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Abstract

E-learning and web-based learning are intended to support learners. It is still difficult, however,
for learners to identify and choose study materials that match their current and desired abilities.
In addition, learners may fail to recognize missing prerequisite learning, and may fail to
understand the relationships between the knowledge they seek. Most e-learning systems in
Thailand do not provide the information needed to assist learners and avoid these difficulties.
This research proposes pedagogically-infformed knowledge structures and associated
applications, including a tool for designing and building such structures, a tool for navigating the
structures for particular purposes (e.g., identifying knowledge missing from learners’ existing
knowledge), and a tool for recommending appropriate materials. Experimental studies will be
conducted to validate the design of the knowledge structures and the methods for their
construction, and to evaluate the effectiveness of the tools. Learners will be expected to gain
significantly higher levels of achievement by using the knowledge structures and associated
tools proposed in this research, and educational communities in Thailand will be able to share

the knowledge structures and use the tools to support learners.
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Executive Summary

Knowledge Representation is the study of representing knowledge formally and explicitly, so
supporting unambiguous knowledge sharing. This issue becomes particularly important when
machines facilitate knowledge management (Guarino, 1995). In the learning and teaching
environment, knowledge representation has been used to: represent a content structure of
learning documents (Yang & Sun, 2013), support learners in their own knowledge acquisition
(Chu, Lee, & Tsai, 2011; Shaw, 2010), and enable suggestions to learners (Chiou, Lee, & Liu,
2012). Knowledge relationships can be represented in many forms: maps, trees, networks, and
graphs. They may be called concept maps, knowledge maps, and knowledge structures.

There are several methods of building knowledge structures (Li-Yu, Yu-Shih, & Chih-Ping,
2012; Nitchot, Gilbert, & Wills, 2011; Novak & Canas, 2006), and an interesting question is how
such structures can pedagogically support learning and teaching activities. In the early stage of
this research, literature related to methods of knowledge structure/concept map building and
use in educational technology was reviewed, and Thai school teachers were surveyed and
interviewed (as discussed in Section 8, Methodology). The questions asked about the teaching
experiences and the uses of knowledge structures in teaching. The preliminary findings
suggested that the teachers did not report using knowledge structures in teaching, but did use
“‘mind maps” to support learners’ conceptualization and understanding of the course content.
These were a rather rough note of content knowledge where the relationships among the
content items were usually vague and imprecise (D'Antoni, Zipp, Olson, & Cahill, 2010). The
teachers felt that mind maps were useful and that they could benefit education, helping learners
think about and understand the relationships in the knowledge shown.

‘Resources’ are an important factor to complement a knowledge structure and support
its use. There is still a lack of good resources for learning (Thai Education Testing Oranization,
2009). E-learning is one type of resource, comprising electronically-supported online courses,
online websites, lesson videos, instructional TV, and so on. Such resources allow learners to
study and practice/solve lesson problems at times and in places which may suit them better.
While learners can retrieve supplementary online resources and familiarize themselves with
missing knowledge before their course starts, it is difficult for them to find and access materials
which match their intended learning outcomes (ILOs) or their current level of ability. Learners
may not be able to identify their competences on their own, identify the relationships among
both prerequisite and desired knowledge, or obtain learning materials which properly relate to

their current and desired abilities.



This research suggests a method of constructing and applying knowledge structures to
support learning and teaching which is based upon the ILOs in a targeted knowledge domain.
The ‘MyTeLeMap’ application is a tool for building and visualizing knowledge structures.
Instructors or knowledge structure designers (which could include learners themselves) can use
this tool to develop, extend, and share knowledge structures. Importantly, the tool supports
identifying knowledge missing from a learner's current understanding and suggesting both

learning paths and learning resources in respect of particular desired learning outcomes.
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Pre-test (Fundamental Programming)

1) The keyword used to transfer control from a function back to a calling function is (function)
A. switch

B. goto

C. go back

D. return

2) What knowledge is required to learn about functions in programming? (testing prerequisites)
A. Parameter passing and objects

B. Objects and strings

C. Encapsulation and variables

D. Variables and strings

3) Suppose a, b, ¢ are integer variables with values 5, 6, 7 respectively. What is the value of the expression:
not((b+c) > (a+10)) (operator)

Al B.O

C.2 D.-2

4) How would you declare a variable to store the city of birth of a person? (string)
A. Char: city

B. String: city

C. Integer: city

D. Boolean: city

5) Which of the following is a valid variable name? (variable)
A. NBasic Salary

B. NBasicSalary

C. NBasic.Salary

D. NBasic+Salary

6) With regard to question 3 and 5 above: (testing prerequisite)

A. You need to be able to answer question 3 in order to answer question 5
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B. You need to be able to answer question 5 in order to answer question 3
C. Questions 3 & 5 depend upon each other equally
D. Question 3 has nothing to do with question 5

7) Statement 1: A variable must be declared before being used in a program. Statement 2: A variable can be
used without being initialized. (variable)

A. Statement 1 is True and Statement 2 is false

B. Both statements are true

C. Statement 1 is false and Statement 2 is true

D. Both statements are false

8) Which type of operator is used to test the equality of two variables or of a variable and a constant?
(Operators)

A. Arithmetic operator

B. Logical operator

C. Relational operator

D. Special operator

9) With regard to questions 1, 7 and 8, you need to be able to answer: (testing prerequisite)
A. Q8 before Q7, and Q7 before Q1
B. Q7 before Q1, and Q1 before Q8
C. Q1 before Q7, and Q7 before Q8
D. Q7 before Q8, and Q8 before Q1

10) In order to be able to answer a question such as Q1, knowledge of:
A: Strings is needed.

B. Objects is needed.

C. Encapsulation is needed.

D. Parameter passing is needed.



NAaNKIN C

(MwAInTINAALITaInuMTNan lasan s L)

22



~ o v o A < o =2 a A a &
ANILLUSUIITUL MyTeLeMap 11&ﬂlmmiﬂw1m&lﬁf;lllﬂﬂ‘hl"l Ii\‘il,if;l‘l«b&l%@a’s‘l’ltl’l‘l;bﬁim

23



24

MANWIN D
(Manuscript‘ﬁ 1)
Nitchot, A., Wettayapresit, W. and Gilbert, L. Personalized Learning System for Visualizing
Knowledge Structures and Recommending Study Materials Links. E-Learning and Digital Media

(Under Revision)



Personalized Learning System for Visualizing Knowledge Structures

and Recommending Study Materials Links

25



26

Abstract

The aim of this research is to introduce a method of constructing knowledge
structures which represent the relationships among the knowledge items in a
pedagogically useful way. A prototype, ‘MyTeLeMap’, was implemented to support
both learners and instructors. Learners could visualize the knowledge structures in
different knowledge domains and obtain links to corresponding study materials. The
system also offered learning paths and recommendations, for example, to related
structures. Instructors could create and share their knowledge structures. An
experiment compared the learning outcomes of learners using MyTelLemap and those
using a free-browsing mode. The results showed that MyTeLeMap helped learners
more than free browsing. Future work includes the incorporation of a search
application for learners and of management features for instructors to upload and
share learning materials linked to specific knowledge domains.

Keywords: Personalized Learning; Knowledge Structure; Web-based

Learning; Internet Supported Learning; Pedagogy; Structure Visualization



27

Introduction

Knowledge Representation is the study of representing knowledge formally
and explicitly, so supporting unambiguous knowledge sharing. This issue becomes
particularly important when machines facilitate knowledge management (Guarino,
1995). In the learning and teaching environment, knowledge representation has been
used to: represent a content structure of learning documents (Yang & Sun, 2013),
support learners in their own knowledge acquisition (Chu, Lee, & Tsai, 2011; Shaw,
2010), and enable suggestions to learners (Chiou, Lee, & Liu, 2012). Knowledge
relationships can be represented in many forms: maps, trees, networks, and graphs.
They may be called concept maps, knowledge maps, and knowledge structures.

There are several methods of building knowledge structures (Li-Yu, Yu-Shih,
& Chih-Ping, 2012; Nitchot, Gilbert, & Wills, 2011; Novak & Canas, 2006), and an
interesting question is how such structures can pedagogically support learning and
teaching activities. In the early stage of this research, literature related to methods of
knowledge structure/concept map building and use in educational technology was
reviewed, and Thai school teachers were surveyed and interviewed (as discussed in
Section 8, Methodology). The preliminary findings suggested that even though
knowledge structures have been recommended for many years, school teachers did
not report using them in their teaching. While “mind maps” were used to support
learners’ conceptualization and understanding of the course content, these are a rather
rough note of content information where the relationships among the content items are
usually vague and imprecise (D'Antoni, Zipp, Olson, & Cahill, 2010). The teachers
felt that mind maps were useful and that they could benefit education, helping learners
think about and understand the relationships in the information shown.

‘Resources’ are an important factor to complement a knowledge structure and
support its use. There is still a lack of good resources for learning (Thai Education
Testing Oranization, 2009). E-learning is one type of resource, comprising
electronically-supported online courses, online websites, lesson videos, instructional
TV, and so on. Such resources allow learners to study and practice/solve lesson
problems at times and in places which may suit them better. While learners can
retrieve supplementary online resources and familiarize themselves with missing
knowledge before their course starts, it is difficult for them to find and access
materials which match their intended learning outcomes (ILOs) or their current level

of ability. Learners may not be able to identify their competences on their own,
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identify the relationships among both prerequisite and desired knowledge, or obtain
learning materials which properly relate to their current and desired abilities.

This research suggests a method of constructing and applying knowledge
structures to support learning and teaching which is based upon the ILOs in a targeted
knowledge domain. The ‘MyTelLeMap’ application is a tool for building and
visualizing knowledge structures. Instructors or knowledge structure designers (which
could include learners themselves) can use this tool to develop, extend, and share
knowledge structures. Importantly, the tool supports identifying knowledge missing
from a learner’s current understanding and suggesting both learning paths and

learning resources in respect of particular desired learning outcomes.

Knowledge Representation and Applications

Sowa (2000) defined knowledge representation (KR) as “a multidisciplinary
subject that applies theories from three fields: logic, ontology, and computation.”
Logic identifies the formal structure and rules of inference. Ontology refers to the
kinds of things that exist in the application domain. Computation distinguishes the
application of KR from pure philosophy. Bench-Capon (2014) suggested KR is a set
of syntactic and semantic conventions that makes it possible to describe things.
Syntax refers to a set of rules for combining symbols to form valid expressions, and
semantics specifies how such expressions are to be interpreted. From these
definitions, we consider KR to be a way to represent things using valid and
understandable expressions which we process and visualize as knowledge structures.

Liao (2003) reviewed the literature of KR applications and found it used
within fields such as human resources, management, database management,
agriculture, and e-learning.

Chiu & Pan (2014) designed a knowledge structure to represent the
information related to research papers (topic, name and cited frequency) and to
explore the relationships among them, helping readers understand the relationships
among selected topics, papers, and citation frequencies. Wickel et al. (2013) used
knowledge structures to manage human resources within organizations, identifying
project team roles and members’ relevant knowledge. Abel (2015) developed ‘E-
MEMORAEe’ as a web platform for managing and sharing knowledge within an
organization (Figure 1). This system was adapted to an educational environment,

where learners could use the knowledge structures to access learning resources. In this
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research (Abel, 2015) , knowledge is defined using ontologies which cover the
knowledge structure and its functionality. Hao, Yan, Gong, Wang, & Lin (2014)
proposed a method of constructing a knowledge structure with the following steps:
defining the domain knowledge content, computing a keyword-by-knowledge item
co-occurrence matrix, and calculating semantic similarity. A sample of a resulting

knowledge structure is shown in Figure 2.
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Figure 1. Knowledge Map Containing 7 Persons in a Projects and Their Identified Knowledge
(Abel, 2015)
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Figure 2. An Example of Knowledge Map Where k is the Knowledge Keyword (Hao et al., 2014)
Related work has adopted KR within e-learning. Melis, Budenbender,

Goguadze, Libbrecht, and Ullrich (2003) proposed ‘ACTIVEMATH’, an open Web-
based learning environment for mathematics. where the KR represented the content
structure of mathematical learning resource documents. It used ‘OMDoc’ (Kohlhase,
2000), an extension of the OpenMath XML standard,and contained a grammar
representation of mathematical objects and sets of standardized symbols (the content
dictionaries). Marshall et al. (2003) proposed ‘GetSmart’, a tool to allow individuals
to create and share knowledge, where users could construct concept maps and
synthesize their ideas into personal knowledge representations. XML was applied to
enhance modularity for concept map sharing. Mendes, Martinez and Sacks (2002)
used a fuzzy clustering algorithm and ‘TopicMaps’, a tool for modelling and
managing knowledge structures which are in the form of XML documents, to discover
and represent knowledge. The relationships between learning materials were
identified by fuzzy clustering and later used within adaptive link documents.
Personalized Search within Educational System

Gordon and Pathak (1999) discussed four different methods for locating
information on the Web. Of direct interest is the use of search engines to find and then
furnish information that hopefully relates to the search term. Griffiths & Brophy
(2007) suggested that learners use search engines to find learning resources from the
internet as a self-learning activity. Currently, there are a number of search engines, for
example, Google, Bing, Yahoo, and Alta Vista. Google is often used for searches in a
learning context since it gives a high probability that the first result is relevant
(Hawking, Craswell, Bailey, & Griffiths, 2001). In addition, Google offers the largest
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index, useful services, and relatively good performance and usability (Mayr &
Tosques, 2005), (Pan et al., 2007).

There is an argument, however, against Google’s search engine based on the
PageRank algorithm, which is that PageRank is not effective for identifying the best
webpages in a university system because of its domination by internal links (Thelwall,
2003). Normally Google search results contain various kinds of webpages such as
blogs, forums, electronic books, and electronic files. While some of these results
could contain pages with academic purposes, others may contain internal links with
nonacademic purposes. Nevertheless, a Google search remains an effective way to
gather all resources from the Web which may be related to a learner’s search using
competence terms.

Tang & Ng (2006) used Google as a diagnostic aid for both doctors and
patients. Their results showed that web-based search engines such as Google are
becoming that latest tools in clinical medicine, and doctors in training need to become
proficient in their use. Some studies were conducted to assess the effectiveness of
Google as a tool for personal learning. Griffiths & Brophy (2007) investigated user
searching behaviour and information-seeking strategies. Google was rated well for
ease of use, success, and time taken to search, and was found to be the search engine
of choice, though students found it difficult to locate information and resources and
may trade quality of results for effort and time spent searching. Liaw, Chang, Hung,
& Huang (2006) investigated individual attitudes toward search engines as a learning
assistance tool. Their results suggested that experience with high quality search
engines positively influenced user perception of individual enjoyment and self-
efficacy. Tsai & Tsai (2003) explored students’ strategies in searching for information
via Web-based activities. They concluded that high Internet self-efficacy students had
better searching strategies and learned better than those with low Internet self-
efficacy. While Google helped learners find information and study resources, there
are some limitations in the quality of found resources and in the students’ self-efficacy
skills.

Constructing MyTeLeMap Knowledge Structures

Some methods and approaches of how to design and construct knowledge
structures were reviewed in Section 2. In this study, information on subject matter and
learning outcomes was obtained from school teachers, followed by a task analysis to

give a diagrammatic representation of the subject matter (Gilbert and Gale, 2008).
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Knowledge structures were built as follows, adapting the process described by
Nitchot, Gilbert, and Wills (2011):

Step 1: Choose knowledge domain, identify ILOs, list subject matter

The construction of a pedagogically-informed knowledge structure starts by
identifying the ILOs that a student’s knowledge will support. For example, the ILO
‘define HTML’ might be relevant for a knowledge domain of ‘Web Technologies’.
The ILOs are analysed to provide a list of subject matter content. The earlier example
of an ILO suggests ‘HTML’ as an item of subject matter to be added to the list.

Step 2: Undertake task analysis of subject matter

The subject matter content is categorized into four types based on Merrill’s
CDT (Gilbert and Gale, 2008): fact, concept, procedure, and principle. The task
analysis provides the relationships and structures inherent in each type of subject
matter, using a diagrammatic approach where the type of subject matter has a
characteristic notation and representation.

A ‘fact’ is represented by two elements which make a fact pair. Each element
is notated as a circle. For example, the fact of ‘HTML’ is represented as a pair of two

facts, ‘standard markup language’ and ‘tags elements’, as shown in Figure 3.

HTML

Standard markup language Tags elements

Figure 3. Task Analysis of the Fact ‘HTML’ as a Standard Markup Language

Comprising Tags Elements.

A ‘concept’ involves the concept name, its superordinate class, and a number
of attribute-value pairs which appropriately characterise the concept. The relationship
between class and superordinate class is ‘a kind of” or ‘type of’. The concept is
notated as triangle, and its components are shown as facts. For example, the concept
of ‘CSS’ is illustrated in Figure 4, showing that the concept ‘CSS’ is a kind of ‘style’
characterised by its ‘compatibility’ with ‘HTML’ and its ‘composition’ comprising

‘property’ and ‘value’.
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Style

compatibility HTML

is a kind of

/X

CSss

property

composition

value

Figure 4. Task Analysis of the Concept ‘CSS’

A ‘procedure’ is represented as a set of steps (and optionally has associated
facts and concepts such as the procedure name, the situation in which it may be
appropriately applied, and the goal which it achieves). A step is notated as a square
(or, more elaborately, the procedure may be notated as a UML activity diagram). For

example, the procedure of ‘setting the website online’ is shown in Figure 4.

Getting the website platform

Finding a domain name and host

Putting website platform via FTP
solution

Setting ports according to domain
and host

Figure 5. Task Analysis of the Procedure ‘Setting the Website Online’

A ‘principle’ involves the specification of cause and effect. The principle itself
IS notated as a pentagon with something of a direction suggested by two sides. For

example, a principle of CSS definition is shown in figure 6. Causes are shown on the
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left side of pentagon and the right side shows the effect or result of the principle.
Here, the set of causes and effect is the fact

cause give

Appearance

CSS HTML of web

Figure 6. Task Analysis of the Principle ‘CSS Definition’
Step 3: Completing the subject matter list

The task analysis of the subject matters is t reviewed and the list of subject
matter enhanced to ensure completeness that all required facts, concepts, procedures,
and principles are present. For example, ‘HTML’ comprises ‘tags elements’, and
consideration may be given to enumerating the various tag elements in the subject
matter list if these are not already incorporated. This might be appropriate if an ILO
such as, “list the major HTML tags” is to be added to the knowledge domain.

Step 4: Structure the subject matter

Given the complete list of subject matter and the associated task analyses
which identify the relationships between the subject matter items, a knowledge
structure is created by representing each subject matter item as a node, and by
connecting nodes where the items are connected in the task analysis diagrams. The
relationship between subject matter nodes is parent-child, and by convention is noted
by an arrow pointing to the child node. Which is the parent and which the child is
given by the relationship shown in the task analysis, and, pedagogically, can be
considered prerequisite. ldeally, the knowledge structure conforms to the
requirements of a directed acyclic graph, in which case it is also known as a
dependency graph and a number of theorems of graph theory apply on reachability
and path uniqueness. This knowledge structure represents the domain subject matter.
In order to develop a competence structure, each node of subject matter requires
tagging with a corresponding capability (from the associated ILO) and a context
(implied by the ILO). Figure 7 shows a sample of a knowledge structure of a

mathematical subject (at high school level).
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Enterprise Web . Open sources languages and packages
Development

Server-side backend -
Web Presentation . database . Web Cookies . . JavaScript
HTTP Protocol . Web Standards O Server-side programming . . Client-side programming
. . Web Markup and Display Languages

Structure of WWW

C

XML HTML CsSSs

Figure 7. Knowledge Structure of Web technologies Where Arrow Indicates the Prerequisite

and Circle Indicates the Subject Matter

Tools for Suggesting Learning Resources’ Links

A tool for suggesting links to learning resources based on knowledge
structures has been implemented as a prototype called ‘MyTeLeMap’. The current
tool incorporates the designed knowledge structures and their associated learning
resources (mainly html links). A graph visualization library (such as Graphviz [REF]
and Microsoft Automatic Graph Layout [REF]) display the graph nodes and edges
from the knowledge database. The Google API is used to gather links from the web.
The tool infrastructure is shown in Figure 8. Currently, a recommender system and a
learning path service are under investigation (rounded rectangles with strong line).

Figure 9 and Figure 10 show screenshots of the prototype MyTelLeMap tool in
use. In Figure 9, the chosen knowledge structure is shown and links associated with
the selected node are suggested. The links are obtained from a Google search using
the Google API and default settings, where the search keywords are extracted from
the knowledge keywords in the selected node. The search results can be filtered by
website (e.g., YouTube, Wikipedia). In Figure 10, the nodes are suggested based on
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the current selected node and previously visited nodes. The teacher role can manage
all designed knowledge structures, as shown in Figure 11, and can create new

knowledge structure as shown in Figure 12.
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Figure 8. MyTeLeMap Tool Infrastructure
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HTML |
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Figure 9. Screenshot of the Prototype MyTelLeMap Suggesting Study Materials Links
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Your Chosen Map is [IESEE Node Selected is
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Figure 10. Screenshot of the Prototype MyTelLeMap Giving Some Suggestions

..

¢ Mytelemap 3 & Register
# Q = & Lt [}
B Home SearchMap | MyMaplist | CreateMap  Statistics Chart  Contact Us
# Home > My Map List

My Map List:
Order Map Name Create Date Last Update Map Viewer search Links Publish Actions
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Figure 11. Screenshot of the Prototype MyTeLeMap Listing All Designed Knowledge Structures
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¢, Mytelemap  EEENENE IS & regster

# Q = & il ]
B ome  search Map  MyMaplist | CreateMap | StatisticsChart  Contact Us
A Home > Create Map
Create Map: add a pair of parent and child Map Information & Relations

Parent: Knowledge Map Name:
Child: Category: = —Choose Category— v
Tag input

Parent Child Action

Figure 12. Screenshot of the Prototype MyTelLeMap for Managing a Designed Knowledge

Structure

Questionnaire and Interview: Design and Results

A preliminary survey on teachers’ experiences in using and designing
knowledge structures was conducted, comprising a questionnaire and an interview.
For the questionnaire study, participants were 173 school teachers from Songkhla
province, Thailand. The results showed that the teachers have used some tools for
building such structures, such as a mind-mapping tool and the Cmap tool. Most of
them (136 school teachers) recognized and used mind-maps during their teaching
activities. None of them represented or designed pedagogical structures with linkage
among the knowledge components. They were interested in using a tool for building
pedagogical knowledge structure (interested = 106, highly interested = 61) and were
willing to use the structures and their applications as educational aids (interested =
101, highly interested = 62).

The interview study was conducted with 10 school teachers from the schools
mentioned. Even though knowledge structures have been recommended for many
years, school teachers still did not report using them in their teaching. However, the
teachers felt that knowledge structures were useful and could benefit education more.
For example, such structures could help learners think about and understand the
relationships among the information shown. On the teachers’ sides, they thought that
designing knowledge structures could be another way of sharing their tacit knowledge
with other teachers.
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Experiment: Design and Results
An experiment was conducted to compare whether learning using the
prototype MyTelLeMap was better than learning by freely browsing. The pictorial

representations of these two learning modes are shown in Figure 13 and Figure 14.
Desired ’ Learning Search .
Knowledge Paths —} Keywords —)> Engine —) Links

Figure 13. MyTeLeMap Learning Mode

Search .
Keywords q Engine q— Links
Figure 14. Freely Browsing Learning Mode

The experiment was concerned with the second, ‘learning’, level of
Kirkpatrick’s four levels of evaluation (Kirkpatrick, 2007). The participants were
assigned to one of two groups: one group experienced the MyTeLeMap learning
mode and the other group experienced the freely-browsing learning mode. All
participants were required to take a pre-test and a post-test, before and after
experiencing the respective learning modes. The pre-test and post-test were the same
for all participants, being a multiple choice test consisting of 10 questions. The scores
obtained from the pre-test and post-test were compared for each learning mode.

The required sample size of this experiment was 12 according to G*power,
using an effect size f = 1, an alpha error probability = 0.05, power = 0.8, the test
family as F-test, the number of groups = 2, and the statistical test as ANOVA repeated
measures, within-between interaction. The actual number of participants was 40 as
shown in Table 2.

The questions in the pre-test/post-test were based on selected knowledge of the
fundamental programming. The total number of questions was 10. The chosen

knowledge was as follows:

. Functions
. Operators
. String

. Variables



Table 1. Exampl

es of Questions in Pre-test and Post-test

40

Knowledge

Questions in Pre-Test/Post-Test

Function

The keyword used to transfer control from a function back to a calling

function is ?

Operators | Suppose a, b, ¢ are integer variables with values 5, 6, 7 respectively.
What is the value of the expression NOT((b+c) > (a+10))?

String How would you declare a variable to store the city of birth of a person?

Variable Which of the following is a valid variable name?

A two-way repeated measures ANOVA was used to analyze the obtained test

scores, in order to determine the better learning mode. ‘Learning mode’ comprised

two levels, freely-browsing and MyTeLeMap. ‘Test type’ comprised two levels, pre-

test and post-test.

Table 2, Table 3, and Table 4 show the descriptive statistics, the tests of

within-subjects effects and the tests of between-subjects effects. Figure 7 displays the

profile graphs.

Table 2. Means and Standard Deviation of Test Scores

Test Type Learning_Mode Mean Std. Dev.

Pre_Test Freely Browsing 3.8 0.83 20
MyTelLeMap 3.9 0.93 20
Total 3.8 0.87 40

Post_Test  Freely Browsing 55 1.10 20
MyTelLeMap 7.5 1.10 20
Total 6.5 1.50 40
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Figure 15. Profile Graph of Mean Ratings of Test Scores of Pre-test and Post-test for Two

Learning Modes (where Group 1 = MyTeLeMap & Group 2 = Freely Browsing)

Table 3. Tests of Within-Subjects Effects

Type 111 Sum of Mean
Source Squares df | Square F p.
Test_Type 140.45 1 140.45 | 154.48 [<0.0
1
Test_Type * Learning_Mode 20.00 1 20.00 22.00 |<0.0
1
Table 4. Tests of Between-Subjects Effects
Type 111 Sum of Mean
Source Squares df Square = 0
Learning_Mode 22.05 1 22.05 20.36 | <0.01
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Type 111 Sum of Mean

Source Squares df Square = D
Learning_Mode 22.05 1 22.05 20.36 | <0.01
Error 41.15 38 1.08

The results from the statistical data obtained (as shown in Table 2, Table 3,
and Table 4) were as follows.

1. There was no significant difference between two groups of students at
pre-test, suggesting that the students in both group had equal knowledge on

fundamental programming.

2. Both learning modes helped students significantly increasing their
knowledge.
3. There was a significant interaction between learning mode and test

types, such that MyTeLeMap helped students improve their learning significantly
more than freely-browsing.

From the experiment, it can be concluded that both learning modes helped
learners in learning, however, MyTelLeMap helped significantly more than freely

browsing.

Conclusions and Future Work

A knowledge-based system (MyTeLeMap) for suggesting study material links
from the Web has been proposed in this research. The aim of the approach is to assist
learners to achieve their desired knowledge. The system provides learners with
suggestions based on their current and previously selected nodes in a given
knowledge structure. A method of constructing the knowledge structure was also
proposed. An experimental study showed that the MyTeLeMap system can support
learning better than free browsing. The system depends on a search engine API which
tends to change regularly, and this may affect the long-term usability of the
application. Future work includes a personalized search engine, improvements to the
system’s user interface and user experience, and some management features to allow

teachers to attach their own study materials.



43

References

Abel, M.-H. (2015). Knowledge map-based web platform to facilitate organizational
learning return of experiences. Computers in Human Behavior, 51, Part B,
960-966. doi: https://doi.org/10.1016/j.chb.2014.10.012

Bench-Capon, T. J. M. (2014). Knowledge Representation: An Approach to Artificial
Intelligence. UK.

Brin, S., & Page, L. (1998). The anatomy of a large-scale hypertextual Web search
engine. Computer Networks and ISDN Systems, 30(1-7), 107-117.

Chiu, D.-Y., & Pan, Y.-C. (2014). Topic knowledge map and knowledge structure
constructions with genetic algorithm, information retrieval, and multi-
dimension scaling method. Knowledge-Based Systems, 67, 412-428. doi:
https://doi.org/10.1016/j.knosys.2014.03.008

Gordon, M., & Pathak, P. (1999). Finding information on the World Wide Web: the
retrieval effectiveness of search engines. Information Processing &
Management, 35(2), 141-180.

Gilbert, L., & Gale, V. (2008). Principles of E-learning Systems Engineering.
Griffiths, J. R., & Brophy, P. (2007). Student Searching Behavior and the Web: Use
of Academic Resources and Google: Graduate School of Library and

Information Science. University of Illinois at Urbana-Champaign.

Hao, J., Yan, Y., Gong, L., Wang, G., & Lin, J. (2014). Knowledge map-based
method for domain knowledge browsing. Decision Support Systems, 61, 106-
114. doi: https://doi.org/10.1016/j.dss.2014.02.001

Hawking, D., Craswell, N., Bailey, P., & Griffiths, K. (2001). Measuring Search
Engine Quality. Information Retrieval, 4(1), 33-59.

Kirkpatrick, D. L. (2007). Implementing the four levels : a practical guide for
effective evaluation of training programs (1 ed.): San Francisco : Berrett-
Koehler Publishers.

Liao, S.-h. (2003). Knowledge management technologies and applications—Iiterature
review from 1995 to 2002. Expert Systems with Applications, 25(2), 155-164.
doi: https://doi.org/10.1016/S0957-4174(03)00043-5

Liaw, S.-S., Chang, W.-C., Hung, W.-H., & Huang, H.-M. (2006). Attitudes toward
search engines as a learning assisted tool: approach of Liaw and Huang’s
research model. Computers in Human Behavior, 22(2), 177-190. doi:
http://dx.doi.org/10.1016/j.chb.2004.09.003

Mayr, P., & Tosques, F. (2005). Google Web APIs - an Instrument for Webometric
Analyses?

Nitchot, A., Gilbert, L., & Wills, G. (2011). Designing XML Schema of a Competence
Structure from Course Intended Learning Outcomes. Paper presented at the
14th IASTED International Conference on Computers and Advanced
Technology in Education, Cambridge, UK.

Pan, B., Hembrooke, H., Joachims, T., Lorigo, L., Gay, G., & Granka, L. (2007). In
Google We Trust: Users' Decisions on Rank, Position, and Relevance Journal
of Computer-Mediated Communication, 12(3).

Sowa, J. F. (2000). Knowledge representation : logical, philosophical, and
computational foundations: Pacific Grove, CA: Brooks/Cole.

Tang, H., & Ng, J. H. K. (2006). Googling for a diagnosis—use of Google as a
diagnostic aid: internet based study. BMJ, 333(7579), 1143-1145.

Thelwall, M. (2003). Can Google's PageRank be used to find the most important
academic Web pages? Journal of Documentation, 59(2), 205-217.

Tsai, M.-J., & Tsai, C.-C. (2003). Information searching strategies in web-based
science learning: the role of internet self-efficacy. Innovations in Education



http://dx.doi.org/10.1016/j.chb.2004.09.003

44

and Teaching International, 40(1), 43-50. doi:
10.1080/1355800032000038822

Wickel, M., Schenkl, S., Schmidt, D., Hense, J., Mandl, H., & Maurer, M. (2013).
Knowledge structure maps based on Multiple Domain Matrices. InImpact: The
Journal of Innovation Impact, 5(1), 5 - 16.



45

nManwIn E
(Manuscriptﬁ 2)
Nitchot, A., Wettayapresit, W. and Gilbert, L. Assistive Tool for Constructing Knowledge
Structures and Suggesting Related Study Materials Links. the special issue of Chiang

Mai University Journal of Natural Sciences (Submitted)



46

Assistive Tool for Constructing Knowledge Structures and
Suggesting Related Study Materials Links

Athitaya Nitchot', Wiphada Wettayapresit! and Lester Gilbert?

'Prince of Songkla University International College, Prince of Songkla
University, Hatyai, Songkla 90100, Thailand

2Electronics and Computer Science, University of Southampton,
Southampton SO17 1BJ, UK

«Corresponding author. E-mail: athitaya nitchot@gmail.com

ABSTRACT

This research proposes a Web-based system for constructing
knowledge structures and suggesting study materials links. Within Web.-

based learning, it is still difficult for learners to identify and choose
study materials that match their current and desired abilities. In

addition, learners may fail to recognize missing prerequisite learning,
and may fail to identify the knowledge they seek. Most e-learning

systems do not provide the information needed to assist learners and
avoid these difficulties. We propose pedagogically-informed knowledge

structures and associated applications, including a tool for designing
and building such structures, a tool for navigating the structures for
particular purposes (e.g., identifying knowledge missing from learners-

existing knowledge) , and a tool for recommending appropriate
materials. In this research the knowledge structures are derived from

the subject matter within a targeted knowledge domain using task
analysis. In this paper, a method of constructing a knowledge structure

Is proposed. An experimental study investigated users’ design and use of
a knowledge structure. Learners will be expected to gain significantly

higher levels of achievement by using the knowledge structures and
associated tools proposed in this research, and educational
communities will be able to share the knowledge structures and use the
tools to support learners.

Keywords: Knowledge representation, Web-based learning, Knowledge
structure, Visualization, Self-study
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INTRODUCTION

Web-based education is an area which makes use of resources from
the Web for education purposes. The Web has become an effective

resource and facilitates learning since learners can access it at any time
and from any place and Web content is relatively easily updated. The aim

of this research is to contribute a Web-based system which provides links
as appropriate study materials. These links are generated, based upon the

knowledge selected by learners and there are learning paths provided
which are generated from knowledge structures.

In this paper, related literature on knowledge representation,
knowledge structures, and related tools is reviewed. Knowledge

representation is the study of representing knowledge formally and
explicitly, so supporting unambiguous knowledge sharing. This issue

becomes particularly important when machines facilitate knowledge
management (Guarino, 1995). In the learning and teaching environment,

knowledge representation has been adopted in many ways, such as:
representing a content structure of learning documents (Yang & Sun,
2013), supporting learners in their own knowledge acquisition (Chu, Lee,
& Tsai, 2011; Shaw, 2010), and enabling suggestions to learners (Chiou,
Lee, & Liu, 2012). Knowledge relationships can be represented in many
forms, such as maps, trees, networks, and graphs. They may be called
concept maps, knowledge maps, and knowledge structures.

There are several methods of building knowledge structures and an
interesting question is how pedagogically informed structures can support
learning and teaching activities. In the early stage of this research, a

literature review found some methods of knowledge structure;concept
map building and use in educational technology. Thai school teachers
were surveyed and interviewed (as discussed in Section 8, Methodology),

and the preliminary data suggested that even though knowledge structures
have been recommended for many years, school teachers did not report
using them in their teaching. <Mind maps~ were used to support learners

conceptualization and understanding of the course content. A mind map is

a rather rough note of content information, though the relationships
among the content items are usually vague and imprecise (D'Antoni, Zipp,

Olson, & Cahill, 2010). The teachers felt that mind maps were useful and

that they could benefit education, helping learners think about and
understand the relationships in the information shown.
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In normal classroom environments, the learners- prior knowledge is
always varied. Some learners may not be aware of their missing
knowledge or of the links and relationships between knowledge. This

could affect their learning and their ability to achieve their desired
learning. Saiyasombut & Siam Voices (Saiyasombut & Siam Voices,

2012) reported that Thai learners are not being well equipped with the

type of knowledge and skills that will enable them to do well in the future
in which many key aspects of life will require a more demanding level of
literacy. These problems can be found in any classes with any subjects.

Thai classrooms tend to provide similar learning environments and all
learners are assumed to have the same level of knowledge (Sirisoonthorn,

2012). Thai learners are taught to ‘remember rather than -understand- in
their lessons. Consequently, they have inadequate -thinking process> and
‘solving problem> skills (Parinya Plicharoensuk, 2012).

‘Resources’ are also an important factor. There is still a lack of good
resources for learning. E-learning is one type of resource for overcoming
this problem, comprising electronically-supported resources such as

online courses, online Web sites, lesson videos, instructional TV, and so
on. Such resources allow learners to spend more time studying and

practicing/solving lesson problems on their own at times and in places
which may suit them better. There are many online study materials
available which learners can access at any time and any place. Learners

can retrieve supplementary online resources and familiarize themselves
with missing knowledge before their course starts. It is difficult, however,

for learners to find and access materials which match their intended
learning outcomes or desired abilities. Learners may not be able to

identify their competences on their own, identify the relationships among
knowledge, or obtain the learning materials which match their abilities.

This research suggests the application of knowledge structures and
associated tools to support learning and teaching. The first requirement is

a tool to build and represent knowledge structures. Instructors or
knowledge structure designers (which could include learners themselves)
can use this tool to develop and share their knowledge structures. The
second requirement is a tool to identify knowledge missing from a
learner-s existing knowledge. The tool is expected to be adopted within
many knowledge domains, where there are learners who have different
missing prerequisites. The third requirement is a tool to suggest learning
paths and learning resources to support a learner in achieving a desired
learning outcome.
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KNOWLEDGE REPRESENTATION AND TOOLS

Knowledge representation (KR) can be defined in a variety of ways.
Sowa (2000 defined knowledge representation as, <a multidisciplinary
subject that applies theories from three fields: logic, ontology, and
computation.» Logic identifies the formal structure and rules of inference.
Ontology refers to the kinds of things that exist in the application domain.
Computation enables the applications to distinguish KR from pure
philosophy.

Another notion of knowledge representation was identified by
Levesque (1 9 8 6), «this is simply dealing with writing down, in some
language or communicative medium, descriptions or pictures that
correspond to a state of the world.» There is still significant disagreement

among researchers, however, about many of the most fundamental issues
of the current presentation scheme. The reason is that KR has evolved

from a number of research areas for example, psychology, linguistics,
philosophy, and logic. Levesque ( 1986) also suggested two major

properties of KR:

1. It must be possible to interpret KR propositionally, that is as
expressions in a language with a true theory.

2. A KR system should act in such a way as to match the
presence of the structures.

Some work has adopted KR techniques within e-learning. Melis,
Budenbender, Goguadze, Libbrecht, & Ullrich ( 2003) proposed
ACTIVEMATH, an open Web-based learning environment for
mathematics. In their research, KR was considered to represent a content
structure of mathematical learning documents. It used the knowledge
representation OMDoc (Kohlhase, 2000), an extension of the OpenMath
XML-standard, containing a grammar representation of mathematical
objects and sets of standardized symbols (the content dictionaries).

A study by Marshall et al. 2003) proposed GetSmart, a tool to allow
individuals to create and share knowledge. Users could construct concept
maps and synthesize their ideas into personal knowledge representations.

In their study, XML format was applied to enhance modularity for
concept map sharing.

Mendes, Martinez, & Sacks ( 2002) used a fuzzy clustering
algorithm and TopicMaps to discover and represent knowledge. The
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relationships between learning materials were identified by fuzzy
clustering and later used within adaptive link documents. TopicMaps is a

tool for modelling and managing knowledge structures which are in the
form of XML documents.

In this research, learning and teaching knowledge involves a
pedagogically informed KR of Web content to be both machine
processable and humanly understandable.

KNOWLEDGE STRUCTURES AND THEIR DESIGN

A knowledge structure provides a set of knowledge elements/nodes

for a particular knowledge domain and identifies the relationships
between the nodes. Ideally, a knowledge structure can be designed by one

person using an unambiguous and explicit process. The resulting structure

can be embedded within a learning and teaching system and used and
shared by many for learning the domain it represents. It would be

expected that structure designer should be an expert in the specific
knowledge domain in order to structure the knowledge properly,
otherwise consultation with an expert in the knowledge domain may be
required. A given knowledge structure should be able to use and re-use

existing knowledge structures as may be relevant. A knowledge structure
should support navigation, giving the learner a variety of routes. Finally,

the nodes of the structure should provide study material links for learners
to achieve their desired knowledge.

Knowledge structure can be represented in several data structures
such as tree structure, graph, concept map, and so on. There are some

existing knowledge structures. One structure was developed by
Kickmeier-Rust, Albert, & Steiner (2006) as shown in Figure 1. One node

represents a competence state which is a set of all available competencies
of a person. The prerequisite relationships are defined within this set of

competencies. Each competency in a state represents a problem or subject
matter which a learner is required to solve.
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Figure 1. Knowledge Structure Established by the Prerequisite Function
(Kickmeier-Rust et al., 2006)

Another structure was proposed by Heller, Steiner, Hockemeyer, &
Albert (2006). However, this structure represents a competence-based

knowledge structure. It is extended from a knowledge structure as is
shown in Figure 2. They introduced two other sets of learning objects
(LOs) and related skills for solving problems corresponding to each node
within the structure. Nonetheless, this structure is based on the
knowledge-based representation.

la, b, ¢ d e}

Figure 2. Overview of Knowledge Structure of Domain Q =-a, b, ¢, d ,e~
(Heller et al,, 2006)

From the samples of knowledge structures or networks above, it
can be seen that some of them are structures of knowledge and are
implicitly related to certain abilities (or capabilities). Each node within
these knowledge structures contains descriptions of subject matter. In this
research, the knowledge structure comprises a set of knowledge nodes
and their relationships.
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In order to design a structure of knowledge, information on the
intended learning outcomes for the specific course is required, followed
by an analysis of their structure to yield a categorization of subject matter
content.

In the first step, information on subject matter and learning
outcomes has been obtained from school teachers, and a task analysis was
undertaken to give a diagrammatic representation of the subject matter
(Gilbert & Gale, 2008). Knowledge structures were built by following four

steps as described by Nitchot, Gilbert, and Wills (2011).
Step 1: Choose knowledge domain

To construct a knowledge structure, we need to consider the
intended learning outcomes of the knowledge domain. Only the subject

matters under those learning outcomes are concerned.
Step 2: Undertake task analysis of subject matter

Next, all the intended learning outcomes are summarized into a list
of subject matter items. The first step is to consider the structure of the

subject matter content in an e-learning system. This is undertaken by

focusing on the broad understanding of the knowledge and cognitive
skills of students, in order to achieve the goal. This is called in short

‘subject matter content- and is normally categorized into four fields based
on Merrill-s analysis CDT (Merrill, 1994). Task analysis provides the
relationships and structures of subject matter. At this stage, each type of
subject matter is considered as a diagrammatic approach (Gilbert & Gale,
2008). Each category of subject matter has different notation representing
its task analysis.

Step 3: Decompose levels and relationships in the task analysis

Task analysis of all subject matters is then levelled and the
relationships are assigned.

Step 4: Structure the subject matter
An initial set of knowledge structures have been created.

During step 4, levels and relationships of designed task analysis are
obtained. This information is considered. All subject matters are

represented as one node, and structured. The same levels of task analysis
of subject matters are in the same levels within the structure. The
relationship between subject matter nodes is parent-child. An arrow points
to a child node.

Figure 3 shows a sample of an initial knowledge structure of a
mathematical subject @t high school level).
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Figure 3. Knowledge Structure under Mathematical Subject

SYSTEM ARCHITECTURE AND PROTOTYPES

A tool for suggesting learning resources- links based on knowledge
structures has been implemented as a prototype. Of the features identified,
a recommender system and a learning path service (as shown in Figure 6)
have been implemented. The current tool incorporates the designed
knowledge structures and their associated learning resources (mainly html
links) . The graph visualization libraries (such as Graphviz ( Ellson,
Gansner, Koutsofios, North, & Woodhull, 2004) and Microsoft Automatic
Graph Layout (Nachmanson, 2015)) display the graph nodes and edges
from the knowledge database. The Google API is used to gather links
from the Web. Currently, two features, a recommender system and a

learning path service, are under investigation as shown in Figure 4
(rounded rectangles with strong line). The remaining features await future
implementation, being an authoring tool, a sharable knowledge structure
service, and a missing prerequisite service, as illustrated in Figure 4
(rounded rectangle with dotted line).
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Figure 4.  This Research Tool Infrastructure

The full prototype is now accessed via www.mytelemap.com, and
was used to assist the class ‘Web Programming and Web Database’ within
the PSUIC faculty. Figure 5 shows a page visualizing the chosen
knowledge structure and associated study material links. The links
themselves are retrieved using Google API. Figure 6 shows the learning
paths and prerequisite features for the learners. The suggestions are based
upon the current visited node. Teacher and admin roles can build their
own knowledge structures for use within the class as shown in Figure 7).

Figure 8 shows the admin management of built knowledge structures and
permissions. All users can choose to visualize the knowledge structure in

aseparated window as shown in Figure 9.
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EXPERIMENTAL DESIGN AND RESULTS

A preliminary survey on teachers: experiences in using and

designing knowledge structures was conducted, comprising a
questionnaire and an interview. For the questionnaire study, participants

were 173 school teachers from Songkla province. The results showed that

the teachers have used various tools for building such structures, such as a
mind-mapping tool and the Cmap tool. Most of them (136 school teachers)

recognized and used mind-maps during their teaching activities. The
survey showed that most structures were mind maps. None of the mind

maps represented or designed pedagogical structures with linkage among
the knowledge components. Teachers were interested in using a tool for

building pedagogical knowledge structure (interested = 106, highly
interested = 61) and were willing to use the structures and their
applications as educational aids cinterested =101, highly interested = 62).

The interview study was conducted with 10 school teachers from
the schools mentioned. Even though knowledge structures have been

recommended for many years, school teachers still did not report using
them in their teaching. However, the teachers felt that knowledge

structures were useful and they could benefit education more. For
example, such maps could help learners think about and understand the
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relationships among the information shown. On the teachers sides, they

thought that designing knowledge structure could be another way of
sharing their tacit knowledge with other teachers.

Later, another experiment was conducted. This experiment was to
determine experts- overall reaction at Kirkpatrick's level one ‘reaction’) to
the tool developed in this research (Kirkpatrick, 2007). Participants were

knowledge domain experts, high school mathematics teachers on at
Songkla Province, Thailand. An estimate of the number of participants

required was obtained using G=Power software (Faul, Erdfelder, Buchner,
& Lang, 2009). The number of participants was 60.

The questionnaire was designed to ask experts to review and give a
rating against the knowledge structure and system-s features on a 5-point

Likert scale, namely: -Strongly Disagree’, -Disagree’, -Neither Agree Nor
Disagree’, <Agree’ and :Strongly Agree>. The weighted ratings for each
scale are 1, 2, 3, 4 and 5, respectively.

Table 1.  Experimental Results

No | Dependent Variables Mean | Sig. 2-tailed,
1 Clarity of node appearance 433 <0.007
2 Clarity of the relationship between nodes 425 <0.007
3 Satisfaction on the relationship between nodes 411 <0.007
4 | Tool is easy to use 420 <0.007
5 | Overall users satisfaction on tool 438 < 0.007
6 Matching the materials with the structure nodes 431 < 0.007
7 Suggestion for future use 452 < 0.007

A one-sample Student's t-test was used to analyze the data obtained
for each variable in the experiment (as shown in Table 1). For this
experiment, the number of tests of significance, m, equals 8. Bonferroni
correction provides a a level of 0.05/m (where m is the number of tests).
Our criterion for significance was thus 0.0071. For all dependent
variables, the mean ratings for the tool were significantly higher than 3 (p
< 0.007)which is the middle, -neutral’, option.
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From the experimental results, participants were in general
significantly satisfied with the clarity of node and structure appearance.

The experts were able to understand the appearances design of the
structures. They thought that the system provides a wide range of types of
materials which are matched with the structure nodes.

CONCLUSION

A knowledge-based system for suggesting study material links
from the Web has been proposed in this research. The aim of the approach
IS to assist learners to achieve their desired knowledge. In addition, the

system provides learners with the suggested knowledge can be identified
based on the current and previously selected node. The method of

constructing the knowledge structure is also proposed. This is to consider

the nature and type of each knowledge in order to find the relationship
among them. Experimental studies were conducted, which explored the

expert reaction ratings against the approach and the results show that this
research tool is overall acceptable for learners. However, there are some

limitations such as, the system-s dependent on search engine API. The

coding function within such API tends to be changed regularly, which
may affect the usability of the application. A future plan is to include a

self-search engine with an application and improve the application-s user
interface and user experience. In addition, more knowledge domains will
also be explored.

ACKNOWLEDGEMENTS

This research is funded by Thailand Research Fund under contract
number MRG5980096.

REFERENCES
Chiou, C.-C,, Lee, L.-T., & Liu, Y.-Q. (2012). Effect of Novak Colorful

Concept Map with Digital Teaching Materials on Student
Academic Achievement. Procedia - Social and Behavioral



60

Sciences, 64 0 : 192-201. doi:
http.,dx.doi.org/10.1016/).sbspro.2012.11.023

Chu, K-K, Lee, C-l., & Tsai, R-S.(2011). Ontology technology to assist
learners: navigation in the concept map learning system. Expert
Systems with  Applications, 38 9) , 11293-11299. doi:
http./dx.doi.org/10.1016/).eswa.2011.02.178

D'Antoni, A. V., Zipp, G. P, Olson, V. G., & Cahill, T. F.(2010). Does the

mind map learning strategy facilitate information retrieval and
critical thinking in medical students? BMC medical education,
101, 61.

Ellson, J., Gansner, E. R., Koutsofios, E., North, S. C., & Woodhull, G.
(2004) . Graphviz and Dynagraph -Static and Dynamic Graph
Drawing Tools. In M. Junger & P. Mutzel (Eds.), Graph Drawing
Software (pp. 127-148). Berlin/Heidelberg.

Faul, F., Erdfelder, E., Buchner, A, & Lang, A-G.2009). Statistical power
analyses using G=Power 3.1: Tests for correlation and regression
analyses. Behavior Research Methods, 41¢4), 1149-1160. doi:
10.3758brm.41.4.1149

Gilbert, L., & Gale, V. (2008) . Principles of E-learning Systems
Engineering.

Guarino, N. (1995). Formal Ontology in Conceptual Analysis and
Knowledge Representation. International Journal of Human-
Computer Studies, 43(5-6), 625-640.

Heller, J., Steiner, C., Hockemeyer, C., & Albert, D. (2006). Competence-
Based Knowledge Structures for Personalised Learning.
International Journal on E-Learning, 51), 75-88.

Kickmeier-Rust, M. D., Albert, D., & Steiner, C. (2006). Lifelong
Competence Development: On the Advantages of Formal
Competence-Performance Modeling. Paper presented at the

International Workshop on Learning Networks for Lifelong
Competence Development, TENCompetence Conference, Sofia,
Bulgaria.

Kirkpatrick, D. L. (2007). Implementing the four levels - a practical guide
for effective evaluation of training programs (1 ed.): San Francisco :
Berrett-Koehler Publishers.

Kohlhase, M. (2000). OMDoc: Towards an Internet standards for
mathematical knowledge. Paper presented at the Artificial
Intelligence and Symbolic Computation (AISC'2000).



http://dx.doi.org/10.1016/j.sbspro.2012.11.023
http://dx.doi.org/10.1016/j.eswa.2011.02.178

61

Levesque, H. J. (1986). Knowledge Representation and Reasoning. Annual
Review of Computer Science, 1, 255-287.

Marshall, B., Zhang, Y., Chen, H,, Lally, A, Shen, R, Fox, E., & Cassel,
L. N. (2003). Convergence of knowledge management and E-
learning: the GetSmart experience. Paper presented at the 3rd
ACM/IEEE-CS Joint Conference on Digital Libraries, Texas, USA.

Melis, E., Budenbender, J., Goguadze, G., Libbrecht, P., & Ullrich, C.
( 2003) . Knowledge representation and management in
ACTIVEMATH. Kluwer Academic Publishers, 38(1-3), 47-64.

Mendes, M. E. S., Martinez, E., & Sacks, L. (2002). Knowledge-based
Content Navigation in e-Learning Applications. Paper presented at
the London Communications Symposium (LCS'02).

Nachmanson, L. (2015). Microsoft Automatic Graph Layout. Retrieved
22/7/2015, from http.,research.microsoft.comen-us/projects/msagl/

Nitchot, A, Gilbert, L., & Wills, G. (2011). Designing a Competence
Structure to Generate Learning Paths and Assessment Questions

for Self-Study.
Parinya Plicharoensuk. (2012). Reasons why Thai students are weak in
Mathematics. from

http.,www Kruparinya.comvindex.asp?contentlD-10000004 &title=2
Ad%CT7%D2%Cl%CA%D3%A4%D1%AD%E1%C5%D0%A4%C7%D2%
Cl%E0%BB%E7%B9%Cl%D2%A2%CD%A7%BB»%D1%AD%CB%D2
&qetarticle-40&keyword-&catid=1

Saiyasombut, S., & Siam Voices. (2012). Thai education failures - Part 3:
PISA scores & a challenge for the 21st century. Retrieved
11, 10, 1012, from http. / / asiancorrespondent. com; 77060, thali-
education-failures-part-3-pisa-scores-and-a-challenge-for-the-21st-
century;

Shaw, R-S.2010). A study of learning performance of e-learning materials
design with knowledge maps. Computers & Education, 54(1), 253-
264. doi: http.,/dx.doi.org/10.1016/j.compedu.2009.08.007

Sirisoonthorn, S. (2012). Why Thai students weak at Mathematics?,
bangkokbiznews. com. Retrieved from
http.,www.bangkokbiznews.com/home/detail/politics/opinionssirinar
£20120827/467529/2%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%8
0%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9
%80%E0%B8%98%E0%B8%81...sE0%B9%80%E0%B8%99%E2%82%AC



http://research.microsoft.com/en-us/projects/msagl/
http://www.kruparinya.com/index.asp?contentID=10000004&title=%A4%C7%D2%C1%CA%D3%A4%D1%AD%E1%C5%D0%A4%C7%D2%C1%E0%BB%E7%B9%C1%D2%A2%CD%A7%BB%D1%AD%CB%D2&getarticle=40&keyword=&catid=1
http://www.kruparinya.com/index.asp?contentID=10000004&title=%A4%C7%D2%C1%CA%D3%A4%D1%AD%E1%C5%D0%A4%C7%D2%C1%E0%BB%E7%B9%C1%D2%A2%CD%A7%BB%D1%AD%CB%D2&getarticle=40&keyword=&catid=1
http://www.kruparinya.com/index.asp?contentID=10000004&title=%A4%C7%D2%C1%CA%D3%A4%D1%AD%E1%C5%D0%A4%C7%D2%C1%E0%BB%E7%B9%C1%D2%A2%CD%A7%BB%D1%AD%CB%D2&getarticle=40&keyword=&catid=1
http://www.kruparinya.com/index.asp?contentID=10000004&title=%A4%C7%D2%C1%CA%D3%A4%D1%AD%E1%C5%D0%A4%C7%D2%C1%E0%BB%E7%B9%C1%D2%A2%CD%A7%BB%D1%AD%CB%D2&getarticle=40&keyword=&catid=1
http://asiancorrespondent.com/77060/thai-education-failures-part-3-pisa-scores-and-a-challenge-for-the-21st-century/
http://asiancorrespondent.com/77060/thai-education-failures-part-3-pisa-scores-and-a-challenge-for-the-21st-century/
http://asiancorrespondent.com/77060/thai-education-failures-part-3-pisa-scores-and-a-challenge-for-the-21st-century/
http://dx.doi.org/10.1016/j.compedu.2009.08.007
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html

62

%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%
87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%8
4+E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%EQ
% B8% 82-
%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2
%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%
C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E
2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8
%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%
E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%EQ%
B9+%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83
3%E0%B9%80%E0%B8%99%C2%8C.html

Sowa, J. F. (2000). Knowledge representation : logical, philosophical, and
computational foundations: Pacific Grove, CA. Brooks/Cole.

Yang, B., & Sun, Y. 2013). An exploration of link-based knowledge map
in academic web space. Scientometrics, 96( 1), 239-253. doi:
10.1007/511192-012-0919-y



http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html
http://www.bangkokbiznews.com/home/detail/politics/opinion/sirinart/20120827/467529/%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%93%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E0%B8%81...%E0%B9%80%E0%B8%99%E2%82%AC%E0%B9%80%E0%B8%98%E2%80%9D%E0%B9%80%E0%B8%99%C2%87%E0%B9%80%E0%B8%98%C2%81%E0%B9%80%E0%B8%99%C2%84%E0%B9%80%E0%B8%98%E2%80%94%E0%B9%80%E0%B8%98%E0%B8%82-%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%99%C2%88%E0%B9%80%E0%B8%98%E0%B8%8D%E0%B9%80%E0%B8%98%C2%99%E0%B9%80%E0%B8%98%C2%84%E0%B9%80%E0%B8%98%E2%80%9C%E0%B9%80%E0%B8%98%E0%B8%94%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%88%E0%B9%80%E0%B8%98%E0%B8%92%E0%B9%80%E0%B8%98%E0%B8%8A%E0%B9%80%E0%B8%98%E2%80%A2%E0%B9%80%E0%B8%98%E0%B8%83%E0%B9%80%E0%B8%99%C2%8C.html

63

nanwIn F

(FD1zYdI Manuscript)
Nitchot, A., Wettayapresit, W. and Gilbert, L. Personalized Learning System for

Visualizing Knowledge Structures and Recommending Study Materials Links. E-Learning

and Digital Media (Under Revision)

E-Learning and Digital Media ©SAGE track

‘ # Home WPATUITEN O Review

Author Dashboard

Manuscripts with Decisions

1 Submitted Manuscripts

ACTION STATUS D TITLE SUBMITTED DECISIONED
1 Manuscripts with Decisions >

arevision has been  ADM: Heraud, Richard LDM-17-0049 Personalized Learning System for 17-0ct-2017  10-Dec-2017

submitted Visualizing Knowledge Structures and

Start New Submission

(LDM-17-0049 R1) Recommending Study Materials Links

Major Revision
5 Most Recent E-mails (10-Dec-2017)
a revision has View Submission

been submitted

view decision letter

SCHOLARONE™ 12 Clarivate
Analytics

E-Learning and Digital Media ®SAGE track

‘ # Home PFNITUNTEN O Review

Author Dashboard

Submitted Manuscripts

1 Submitted Manuscripts >
STATUS D nE CREATED  SUBMITTED

Manuscripts with Decisions
ADM: Not Assigned LDM-17-0049R1  Personalized Learning System for Visualizing Knowledge ~ 08-Jan-2018  17-Apr-2018

Start New Submission Structures and Recommending Study Materials Links

Awaiting Admin

5 Most Recent E-mails Processing View Submission




64

Nitchot, A., Wettayapresit, W. and Gilbert, L. Assistive Tool for Constructing Knowledge
Structures and Suggesting Related Study Materials Links. the special issue of Chiang

Mai University Journal of Natural Sciences (Submitted)

Re: Invitation for Paper Submission - ICDAMT-2017 Journal Committee nbox  x

Athitaya Nitchot <athitayanitchot@gmail.com> = 27/04/2017 ~
to ICDAMT2017 [+
Dear Editor,
According to the invitation of the submission under special issue of Chiang Mai University Journal of Natural Science with ICDAMT I would like to submit the paper with the title "Assistive
Toal for C Knowledge and Related Study Materials Links". There are two files attached with this email- a manuscript and submission form. If you require any further documents, do nat
hesitate to contact me
Best Regards,
Athitaya Nitchot
On 25 March 2017 at 18:32, ICDAMT2017 Journal Committee <icdamt jc@gmail com:> wrote:

Dear Authars,

We are happy to announce you that your paper presented at the confe has been ded by the program ittee to be submitted to the special issue of Chiang Mai University Journal of Natural Sciences

(indexed in SCOPUS).
If you are interested in publishing your paper in the journal, please follow the instructions bellow.

1) Submission procedure
All submissions must be emailed to lcdamt2017 jc@gmail cam by Apr 30, 2017 (UTC+7). You must alsa fil the attached submission form and submit
with your paper in the submission email_ The journal's peer review process will begin shortly after your submission.

2) Manuscript style
Ve would like you to submit at least 12 pages of your article based on ane-column format as shown in the attached template file. Your manuscript must be modified or extended at least 50% based on your canference
paper.

3) Publication fee

If your manuscript is accepted to publish in the joumal, the publication fee wil be collected as follows.
2,000 THB (up to 16 pages)
200 THB (per page over 16 pages)

We are looking forward to your submission.
\f vou bave anv guestions plegce feel free to contacty

]




