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Abstract- This paper is devoted to the ontology-based educational system design. The offered methodology is targeted to 
automatic or semi-automatic creation of the Electronics module domains from concepts and their relationships. A new tool, 
namely an educational thesaurus is suggested. Its assembling procedure is described. The thesaurus preparation procedure is 
discussed and its implementation for teaching and learning Electronics is shown. Such thesauri accompany today many Web 
documents of the disciplines related to Electronics domain and interpret about 1000 concepts in Electronics and Power 
Electronics courses. 
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I. INTRODUCTION 
 
Every educational system is oriented on the increase of 
an individual’s knowledge including information, 
facts, descriptions, and skills [1]. During the learning, 
a student proceeds through a succession of knowledge 
acquisition modules (disciplines, courses, chapters, 
etc.) thus obtaining a new appreciation of the universe. 
Schooling, study, observation, and practice supply 
learners with concepts. As he/she passes from one 
module to another, a volume of known concepts grows 
gradually. The focus is in searching the cheapest and 
shortest ways for a learner to become competent in the 
future profession. 
Today, ontology is an advanced technology in 
knowledge engineering intended for construction the 
knowledge-based intelligent systems [2]. This tool is 
suitable for the concept definitions and constraints for 
manipulating and managing their relations that enable 
knowledge sharing and reuse.  
Basing on ontologies, every academic module may be 
formally presented as a knowledge domain. Since 
2000, several authors have been writing on possible 
applications of ontologies in education and many 
studies were concentrated on their use in teaching and 
learning. There were developed some toolboxes for 
managing dictionaries and thesauri, particularly, 
Visualthesaurus.com for learning languages, RDFS 
and OWL in medical education domain as well as the 
RDF-based Wiki solutions, such as 
wiki.dbpedia.org/Datasetscitation [3]. Ontology was 
exploited to integrate the heterogeneous 
hypermedia-learning systems with AIMS (topic maps 
for the domain model implementation) and Onto 
AIMS (OWL and DAML-S) languages. Nevertheless, 
the problem lies in complexity, if not impossibility, of 
the concepts selection, validation, and verification for 
the designed educational ontologies. There is 
especially great motivation in resolving the initial part 
of the educational ontology design, which outlines the 
volume of the studied material [4].  
Another problem concerns assembling and ranking 

strategies of educational resources. It is unclear until 
now what essential factors could be used in order to 
develop optimal curricula and syllabi, and how 
ontologies might be applied in this process. 
Traditionally, educators involve ontologies created by 
authorities in the profile field of science (domain 
experts). In the same way, they use ontologies in 
preparing teaching materials and in development the 
learning paths for the students’ guiding [5]. It is often 
doing manually being extremely labour-intensive and 
time-consuming operation. Such an approach results 
in information overload and learners’ disorientation 
that take place in contemporary engineering education 
relying on the Web and multiple virtual resources. 
This draws out the learning period and entangles 
unreasonably the professional knowledge structure. 
Hence, instruction loses its clarity and attractiveness. 
This paper relates to the ontology generation of the 
Electronics educational model. The offered 
methodology is intended for automatic or 
semi-automatic creation of the professional module 
domain from a corpus of concepts and their 
relationships suitable for further encoding.  
 
II. ANALYSIS OF THE TRADITIONAL 
THESAURI 
 
To demonstrate the drawbacks of the traditional 
thesauri as an ontology system in the educational 
viewpoint, let us divide all the concepts from the 
learner’s knowledge domain into the known and 
unknown ones. Call the concepts beyond an 
educational domain as outside concepts. Presume that 
a student recognised the meaning of the outside 
concepts at the ongoing stage of learning. As well, call 
the concept which meaning is studied in the current 
module as a defined concept. Additionally, call the 
earlier introduced entries used to explain a defined 
concept as parents and the entries produced from the 
defined concepts as kids (Fig. 1).  
As ontology is a compendium of knowledge with the 
structured controlled relationship of concepts within a 
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knowledge domain, its model may be represented in a 
thesaurus form [6]. To design it, describe each its 
entry as an article devoted to a separate concept that 
includes a term and a definition:  
CONi = {Termi, Di(Ti1...Tit)}. 
 

 
Fig. 1. Thesaurus as ontology knowledge domain. 

 
Link all these articles directly and/or indirectly with 
each other. A volume of the knowledge acquired from 
this thesaurus depends on the learner understanding of 
the concepts (Ti1...Tit) used in a definition D. Any 
unknown Ti component impedes progress in 
instruction. 
As an example, let us analyse the definition of the 
concept “electronics” taking into account learning 
comprehension and suitability.  
According to Wikipedia.org, “Electronics is a branch 
of science, engineering, and technology that deals with 
electrical circuits that involve such active electrical 
components as vacuum tubes, diodes, transistors, 
integrated circuits, and associated passive 
interconnection technologies”. Assume that science, 
engineering, and technology are the outside concepts. 
The remaining concepts in the definition, such as 
electrical circuits, active electrical components, 
vacuum tubes, transistors, diodes, integrated circuits, 
and passive interconnection technologies, belong to 
“electronics”. It means that a student who would like 
to enrol in Electronics course may not understand its 
meaning unless he/she knows the parents. Moreover, 
if you proceed via the link active electrical component 
to find its meaning, Wikipedia will conduct you over 
the parent passivity, which is opposite to active 
component: “A component that is not passive is called 
an active component”. Following the next link, a 
learner will recognises an electronic component as “a 
basic electronic element” and, using the last link, 
returns to “electronics”. 
The same problem of “electronics” comprehension 
may be met by a student in Visualthesaurus.com. This 
powerful graphical thesaurus calls “electronics” as “a 
brunch of physics which deals with emission and 
effects of electrons and with the application of 
electronic devices”. Assume that physics, emission, 
and electrons are the outside concepts earlier 
introduced in physics. Therefore, to understand 
“electronics”, the learner has to know the meaning of 

electronic device. Following the link, we will find out 
that “Electronic device is a device which accomplishes 
its purpose electronically”. Trying to know what does 
electronically mean, we apply to the thesaurus, which 
answers: “Electronically means by electronic” which 
returns the student to “electronics”. 
At the end, let us try to understand “electronics” from 
Electropedia.org. It defines “electronics” as “a branch 
of science and technology related to the motion of 
charged carriers in such media as gas, vacuum, or 
semiconductor, to the electric conduction phenomena, 
and to the appropriate applications”. Following the 
applied links, you will find out that charge carrier is 
“an electron or a hole with a non-zero electric charge” 
and “Hole is a vacancy which behaves like a carrier of 
a separate positive elementary charge”. In this way, 
the circle has closed up! 
The following conclusions may be drawn based on the 
above analysis. 
1. In most thesauri, concepts are defined using 
their parts like this one: “A house is a building 
consisting of windows, doors, roof, etc”. As a result, a 
reader cannot recognise the concept until he/she 
knows its parts. 
2. The popular thesauri have no protection from 
the recursion at which the concept in question is 
indirectly determined by itself. For instance, “A book 
includes pages”. “A page is a part of the book”. 
3. Often, a definition is based on neglecting, i.e. a 
concept is determined by the neglecting concept. For 
example, “Truth is not False”. Therefore, to 
understand the concept, a user has to recognise the 
opposite concept. 
4. Thesauri are mainly indifferent to the 
synonyms. In particular, the articles in Wikipedia.org 
often explain the sense of the same concepts regardless 
each other. 
5. In general, the thesauri do not encourage 
redefining of the concepts. They suggest absolute 
definitions that cannot be adapted to the learner’s 
knowledge level.  
6. As the number of parents is usually 
unrestricted, an understanding of the defined concept 
can take much effort and time. 
Hence, the traditional thesauri do not meet the 
learners’ needs preventing their success in learning. 
Therefore, a novel approach to the thesaurus 
development is required.  
 
III. METHODOLOGY 
 
Now, address the design of a new tool for the thesauri 
building. In contrast to other thesaurus types, an 
educational thesaurus (ET) is aimed primarily for 
teaching, learning, and assessment. Taking into 
account that every educational module uses the 
concepts in a specific context and gives them the 
distinctive meanings that may deviate from the same 
words in other contexts and in everyday language, 
both the ET structure and its definition part require a 
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unique, explained below arrangement.  
Let us an ET includes m defined concepts. Represent a 
separate concept, CONi by an i-th thesaurus entry with 
the following components: 
CONi = {i, Termi, Di(Ti1...Tit, Pj1...)}, 
where i = 1...m, Ti, Pi ≠ Termi, t < m. Here, i is an 
index, Term is used to title the defined concept, D 
describes the concept meaning, T are the terms of the 
parents in D, and P are the terms of outside concepts in 
D.  
The following main principles of ET arrangement help 
to overcome the drawbacks of the traditional thesauri 
in the educational viewpoint:  
1. from known to unknown,  
2. from simple to complex,  
3. step by step without recursions and repetitions, 
4. welcome redefinitions and synonyms.  
The statements of these principles are as follows: 
Statement A. The first concept of the ET, CON1, has to 
title the educational module with the help of outside 
concepts (t = 0). This will result in the learners’ 
understanding of the module definition before his 
enrolment. If the set of terms is presented either by the 
list or by the relational database or matrix, this title 
concept will be the first ET line or row,  
CON1 = {1, Course title, D1(Pj1...)}. 
Statement B. Every definition Di(Ti1...Tit, Pj1...) has to 
outline the application focus and/or the main operation 
principle of the defined concept. As the ET concepts 
may not be explained through their parts or opposite 
concepts, the parents are to be introduced before the 
defined concept. Mathematically, a properly designed 
ET has to be presented by the left-triangular matrix of 
its terms. 
Statement C. It is a good idea to define the parents and 
outside concepts (Ti1...Tit, Pj1...) using the weights 
suitable for their measurement and comparison. 
Statement D. From the educational point of view, it is 
reasonable to restrict the number of parents by two or 
three because the definitions based on the greater 
number of parents require much effort and time for 
understanding. 
Statement E. As the synonyms are the usual ET 
entries, all the synonyms are to be addressed to a 
uniform definition within the thesaurus. 
Statement F. ET designers require the tools to prevent 
recursion and repetition during the thesaurus 
development.  
Statement G. In contrast to other kinds of thesauri, 
redefining of the concepts is the usual process in 
education. While the first definition is simple and 
short, the following ones may be more complex and 
detailed being based on the new concepts introduced 
during the course duration. 
 
IV. THESAURUS ASSEMBLING 
 
Assembling of the thesaurus is the next problem faced 
by the thesauri developers [7]. This group of tasks 
involves term selection, filling, edition, and ranking 

procedures.  
Many selection and sorting algorithms were 
published, starting from [8], [9]. Nevertheless, unlike 
the simple data list, the key of the ET ranking is an 
unknown earliest position i at which a defined concept 
may be introduced into the learner’s knowledge area. 
This parameter should be derived based on the known 
terms Ti…Pj predetermined the ranged concepts. 
Unless a designer introduces a concept in time, the 
concept doubling may occur that complicates 
conceptual comprehension.  
Let i be a permissible instant to introduce the concept 
CONi. Assume CONi is a defined concept and Tk is a 
term of a parent from the definition of CONi, k = 0...p, 
Tk є {T1, Tm}. The defined concept CONi depends on 
the parent terms Tk and does not depend on the 
remaining concepts from m. The greater is i, the later a 
concept CONi should be introduced into the learner’s 
knowledge area. The research problem is to find the 
minimum possible index of the defined concept, 
min(i). Alternatively, how to rank the remaining 
concepts CONi predetermined by the terms Tk of the 
concepts introduced in the same course?  
To resolve this problem, the specific procedure shown 
in Fig. 2 was developed and implemented as a separate 
toolkit. In the common case, the body of the thesaurus 
terms may be represented by the rectangle matrix of m 
rows and columns. As the parents were introduced into 
the curriculum before the defined concept, the terms of 
the properly designed thesaurus should be described 
by the left-triangular matrix.  

 
Fig. 2. Algorithm of the thesaurus assembling. 

The flowchart in Fig. 2 demonstrates five particular 
cases of the ET organisation. 
Case A. The concepts with empty terms are removed 
from the ET  
Case B. If the concepts with repetitive terms are found, 
a request for the concept repair will be generated. 
Case C. If the recursion is recognised, at which a 
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parent is defined through the term or through the kids 
of this term, the new request for the concept repair will 
be generated. 
Case D. If the new term is found, such that its parent 
does not exist among the terms, the parent term will be 
placed ahead the defined concept. 
Case E. If the parent is found below the defined term, 
the term will be moved behind the parent concept. 
Bearing in mind that i is the minimum permissible 
index of the defined concept, the indexes i of other 
concepts may further be exchanged using the proposed 
algorithm. As a result, the designer receives an 
instrument for searching the best position for a concept 
introduction into the course. 
 
V. APPLICATION EXAMPLE FROM 
ELECTRONICS 
 
Assume that an unordered ET fragment of the course 
of Electronics introduces some concepts, like these: 
1. breakdown – reverse voltage of a pn junction 
where the Zener effect occurs 
2. diode – double-terminal semiconductor device 
serving as a conductor being forward biased and as an 
insulator being reverse biased 
3. pn junction – area between p-type and n-type 
layers 
4. Schottky diode – high-frequency diode with no 
depletion layer 
5. intrinsic semiconductor – single-element 
semiconductor without pn junction 
6. Zener diode – diode designed to operate in the 
Zener effect area 
7. Zener effect – effect of high current occurring 
in a diode under certain reverse voltage 
8. p-type – trivalent impurity of an intrinsic 
semiconductor  
9. n-type – pentavalent impurity of an intrinsic 
semiconductor 
10. tunnel diode – heavily doped diode with a zero 
breakdown 
11. semiconductor device – electronic device built 
on intrinsic semiconductors with impurities 

 
Fig. 3. Fragment of a concept tree. 

Here, the italic typesets present the terms of new 
concepts defined within this fragment whereas other 
words were introduced before. The defined terms 
occupy the left side of each definition whereas the 
parent terms are to the right. The system where every 
concept, except of the first one, depends on other 
concepts may be represented by the concept tree 
(“grove of Academe”). The concept tree of the terms 
for this fragment is shown in Fig. 3. The first term of 
the tree is called a root, the middle terms are nodes, 
and the tree ends are known as leaves. The lines 
connecting the terms are called branches. 
Table I represents a structure of this fragment. 
TABLE I.  FRAGMENT OF AN INITIAL CONCEPT TABLE IN 

ELECTRONICS 

 
Table II describes the corresponding concept matrix 
structured in accordance with Table 1. 

TABLE II.  FRAGMENT OF INITIAL CONCEPT MATRIX IN 
ELECTRONICS 

 
An analysis shows the presence of a recursion drawn 
by the curved link between “pn junction” and 
“intrinsic semiconductor” in Fig. 3 and an unordered 
fashion of the fragment. To exclude these 
shortcomings, the ranking procedure has been 
executed. Table III displays the finally ranked ET. 
Here, the new concept “pn junction*” was introduced 
to give the simplified “pn junction” description, like 
this: 
pn junction* − area between the semiconductors with 
mostly positive and negative carriers  
Later, “pn junction” is redefined in line 5 of Table III. 
TABLE III.  FRAGMENT OF THE FINAL CONCEPT TABLE IN 

ELECTRONICS 
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Table IV displays the left-triangular matrix of the 
finally ordered thesaurus. 

TABLE IV.  FRAGMENT OF THE FINALLY ORDERED 
CONCEPT MATRIX IN ELECTRONICS 

 
 
VI. EDUCATIONAL THESAURUS AS A TOOL 
FOR TEACHING AND LEARNING 
 
The ranked thesauri accompany today many electronic 
documents of the disciplines related to Electronics 
domain [10]. Using interactive hyperlinks, the ETs 
clarify and explain the sense of concepts through other 
learning materials, such as lectures and practical 
guidelines. These hierarchically structured interactive 
dictionaries interpret now about 1000 concepts in 
Electronics and Power Electronics disciplines. Each of 
their articles has a semantic (meaningful) relationship 
with the definitions given preliminarily.  
In Fig. 4, the screen damp of a Web tutorial aid is 
shown which covers the exercises in Power 
Electronics with the thesaurus entry in the database 
form. Fig. 5 represents the similar fragment related to 
the lab tutorial in Electronics.  

 
Fig. 4. Fragment of the tutorial aid in exercises in Power 

Electronics accompanied by ET. 

 
Fig. 5. Fragment of the tutorial aid in labs in Electronics 

accompanied by ET. 
 
CONCLUSION 
 
The education-oriented methodology of the ontology 
development is proposed. The outcomes of this study 
are the educational thesauri that accompany many 
electronic documents of the disciplines related to 
Electronics instruction, explain the concepts using 
hierarchically structured interactive dictionary, and 
interpret above 1000 terms in this domain 
 
ACKNOWLEDGMENT 
 
This research was supported by Estonian Ministry of 
Education and Research (Project SF0140016s11). 
 
REFERENCES 
 
[1] S. J. Russell, J. Stuart and P. Norvig, Artificial Intelligence: A Modern Approach (3rd 

ed.). Upper Saddle River, New Jersey: Prentice Hall, 2010, 932 p. 
[2] S. Staab and R. Studer, Handbook on Ontologies. Springer, 2nd edition, 2009, 811 p. 
[3] Historical Thesaurus of the Oxford English Dictionary. Oxford University Press, 2009, 

4448 p. 
[4] P. Velardi, S. Faralli and R. Navigli, “OntoLearn reloaded: A graph-based algorithm 

for taxonomy induction,” Computational Linguistics, 39 (3), MIT Press, 2013, pp. 
665 – 707. 

[5] R. Navigli and P. Velardi, “Learning word-class lattices for definition and hypernym 
extraction,” The 48th Annual Meeting of the Association for Computational 
Linguistics ACL 2010, Uppsala, Sweden, 2010, pp. 1318 – 1327. 

[6] J. Aitchison and A. Gilchrist, Thesaurus Construction and Use: A Practical Manual. 
London: Aslib, 1997, 212 p. 

[7] L. Gazendam, C. Wartena and R. Brussee, “Thesaurus based term ranking for keyword 
extraction,” Workshop on Database and Expert Systems Applications DEXA 2010, 
Bilbao, Spain, 2010, pp. 49 − 53. 

[8] N. Wirth, Algorithms and Data Structures. Upper Saddle River, NJ: Prentice Hall, 
1986, 288 p. 

[9] D. Knuth, The Art of Programming. Massachusetts: Addison Wesley, 1997, 650 p. 
[10] Z. Raud and V. Vodovozov, “Flexible curricula based on educational thesaurus,” 

15th IASTED International Conference on Computers and Advanced Technology 
in Education CATE 2012, Napoli, Italy, 2012, pp. 219 − 226. 

 
 
 
 

 


