
   International Journal of Scientific and Innovative Research 2013; 1(2):114-128, 

P-ISSN 2347-2189, E- ISSN 2347-4971 

 

 114 

 

USE OF ONTOLOGICAL ANALYSIS FOR STUDENT SKILLS CONTROL IN E-

LEARNING: SEMANTIC WEB APPROACH 

* G Laxmi, I Shah, R Beg 
 

 Department of Computer Science, Integral University, Lucknow, UP, India 

 

 

 

ABSTRACT 
The important elements of effective learning are control of student skills and ability for retrieval of 
new information relevant to subject domain of learning. We propose to use the domain ontology as an 
instrument for student skills examining. Students have to build the personal domain ontologies and 
thesauri of examine discipline (on base of natural language texts relevant to subject domain –lectures, 
textbooks, manuals etc. ) and then compare them with reference ones that are built by tutor. Analysis 
of student mistakes allows to propose them personalized recommendations and to improve the course 
materials in general. Personal ontologies are improved in process of learning and can expand the 
reference ontology according to personal skills and knowledge of student (for example, by terms in 
other languages known to student). In future, this ontology can be used for personificated 
informational retrieval in corresponding subject domain. 
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INTRODUCTION 

We describe how a multi agent intelligent 

learning environment can provide adaptive 

tutoring based on learner modeling   through 

Web services. The system is called Web F-

SMILE and is meant to help novice users learn 

how to manipulate their file store. The system 

has assigned an agent, called learner modeling 

(LM) agent, to constantly observe the user and 

collect information about him/her. This 

information is used by other agents in order to 

provide individualized help and tutoring. The 

LM agent interacts with a learner modeling 

server through Web services. In this way, each 

learner model is available to any client 

application that requests it. The main 

* Address for correspondence - Mrs. Geeta Laxmi,  Department of Computer Science, 
Integral University, Lucknow ,UP, India 



   International Journal of Scientific and Innovative Research 2013; 1(2):114-128, 

P-ISSN 2347-2189, E- ISSN 2347-4971 

 

 115 

 

advantage of this approach is that the learner 

model is not reinitialized every time the user 

changes the PC s/he uses. Moreover, Web 

services allow information to pass through 

most security systems and thus the reliability 

of the learner model information is ensured. 

The growth of the information society 

provides a way for fast data access and 

information exchange all over the world. Now, 

a lot of materials that used for education 

process exist in electronic form. In many 

domains the results of work are plain test 

materials. However, human readable data 

resources (like student control works, reports 

etc.) have serious problems for achieving 

machine analyses. Computer technologies 

have been significantly changing the content 

and practice of education. The consequent 

applications of multimedia, simulation, 

computer-mediated communication and 

communities, and internet-based support for 

individual and distance learning have the 

potential for revolutionary improvements in 

education [1, 2]. 

Online learning (e-learning) offers new 

possibilities in learning: a student can 

immediate feedback on solutions to problems, 

learning paths can be individualized, etc. 

Online learning is a growing business: the 

number of organizations working on online 

learning and the number of courses available 

on the Internet is growing rapidly. Now, a lot 

of e-learning tools with varying functionality 

and purpose exist [3,4]. E-learning is an 

alternative concept to the traditional tutoring 

system. The course tutor in a software tutoring 

system controls learners relatively weaker than 

in the traditional one where it is the tutor who 

is in-charge of  the contents and sequence of 

instructions. Therefore, in order to obtain 

better tutoring outcomes, a software tutoring 

system should emphasize engaging students in 

the learning process and be adaptive to each 

individual learner. The goal of the early 

software tutoring systems was to build user 

interfaces that provide the efficient access to 

knowledge for the individual learners. Recent 

and emerging work focuses on the learner 

control over the learning process such as 

learner exploring, designing, constructing, and 

using adaptive systems as tools [5]. 

With the application of more computer 

techniques in education and the involvement 

of more adults in software tutoring systems, 

the learner control strategy has become more 
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appreciated than tutor control or program 

control. 

Learning control needs the comparison means 

of learner’s knowledge base that forms (and 

modifies) in learning process with the course 

domain knowledge base. It requires the 

powerful and interoperable tools of knowledge 

representation and analysis. A structured 

information representation is required and 

ontologies (machine processable 

representations containing the semantic 

information of a domain) can be very useful. 

The ontology systems serve as a flexible and 

extendable platform for knowledge 

management. The inspiring idea to develop 

reusable atomic learning components and to 

capture their characteristics in widely-

accepted, formal metadata descriptions will 

most probably attract learning object providers 

to annotate their products with the accepted 

standards. The experience of the developed 

countries shows the technological achievement 

of remote training — e-learning - that opens 

many new opportunities in expansion of 

student’s number with the same number of the 

tutors and in improving of education quality. 

In recent years, e-learning has been 

widespread, especially since standardizing 

initiatives for learning technologies [6] have 

begun. For distant learning where the tutor 

works with many students without direct 

contacts, it is very important to provide the 

objectivity and automatization of knowledge 

examination. 

An important component of e-learning is 

testing of student’s skills and knowledge. One 

of the main problems arising during creation 

of testing systems is an interoperability of 

created tests – opportunity to reuse these tests 

in different testing systems. To organize test 

exchange between various systems it is 

necessary to create some universal format of 

tests preservation and their processing 

instructions. And an important condition for 

this format should be its independence from 

the platform. Standardization of educational 

technologies and, in particular formats of test 

data preservation is working out all over the 

world. Now, Ministry of Education and 

Science of Ukraine realizes the Program of 

On-line Education Development. 

According to these activities the development 

of projects of standards for systems, methods 

and technologies standards of on-line 

education in educational institutions taking 

into account international standards was 
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provided. But different test formats such as 

Instructional Management Systems (IMS) 

Question and Test Interoperability (QTI) of 

Global Learning Consortium are not adequate 

to reflect all relationships of different applied 

domains. But the more serious problems are 

caused by the test semantic. Many authors [7,8] 

utilize the ontology's semantic data to improve 

the analyses of information in unstructured 

documents. The domain ontology plays central 

role as a resource structuring the learning 

content [9-10]. One of the key challenges of the 

course construction process is to identify the 

abstract domain of information within which 

this course will exist. Tutor has to describe the 

main terms and concepts from which a course 

is to be constructed. 

 

KNOWLEDGE REPRESENTATION AND 

KNOWLEDGE MANAGEMENT 

Knowledge management is a big challenge 

especially in large organizations such as the 

big modern universities that provide traditional 

and distant forms of learning. Knowledge 

exists there in different forms as explicit 

knowledge in documents and processes and as 

tacit knowledge in people and procedures and 

in many different forms between these two 

extremes. They are knowledge as personalized 

information, state of mind, object, process, 

access to information and capability. And 

there are even other definitions, such as 

knowledge as an asset. The best ways to 

manage knowledge depend naturally on which 

view  knowledge is taken and then to choose 

the methods accordingly. There are many 

ways to view on the knowledge management 

process [2]  and the following five steps are 

often identified: 1. Acquisition, 2. creation, 3. 

storage, 4. validation, and 5. utilization. 

 

SEMANTIC WEB AS ENVIRONMENT 

OF KNOWLEDGE 

The current Web can be classified as the 

second generation Web. The first generation 

started with the “handwritten” HTML web 

pages. The second generation, made a step 

forward introducing machine - generated web 

pages or even active HTML pages. The 

common characteristic between the first two 

web generations is that they are both human - 

oriented. The third generation of the Web is 

what is widely known as the “SemanticWeb” 

and its main difference from the previous two 

generations is that it aims to machine - 

readable information[1].The current Web can 
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be classified as the second generation Web. 

The first generation started with the static and 

easy HTML pages. The second generation 

widely uses active HTML pages and complex 

Web sites with databases. The common 

characteristic of the both first two web 

generations is that they are human-oriented. 

The Semantic Web is the new generation of 

the World Wide Web, based on the semantic 

network knowledge representation formalism, 

which enables packaging information in the 

form of object-attribute-value statements, so 

called triplets. The main difference between 

the previous two generations and the third 

generation of the Web is that it aims to 

machine - readable information. The vision of 

the Semantic Web proposes more intelligent 

services by facilitating machine understanding 

of content. Ontologies are an important 

building block of knowledge in the Semantic 

Web. Ontologies provide a shared and 

common understanding of a domain that can 

be communicated across people and 

applications. An important advantage of the 

Semantic Web is that people can 

collaboratively create ontologies and build 

common vocabulary without centralized 

control. One building block of Semantic Web 

ontologies is a Semantic Web Term (SWT) 

which plays the role of a word in natural 

languages. The set of SWT is a bridge between 

the RDF statements with formal semantics 

defined in RDF(S) and OWL. SWT are 

intended to be reused as universal symbols. 

A Semantic Web term is an RDF resource that 

represents an instance of rdfs:Class (or 

rdf:Property) and can be universally 

referenced by its URI reference (URIref). 

Ontology as a branch of philosophy deals with 

the theory of information technology (IT).  An  

ontology is the working model of entities and 

interactions in some particular domain of 

knowledge or practices. In IT, an ontology is 

the specification of conceptualizations, used to 

help programs and humans share knowledge. 

In this meaning, an ontology consists of 

specified concepts that are defined to create an 

agreed-upon vocabulary for information 

exchange. Knowledge in ontologies is mainly 

formalized using five kinds of components: 

classes, relations, functions, axioms and 

instances [3].  By assuming that terms used in 

these statements are based on the formally 

specified meaning (for the community of 

interest), i.e ontologies, these triplets can be 

semantically processed by machine agents. 
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Most of the current Semantic Web applications 

are based on using such atomic statements as 

pure facts. 

 

ONTOLOGICAL ANALYSIS 

1. Basic Principles of Ontological Analysis 

Ontological analysis is accomplished by 

examining the vocabulary that is used to 

discuss the characteristic objects and processes 

that compose the domain, developing rigorous 

definitions of the basic terms in that 

vocabulary, and characterizing the logical 

connections among those terms. The product 

of this analysis, an ontology, is a domain 

vocabulary complete with a set of precise 

definitions, or axioms, that constrain the 

meanings of the terms sufficiently to enable 

consistent interpretation of the data that use 

that vocabulary. An ontology includes a 

catalog of terms used in a domain, the rules 

governing how those terms can be combined 

to make valid statements about situations in 

that domain, and the sanctioned inferences that 

can be made when such statements are used in 

that domain. In the context of ontology, a 

relation is a definite descriptor referring to an 

association in the real world; a term is a 

definite descriptor that refers to an object or 

situation-like thing in the real world. Formal 

model of ontology O is ordered triple of finite 

sets O = < T, R, F > [15], where T - the domain 

terms of which is described by ontology O; R - 

finite set of the relations between terms of 

domain; F – the domain interpretation 

functions on the terms and the relations of 

ontology O. In process of ontology building 

students use relations from the fixed set that 

contains the most widely used relations: 

R={"is a subclass of", "is a part of", "is a 

synonym", "has attributes", "has elements"}. It 

simplifies the ontology building and analyses 

processes. 

 

2. Main steps of ontology construction 

For building of ontology we base on IDEF5 

mythology. 

By IDEF5 method, in ontology building 

students must perform three tasks: 

1) Build the set of the domain terms; 

2) Capture the constraints that govern how 

those terms can be used to make descriptive 

statements about the domain; 

3) Build a model that, when provided with a 

specific descriptive statement, can generate the 

"appropriate" additional descriptive statements 
[11]. 
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The students (as well as the tutor) have to 

execute four main steps to design the ontology 

of domain: 

1. Define the main classes and terms of 

domain and describe their meaning: 

 Define the set of class names T; 

 Define the set of relation names R; 

 For every class name define the set of 

attribute names At; 

 For every attribute name a A t T t  ,  

define it type – INT, STRING, NUMBER ets. 

or other class of ontology; 

2. Construct the taxonomy of domain terms: 

 Define all pairs of classes 

 t ,t ,t T,t T,r(t ,t )  t "IS _ A_ Subclass 

_Of "t ,r R 1 2 1 2 1 2 1 2 ; 

3. Define synonymy and other relations 

between these terms: 

 Define all pairs of classes 

 t ,t ,t T,t T, r(t ,t )  t "IS _ Synonyme 

_Of "t ,r R 1 2 1 2 1 2 1 2 ; 

 Define all pairs of classes 

 t ,t ,t T,t T, r(t ,t )  t "Related _With"t 

, r R 1 2 1 2 1 2 1 2 ; 

4. Describe the instances of constructed 

classes: 

 Define names of instances a; 

 Define meanings of all attributes of instance 

class 

a  t, t T . 

 

 

 

 

 

 

 

 

 

 

 

                 Fig.1. Ontology building process as a result of learning 
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3. Means of ontology construction 

For knowledge interoperability we apply 

technologies developed in Semantic Web 

project [11]. The ontologies are stored in a 

semantic markup language OWL[12]. that is 

developed as a vocabulary extension of RDF 
[13] for applications that process the content of 

information. The OWL Web Ontology 

Language is being designed by the W3C Web 

Ontology Working Group as a revision of the 

DAML+OIL web ontology language. The 

OWL syntax has a frame-like style, where a 

collection of information about a class or 

property is given in one large syntactic 

construct, instead of being divided into a 

number of atomic chunks for ease of 

readability. An OWL ontology is a sequence 

of axioms and facts, plus inclusion references 

to other ontologies, which are considered to be 

included in the ontology. OWL ontologies are 

web documents, and can be referenced by 

means of a URI. Ontologies also have a non-

logical component that can be used to record 

authorship, and other non-logical information 

associated with a ontology. 

 

CLASSIFICATION OF MISTAKE TYPES 

IN STUDENT ONTOLOGIES 

We distinguish the mistakes of different 

gravity. If a student uses improper relation but 

from group of hierarchical relations (for 

example, A is a part of B instead of A is a 

subclass of B - Fig.2) it is not so important as 

if she or he uses hierarchical relation instead of 

synonymic relation (for example, A is a part of 

B instead of A is a synonym of B ). 

 

 

 

 

 

 

 

 

 

Fig.2. Hierarchical direction class error 
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Fig.3. Instance classification error 

 

More serious mistake is improper direction of hierarchical relations (for example, A is a part of B 

instead of B is a part of A - Fig.2). On base of this algorithm we grade the results of students work 

with 100-ball system. The experimental prototype of system that controls student’s knowledge by 

means of ontological analyses in URAN network was developed by Java. 
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Fig.4. Rating of the student ontology correctness. 

 

 RESULTS AND FUTURE WORK 

Ontological representation of student domain 

skills can be automatically processed by 

intelligent software agents [16]. It is appropriate 

to use software agents for e-learning because 

they work efficiently in dynamic 

heterogeneous distributed environment [17]. 

One of the main properties of an intelligent 

agent is sociability. Agents are able to 

communicate between themselves, using some 

kind of agent communication language, in 

order to exchange any kind of information. In 

that way they can engage in complex 

dialogues, in which they can negotiate, 

coordinate their actions and collaborate in the 

solution of a problem. A set of agents that 

communicate among themselves to solve 

problems by using cooperation, coordination 

and negotiation techniques compose a multi-

agent system (MAS).  A lot of researchers use 

MAS for e-learning and e-coaching tasks. 

Personalized e-learning employs an active 

learning strategy which empowers the learner 

to be in control of the context, pace and scope 

of their learning experience. It supports the 
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learner by providing tools and mechanisms 

through which they can personalize their 

learning experience. This learner 

empowerment and shift in learning 

responsibility can help to improve learner 

satisfaction with the received learning 

experience. 

 

The aims of personal e-learning agents are at 

increasing of information dissemination of 

existing courses through delivering the 

relevant course information offer to the right 

student at the right moment. For example, 

students of different specialties learn on 

different programs and in many cases have 

different theoretical and practical background. 

Their personal agents can consider it and 

propose them not only the universal course 

program but additional facts and references 

from allied courses that they didn't learn. 

Application of agent-based technologies in e-

learning provides the personification of 

students  and tutors and save all users from the 

routine operations. An architecture of multi 

agent e-learning MAS M(e)L is proposed 

(Fig.7). It includes personal agents of students 

and course tutors. Use of some agents-

facilitators raises the efficiency of this system 

and helps to users in search of required 

information. Agents of students and tutors 

don't communicate directly. They send 

ontological information to informational agent 

that analyses them and returns the results to 

students and tutor. 
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Fig.5. Architecture of e-learning MAS M(e)L. M(e)L includes 

 

1. Software agents of different types: 

 Personal student agents; 

 Personal tutor agents; 

 Informational agent for communication 

support that facilitate users the DB and KB 

interaction; 

2. Knowledge base where ontological 

information about course is stored; 

3. Data base where personal information about 

users is stored; 

Reference ontology is sent to M(e)L 

knowledge base by tutor personal agent. 

 

  

SUMMARY AND CONCLUSION 

The main features of our approach to 

knowledge control are the following: 

 All results are analyzed automatically 

without tutor; 

 Results are analyzed objectively; 

 Students can work with knowledge base; 

 A structurization of domain knowledge 

simplifies the learning process; 

 Tutors can exchange their knowledge based 

on reference ontologies. 

One of the essential elements needed for 

effective learning is feedback. In the current 

generation of e-learning systems automatically 
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produced feedback is almost only used in 

question-answer situation. Valuable feedback, 

for example produced by a human tutor via 

email, is often possible but this introduces 

delays and is time consuming. We want to 

develop ontology-based mechanisms of 

feedback that use the context of education. 

Different student errors need different 

methodologies of tutor to describe their 

causes. 

Feedback is used in many learning paradigms. 

The concept of feedback is very important in 

educational psychology. It is one of the main 

psychological principles that one of the 

essential elements needed for effective 

learning is feedback. Information about 

examining results is required to assess 

progress, correct errors and improve 

performance. Feedback describes any 

communication or procedure given to inform a 

student of the accuracy of a response, usually 

to an instructional question. Feedback allows 

the comparison of actual performance with 

some set standard of performance. Information 

that is acquired by student from feedback 

instruction includes not only answer correction 

but other information such as precision, 

timeliness, learning guidance, motivational 

messages, background material, sequence 

advisement, critical comparisons, and learning 

focus. In traditional learning students and 

tutors can interact directly and students can 

freely ask questions and tutors usually know 

whether their students understand concepts or 

problem solving techniques and relations 

between them. Feedback is an important 

component of this interaction. In e-learning 

systems feedback problem is much more 

difficult and has a lot of technological and 

social aspects. In future, we plan to develop 

more powerful algorithms of ontology 

analyses that consider ontology integration and 

their distributed upgrade on base of multi 

agent technologies. Application of student and 

tutor agents will provide the personalization of 

distributed learning process. These agents will 

use the history of learning for feedback 

between student and tutor. 
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