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ABSTRACT: In e-Learning, the face-to-face communication between instructors and learners
are more limited than in traditional learning form. This causes difficulties for the teaching and learning
process. Besides, the developing learning materials in the conventional way are also becoming less and
less effective to learners. Therefore, building the productive learning contents is one of the main
problems for e-Learning systems. In this paper, we deal with the development of learning contents and
propose a mathematical model as pedagogical domain knowledge for e-Learning, called Knowledge
Graph. Based on pedagogical and teaching analyses, Knowledge Graph is able to ensure logical and
complete qualities for necessary standard knowledge of a given curriculum. Especially, the model is
useful for undergraduate education in the developing countries such as Vietnam, where the training
context needs strong content knowledge, and good procedures for the building of training programs and
curricula. It can help educational administrators, pedagogical experts, and instructors to design high

quality teaching and learning materials .

Keywords: e-Learning, prime idea (Pl), necessary/hard-condition, Knowledge Graph (KG), Sub-
Knowledge Graph (Sub-KG), e-Course
1. INTRODUCTION education to be more flexible in a way in which
learning occurs: where, when, and how e-

E-Learning has been developing rigorously

in a handful of formats and effective Learning systems can link all educational

L . activities together foe every individual or gr
applications to serve the need for on-line ¢ S 108 © y individual or group

. . t d k -li ff-li
education by instructors and learners. Through o study and work, on-ine or off-linc,

. . . synchronously or asynchronously via computer
practical survey, researchers in education show yn y yn y p

. twork 1 t th
that e-learning has brought plenty of benefits to networks, - personal - computers — of - othet

training at college/university by helping electronic devices.

instructors and students attain necessary skills Nevertheless, the problem of utilizing
of work in the 21" century society pedagogical methodologies into the system is
[19][21][27]. With the specific applications, e- not simple and still insufficient [23]. During
Learning can enhance the relevance and the  development  process,  e-Learning
effectiveness of education by enabling continually faces challenges from both of the
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main actors, instructor and learner, e.g. how
can system meet the requirements of the
instructor and learner in order to serve
effectively their on-line teaching and learning

needs?

In an e-Learning system, the instructor
plays the roles as an organizer, a manager as
well as a supervisor in the learner’s activities of
a course by providing learning resources and
supervising learning progress. Limited by
indirect interaction with his' learners, the
instructor expects the system to support two

requirements as follows:

(I1) Learning contents are able to
substitute the instructor himself in transmitting
knowledge in way of almost the same as the
teaching activities in classroom meeting, where
he is considered as a director in all learner’s

activities.

(I12) Learning contents and activities are
able to provide sufficient classroom interaction
in way of almost the same as direct interaction
among the instructor, the learners and the

groups.

On the other hand, a learner in the e-
Learning system has to be an active actor. The
term “active” emphasizes the need for self-
motivation of learner’s participation in the
system, and the system will be less effective if
the learner is not active enough or is under

unwanted pressure. The two requirements

'"The feminine form is used in this paper for
learners and the masculine form for
instructors.

below must be met so that the learner herself

can definitely benefit from the system:

(L1) Learning contents have to be
complete, logical and pedagogical; they also

match demand and ability of learner.

(L2) Learning activities should interest the

learner and stimulate her learning desire.

To meet the above requirements, there are
two delicate problems to be addressed: the
design of learning contents and the
development of learning activities in the e-

Learning systems.

Talking about the learning content, the
designing and building of programs, curricula,
courses, and lectures are necessary questions in
teaching process. They are also considered as
key phases in the development of learning
contents and materials in both traditional
learning form and e-Learning. Additionally,
strengthening and improving learning contents
in an e-Learning system can help compensate
the lack of face-to-face communication
between the instructor and learners [8][9].
Clearly, if learning contents can replace the
teaching role of instructor in the class meeting,
then learning activities in the e-Learning
system will be almost similar to the traditional
way of learning. In this paper, we care about
the development of learning contents and
propose a mathematical model as the
fundamental model of domain knowledge for
e-Learning, called Knowledge Graph (abbr.
KG that we will keep throughout the paper),
which is formed by a set of the smallest basic

knowledge called prime idea and its close
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relationship (see in section 3). Based on
pedagogical analyses and basic teaching
principles, the proposed model is able to ensure
required qualities of learning contents (in a
given curriculum) for the purposes of
deploying the learning activities in the e-
Learning system.

The KG model is really suitable for the
undergraduate education context and even
other training forms (e.g. K-12 school, in-
service training) for developing countries such
as Vietnam [25], where educational systems
should improve more and more training
programs, curricula and infrastructures. This
training context is a combination of traditional
learning and e-Learning, simply known as
Blended-Learning Environment [26], where e-
Learning system is considered as a learning-
supporting system. From that, it needs to have
enough strong knowledge base and necessary
procedures to build training programs,
curricula, on-line courses, including textbooks,
lecture notes, and develop learning activities in
the system. So, KG is able to support the
system developers, educational administrators,
pedagogical experts in the development and
deployment of an e-Learning system [4][7],
including the instructors on duty who expects
to design high-quality learning materials and

on-line lectures.

The rest of this paper will cover four
sections. In section 2, we present the logical
foundation based on the analyses of
pedagogical and teaching aspects to reach to

the proposed model; section 3 shows the KG

model together with the mathematical
definitions and propositions (see in 3.1), then
3.2 presents the steps to build KG that is
considered as a curriculum of a specific
training program; Section 4 displays an
application of KG in e-Learning; and the

conclusion is presented in section 5.

2. PEDAGOGICAL ANALYSES

The teaching and learning process in the
traditional  learning environment  (abbr.
traditional teaching process) 1is exhibited
through the interaction among three factors:
instructor — learner — knowledge [5].
Particularly, instructor’s teaching methods and
learner’s learning methods together with the
knowledge required by a given curriculum will
create well-organized learning activities so that

the learners can acquire that knowledge.

In the traditional teaching process, the
communication between the instructor and
learners is direct and face-to-face. With the
given teaching goals and the amount of
required knowledge, the instructor must know
what to teach in class and how to teach to suit
the needs of different learners. The instructor’s
ability in this case is not completely clear and
explicit. It will be shown through teaching and
learning progress in class where he usually
recognizes what is necessary to help his
learners understand the knowledge. Thus, it is
often called the pedagogical ability and
experience of instructor (a.k.a. instructor’s
pedagogical method or teaching skill). And

then, the learners will acquire the knowledge
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and promote the skills through their learning
methods by following the instructor’s guidance

and studying the learning materials.

Generally  speaking, the traditional
teaching process can be displayed by a process
with the pedagogical concepts. Firstly, the
design of a specific curriculum is usually done
by the academia committee (e.g. educational
administrators and pedagogical experts) for
each different targeted type of learners and
particular training goals. For example, there are
some differences between the goal of Maths for
K-12 school and the goal of Computer Science
field for undergraduate education. Each
curriculum constitutes a set of courses with
relevant properties such as course objectives,
requirements, relation of courses (such as
prerequisite course, parallel course and
independence course), key contents (in
checklists), total hours, etc. Then each
instructor in charge of a course designs the
detailed syllabus for each particular class. The
detailed syllabus discusses all specific key
contents, it also describes up to the finest
granularity of learning topics and weekly
schedule for every class. Together with the
reference materials suggested by the academia
committee, the instructor prepares the materials
and related resources for the learners. From
detailed course syllabus, the instructor
establishes the standards and goals for the
topics and reorganizes the standard knowledge
into teaching knowledge. Teaching knowledge
is transferred and communicated directly to the

learners in the class in form of learning topics

(or lessons). And we easily see that a topic is
represented in two main parts: prime ideas of
the topic and the instructor’s presentations. The
prime idea is necessary standard knowledge
required to be understood and memorized by
the learner, however she can meet some
difficulties to learn it during her self-study
activity if there is not any guidance from
instructor. The instructor’s presentation is an
act of displaying to make clear core knowledge
basing on the instructor’s pedagogical ability.
Therefore, the instructor himself often designs
the topic and uses it during the face-to-face
communication between him and learners in
the classroom to help the learners acquire

knowledge easily.

For  example, with the course
“Fundamental Programming with C”, one of
prime ideas in the topic “Operators and
Expressions” is  “Relational and logical

operators” and its statement as “Relational and

I= and &&,; ||”. In teaching process, the
instructor should explain and make clear this
prime idea basing on his pedagogical
experience and the practical context of
classroom (learners’ ability and background)
through explaining the operators above, giving
some examples about strange operators to
learner, guiding some practical exercises, for
example. All of these works are mainly the
teaching knowledge through instructor’s

representations directly to learners.

In brief, the relationship between

curriculum and prime ideas is exhibited
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through multiple intermediate components;
however both are developed and composed by
the academia committee. Clearly, the
curriculum is at a general level and aims at
training goals whereas prime ideas are at
detailed level and aim toward the most
fundamental domain knowledge. As soon as
the learners assimilate all prime ideas, they will
have the overall necessary knowledge and be

able to meet the required training goals.

Now let’s consider the perspectives of
instructors and learners. For the instructors, the
set of prime ideas is complete knowledge and
the most condensed content of the topic to be
transmitted to learners. Therefore, prime idea is
considered as the core knowledge component
that needs to get sufficient attention during
curriculum design. If the set of prime ideas is
devised plans to build carefully, the learners
will surely meet the required training goals. In
other words, prime idea is the specific
representation of fundamental knowledge in a
curriculum. This explains why the set of prime
ideas is needed to build by the academia
committee. Furthermore, the instructors also
present the set of prime ideas as a learning
script to teach, from that he needs to know
which prime ideas are the starting or ending
knowledge, or which a prime ideas is
prerequisite knowledge for other ones, or
which a prime idea is necessary knowledge to
guide the learning process of another one
among the prime ideas. Consequently, the
relationship between prime ideas has formed an

ordered sequence of the domain knowledge for

each curriculum, and it should be also
developed by the academia committee to
ensure the qualities of logicality and
completeness. For this reason, our model has
been proposed basing on prime ideas and their
relationship to organize domain knowledge and
deploy for applications in e-education and

distance training field.

In currently-used e-Learning systems, the
learning materials (e.g. course contents, lecture
notes and reference resources) have always
been received high attention and developed by
the research community. An interesting thing is
that the success of e-learning has long
associated with the use of instructional design
models in an early literature [22]. Indeed,
thanks to instructional design, e-learning
applications attain the connection between
designing learning materials based on teaching
theory with choosing and using technology
effectively. However, previous researches in
the field of instructional design almost have not
either recognized the relationship between
instructional design models and content
knowledge, or they also did not concerned
about the influences of pedagogical value in
designing content knowledge, and vice versa.
With the employment of more and more
instructional ~ designers  for  e-learning
applications creates effective pedagogical
strategies, commonly where the instructional
designers are employed as pedagogical experts
and not as content experts, or the practical
educators — teachers/instructors — are content

experts but not pedagogical experts. Clearly,
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the result will be a “gap” between learning
content and pedagogical value of the strategy.
The issue raises the need for the combination
between building content knowledge with
engaging pedagogical value to guarantee the
two qualities: “effectivity” and “learning
attraction” [11]. Rather, instructional design
has focus on measuring the degree of using a
set of teaching activities (i.e. lesson plans) for
those deploying the teaching-learning system,
under an assumption that these activities are
effective, regardless of what topics learn, and
how instructor’s teaching skills transfer content
knowledge to learners. There is no clue to
reveal why researches in this area has not
exploited the impact of essential pedagogical
principles for instructional design, although
some research in higher education has
discovered the importance of instructor’s
pedagogical ability and experience in
transferring content and ensuring the
effectiveness of learning activities
[17[2][6][18][24]. Moreover, there is not any
recent work on a model to represent domain
knowledge with the pedagogical analysis and
teaching theories under perspectives of
different users, such as educational
administrators, pedagogical experts, instructors
and learners, especially learners with their

individual characteristics [20].

Focusing on building content knowledge
for e-learning applications to ensure two
qualities that analyzed above, the main
question of our studies: “what is way to

organize a content knowledge to meet

pedagogical values as completeness and
logicality that are represented for the value
effectivity, and engaging learner into learning
environment that is represented for the value
learning  attraction?” These pedagogical
principles can be represented the instructor’s
role in transferring content knowledge to
learners in class meeting. Then, hopefully
when content knowledge is exploited in e-
learning applications, the limitation of lacking
face-to-face communication is reduced (as
presented in section 1). Briefly, it is necessary
to build a model of domain knowledge that can
support actively for the learning activities in e-
Learning systems [3]. Then, proposed
Knowledge Graph [13][13][17] is mainly such
a model and it is able to provide core
knowledge of adaptive resources and services
for instructor and learner, especially learner in
self-study activities, in which the key idea of
Knowledge Graph model refers to the engaging
“pedagogical values” into the process of
designing and building content knowledge. In
the next sections, we further describe

Knowledge Graph and its components.

3. KNOWLEDGE GRAPH (KG) MODEL

In this section, we display two main parts,
the first is the concepts of basic components
built in KG, and the second is the procedure of

building KG as a specific curriculum.

3.1. Definitions and propositions

Definition 1. Prime-idea, also called P/ for

short, is the smallest knowledge unit about a
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specific technical topic and is explained in a
short transparent paragraph.

We use the notation p, which is kept
throughout the paper to express P/ in the next

definitions and propositions.

D {abel

Figure 1 illustrates generic structure for
two particular PI’s of course Fundamental
Programming with C, including its components

as ID, label, statement and category.

category

[01 7 ] Relational and logical operators

| Language |

| Relational and logical operators include <; <= ;> >= = 1=, and && ; |

2 | Expression

| Language |

[©o
| Expression is a combination of values, vanables, oprerators and function references |

“\ statement

Figure 1. Example for PI and its components

We note two important properties of P/ as

follows.

— Indivisibility. By its definition, P/ is the
smallest and indivisible knowledge unit.
For example, supposed that p is a given P,
if p could be subdivided into two smaller
units p; and p,, then p is not the smallest
unit, and hence it is not a PI. Instead, p;, p,

could be PI’s.

—  Clarity. The statement of prime idea must
have a single meaning (that means all
learners must have exactly the same way

of understanding the paragraph).

Definition 2. Hard-condition
(1) Let p; and p; be two different PI’s, p;
is called prerequisite knowledge of p; if
and only if p; is required knowledge that
must be understood before p; is learned
(that means learner wants to understand py,

then she must know p; in advance).

(2) Let P={p};, (i =1,n) be a set of PI’s.
P is called hard-condition of p, , if and
only if for each p; of P (j # k), then p; is

prerequisite knowledge of p;

By the Definition 2, we see that hard-condition

has two important properties:

— Mandatory. Hard-condition of p, is the
mandatory knowledge prior to learning py.
Therefore, the learner must have either
acquired p; (hard-condition of pj) or been
prepared by the instructor in learning

process.

—  Prerequisite. If p; is the hard-condition of
Pi then the p; is immediately prior to the

knowledge being learned p;

Definition 3. Necessary-condition

Let p; and p; be the different PI's, p; is
called necessary-condition of py, if and only if
there is exactly one ordered sequence of PI’s:

P> P2y o> P (M>2) such that p;=p;; p, isthe
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hard-condition of p,+; (n = 1, ..., m-1); and p,,
=i

Figure 2 illustrates concepts of hard-
condition, necessary-condition, and an example
of the relationship between PI’s as p, is hard-
condition of ps; p; or p; is necessary-condition
of ps; p; and ps are independent of each other.

Definition 4. Relationship between two
Prs

Give p; and p; are two PI’s. There is
exactly one and only one of the following

relationships such that

P1

P = {p}](j =1,n) are the hard - condition of p,

Pn

(1) This PI is hard-condition of the other
oné: For instance, p; is hard-condition of p, a,

and denoted as p;  pi

(2) This PI is necessary-condition of the
other one. F&i instance, p; is necessary-

condition of p;, and denoted as p; pi

(3) They are independent, if there is no

necessary-condition relationship between them.

7 are ind;pendent of
each other

P P2 Py — = p; is the necesary — condition of p; >~ is hard-condition of

\_is necessary-
condition of ——

Figure 2. The relationship between PI’s

Proposition 5. For all pair of different PI’s: p;
and py, they are independent or this one must
be the necessary-condition of the other one.
Indeed,

(1) If p; and p; are hard-conditions of a

prime-idea p,,, then p; and p; are independent

(2) Otherwise, suppose that p; is necessary-

condition of p,, and p; is hard-condition of p,,

In case, p; is necessary-condition of p,, we
have the following sub-cases:
— p; is also necessary-condition of p; by

definition

—  Otherwise, if p; is not necessary-condition

of p; then Jp,: p, is hard-condition of p,,

and p; is necessary-condition of p,,. By (1)
above, we have p, and p; are independent.

Thus, p; and p; are also independent.
(3) Generally,

If p; is necessary-condition of p,, = Jp, :p,
is hard-condition of p,, and p; is necessary-

condition of p,

If pi is necessary-condition of p,, = Jp,
:pg’ 18 hard-condition of p,, and p; is necessary-

condition of p,-

Consider the following two sub-cases:
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If p, = pg Then p; p; are necessary-
conditions of p, . Now, we just repeat (1),

(2) and (3).

Otherwise, we have p;, p; are independent

by definition.
Definition 6. Knowledge Graph - KG

Given a finite set of PI'’s: {p};, (i =1,n).
Let V' = {p}; be the yertex set, and E = {(p,
PO}k >
where (p;, p): p;  n pr be the edge set. Then
KG=<V, E>
Figure 3 illustrates some PI’s of course
Fundamental Programming with C.

Proposition 7. KG is a concept map that has

the following properties.

(1) KG is a directed and acyclic graph (a.k.a.
dag).

(2) KG is minimum, i.e. Up;, pi: p; =< pr and
pi ™ pr. And, such a KG is called the

consistent Knowledge Graph.

Indeed,
(1.a) KG = <V,E> is directed by Definition 6,

V(pi.pr) € E: pj =n pi

(1.b) KG is acyclic. Let p; and p; be two
arbitrary vértices of KG. Without loss of

generality, assume p; py

And assume for contradiction that KG is
not acyclic, i.e. AP =p; .... ... Pm Pm+1 such that

-

P1 = Pis Pusr = pj s and pp =g pr Fhe g P

=in pm+1 - Hence, pi =y p; . We also have p; =<
pr » then p; =y, p; and p; = p;. This does not
agree with Definiton 4. Therefore, we conclude
that such a path P does not exist, so (1.b) is
proved.
(2) KG is minimum. Suppose Ip;, pi: p; b Pk
and p; «px

By Definition 4, two PI’s cannot have two

different relationships simultaneously. Hence,

it implies that (2) is proved.

01 Relational and logical operators [ Language
Relational and logical operators include <; <= ;> ;5= ;= I=; and && ;|

[ Expression | Language

[02
[E isa of values, variables, op and function references

Looping:

Branching: More looping:

P

if-else while do-while

[03  [Logical expression | Language

[ Logical expression has its value that s either true or false

Relational and

04 [ Branching: if-else

Logical

The if-else statement is used to carry out a logical test and then take one of two possible actions,
depending on the outcome of the test

logical operators expression

switch

statement

05 [ Looping: while [Pr

The while statement is used to carry out looping operations, in which a group of statements 1s executed
repeatedly, until some conditions has been satisfied

T

06 [ More looping: do-while

Meaning:

The do-while statement executeslooping operations whenitis desirable to have a loop with the test for
continuation at the end of each pass

P+, P2 are hard-conditions of p3

P+, P, are necessary-condition of p,

|07 | switch

| The swithe causes a particular group of 1o be chosen from several available groups

| Similar to the rest Pl’s

Figure 3. Some PI’s of course Fundamental Programming with C
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Definition 8. Sub-Knowledge Graph - Sub-
KG

Given KG=<V, E> Sub-KG=<V’ E’
> is called a Sub-Knowledge Graph of KG if
andonlyif V" c VA E'CcE

In other words, Sub-KG is the graph
derived from KG, i.e. for a pair of vertices p;
and p; in Sub-KG, we have (p; p;) is an edge in
Sub-KG if and only if (p; ps)is an edge in KG.
By Definition 6, KG itself is also a sub-KG.

Definition 9. Started-PI and Ended-P/

Given a Sub-KG, let p;, p; be the PI's of
Sub-KG.

(1) If p; does not have any other p; to be
its hard-condition, then p; is called Started-P/
which represents the original or initial

knowledge (of the current topic).

(2) If p; is not a hard-condition of any
other p;, then p; is called Ended-P/ which
represents the last or ending knowledge (of the

current topic).

We see that the concept of Started-P/ and
Ended-PI is only relative depending on each
specific context when the PI’s are Started-PI’s
and Ended-PI’s of a KG or Sub-KG.

We have constructed the set of PI’s as the
fundamental knowledge of the training
program and also defined the relationship
between the PI’s. Then the two components
form a KG, and it can be able to represent
curricula (with the set of different PI’s) to meet
the teaching goals of different training
programs. Besides, Sub-KG is a sub graph of
KG with the properties of KG and it can

represent a course, a topic or even a lecture
depending on two main actors (e.g. instructors
and learners) who use/deploy learning activities
of instructional system. It could be seen easily
that KG is not a classical database but a
knowledge base containing core knowledge of
learning contents. Hence, KG is the foundation
to build specialized content knowledge for
development of the teaching and learning-
supported  systems including e-Learning

systems.

3.2. Building KG as a specific curriculum

The set of PI’s and curriculum have mutual
relationship because PI’s exhibit the training
goals in detail at low level, and the curriculum
in general at high level. In other words, there
ought to be a mutual relationship between KG
and curriculum. Therefore, the proposed KG
above can represent the whole curriculum with
the requirements of meeting the learning goals
as well as representing necessary domain
knowledge for design of Computer-Supported
Collaborative Learning (abbr. CSCL) Systems
[7] or Adaptive Educational Systems [4][19].

For example, to build a training program
(of some learning branches) and its curriculum
for the Vietnamese undergraduate education,
firstly a scientific committee (e.g. professors,
senior instructors, pedagogical experts) will
determine the set of courses in curriculum
basing on training goals. After that they build
the general descriptions of each course with
learning materials and necessary references.
Then, the relationship of courses is established,

and finally the curriculum is formed and sent to
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instructors in charge of a course for teaching
and learning in the class. This subjective
process is designed by the academia committee
depending on the loose arguments of experts
who are building the curriculum. Especially, it
may be so difficult to ensure the consistency of
a curriculum when the curriculum is built by

different academia committees.

Additionally, the instructor in charge will
have to prepare a practical syllabus and
necessary knowledge of course by himself.

Obviously, the amount of knowledge

transmitted to learners is different from

instructor to instructor. In case, the instructor
does not have much experience in teaching
(e.g. he is a student instructor or junior
instructor), choosing what knowledge to
transfer to his learners will become a more
difficult task, making him be unable to

completely achieve the training goal of course.

We propose a solution to this problem
basing on KG, where the set of PI's is
developed for each course and then the
relationship and order between the courses are
established from the relationship between the

PI’s within each course (see Figure 4).

curriculum

«Determine the courses
~General descriptions of each course

Academia committee
(educational administrators & pedagogical experts)

“completeness” + “logic”

~Define set of pi of cowrse
~Determine the relationship of pi(s}

*Relationship of courses ~Relationship of course
P //)// . Curriculum ZOE\\\\ _ KG S - ‘“,',y
'/,' A N\ — /," N
N D p o o 0
~_ o= - ] 0 e @ () wn
— ° — :
Figure 4. Relationship between KG and curriculum
The proposed procedure shows a process to educational administrators, pedagogical

build KG from the training goal of a specific
curriculum. As a result, it aims at developing
domain knowledge for the whole curriculum
and proves that if KG ensures logical and
complete qualities of content knowledge, then
instructional order of courses will also ensure
these properties. In general, the process is built
by academia committee

an (including

experts, and course instructors) on manual.
From that, when exploiting KG in traditional
learning environment, the curriculum based on
KG can assist the scientific committee (or
academia committee) to re-evaluate the quality
of different curricula or help the instructor in
charge design his course easily. For e-Learning

or on-line training, KG will be pedagogical
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domain knowledge for the systems and it is
also considered as an expert model in adaptive
educational system for providing suitable
resources and services for each individual

learner in form of “one to one instruction”.

The solution details in the procedure that is

printed in Figure 5.

4. EXPLOITING KG IN E-LEARNING

During the teaching process of a course in
traditional learning environment (as presented
in Section 2), the instructor often bases on the
syllabus of course to divide standard
knowledge into various lessons. Each lesson is
also split into many different topics so that they

can be transmitted to learner with a sphere of

knowledge in a given period of time. When
every topic is presented to learner, the
instructor always tends to make the learner
understand the topic, grasp the Dbasic
knowledge, and apply this to practical
situations such as assignments, exercises, case
studies, and projects. Accordingly, a topic is
designed and represented by the instructor to
make clear necessary standard knowledge (i.e.
PI) that he wants to transmit to learner basing
on teaching technique and his pedagogical
experiences. In e-Learning, the representation
of each topic to satisfy all the demands above
becomes more difficult because it lacks the
direct interactions between the instructor and
the learner, unlike in the traditional classroom

meeting [9].
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Procedure building a specific curriculum basing on KG

procedure Building_a_curriculum

Output: curmculum

Input: training goals (adding national standards if we need)

Doer: educational administrators (1), pedagogical experts (2), course instructors (3)

1.2. Categorize the courses

Ne Steps Doers
Determine the course of the curriculum.
1 1.1. Select courses from the training goals (1)+(2)

Construct the set {pi}, for each course
2 2.1. Describe the pi's (as in Definition 1) (3)
2.2. Define the order of pi's and their relationship (as in Definition 2,3,4)

Revise and cohere the pi's

similar meaning/statement.

3 3.1. Verify consistency in terminologies and contents of the pi's with 2+3)

3.2. Select and eliminate duplicate pi‘s

Organize the courses in group to spot out relationships and knowledge

. intersection. @
5 Determine the relationships between courses in the same group 2)
6 Determine the relationships between courses in different groups 2)
Construct the knowledge graph forthe curriculum (as in Definition 6,8,9)
7 7.1. Draw the sub-KG for each course (1)+(2)
7.2. Draw the complete KG for the whole curriculum
8 Finalize and complete the curriculum according to the training goals. (1)+(2)

Figure 5. Procedure building KG as a curriculum

In this section, we present a process to
build learning contents’ representation of an
on-line course; it is called e-Course for short
[13][15]. The e-Course is designed primarily
basing on Sub-KG which is derived from KG
and considered as a pedagogical instance of the
Sub-KG to exploit KG model from the user’s
aspect. The application focuses on two main
actors in an adaptive e-Learning system, in
which the instructor designs and builds e-

Course in set of interacted lessons or lectures,

and the learner uses e-Course in her learning
activities in on-line or off-line form. It is also
shown clearly that Sub-KG is the fundamental
knowledge of a course which can ensure
logical and complete qualities of learning
contents with the given goal. Additionally,
Sub-KG based on goal is able to develop in
other learning activities such as evaluating the
quality of course, reviewing learner’s previous-
knowledge, recommending relevant knowledge

for in-group discussion.
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e-Course gathers together two factors,

fundamental knowledge and instructor’s
pedagogical ability and teaching experience to
transmit necessary knowledge to the learner
and help her acquire the knowledge completely
and easily, especially in the self-study activities
via Internet. In other words, e-Course is the
combination between core knowledge of course
represented by Sub-KG and a pedagogical
interface designed by instructor. The core

knowledge of the course or the “skeleton” of

the course is Sub-KG which is derived from
KG basing on goal. The pedagogical interface
is also external component of the “skeleton”
which is designed by the instructor to transfer
knowledge effectively.

From that, KG has been structuralized
strong enough for developing and deploying
for an Adaptive e-Learning system [16] which
can adapt to characteristics of individual
learner or leaner’s group by learner profile (see

Figure 6).

Knowledge Base Layer

Based on subject

Instructors/
Tutors

Supported Concept Layer
(Sub-KG, e-Course)

Learner Profile

v h ]

i I

! H —

’r’ 'Y _ﬂ
Vo "

| i\ | Online chat
L

Learners

Selfstuay || [F—————

Learning Content Layer

Figure 6. The layers of using KG in Adaptive e-Learning System

In teaching and learning contexts of
developing countries' undergraduate education
now (such as Vietnam [25]), there are many
ineffective teaching

lack of

disadvantages like as

methods, inadequate resources,
common or professional skills, weak capacity
of network and infrastructures [10]. Then, the
blended-learning form is a good way to support
for instructor and learner in learning process in
which Web-based course is an important
and

computer-mediated technology

infrastructure, it consists of two parts: e-Course
and e-Learning activities. Learner can be
interactive actively with instructor or other
learners in different styles; system will play a
role of virtual tutor or virtual learner to
activities simultaneously

participate these

[13][15][15].
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4.1. Building e-Course and an illustrated .

case study

To build an e-Course, the procedure has

two phases [17]

Phase 1: Generating logical course (Sub-
KG). 1t is presented in Section 3.2.

Phase 2: Creating interface component
of e-Course, namely building topics of

the e-Course. (see in Figure 7)

Ermbling
Core Content Knowledge L carning
BY HAND-ASSEMBLY Object
Raw Prime Idea KG/Sub-KG Topic
Content (PI)
r io (=]
ot -4 1"El' pmwgan ge
Tenges | ® 0,4 :
e S e g T
Sg® >e®
':{"k"{ sutnénﬂl DQ
T og @
Matiod® o
s B“'D r °eo p&\%pln .
o ghg Q :
Sg.m definition - SEMI-AUTOBY TOOL
‘iiuﬁaﬁon

Identify set of Pl's

Define learning path

Figure 7. Building topic from Sub-KG and e-Course is collection of topics

Commonly, a topic includes:

-Core knowledge of the topic (with a
specific objective/goal) is just PI's
which need to be presented to learner.
A topic can be structured from many
PI’s. External representation of the
topic (through user interface of system)
is the topic content to explain PI’s
within topic. It depends on design of

each instructor.

-Topic can have various forms as
concept/principle or process/operation;
theory or exercise; easy or difficult;
simple or complex. From that, the topic
content will be edited and presented to
suit a particular type of presentation
(e.g. question, explanation, guiding in
and diagram).

step-by-step, image,

Different instructors can design a topic
in many various forms but all of them
must be built based on the same Sub-
KG of the course. It is proved that the
qualities of completeness and logicality

are still in each topic.

-A topic (that knowledge learns) is
linked to another one (that previous
knowledge learned or known) through
using label of PI’s.

-To e-Course, the

should

develop an

instructional ~ designer use
authoring tools (e.g. Adobe Captivate,
Articulate Studio, LectureMaker, Help
& Manual, and EXE) to product topics
according to standard metadata (e.g.

IEEE-LOM, SCORM, and AICC).
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Assumed that instructor Le want to build
an on-line course “Programming with C’ in
Bachelor’s curriculum of Computer Science,
then Le needs to design learning materials for
supporting his learners by /7" equipments (e.g.
personal computer) via Internet, and they can
be lecture notes and related documentations in
form an e-Course. With a given KG of the
academic curriculum and the objective of a
specific course represented by the sets of
Started-PI’s and Ended-PI’s, the system can
generate a Sub-KG, and clearly it is considered
as core content knowledge of the course. From
that, the instructor can use Sub-KG to build e-

Course’s suitably with different learning

contexts. In case of Le, there are three types of
group learning including: type 1 has the
individual characteristics of learners such as
learning habit = “>2 hours per day for
internet”, learning style = = “active”,
background knowledge = “good”, frequency of
self study = “permanent”; type 2 such as
learning habit = “<I hour per day for
internet”, learning style = = “passive”,
background knowledge = “inadequate”,
frequency of self study = “sometimes”; and
type 3 is all of the rest. Therefore, Le will
design three e-Course’s derived from Sub-KG
above, and Figure 8 presents a topic among the

e-Course’s.
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Figure 8. An inllustrated topic of e-Course by authoring tool Help&Manual 5.x
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4.2. Evaluating e-Course to determine the

effectiveness of KG' model

The article also presents an approach of the
evaluating e-Course to determine if a training
program has achieved its objectives and
improved efficiency. It is based on

Kirkpatrick’s Evaluation Model [12].

Kirkpatrick’s four levels of evaluation are:
= Tevel 4 — Results (long-term

programmatic impact)

= Level 3 — Behavior (behavior change,
adoption of best practice or new

technology)

= Level 2 — Learning (knowledge gain,

skills acquisition, attitude change)

= Tevel 1 — Participant Reaction

(customer satisfaction)

Each level is important and has an impact
on the next level. This is the sequence in which
the evaluation of e-Course is planned, and the
results should be determined in cooperation
with participants at various levels. Commonly,
surveys and/or interviews can be used in the

evaluation.

To evaluate an e-Course consists of two
phrases: formative evaluation and summative
evaluation. At the phrase of formative
evaluation, some few of practical instructors
and learners randomly can be asked in
interview or by means of a survey. At the
second phrase, e-Course will be deployed in a
specific virtual learning environment (i.e. VLE)

with the real world contexts before performing

a summative evaluation. Thus, our approach is
more summative than formative and we have
been used a method to the evaluation that can
be applied directly to different Web-based

courses.

The method has three evaluating
instruments: a questionnaire survey, a system
log file and its content analysis of learning

process, and interviews with learners.

1. Questionnaire survey. It is designed
with the purposes in mind: first to assess
the acceptation and satisfaction of e-
Course, second to gather information
about learners that could help to identify
some factors influencing the
acceptation, and third, to collect
information for  bootstrapping the

interviews with learners.

2. System log file and its content analysis.
Log file can be stored datum about all of
the hand-on activities of learner through
system via Internet. It is able to
determine and understand the learning
process of learner such as when and
which topics they viewed, what topics
they interested in. Content analysis from
log file is considered as an impersonal
approach to review the acceptation and

satisfaction of e-Course.

3. Individual interview with learners.
These interviews are non-directive.
Their purpose is to let the learner

remember if they could or could not
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complete their topics or tasks, and to

explain why.

Now, our work has being implemented in
courses such as Introduction to DB system, and
Teaching Methods in Information Technology
of HCMc University of Education, Vietnam
based on a website online available:
http://www.2learner.edu.vi/ACeLS/ (using
LCMS Moodle), and the evaluation process has

been begun of the course semester (from Sep,
2010 to Dec, 2011).

5. CONCLUSIONS

Established on the basic concepts of PI’s
and their relationship, KG is an analytical
model to represent the domain knowledge of
applications in e-education and distance
training field. The model is proposed in a
mathematical form and it displays a fruitful
combination between pedagogical theory and
ICT technology for real instructional
applications. We consider the model as a novel
method to approach a solution to the

developing of e-Learning systems, especially

adaptive e-Learning system. Our analysis has
shown that KG is able to attain the qualities of
logicality and completeness of the curriculum
in general or the course in detail. And building
the specific learning contents of course (with
the concept of e-Course), which is combined
set of core knowledge (Sub-KG) and
instructor’s  representations  based  on
pedagogical ability and his experiences, has

also represented pedagogical quality of e-

Course.

Briefly, we can easily install and deploy an
e-Learning system and improve the limited
interactions among three key factors described
in section 2 (i.e. instructor, learner and
knowledge) through applying KG model and e-
Course. It aims at building the e-Learning
system as a learning-supporting system and
adapting the system to learning demands of
individual learner or groups of learners. In our
future researches, we continue to improve the
KG for developing the learning materials and
enhancing the pedagogical quality of the
domain knowledge’s presentation (e.g. e-

lectures or e-textbook).

MOT TRI THUC LINH VU'C MANG TiNH SU PHAM DUNG CHO
E-LEARNING

Lé Pirc Long ", Nguyén Pinh Thiic ?, Nguyén An Té ?, Trin Vin Hao ", Axel Hunger"”
(1) bH Su Pham Tp.HCM
(2) Truong bai hoc Khoa koc Ty Nhién, PHQG-HCM
(3) bai hoc Duisburg-Essen, CHLB Dbtrc
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TOM TAT: Trong e-Learning, si giao tiép tryec tiép giita nguoi day va nguoi hoc cé nhiéu han
ché hon so véi hinh thire ddo tao truyén thong, chinh diéu nay that sw khé khan khi lam thé nao thod
man nhitng yéu cau day va hoc ddi véi hai doi twong chinh nay. Bén canh do, viéc phat trién cdc tai lidu
hoc tdp ndi chung theo hinh thirc quen thugc trudc ddy ciing cang lic cang tro nén kém hiéu qud hon
doi v6i ngueoi hoc. Do vdy, xdy dung ndi dung hoc tdp cé chdt lwong la mét trong nhimg vin dé chinh
d6i v6i nhitng hé théng e-Learning. Trong bai bdo ndy, ching t6i dé cdp dén viéc phdt trién ndi dung
hoc tdp va dé xudt mét mé hinh todn hoc vé linh vuee tri thirc mang tinh sw pham dung cho e-Learning,
dwgc goi mé hinh D6 thi Tri thire (Knowledge Graph). Dua trén nhitng phdn tich sw pham va i thuyét
day hoc, Do thi Tri thirc cé thé dam bdo cdc tinh chdt day dii va hop Ii doi véi lwong kién thirc chudn
can thiét ciia mét chwong trinh dao tao cho trudc. Pac biét la mé hinh thdt sy thich hop cho viéc khai
thac trong moi truong gido duc dai hoc cua cdac nuoc dang phat trién nhuw & Viét Nam, mét noi ma ngir
canh ddo tao can c¢é mét néi dung tri thirc du manh va nhitng thu tuccan thiét dé co thé xdy dung dwoc
cac chwong trinh dao tao, ké hoach chi tiét, ndi dung khod hoc va cac hé théng hé tro hoc tdp boi
nhitng nha phdt trién hé thong, qudn li gido duc, chuyén gia s pham, ké cd nhiing nguoi dugc phdn
cong gidng day (gido vién b mén) mong doi dé cé thé thiét ké nhig tai liéu hoc tdp va bai gidng dat
chdt lwong cao.

Tir khoa: e-Learning, prime idea (PI), necessary/hard-condition, Knowledge Graph (KG), Sub-
Knowledge Graph (Sub-KG), e-Course.
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