there is a general dimensionclwvinefers to aspects of the system that can also
found in other types of programs.

The second dimension refers to information abbetknowledge-developing supportability
and different actions the user can perform. Relegaestions would include: Meaning of interface
is easy to support step of work? The clarity bgiifaice is clear? Interface enable judging factedbas
on internal parameter? Is there a good overview garticular view? Does the system check new
data for consistency? The various concepts instfgtem were well integrated? etc.

The last dimension is that of interoperability,igbhis used to evaluate the tool's support for
constructing by several people at different logaioFor examples of questions: Does the system
allow synchronous editing by different users? Riedi features are enough for the needs of the
corporation? Is it possible to import informatiororh another tool? Is it possible to export
information in various format? etc.

| evaluated the system features by comparing sittvey of the other knowledge tools,
such as, Protégé 2000 and WebODE. Seven knowladgaid users participated in the study; male
2 persons and female 5 persons; age between 26&36 with age average 28.57. All participants
had experience in knowledge and/or ontology tootsenthan 1 year with experience average 2
years and 4 months.

The comparison consists of two sections: geneesicription survey and comparative
questionnaire. For questionnaire, | complied int®-lavel scale (+, 0, -) subsequently calculating a
weight mean of the results. A plus (+) means pasite.g. the feature/characteristic is available or
properly implemented. A zero (0) means reasona&bie the feature is available, but it is diffictdt
use. A minus (-) is negative, e.g. the featureossupported or not correctly implemented. “NA”
means not applicable and a questionmark means ltlgtve been unable to find out. The
comparative features are divided into the followdichensions: general description, knowledge-
developing supportability, and interoperability, st®own questions in Table 5.2. Table 5.3 shows
comparison of proposed system with Protégé 2000/A2elnlODE.
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Table 5.2: The statements of comparative questions.

ID Statements of questionnaire
qo1 Provided features are enough for work
q02 Meaning of interface is easy to support stegark
qo3 The clarity by interface is clear
qo4 Interface enable judging facts based on intgras@meters
o5 Is there a good overview and particular view
q06 Does the tool check new data for consistency
qo7 The various concepts in this system were wtdigrated
qo8 Does the tool allow synchronous editing byedéht users
q09 Is it possible to import an information frono#rer tool
gl0 Is it possible to export an information in wais formats
gqll Provided features are enough for the needseafdrporation
ql2 Are the changes made by other user easy tgmaeo

Table 5.3: Features comparison between the propmysteim, protégé 2000, and WebODE.

A plus (+) means positive, a zero (0) means redsgena minus (-) is negative. “NA” stands for not

applicable and
a question mark means unable to find out.

Criterion Proposed System Protégé 2000 WebODE
General Description
Availability Open source Open source S/W licensg an
free Web
Software Architecture Client/Server Standalone Client-Server
Client-Server
Extensibility API/Plugins Plugins API/Plugins
Storage File/Database File/Database Database
Methodological support CommonKADS - Methontology
Knowledge-developing Supportability
01 Features supportability + + +
g02 Interface-wise guidance + 0 0
03 Graphical taxonomy + + -
04 Graphical prunes(view) + + +
05 Zooming + + -
06 Consistency checking + + +
07 Compliance standard 0 + +
Interoperability
08 Synchronous editing 0 0 -
09 Import facilities 0 0 +
010 Export facilities + 0 0
g11 Collaborative working + 0 +

g12 Change recognition - - -
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5.1.2 Experiment 2: Users Evaluation

The goal of this experiment was designed to evalsapportability, usability, and utility of
proposed system. The participants recruited onunteer basis from related knowledge domain and
non-domain in King Mongkut's Institute of Technojod.adkrabang (KMITL) Thailand, for
examples, staffs in office of Quality Assurance aKdowledge Management (QA&KM),
researchers from knowledge laboratory, knowledgeagament course students, and any persons
who were interest; all total 30 subjects; male &dspns and female 16 persons; age between 19-37
years with age average of 25.13. All participarad lkexperience in web browser such as, Internet
Exploref®, and ever used application related diagram, Mapd/or Earth browser. | provided an
experimental environment with a private web setvat shared KML/XML of pilot project for
experiment.

In experimental process, firstly | explained tmegedure of experiment, including separated
all participants into three groups based on expeéen related knowledge tool, such as, Protégé,
Mindmap, Compendium, etc. The detail of classifarats following:

- Advanced user has experience more than one kdgwltool with average 2.5, total 8
subjects, and age average 28.5.

- Experienced user has experience with one kn@elddol, total 10 subjects, and age
average 20.70.

- Non-experienced/Naive user never has experiestbeknowledge tool, total 12 subjects,
and age average 26.58.

Table 5.4: Three participant groups and descnptio

User Group Tool Exp. Number Sex Age

Advanced >1 8 M3, F5 25-36

Experienced =1 10 M6, F4 19-22
Non-experienced / Naive 0 12 M5, F7 22-37

[ Brief and classify participants into 3 groups ]

Advanced User Experienced User Naive User
v : v : v
[ Pre-test Q1.A ] \ [ Pre-test Q1.B ] 1
v i i i
[ Basic features of the proposed system (Q2) ]
i i v 5 v
Collaborative work (Groupware) supportability (Q3) ]
J g J g y

[ Post-test Q1. A ] i [ Post-test Q1.B ] | [ Post-test Q1.C ]

Evaluate results

Figure 5.1: Flowchart of experimental process.
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Table 5.3shows detail of participant groups with knowledgel texperience, number
subjects, sex, and range of subject ageure 5.1shows the experimental process activi

In experimental process, subjects evaluated prapegstem with three questionres as
following:
(Q1) Pre-test and postst of environmer-driven suggestion evaluation; total 10 questiors
shown in Table 5.5.
(Q2) Basic features of proposed system evaluatidat 10 questions, as shown in Tab.6.
(Q3) Collaborative work (roupware) supportability evaluation; total 8 quassi, as shown i
Table 5.7.
For questionnaire (Q1), it was divided into threeups (Q1.A, Q1.B, and Q1.C) relies

group of participant in Tabl5.4.

All of questionnaires were designed on a sce-5): (“1” means “Strongly disagree” to “
means “Strongly agree”), subsequently calculatingveaght mean of the results. The types
question consist of: subject perform on providesk tguestions, surv attitude questions, and of-
ended comment and suggel used spreadsheet software for calculating the teeduiture 5.2 is
portion of questionnaires (Q1.A) environmr-driven suggestion evaluation for advanced user,
the experiment session on < as shown in Figure 5.3.

Read the possibilities below and answer to what extent they meet your needs at work, according to the scale on the right. In
this scale 1 corresponding to “it does not meet the needs” and 5 corresponds to “fully meets the needs”.
S I

1 2 3 4 5
S I

1 2 3 4 5
-OO0OoOnod +

2 3

1 4 5
-OooOooOoOoao +

1. Evaluate the clarity of the interface

2. Evaluate the consistency of the interface

3. Evaluate the speed of updating after new data is inserted

IR UL TGRSR SRS SR Dt RSP PR )

Figure 5.2:Portion of questionnaire (Q1.A): environm-driven suggestion evaluation for advan
user group (experience >1 tool) on sca-5): 1 means “Strongly disagree” to 5 means “Strp|
agree”.

Figure 5.3The experimeni(left) experiment in computer laboratory room
(right) brief and classify participants before experiment.
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Table 5.5: The statements of environment-drivergestion questions (Q1), separated on user
group: (A) = Advanced, (E) = Experienced and (\Naive; the ¢') is used andX) is not used.

ID Statements of questionnaire (Q1) A UseEd for N
e01 Is there a good overview of the information x v v
e02 Is there a good particle view of the informatio v x v
e03 | found the interface easy for work x 4 4
e04 | found the interface enough for work 4 4 4
e05 | found the interface guide step of work 4 4 4
e06 The meaning of information is very easy to usiaed x 4 4
e07 The information is easy to apprehend. 4 x 4
e08 The information is enough for work x 4 4
e09 | think the environment interface encouragenwagk v v v
elo | think that | could contribute to this infortiza 4 4 v
ell | found the various concepts were well integtat v v x
e12 I imagine that most legal experts would understhimlinformation v v «
very quickly
el3 The information enable judging adequacy of keen 4 x x
eld The information enable judging facts basechterimal parameters v x x
Table 5.6: The statements of basic features qumess{i@2).

ID Statements of questionnaire (Q2)

fo1 The meaning of the interfaces are clear

f02 | am confident | understand the conceptualiratf the tool

f03 | found the information very easy to understand

fo4 Does the tool check new data for consistency

fO5 Evaluate the speed of updating after new daitaserted

f06 Are the changes identifiable clear to user

fo7 Is it possible to use multiple inheritance

f08 Is it possible to create exhaustive and/ordisjdecomposition

f09 Evaluate the stability of the tool (crashes,)et

f10 Are there example available in the tool

Table 5.7: The statements of collaborative worlo{fprware) supportability questions (Q3).

ID Statements of questionnaire (Q3)
g01 Does the tool allow synchronous editing byeddht users
g02 Provided features are enough for the needseafdrporation
g03 | found the sharing of information cumbersomenderstand
go4 Are the change made by other user easy to mexng

g05 Are the ways to lock the information

g06 Is it possible to browse the information ibitked

go7 Is it possible to import an information frono#rer tool

g08 Is it possible to export the information inieas format
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5.1.3 Experiment 3: Process of Experimental Task

The goal of experiment was designed to evaluability support of proposed system. Ten
university students (are not overlap the evaludhidn from knowledge management class in faculty
of Information Technology, King Mongkut's Institutef Technology Ladkrabang (KMITL),
Thailand participated in this study; male 7 persand female 3 persons; age between 19-21 years
with age average 19.9.

In experimental process, | divided participanbifivo groups by random 5 persons per
group: (1) Training Group and (2) Non-training gpotror training group, | brief how to operate on
proposed system and prepared a manual in experi@erthe other hands, non-training group only
observe the web browser screen before experimemndte and repeat the process tasks again after
all first process tasks finish.

On the process, all participants perform the ppead experimental tasks in table 5.8. The
provided tasks consist of three suites: (1) opdirate physical to logical view, (2) operate from
logical to functional view, and (3) develop sceadri function view. During operation, participant
has timekeeping after each tasks suite finish. reigu4 shows the experimental process activities.
Table 5.8 shows the process of experimental task.

[ Separate participant into 2 groups ]
T T
Training group Non-training group
v A4

[ Brief overview and have ] See only web interface

manual of proposed system

X screenshot as shown Fig. 8

| Ti n{: ng ‘l, N
tiaskt= 0
Task 1 \ Task 1
:l; end t\axk].: tlas'LZ =0 ;F
 S— 1 )
Task 2 | Task 2
|
\l, end tuhkz,:tmxu =0 Slz
I
Task 3 : Task 3
—‘—J end 1,43 T

A%
i repeat process

Figure 5.4: Flowchart of process experimental tasks

76



Chapter 5: Evaluation and Discussion

Table 5.8: Process of experimental task.

Step Task

0-0 Experiment provided KML/XML shared file and eition sheet.

11 Physical viewCreate a Knowledge Asset, set name “KA”.

1-2 Set description from direction sheet to “KA”.

1-3 Switch to Logical view: Create a Knowledge amste: “KI-1".

1-4 Set link from “KI-1" to “KA”.

2-1 Logical view Create a Concept: “C” and Knowledge Instance:-2KI
2-2 Set link from “KI-1" and “KI-2" to “C".

2-3 Switch to Functional view: Create 2 Knowledgdd®: “KR-1" and “KR-2".
2-4 Set link “KI-1" to “KR-1" and “KI-2" to “KR-2".

3-1 Functional viewCreate Inference: “I-1” and set description freheet.
3-2 Set link “KR-1" to “I-1" and Transfer functiodTF-1" to “I-1".

3-3 Create touring scenario: “I-1" to “I-2” to “I*3and display touring.
0-0 End of experiment.

5.2 Discussion

Advantages of the proposed system can be obséxadeatures comparison in Table 5.3
Compared with other knowledge tools, our systenviges advance usability that supports by
virtual space interface for knowledge developmerdcess. The strength point in knowledge-
developing supportability is the interface-wisedguice. Because of the proposed system is designed
based on start up at organization context, so aaerdevelop bottom up approach with their
environment. On the other hand, Protégé 2000 andQBE& start up at conceptual knowledge. For
interoperability, because of this research was ldpeel using virtual geographically environment,
so it can enhance collaborative work.

From the results of experiment 5.1.2 shown in &9 and Figure 5.5 suggest that:

- Average means of post-test are greater thamegteparticipants of all levels repeated the
same task with better understanding by environrdemén interface supportability.

- Difference value between pre-test and post-tdseach groupAd(Q1.B) = 0.92>
Ad(Q1.C) = 0.9C> Ad(Q1.A) = 0.56: an impact of environment-drivenagvnore clues to beginner
than advanced user.

Table 5.9: Result of average means and standardtidevin (Q1) pre-test and post-test of
environment-driven suggestion of three user groApgsanced, Experienced, and Naive.

User Group Pre-test Post-test
Mean SD Mean SD
Advanced 2.80 +0.25 3.36 +0.27
Experienced 2.70 +0.33 3.62 +0.23
Naive 2.43 +0.22 3.33 +0.28
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B Pretest

OPosttest

Advanced Experienced Naive

Figure 5.5: Comparison of average between preatabspost-test of environment-driven suggestion
questionnaire (Q1) separated in three participeougs. The participants were differentiated by
experience on knowledge tool: Advanced (tool exy, >
Experienced (tool exp. =1), and Naive (never used).

To test the earlier stated hypothesis, t-testedopmed at 95% confidence level, with
following results in Table 5.10.

Table 5.10: t-test summary in (Q1) pre-test and-fast of environment-driven suggestion of three
user groups:
Advanced, Experienced, and Naive.

Paired Differences Sig.
Group Mean Std. error t Df 2-tailed
Advanced 5.63 0.53 10.57 7 0.000
Experienced 9.20 0.59 15.53 9 0.000
Naive 9.08 0.19 47.07 11 0.000

As such, based on the above t-test results, pstirt overall is significantly better than pre-
test in Q1. All participants are better understagdiy environment-driven interface supportability,
especially beginner user.

From the evaluation results in (Q2) and (Q3) shamwiTable 5.11 and Figure 5.6, the
average means of (Q2) Basic features and (Q3) IQwhdive work (groupware) supportability are
high. This results show that the proposed systdisfiea the wider user with various experiences.
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Table 5.11: Result of average means and standaiatioa in Basic features (Q2) and Groupware
supportability (Q3) questionnaires.

Basic features (Q2) Groupware (Q3)
User Group Mean SD Mean SD
Advanced 3.55 +0.66 3.20 +0.63
Experienced 3.56 +0.46 3.09 +0.57
Non-experienced / Naive 3.48 +0.38 3.02 +0.54
Total 3.53 +0.50 3.10 +0.58
4.5 4
4 4
3.5 4
3 4
254 B Advanced
D Experienced
21 G Naive
1.5 A
l 4
0.5 A
0

Q2 I Q3

Figure 5.6: Comparison of average in (Q2) basitufea and (Q3) Collaborative work (groupware)
supportability questionnaires. The participantsendifferentiated by experience on knowledge tool:
Advanced (exp. tool >1), Experienced (exp. Tool,=1)

and Naive (never used).

For the open-ended comments, through analyzing #reswer, | not only attempt to
understand their perspective, but also to utilesé important suggestions for future improvements.
| concluded in Table 5.12 as following:

Table 5.12: Responses of experimental participants.

Participants Suggestions
PPO1, PPO5 An interface is designed for suppottiegmacroscopic view. It is suitable for
the system that has location and area is signifiizaxor.
PPO5, PP11 Some features use altitude value toed#fe node. It is not familiar for non-
experienced user.
PPO8 The proposed system is simple and can beapedklapidly. It is suitable for

using knowledge in ad-hoc situation, such as, isecaf disaster, emergency
planning, and basic tool for knowledge managemkasisc

PP12 The proposed system is easy to use, suppiddsange of users, and provides
better understanding for knowledge in context.
PP24, PP27 The proposed system could not suppadse of knowledge structure more

complicated and have big data.
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The result of experiment 5.3 shown in Table 5.6%ents a total of time cost on three tasks,
compared between training group and non-trainingh bibhe first-time and the second-time
experiment. This result can be shown that leardiogs not take too much time, so that can easily
learn in proposed system. The second time usagersfraining group less than the first time usage.
This result can be shown user can learn by themselithout material suggestion and learning with
experience from environment suggestion satisfisgesas material guideline.

Table 5.13: Result of average means and standaiatioa
in process of experiment task of training user grand non-training user group with spending time
(unit; seconds).

Non-training Group

Training Group

Task First Second
Mean SD Mean SD Mean SD
Task 1 76.6 +8.20 110.2 +11.84 74.6 +8.93
Task 2 131.2 +12.68 174.8 +24.41 147.8 +17.33
Task 3 176.6 + 15.79 203.2 + 28.89 182.2 +12.0

To test the earlier stated hypothesis, t-testedopmed at 95% confidence level, with
following results in Table 5.14.

Table 5.14: t-test summary in process of experirtgs#t of training user group and non-training user
group with spending time.
TR = Training group; NTR#1 = Non-training, the fitsne process;
NTR#2 = Non-training, the second time process.

Task Compared petweer(group Paired Differences T Sig.
#time) Mean Std. error 2-tailed
1 TR NTR#1 33.60 4.73 7.11 0.002
TR NTR#2 2.00 5.97 0.34 0.744
5 TR NTR#1 43.60 15.31 2.85 0.046
TR NTR#2 16.60 13.34 1.24 0.281
TR NTR#1 26.60 14.54 1.83 0.141
TR NTR#2 5.60 10.46 0.54 0.621
df=4

Based on above t-test results, the total of tins& oo task 1 and task 2 are significantly
self-learning, by time cost of non-training group the second time are less than the first time. On
the other hand, task 3 is non-significantly, thoudtas same direction as task 1 and task 2.
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5.3 Chapter Conclusion

From an evaluation responsive research goal ;nahapter, the research goals have been
achieved as following:

[Goal-1]: Aim to develop useful and practical guidelines fomowledge intensive
organization by develop the schema is to get acqediwith the system and to assess the amount of
foreknowledge needed.

In an experiment 1, feature comparison shown #selt of proposed system has enough
features for work with others tools in the curremarket. Moreover, it was developed based on
knowledge schema compounded from an organizatipecasAdditionally in experiment 2, the
results of questions in questionnaire about infeienmaneed are good in practical view, enough for
work, and easy to understand.

[Goal-2]: Enables one to spot the opportunities and bottksein how organizations
develop, distribute and apply their knowledge reses, and so gives tools for corporate knowledge
management.

This goal was achieved by an experiment 2. ThatseeBom questionnaire suite had shown
the proposed system provided features for knowlelhyeloping process rely on a knowledge
systematic schema that developed from organizasmect, and encourage collaborative work and
distribute knowledge for corporate knowledge manaeyd.

[Goal-3]: Provide the methods to obtain a thorough undeditam of the structures and
processes used by knowledge workers even where ofitbleir knowledge is tacit leading to a
better integration of information technology in popt of knowledge work.

In an experiment 2 provided the pre-test and festt-to evaluate environment-driven
suggestion supportability. The significant of diffece between pre-test and post-test shown user
could understand the structure and process knowledltp their experience to perform the system.
The result of basic features is high shown the @sed system provided enough function for
knowledge developing. Additionally, an average afaborative work supportability is high, shown
the proposed system has base of knowledge integrathdamental.

[Goal-4]: Designed concern how difficult is it to learn tonk with the system and about
the amount of knowledge required of the underl¥ingwledge representation language.

This goal was achieved with evaluate experimeah@ 3. For an experiment 2, the result
from questionnaire shown the user satisfies pravidatures and environment-driven supportability
with high level. It provided an interface that easywork, guide step of work, and encourage user
working. On the other hand, an experiment 3 shdwembn-training user group could learn to work
on the proposed system by themselves without nadiguideline. Additionally, they could learn by
their experience as well as training user group.
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[Goal-5]: Build better knowledge system that easier to us#s a well-structured
architecture, and simpler to maintain.

This goal was investigated in an experiment 1 expkriment 3. In an experiment 1, the
provided features both of knowledge-developing sugbility and interoperability are enough for
work and satisfy by compare with other systems. Stability of system architecture was developed
base on well-known stable architecture in web-lzgg#ication, both of software and system design.
For experiment 3, the result of self-learning im#@aining user group shown the system is easrer fo
work. They could learn with experience without niatleguideline and not much learning time.
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Chapter 6: Conclusions

Chapter 6

Conclusions

Our economic and social life is becoming more kmoge-driven. The need of tool
supports the knowledge is required. The tool shduoldude ready to use and collaborative
supportability that covers wider users with variexperiences in web-based information system. In
this study, | present a novel knowledge intensigaoization model in virtual environment based on
CommonKADS methodology. The proposed system wasldpgd by using knowledge systematic
schemas covering knowledge management level andl&dge object level. | used the scene-graph
for construction and explained systematic desaniptiwith KML/XML-based, additionally
demonstrated the proposed approach by prototypisgseem developed in GoogleEarth APIs
environment.

Problemsand Research .
o Evaluation
opportunities goals
[P-1] [G-1]
[Exp-1]
[P-2] [c-2]
[G-3] [Exp-2]
[P-3]
e [Exp-3]
[P-4]
[G-5]

Figure 6.1: Thesis Traceability.

Figure 6.1 shown thesis traceability from probleangl opportunities to research goals and
evaluated experiments. The line is link betweeoeable elements for ensure that all elements have
been developed. For the reference number on elsmefier from: problems and opportunities [P-1]
— [P-4] in Chapter 1, section 1.3.1, research gfiaid] — [G-5] in Chapter 1, section 1.3.2, and
Evaluation [Exp-1] — [Exp-3] in Chapter 5. Secti®A.

84



Chapter 6: Conclusions

In this study, | purpose a new knowledge intenshalel with three schemas: knowledge
landscape, knowledge atlas, and knowledge systersaliema. (1) Knowledge landscape schema
elaborates knowledge model concept with logicalwand functional view. (2) Knowledge atlas
realizes an organization aspect for understandingwledge environment. (3) Knowledge
systematic schema is an approach concluded aflérsohema with three views in one environment,
and using conjugate class for associate knowledigeplaying on each selected-view. Finally, |
demonstrated the prototype application that deeslopith knowledge systematic schema in virtual
environment. The results of experiment show tha fhmoposed system improves knowledge
methodology in various experience user levels tppsrtability, usability, and utility. Additionally
its convergent design improves knowledge methodcdbguggestion for wider user with various
experiences.

In future, based on this study, the proposed systan be further improved by including
schema that provides more complicated knowledgesyand strategies for complex explanation in
virtual space. Furthermore, implementation in gagalevice may provide flexibility in access and
collaboration at diverse location.
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Survey of the Proposed system comparison
with Protégé 2000 and WebODE.

Appendix

Appendix

| Proposed system|

Protégé 2000 |

WebODE

Development tool feature

- development process

- methodological support

- knowledge concept support
- knowledge context support
- architectural stability

- collaborative working

- step-wise guidance

- interface clarity

- interface consistency

- Help system

AN N N N N VAN

v
v

v

Merge and integration

- compliance with standard
- concept definition

- graph structure

- instance of concept

- language conformity

- reusable

- non-local installation

ANANIN

AN

Evaluation

- theory-awareness

- concept definition

- consistency checking
- classification

AN

Annotation

- extensibility

- change recognition
- libraries

- description

Storage and querying

- import facilities
- export facilities
- backup management
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Experiments Overview

Evaluation

Appendix

Features Questionnaire Process of
Comparison Response Experimental
Task
| | Prote'ge' 2000 Environment - Training
Suggestion

| |  WebODE Pretes Non-training

Posttes

Feature

Collaboratiol
A: Feature Comparison

Subject list

Person First name Last name No. OT tool - Exp. time Sex Age
no. experience (months)

1 alaan U5 2 18 F 25
2 oigAng Fowily 2 22 M 26
3 el:i! 1daannns 2 19 F 26
4 JaTTan qu'luees 3 25 F 28
5 Jaeydtuvi CLlpLplaItifil 2 23 F 27
6 Anua ugiiuns 3 28 F 32
7 AnAnG anésan 4 36 M 36
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Feature comparison form (translate to English versin)

Features Comparison (Proposed system / Protégé 2000 / WebODE)

Appendix

Name.
sex: [ Male [ Female Age.... ... lyears) KM tool experience...... ... (months)  Number of used tool ................... (tools)
Read the possibilities below and answer to what extent they meet your needs at work, according to the scale on the right.
“+" = positive, e.g. the feature/characteristic is available or properly implemented. “0" = reasonable, e.g. the feature is available, but it is difficult to use
“-" = negative, e.g. the feature is not supported or not correctly implemented. “NA" = not applicable.
“3" = unable to find out
. (1) Proposed system (2) Protégé 2000 (3) WebODE
Questions
+ 0 - NA ? + 0 - NA ? + 0 - NA

q01 Provided features are enough for work

g02 Meaning of interface is easy to support steps of work

q03 The clarity by interface is clear

q04 Interface enable judging facts based on internal pararmeters

q05 There is a good overview and particular view

q06 Does the tool check new data for consistency

qOT7 The various concepts in system were well integrated

q08 The tool allows synchronous editing by different users

q09 It is possible to import an information from another tool

ql0 It is possible to export an information in various formats

ql1 Provided features are enough for the needs of the corporation

q12 The changes are made by other users easy to recognize

= Thank you for your cooperation --—-

experiment #1: December 23, 2013 (KMITL)

- s - ' = o
uuudsuaUieuiiisuauantfveaniosliossnine: sruuiinaus, Protégé 2000, WebODE

Ho-uniana
- ) - 3, s
wi: O oo O s 21y e (1) UszaUMIaimsldiaasdla (#ow) du il
nyumaudmoniunngagfuan Tnudandasiiagminuen Inssanmisisdnauninedasia
T - dw wmr = ™ . o
+7 wnefla wu sitdaanis 0" wneils wu widenndanisliu
“" yaneils wu wiliannsoyhauld “NA” winefis lifiusing
“?7 wefls Aumud udliny
. (1) ssuuidaua (2) Protégé 2000 (3) WebODE
A
+ o - |Na| 2|+ o |- |Na| 2|+ 0] - |NA

001 seuurssalasloatafsamalunslin

02 dudesioiuglfaivayueiaiviuiusolumsufiam

903 dwdaspnuglinudienuinaunasd-laly

q04 dnfesiofuglifidndwatvayunisdpdulinntadomeluszuy

05 seuulipmeslunwinuasieandenverioyalfodsinau

q06 wuuﬁmsms'zaaaumw'ﬁmuir'waﬁsuuaﬁl'ﬂ'mi'ﬂmi

q07 wéhmsvhanvasszuuteannsoveaiudld

08 seuvatuavunmsihnuwuuasglinuld

q0¢ szuvannsauiideyannesesioduls

: PPy
ql0 s:uua'u.mmeuaanﬁmuiaIu;ﬂuwwumnwmnwmb

ql1 ssuuidodwnsuasauayunsihouiwiusoldld

- s, " o a »
q12 sruuiimsedimswinudasiiifsandldaudu

— vavavquitlinriusoudaluntsnevuyudeun 1 —

experiment #1: December 19, 2013 (KMITL)

88



Appendix

B: Questionnaire Response

Subiject list of advanced user group

Person First name Last name Sex Age No. OT tool
no. experience
1 AT 1Uaannns F 32 3
2 JuIsTU gu'luadd F 27 2
3 Jeyafe fnasuag M 28 2
4 ANARG andsan M 36 4
5 Jaequtuui L Tpbphaibifil F 28 3
6 ANUA udliung F 26 2
7 olghAnd Fownila M 26 2
8 ol U9 F 25 2
M3,F5 28.5 2.5

Age average: 25-36 years

Subiject list of experienced user group

P?]rson First name Last name Sex Age
1 RS Bavimuna M 21
2 AWnan AUALNUUN F 22
3 Ans Wads F 21
4 nameel AYANTITU M 20
5 naunsAd Llanlssaly M 22
6 dAnINs ENNLLR M 21
7 Uiiaan n&uvax F 20
8 UsAaa] \aga M 19
9 seyann unassusaud M 20
10 §650 dndAtauIna F 21

M6, F4 20.7

Age average: 19-22 years, Tool experience =1
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Appendix

Subiject list of Naive user group
P?]rg,on First name Last name Sex Age
1 12l JUNNav F 37
2 andin dunsain F 26
3 UWIne L2395 Ad M 31
4 A Tid Audsywad F 25
5 AuATUN a9 = 23
6 HNENLE aneyfioel M 28
7 EWLSA AINY F 24
8 aufng Sosrudu M 28
9 Ansus Faundn M 24
10 Uuaya fonsuay F 22
11 111N Audgusue = 24
12 Ufwa andaws M 27
M5, F7 26.583333
Age average: 22-37 years, Tool experience =0
Result of pretest and posttest of environment-drive suggestion (Q1)
Advanced Experienced Naive
Person
no user group user group user group
) Pretest Posttest Pretest Posttest Pretest Posttest
1 3.125 3.625 2.9 4.1 2.666667 3.666667
2 2.75 3.125 2.7 3.8 2.5 3.583333
3 2.625 3.5 2.2 3.2 2.666667 3.333333
4 2.875 3.375 2.7 3.7 2.25 3.083333
5 2.5 35 3.3 3.6 2.333333 35
6 2.75 3.125 2.4 35 2.583333 3.416667
7 2.375 3.25 2.9 3.6 2.333333 3.083333
8 3.125 3.875 25 3.6 2.666667 3.416667
9 2.875 3.25 2.4 35 2.166667 35
10 3 3 3 3.6 2.083333 2.75
Mean 2.8 3.3625 2.7 3.62 2.425 3.333333
SD 0.251385 0.266471 0.333333 0.229976 0.220304 042805
Paired samples statistics (from SPSS)
Mean N Std. Deviation Std. Error Mean
Pair 1 Pre-test_advanced 28.0000 8 7.30949 2.58429
Post-test_advanced 33.6250 8 7.17013 2.53502
Pair 2 Pre-test_experienced 27.0000 10 8.19214 2.59058
Post-test_experienced 36.2000 10 7.68548 2.43036
Pair 3 Pre-test_naive 24.2500 12 8.99621 2.59698
Post-test_naive 33.3333 12 8.86601 2.55940
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Appendix

Paired samples correlations (from SPSS)

N Correlation Sig.
Pair 1 pre-test & post-test advanced 8 .979 .000
Pair 2 | pre-test & post-test experienced 10 .974 .000
Pair 3 pre-test & post-test naive 12 .997 .000

Paired samples test (from SPSS)

Paired Differences
e Com & | s (21ai
Pair 1 pre-tzztli n‘;‘éfjt'te“ 56250 | 150594 | 53243 | -6.8840 | -4.3660 | -10.565 | 7 000
Pair 2 ”re'et:St & pOStc'iteSt -9.2000 | 1.87380 | 59255 | -10.5404 | -7.8596 | -15526 | 9 .000
perience
Pair 3 pre'tesrt]g.‘l.\f’eOSt'IESt 00833 | .66856 | .19300 | -9.5081 | -8.6586 | -47.065 | 11 .000
Result of basic features questionnaire (Q2)
Person Advanced Experienced Naive
no user group user group user group
1 4.25 3.7 3.917
2 4.375 4 3.583
3 4 3.9 3.75
4 3.875 3.7 3.667
5 4 3.8 3.5
6 3.25 3.7 3.333
7 3.25 3.5 3.417
8 3 3 3.25
9 3.25 3.8 3.833
10 2.25 2.5 2.583
Mean 3.55 3.56 3.483
SD 0.662 0.462 0.382
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Result of collaborative work (Groupware) supportablity questionnaire (Q3)

Person Advanced Experienced Naive
no. user group user group user group
1 3.25 3.3 25
2 3.875 3.8 3.083
3 3.75 35 35
4 3.125 25 2.833
5 2.25 25 2.583
6 2.375 2.3 2.333
7 3.125 3.3 3.583
8 3.875 35 3.75

Mean 3.203 3.088 3.021
SD 0.634 0.567 0.541
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Sample of user evaluation questionnaire for advandeuser group (Q1.A) — English translate

A Basic Features Questions (Q2) Q1.A - Post-test
Users Evaluation Questionnaire (Q1.A, Q2, 03) no. Questions Answer Scale Environment-driven Suggestion Questions
1 -Oooooo-+
fo1 The meaning of the interfaces are clear 12 34 5 nio: Questions ‘Answer Scale
2z = 1 . o ,
Experienced on Knowledge and/or Ontology tool: more than 1 t00ol ............ (tools} o | am confident | understand the conceptualization of the tool |"_-l E‘ ? EI l? % 02 There is a good particle view of the information l? ? I? ? I? *
3 - 2 -
Name | found the information very easy to understand I? E,I I? I? D * | found the interface enough for work I? E‘ EWI ? E‘ *
sex: O male O Female ARE....cc v lyEi2IS) fo3 - . €04 — -
4 R 3 .
foa | D0=S the tool check new data for cansistency F‘ EJ I? ? ‘? i ags | ! found the interface guide steps of work E’ ;‘ E] ? I? +
— . 5 R 4 . . =
Read the possibilities below and answer to what extent they meet your needs at work, according to - Evaluate the speed of updating after new data is inserted [‘3 EI E‘i ? '? * i The information is easy to apprehend Fj rT‘ g ? EJ *
203 5 & 23 E
the scale on the right. In this scale 1 corresponding to *it does not meet the needs” and 5 P 5
corresponds to “fully meets the needs”. 0 | A the changes identiable clear to user : '? g Ej '? O+ aap | EINKthe envionment interface encourage my work . E’ E‘ E,] ]? '? +
i 2 6 a
QA= Pretest i Is it possible to use multiple inheritance I? l? E‘i El l? ® &io I think that | could contribute to this information I? E‘ D] ? E’ %
Environment-driven Suggestion Questions 8 = i =
o8 8 Is it possible to create exhaustive and/or disjoint decomposition I‘j E7| EJ[ l? E‘ * - | found the varicus concepts were well integrated l? L? EJJ EI E‘ g
2 e 2
Lt Questions Answer Scale 9 8 | limagine that most legal experts would understand this information very
1 ooooo Evaluate the stability of the tool (crashes, etc.) ) IT“ r:‘ E‘ EI F‘ = . E ¢ o ° E! ? DJ ? I? +
ga | There is a go0d partice view of the information CEEaTE fo9 == el2 | quickly . -
el
1 ; -ooooos 9 : ; o ’ -0ooo0+
2 Are there example available in the tool The information enable judging adequacy of conclusion - 5
i | found the interface enough for work . F”? E“ E‘ 9 & f10 LR el3 =t o o
10 -
Eh i Tound the terface-euitie dt £ work -goooo s 1 The information enable judging facts based on internal parameters E‘} [;l E} E] g &
oun e Intel e gul steps of worl e L
205 g i 12345 Collaborative Work Supportability Questions (Q3)
4 :,
o The information is easy to apprehend l? E’ E‘ I? E‘ + m
: no. Questions Answer Scale Comment and Suggestion
) " 3 ooooo+ 1
g | | tink the environment interface. encourage my work 1234 3 g Does the tool allow synchronous editing by different users T F' D E‘I l:-‘ E‘ =
o 2 3
é . -O0oooo -« 2
i | VBRI Fooul EansbOle 1o sl Tnfomrtion 12343 o Provided features are enough for the needs of the cooperation & l? D E‘l I? ? 4
o 2 3 E
7 ooooo -+
| found the various concepts were well integrated > 3 %
ell P i 1B e S 1 found the sharing of infarmation cumbersome to understand lT" l? L_;| EI ? ¥
8 | Iimagine that most legal experts would understand this informationvery | - OO OO0 + 203 .
" 2 s 3 5
12 | quickly te s o | A the change made by other user easy to recognize 'T-‘ D E" '? E‘ *
9 . — " ooooo -+ z -
The information enable judging adequacy of conclusion "
i3 12345 5 . -gooooo -+
Are the ways to lock the infermation 1 S ET
W ‘ i ooooos 205 2
s The information enable judging facts based on intemal parameters T2 343 5
It is possible to browse the information if it locked =L I':| S
206 12345
7 - — ion —
b It is possible to import an information from another tool ? D E‘] E‘I E] + Thank you for your cooperation
o 23 E
8 =
It is possible to export the information in various format ‘D r:‘ D‘ I? E‘ *
Page 1 experiment #2: December 23, 2013 (KMITL) 208 — -
Page 2 Page 3
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Sample of user evaluation questionnaire for advandeuser group (Q1.A) — Thai version

4w <o o
Amaiganuiteitunisinauvesssuu (Q2)

ANTURAINITVARDU (QLA - Post-test)

Appendix

» &, -, 3 o & o ° = ¥ ﬂ oo o
8 A mau n'lmuLnu'mummuuﬂqumw’mu'[nzmanmu’manm UAITULAREY
L e ooooo -+
fo1 ﬂ?“ﬂﬁﬁﬂﬂu!ﬁ'ﬂﬂﬂﬂ'}uiﬁlﬂu 1 2 34 5 i‘ﬁ ﬂn‘“ﬂ"u ﬂ-‘lﬂau
TR P - 2 I 1 Sorvgitoialfoie -0oooo-+
vszaunmsilunsdiadodlafunnnsmduas/ vMiooaulnlad: annndt 1 winsla o2 Sudeduidudildumdnmavesszuud lle_:! E‘ ?E‘l + 02 sevumsuanswasBuavariayaldodid I 2034 3
Fo-umana TN —— R = L TP SR S -00000 -+
4 duwuiriayaitusingluseuy Hodenaimudile E[“;“?E“?‘ B Suhdndnratudliimufvamelunsiin TR
we: e Owda LA il fo3 2 &
4 5 - e < 3 P v, PP T -Ooocoog-+
4 wwmm-mmwaaummaamaa-wawnqa’twﬁﬁamwﬁ:wlm El”;l:,‘E”? * 205 dumuing fugléganuamadniut nIYNIY 1 2 34 5
g g TR 4 ) o % g
nmmeunmisIngayine lutessedunziuy (1-5) unngagmade Tnesedu 1 wnel Biduly 5 - » & |o 4 e -O0o0ooo +
dioans Teseduf aviul P i ) LR Py R T T E T i wiifulUathesnga ooooo -« doyafiuanainlaléing 1 2 34 5
AWARBINT laTeAule seAui 5 wueliy L\.ulﬂﬁ"llmﬂQﬂ'liU"\ﬂ"’lﬂW fos 5 v 1 2 3 4 5 e07 2
5, ) 6 ) 2 e 3 S |y v 4 PO | T . -gooog -+
ArnuAsuntIagaay (Q1.A - Pre-test) w6 | Jastaymananusngliaeied; Al ‘T“ I? EJ ? I? * gy | T ” 170 1SV Tz S s
. e o - PR ¢ |logaiw : vooodoaw - *
Amuieaiun unsvianl 0t Wuinhiou L [N —— aEadimen (mtiple inherttancs) F‘ o E‘ ? E‘ + 1o | SuRmhiuRBEsovanoyatld EIH? l? E“?
fo7 N 2 E e 2
Ta A Amoy 8 ooooo+ Ll g ; o -O00ooo -+
seyvansouenssduadluTuandenfndosla Suwviwmawwdnniifegannsodovele S S 5
1 PR -0o0ooo-+ 08 12345 ell S
oop | FOVEBNSOUGAT fayaldedaf ST T . =T 5 ¥ 3 Ooooo-
T3 p— — - oo, - o wlunyshio i ligsewhantsufoRon Wi el e * o auﬂmw@wnwummm:gawmmm’l.wa;‘ga\‘ﬁmaummm e
o0 | S uliing St e
10 o " " EA T, a4 N -Ooocoog-«
3 e 5w = i g R .oooog+ svnuiletusnngfetelumavhousadli o I'_;] ? E] EI * 3 doyafnlingerfilanufnmemurefivagsald 1 2 34 5
05 ﬂuwmwmwW\wnﬂugﬂumuuﬂmmnuwwaulumimr\u 12 3445 f10 12 el
o 2
10 |, . P P F I , -
a ., P .ooooos Foyathusngeran vneialdandrausingagnisly F“? EJ E”? *
Jeyafivanadnlaldie el . 4w & 5 eld i
e07 s Ananieaiuisdtunaiauvesszu (Q3)
LI woa a4 : - -00000 -+
duRndan 193 um Ty 1% 3 q s 7 5 = S
€09 il ; L] L] douauauuziiinifiu
L ; voood owe - £ Vvt i iting) STusENT
Sufwiduensoranentaysinl EI! ‘? El ? ? + 1 iulvmaq?m'lww'muuuuiumamm {synchronous editing) sauriusewite oooog -«
L 901 | gl 12343
7 ; - . 5 .
duwuimamewdnmsilegannioreunuld ooooo« 2 o PR PRI ooooo-«+
ell P 1 8 8 o1 IWUUUN WAV T UTIUNUNUEEY Tz 34 3
) 2 s
B | gpsiside e v u . - N
aunwmqﬁuﬂ‘nm%wwmnmwﬂwwalﬁﬂamﬁwm l? ‘? EJ ? I? * 3w s T T va gy ooooo-«+
el2 il 01 AUWUITEUUS oL 13 Taamny 1 2 3 4 8
T T m—— N——Y * ST EH L . T S gep— ooooo-
13 . o srvvawmsnysuenldiglivuaud msimsnfuuasiutegn Tt
10 |5 i i TR FO ; 5 8 -
u'.maﬁthgaqmmsnimiwanﬁwsﬂmmnm#ﬂnngnqma’lu o ‘? D oo+
g | T 12345 5 - - . d ; ooooo -+
o ssuuiinstlesiudayalunsdiilfldnumubuimuay e atEa
g ERE
6 v v v o prpven
o sruuausofunli deyslatimstesiulunsdiidlivanseu El] l? ? E] EI *
g 2
7 P o v
5 ssvannsairdayaniatosoduld ‘Ij I? g ? EI *
r 2
experiment #2: December 23, 2013 (KMITL) s
" - v +
o1 srvuauTndmsndayalavanvas gy I? El g El l? 2= aaﬂqmﬂfhmfannuuﬂaumﬂ =

wih 1

wiin 2
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Sample of user evaluation questionnaire for experieed user group (Q1.B) — English translate

Experienced on Knowledge and/or Ontology tool: Only 1 tool

Name.

Sex: O Male O Female Age... ... (years)

Read the possibilities below and answer to what extent they meet your needs at work, according to
the scale on the right. In this scale 1 corresponding to “it does not meet the needs" and 5

corresponds to “fully meets the needs”.

Q1B - Pre-test

Environment-driven Suggestion Questions

no. Questions Answer Scale
t -
There is a good overview of the information o I? opoo+
a0t 12 3 48
2 -
| found the interface easy for work m] I;l ooo+
03 12 345
2 -
| found the interface enough for work ooooo«+
efd 12 345
4 &
05 | found the interface guide steps of work Fl I? E‘ |:—‘ I':'I ¥
5 -
g, | T meaning of informatn s very easy to understand C“ RO
€ .
The information is enough for work =] I? opo -«
<08 12348
7 =
| think the environment interface encourage my work ooooos
09 12 343
8 -
| think that 1 could contribute to this Information ooooo -+
10 12 343
9 -
| Found the varous concepts were well integrated OaLoH
10 | | imagine that most legal experts would understand this information very .ooooo s
el2 | quickly 12 343

Page 1 experiment #2: December 23, 2013 (KMITL)

Basic Features Questions (Q2)

Q1.B - Post-test

Appendix

no. Questions Answer Scale Environment-driven Suggestion Questions
1 . : -Oooooo -+
o1 The meaning of the interfaces are clear 1. % 3.4 Ho. Questions Answer Scale
2 - 1 - =
I am canfident | understand the conceptualization of the tool ooooo -+ There is a good overview of the information L g i
foz 1 2 3435 201 12 343
3 2 =
03 | found the information very easy to understand = |‘3 g CJ EI [? + & I found the interface easy for work Ia: EI El EI E‘ *
a = 3 =
Does the toal check new data for consistency o D ooo -+ | found the interface enough for work m] D ooo«
foa 12 343 e04 12 34 s
5 5 4 »
s | Evaluate the speed of updating after new data is inserted F' F‘ EJI E‘ E‘ T - Ifound the interface guide steps of work I? E‘ l? ? ‘? :
6 , 5 "
f0g | e the chanses identifiable clear to user ? g EJ] E' E' o ag | The meaning of information is very easy to understand E] 1;‘ El ? '—:1 +
7 - 6 -
(o7 | 5t possile to use multiple inheritance 1D I:J L_;] El ? + ogg | The information s enough for work E! [El IEJ E] I? +
8 R 7 =
08 Is it possible to create exhaustive and/or disjoint decomposition I‘j D E)‘ ? I? -+ 9 I think the environment interface encourage my work I? ;I El \? l? *
g 8 z
o Evaluate the stability of the tool (crashes, etc.) % l? g EJI ? g . alb | think that | could contribute to this information E] g E“ E‘ I? *
10 = 9 2
Are there example available in the tool ooooo- | found the various concepts were well integrated ooooos
f10 12345 ell 12345
10 | 1imagine that most legal experts would understand this information very .gooog«+
i el2 | quickly 12 345
Collaborative Work Supportability Questions (Q3)
no. Questions Answer Scale
1 =
i Does the tool allow synchronous editing by different users I? I_:| E‘I l:“ E‘ ke Comments and Suggestion
o 3 3
z S
02 Provided features are enough for the needs of the cooperation ? g D\ ? ? L
o 2 3 $
3 =
03 | found the sharing of information cumbersorne to understand l? I_:| EJI EI E‘ %
9 2 L
a -
Are the change made by other user easy to recognize O I;l ooo -+
200 12345
5 -
Are the ways to lock the information oooo D *
205 12 34 5
6 =
g6 | ™15 Possible to browse the information ifit locked ? el
o 23 s
T =
ot It is possible to import an information from another tool ‘D I;I EJ I;-‘l ? *
9 2 3 3
g =
i It is possible to export the information in various format l? I_?| E]I E‘ E‘ + —- Thank you for your cooperation —
3l 2

Page 2
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Sample of user evaluation questionnaire for experieed user group (Q1.B) — Thai version

UM BHURAEN isuifueeinse (QLE, 0z, 03)

dmufuafuiledfunisinauesstuy (Q2)

UseaunmieliunilfistasdoiunsSan st 7: Listasdin
Ho-umana
o O O 2.

— P, g " » o
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Sample of user evaluation questionnaire for naiveser group (Q1.C) — English translate

Basic Features Questions (Q2)

Q1.C - Post-test

Appendix
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Appendix

Sample of user evaluation questionnaire for naiveser group (Q1.C) — Thai version
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C: Process of Experimental Tasks

Training user group

Appendix

No. First name Last name Sex Age
1 NUNITIOU UAMNTY F 20

2 naiil WENITITUL M 20

3 NG fHeagssuvd M 19

4 Auesigiia UssiasgWug F 20
5  fus AlAfuROFTRA M 20
Male 3: Female 2, age average: 19.8 years

Non-training user group

No. First name Last name Sex Age
1 Aeding Usuiassdnd M 21
2 AGdna WEUTN M 19
3 nafAa AAURUNA F 20
4 LaNin ERNRIG TR M 20
5 ada Tndande M 20

Male 4: Female 1, age average: 20 years

Process of experimental task of training user grougvith spending time (unit: seconds).

Person No. Task 1 Task 2 Task 3
1 65 123 164
2 78 115 158
3 83 134 189
4 72 136 177
5 85 148 195
Average 76.6 131.2 176.6
SD 8.203658 12.67675 15.78924
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Process of experimental task of non-training userrgup with spending time (unit: seconds).

Person Task 1 Task 2 Task 3
No. Time #1 Time #2 Time #1 Time #2 Time #1 Time #2
1 102 85 167 158 210 185
2 98 64 210 172 196 196
3 108 82 188 138 249 188
4 115 68 148 143 188 164
5 128 74 161 128 173 178
Average 110.2 74.6 174.8 147.8 203.2 182.2
SD 11.84061  8.933085 24.40697 17.32628  28.89118 19.049
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean

Pair1 PE_G1 22.4000 10 2.01108 .63596

PO_G1 26.9000 10 2.13177 .67412

Pair2 PE_G2 27.0000 10 3.33333 1.05409

PO_G2 36.2000 10 2.29976 72725

Pair3 PE_G3 29.1000 10 2.64365 .83600

PO_G3 40.0000 10 3.36650 1.06458

Pair4 TASK1_TI 76.6000 5 8.20366 3.66879

TASK1_#1 | 110.2000 5 11.84061 5.29528

Pair 5 TASK1_TI 76.6000 5 8.20366 3.66879

TASK1_#2 74.6000 5 8.93308 3.99500

Pair 6 TASK2_TI 131.2000 5 12.67675 5.66922

TASK2_#1 | 174.8000 5 24.40697 | 10.91513

Pair 7 TASK2_TI 131.2000 5 12.67675 5.66922

TASK2_#2 147.8000 5 17.32628 7.74855

Pair 8 TASK3_TI 176.6000 5 15.78924 7.06116

TASK3_#1 | 203.2000 5 28.89118 | 12.92053

Pair9 TASK3_TI 176.6000 5 15.78924 7.06116

TASK3_#2 | 182.2000 5 12.04990 5.38888

* pair 4-9 only
Paired Samples Correlations
N Correlation Sig.

Pair1 PE_G1 & PO_G1 10 .295 407

Pair 2 PE_G2 & PO_G2 10 .522 122

Pair 3 PE_G3 & PO_G3 10 .612 .060

Pair4 TASK1_TI & TASK1_#1 5 493 .399

Pair 5 TASK1_TI & TASK1_#2 5 -.214 729

Pair 6 TASK2_TI & TASK2_#1 5 -.670 215

Pair 7 TASK2_TI & TASK2_#2 5 -.978 .004

Pair 8 TASK3_TI & TASK3_#1 5 .030 .962

Pair 9 TASK3_TI & TASK3_#2 5 -.400 .504
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Paired Samples Test

Paired Differences
95% Confidence
Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair 1 PE_G1-PO_G1 -4.5000 2.46080 77817 -6.2604 -2.7396 -5.783 9 .000
Pair 2 PE_G2 - PO_G2 -9.2000 2.89828 91652 | -11.2733 -7.1267 -10.038 9 .000
Pair 3 PE_G3 - PO_G3 -10.9000 2.72641 .86217 | -12.8504 -8.9496 -12.643 9 .000
Pair 4 TASK1_TI - TASK1_#1 -33.6000 10.57355 4.72864 | -46.7288 | -20.4712 -7.106 4 .002
Pair 5 TASK1_TI - TASK1_#2 2.0000 13.36039 5.97495 -14.5891 18.5891 .335 4 .755
Pair 6 TASK2_TI - TASK2_#1 -43.6000 34.22426 | 15.30555 | -86.0950 -1.1050 -2.849 4 .046
Pair 7 TASK2_TI - TASK2_#2 -16.6000 29.83790 | 13.34391 | -53.6486 20.4486 -1.244 4 .281
Pair 8 TASK3_TI - TASK3_#1 -26.6000 32.50846 | 14.53823 | -66.9646 13.7646 -1.830 4 141
Pair 9 TASK3_TI - TASK3_#2 -5.6000 23.38376 | 10.45753 -34.6348 23.4348 -.535 4 .621
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