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Abstract

In this paper the authors presents an algebraic structure about educational semantic networks. The
structure could be used to model the content of an electronical course. This structure enables to perform
operations to combine more electronical courses and to obtain a new course, to define a pedagogical
technique to teach a course, to pursue the evolution of students during the instruction process. The
educational semantic networks could be used in the software development in the field of computer
assisted instruction and to design software based on pedagogical agent.
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Introduction

A semantic network is a graphical notation to knowledge representation in a structure with
nodes interconnected by arcs. The nodes are primitives to represent concepts, events, states and
the arcs are primitives which abstract the relations between nodes. The first implementation of
semantic networks in computer systems was developed in the artificial intelligence field and
translation machines. The roles of the semantic networks in the education process were stressed
by Jonassen [1].

The human memory is organized according to the relations existing between ideas, so
structuring the information according to semantic networks allows an active instruction process.

The semantic networks provide an efficient mode to navigate in an electronic course. The
semantic networks force the teacher to organize the pedagogical materials in a logical mode, so
that the students can understand better the educational materials. The new concepts of the
course will be integrated in an existing conceptual structure.

To use the educational semantic networks in the e-learning software, the author proposes some
definitions about educational semantic networks [2], operations with them and an algebraic
structure.
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Problem Formulation
Definition. We call an educational semantic network, noted R , a knowledge representation in
the form:

R={Ny, Nysoos Ny AL Ly ooy LW AC Ca oo G b > (L) 1) = LA,

where N, are nodes labeled with L,and these nodes has attached educational resources in

multimedia format noted with C; and {i - j(L)} represents a relation from node i to node j
labeled with L .

Definition. The educational semantic network with a single node is called the singular
educational semantic network and it is presented in the form:

R={N} AL G D)

Definition. We call an empty semantic network the semantic network without any node or
relation.

The Operations with Educational Semantic Networks

The reunion of two educational semantic networks, noted R, @ R, is defined in this way [3]:

Case no. 1 The two semantic networks, R, and R,, have in common at least one node.

Let consider:

R ={Ny Nyw o s N L Ly oo LW (G G O > (L) |1, = LK,

Ry =N Ny oo N AL L L1 {C Cos o C L > (D) i = Ko p
where node N, is a common node.

ROR, ={{N,,N,,.... NJJUINL Ny oo s N AL Ly oo LY OAL L Ly o L

(€. Cor e YOG G, L ) i =Lk i )i = k)
Example:

Let consider two educational semantic networks with one node in common. The reunion of
them is presented in the figure no. 1.

Case no. 2. The two semantic networks, R, and R,, have not any node in common.
R =Ny Now oo s N AL Ly oo L AC, oo, C b i > J(D) |6 = LK)

Ry =Ny Nposs oo Ny ML Ly L 1 {Cet G oo C, b i (D) i j =K1, )
R®R =N, Ny, ... NJUIN Ny oo N AL Ly oo LA Ly L
(C,Cpron CHOC1 G e, )

{,- — i(L)|i, ] :I,_k}v{i —j(L)|i,j =m}V{Ne“(i —>j(L))}}
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Fig. 1. The reunion of two educational semantic network with one common node

The reunion could be realized if and only if we can draw a relation between two nodes from
each network.

Remark. In an educational semantic network isolated nodes don’t exist.
Example:

Let consider two educational semantic networks without any node in common. The reunion of
them is presented in the figure no. 2.

.. Newrelation

A

“INode A Relation 10
e,

i / T Relation s

Relation 2 Mode B )
Relation & 5;
. Mew relation i
MNode C la—Relation 3 Relation4 . . j

X P % [Node G '

Node D

Fig. 2. The reunion of two educational semantic network without any common node
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Remark. A concept could be added to a network using the reunion operation between a
network and a single network.

The intersection of two educational semantic networks is a semantic network, noted R, ® R,
defined in this way [3]:

The two semantic networks R, and R, have at least one common node.

Let consider:

R ={Ny Nyw oo s N ALy Lo L AC Cor o G L (D) ) = LK),

R =M My, MV ELE, B LT, T > i) ) =1, plf,
R®R ={N,N,,..N WM M. .M, | {L,L,,.... L }O\EE,,...E,}
(C..Conen G T, T
li— i 1<i, j<card(N, Ny, .., N oM, My, M)A
— j(L)e R, ni = j(L)e R, }}

Remark. The result of the intersection of two educational semantic networks without any
common node is the empty network.

The difference between two educational semantic networks is a semantic network, noted

R —R,:
R1 = {{NpNz:“"Nk}: {L1>L2>“"Lk}’ {CI’CZ"">C1\'}’{i_>j(L)|i’j:1’_k}}’
R, =M My M VB E,, B LT T > i) 4 =1, plfs
\ —R, = {{NU Nza---nNk}_{MlﬂMz""’Mp}’ {LlaLZ""’Lk}_{El’Eﬂ'”’EP}’
{Cla G, ... Ck}_{Tl’TP""TP}’
{i—)j(L),lSi,jSCdl’d({Nl,Nz,...,Nk}_{MpMz""’Mp})/\
i— j(L)eR Ai— j(L)gR,}}

R

Example:

Let consider two educational semantic networks. The difference between the two educational
semantic networks is presented in the figure no. 3.

The selection of an educational semantic network after a set of nodes looks like that [3]:

Let consider a semantic network
R ={{Ny. Nywo e N AL Ly L LG Co o C L i (D) ) = LK)
and a set of nodes N:{Nil7Ni27"' N }

s IV

SELyR ={N,, Niys oo s N, b ALy Liysoos L AC, Craoens €y

g

> jw)1i,j=ip))
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Relation s

Relation 4

Relation3 Relation4

Mode C
e

Relation 2

Fig. 3. The difference between two educational semantic network

Example: The selection operation is presented in the figure no. 4. The set of nodes is
{NA > NB’ ND } :

M={Ma, Ng, Np}

Relation1

Relation4

MNodeD

Fig. 4. The selection of an educational semantic network after a set of nodes
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The Monoid of Educational Semantic Networks

Proposition. We note with R the set of all educational semantic networks. R is a monoid
considering the reunion operation.

RxR—>N,(R,R,) >R DR,
RxR—>NR,(R,R,) >R ®R,

Proof. To proof that the set of all educational semantic networks is a monoid, we have to proof
that the operations of reunion is associative and the empty semantic network is an identity
element.

1. Let’s consider the reunion operation.
(Rl ®R2)®R3 =R ®(R2 ®R3)
The property is evidence while the reunion of the sets of objects is associative.

2. The empty educational semantic network is the identity element for reunion operation.
E={{o}.{2}. 10} 2}
E@R=R®E=R
This monoid is a commutative monoid while the reunion operation is commutative.
R, ®R, =R, ®R,
Definition. Let’s consider R an educational semantic network.
R={Ny. Nys oo N AL Ly oo LG Cos oo Cb i > (L) 1) = LK),

We call the set of parts of R and we noted with P (R):

P(R)={P({N,, N, ..., N ) P(L,, Ly, oo, L) PUC,, €y, C ) P (L) [ = 1K)

Proposition. Let’s consider R an educational semantic network and P(R) the set of parts. The
following properties are true:

1. (R®R,)®R,=R ®(R,®R,), VR,R,.R, €P(E);
2. E®OR=R®E=R,VReP(E);

3. R®R,=R,®R,, VR,,R, cP(E).

(P(E),®) is a commutative monoid.

Analog, (P(E ), ®) is a commutative monoid, where the identity element is R.
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Application

Modelling e-Courses

The educational semantic networks can be used to model the e-courses.

Consider a course C. The course has O,,0,,...,0

n?e

n instructional objectives. For each

objective, we could build an educational semantic network.
0, > R"
RE={NE NS NS I L ek kL L o )i =T,
where N ,.k are labeled nodes (Lf) and each node is associated with a pedagogical resource

called content C; .

I—> j(L)j means a relation from node i to node ; labeled with L.

The educational semantic network associated to the course is obtained using the reunion
. k1
operation R", k=1,n.

C—>R
R=R'®R*®..®R"

Modeling the “Object Oriented Programming”Course

To build the e-course with title “Object Oriented Programming”, we could use a set of
educational semantic network. Some of them are presented in the following figures.

Data

R' = Abstract Implementation
Abstract data type data programming abstract data type

Fig. 5. The educational semantic network for the objective “data”

Programming
techniques \
Testing J Object oriented
programs Unstructured programming
R? = programming
/ v \x
| ) - Profiling Procedural Modular
ebugging | | Programs | . .
programming programming

Fig. 5. The educational semantic network for the objective “programming techniques”
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The efficiency The analysis of
of the algorithm the algorithm

~

Algorithms

3 _ The elaborati
R = The concept of o craboraron
. of the algorithm
algorithm
Fig. 6. The educational semantic network for the objective “algorithm”
- Overloaded
Inheritance functions
Base class
4 Hierarchy of
R" = Derived class classes

Fig. 7. The educational semantic network for the objective “inheritance”

’ml‘\ {Dynamic
R’ = Linking

Fig. 8. The educational semantic network for the objective “linking”

|Polymorphism |

R® = / \
The concept of |Virtua1 functions |
polymorphism

Fig. 9. The educational semantic network for the objective “polymorphism”

R’ =

Fig. 10. The educational semantic network for the objective “abstract class”

|Destruct0r |

(Composed class |

R8

|The class concept

\ |Instance |
|Constructor | /

|The class concept | |Object |_,|Meth0ds |

The object concept W‘

Fig. 11. The educational semantic network for the objective “class, object”

The semantic network could be stored in the computer using databases. Each node has attached
more files representing the educational resources in the multimedia format. Applying the
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reunion operation, results the educational semantic network of the course “Object Oriented
Programming”.

R=R'®R°OR ®R'®R°OR°OR' ®R’
To teach only the module with title “Testing programs”, we have to apply the selection operator
to R® semantic network after the node with the same title.

The advantages of using this kind of structure for the pedagogical resources are [4]:
1. E-courses could be managed more easy;
2. the possibility of building new courses based on the existing courses;

3. possibility of using teaching and learning strategies, especially according to the profile
learning of each student.

Conclusions

The evolution of information technologies enables to teach according to a variety of the
instruction strategies. The great majority of the software programs dedicated to computer
assisted instruction present the pedagogical resources in one format. So, the students regardless
of the learning style of them have to learn in the same way. The structure presented in the paper
is a base structure for the e-courses. The structure was used in the software system development
based on pedagogical agent, presented in PhD thesis and confirms that students learn better if
the teachers use a strategy based on learning styles [5, 6].

References

1. Jonassen, D.H. - Designing structured hypertext and structuring access to hypertext,
Educational Technology 28(11), pp. 13—16, 1998

2. Moise, G. - A software system for online learning applied to distance university instruction in the
field of computer science, (unpublished manuscript), Petroleum-Gas University, Ploiesti, 2006

3. Moise, G. - Modelling e-courses based on educational semantic network, Petroleum-Gas
University of Ploiesti Bulletin, Vol. LVII, no. 4 (2005), pp. 31-40, 2005

4. Moise, G. - A new approach to manage contents of pedagogical resources, Scientific Bulletin of
Politehnica University of Timisoara 49(63) (2004) 5, pp. 99-103, 2004

5. Weil Joyce, B., Calhoun, E. - Models of Teaching, Pearson Education, 2004

6. Moise, G. - A Software System for Online Learning Applied in the Field of Computer Science,
International Journal of Computers, Communications & Control 1I, No. 1 (2007), available at
http://journal.univagora.ro/, 2007

Retele semantice educationale si aplicatiile lor

Rezumat

In acest articol autorii prezintd structura algebricd a retelelor semantice educationale. Structura propusd
in lucrare poate fi utilizata pentru modelarea continuturilor cursurilor electronic: permite operatii de
generare de noi cursuri electronice, definirea de tehnici pedagogice pentru predarea cursurilor, tehnici
de evaluare a studentilor.



