
Journal of Computing and Information Technology - CIT 23, 2015, 3, 255–267
doi:10.2498/cit.1002493

255

Ontology-Based Semantic Retrieval
for Education Management Systems

Lijun Tang1 and Xu Chen2

1School of Mathematics and Computer Science, Ningxia University, Yinchuan, China
2Network Information Technology Center, Beifang University of Nationalities, Yinchuan, China

The traditional information retrieval technologies are
based on keywords, and therefore provide limited ca-
pabilities to capture the conceptualizations associated
with user needs and contents. As a new technology
of information retrieval, semantic retrieval can retrieve
information resource fully and precisely based on the
knowledge understanding and knowledge reasoning. On-
tology, which can well represent and reason about the
domain knowledge, is proved to be very useful in the
semantic retrieval. On this basis, in this paper, we
propose a complete ontology-based semantic retrieval
approach and framework for education management
system. Firstly, we present some rules for construct-
ing domain ontology from the education management
system; Then, a semantic annotation method of the
constructed ontology is given; Further, the ontology-
based semantic retrieval algorithm is proposed; Finally, a
complete framework is developed and some experiments
are done. Conducted experiments show that our semantic
retrieval model obtained comparable and better perfor-
mance results than the traditional information retrieval
technology for education management system.

Keywords: ontology, semantic retrieval, education man-
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1. Introduction

Information retrieval, which is a stage in the
consumer decision process during which a con-
sumer searches for internal or external infor-
mation, is used in many real applications such
as databases, business, education, and so on
[14]. The traditional information retrieval tech-
nology, which is based on the key word match,
does not have a good support of semantic match.
Its properties depend on users’ understanding
upon their means of application, and therefore
provides limited capabilities to capture the con-
ceptualizations associated with user needs and
contents [5].

Aiming to solve the limitations of keyword-
based models, the idea of conceptual search, un-
derstood as searching by meanings rather than
literal strings, has been the focus of a wide
body of research in the information retrieval
field. As a new technology of information re-
trieval, semantic retrieval can retrieve informa-
tion resource fully and precisely based on the
knowledge understanding and knowledge rea-
soning. In particular, Ontology [1], [3], which
comes from Philosophy and is firstly used as
other meaning in the domain of Artificial Intel-
ligence, is very useful in the semantic retrieval.
It can provide a flexible and full-scale mecha-
nismof description and storage for the share and
creation of domain knowledge. Thanks to the
advantages of ontologies, their potential to over-
come the limitations of keyword-based search
in the information retrieval context was soon en-
visaged, and was explored by some researchers
in the Semantic Web area [16], [6], [12].

Subsequently, ontology-based information re-
trieval technologies are discussed in many stud-
ies from different aspects [5], [11], [15], [22],
[13], [23], etc. A new text-mining system-based
on ontology for scientific literature is developed
in [15], the system’s capabilities go far beyond
those of a simple keyword search engine. The
study of [22], which handles ontology based in-
formation retrieval, is focused on developing an
ontology which makes MPEG-7/21 standards
interoperable with domain and application on-
tologies. Moreover, the use of ontologies for in-
formation retrieval in organizational memories
is discussed in [13]. Also, an ontology-based in-
formation extraction and retrieval system and its
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application in the soccer domain is investigated
in [11]. The comprehensive review of ontology-
based information retrieval can be found in [9],
[19].

In recent years, with the rapid development of
internet technology and the normalization of
higher education, a lot of excellent courses,
on-line courses, discipline websites and inter-
net teaching resources libraries are constructed.
The amount of the teaching resources is grow-
ing very fast. With the traditional education
management systems, the information retrieval
technology is based on the simple matching of
the key words. However, due to the differ-
ent hobbies of the users, the description of the
needed retrieval information is different. Tradi-
tional retrieval method of the teaching resources
hardly satisfies the teachers’ and the students’
need of the precision and recall from the mas-
sive resources. Thus, the urgent problem of
the education management system is how to
retrieve the needed information from the mas-
sive teaching resources. As mentioned above,
ontology-based information retrieval technolo-
gies may be useful for education management.
With domain ontology, semantic instruction can
be given in users’ choice of the retrieval struc-
ture, which can help to eliminate the ambiguity
of natural language, clearly define the concept
and therefore make users question retrieval type
better and accurately reflect users’ real need of
information. It is easier for users to extend and
narrow the retrieval. It can also strengthen the
logical function of the system. If the search
of information resources is finished, it can also
infer and figure out the information hidden in
the text on the basis of the relevant concept and
background knowledge. In [21], a brief frame-
work of semantic retrieval based on the ontology
of teaching management is initially presented,
but the complete approach and framework for
retrieving teaching management based on on-
tology, including the construction of ontology
from the teaching management domain, the se-
mantic annotation method of the constructed
ontology, the semantic retrieval algorithm, de-
tailed discussions and experiments, are missed
in [21].

To this end, in this paper, we propose a complete
ontology-based information retrieval approach
and framework for education management sys-
tems. Firstly, we present some rules for con-

structing domain ontology from the education
management system; Then, a semantic anno-
tation method of the constructed ontology is
given; Further, the ontology-based information
retrieval algorithm is proposed; Finally, a com-
plete framework is developed and some exper-
iments are done. Conducted experiments show
that our semantic retrieval model obtained com-
parable and better performance results than the
traditional information retrieval technology.

The remainder of this paper is organized as
follows. Section 2 recalls some preliminaries
on ontologies. Section 3 proposes a complete
ontology-based information retrieval approach
for education management. A framework is
developed and some experiments are done in
Section 4. Section 5 shows conclusions and the
future work.

2. Preliminaries on Ontologies

The vocabulary “ontology” often appears in var-
ious applications. While having its roots in
philosophy, the term ontology is today popu-
lar also in computer science. In general terms,
ontologies are a formal, explicit specification of
a shared conceptualization [20]:

• Conceptualization refers to an abstractmodel
of some part of the world which identifies
the relevant concepts and relations between
these concepts.

• Explicit means that the type of concepts, the
relations between the concepts, and the con-
straints in their usage, are explicitly defined.

• Formal refers to the fact that the ontology
should be machine-readable.

• Shared means that the ontology should re-
flect the understanding of a community and
should not be restricted to the comprehen-
sion of some individuals.

Ontologies can be defined by ontology defini-
tion languages such as RDFS, DAML+OIL,
or OWL [7]. OWL (Web Ontology language)
[17], a W3C recommendation, is to be de-facto
standard for ontologies. OWL can be used to
explicitly represent the meaning of terms in vo-
cabularies and the relationships between those
terms. This representation of terms and their
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interrelationships is called ontology. OWL de-
scribes the domain knowledge by defining some
classes, properties, individuals, and axioms.

In the following we give a formal definition of
OWLontologies in order to provide readerswith
a general understanding of the components of
ontologies.

Definition 1 (ontologies). An OWL ontol-
ogy can be formally defined as a tuple O =
{I,P, C,D,A}:
• I is a set of individuals; Each individual is

an instance of a class;

• P is a set of properties; A property can be
classified into two kinds of properties: ob-
ject propertiesR and datatype properties T ,
the former link individuals to individuals and
the latter link individuals to data values;

• C is a set of classes; C, P and I form the
primitive terms of an ontology, e.g., a class
Person can be used to represent the set of all
people, the object property parentOf can be
used to represent the parent-child relation-
ship, and the individual Peter can be used to
represent a particular person called Peter;

• D is a set of data range identifiers; Each data
range identifier is a predefinedXMLSchema
datatype, e.g., xsd:integer and xsd:string;

• A is a set of axioms defined overI �P �C �
D; For example, subClassOf (Person, Mam-
mal) is a class axiom, and it denotes that the
class Person is a subclass of the class Mam-
mal. From this a reasoner can deduce that
if an individual is a Person, then it is also a
Mammal; Similarly, subPropertyOf (hasSi-
bling, hasRelative) is a property axiom, and
it denotes that the hasSibling may be stated
to be a subproperty of hasRelative. From
this a reasoner can deduce that if an individ-
ual is related to another by the hasSibling
property, then it is also related to the other
by the hasRelative property.

The semantics for OWL ontologies are given
based on Description Logics [2] (Description
logics, which are a family of knowledge rep-
resentation languages that are widely used in
ontological modeling, are the logical underpin-
nings of OWL). The semantics allows humans
and computer systems to exchange ontologies
without ambiguity as to their meaning, and also

makes it possible to use logical deduction to in-
fer additional information from the facts stated
explicitly in an ontology. The detailed syntax
and semantic of OWL can be found in [17].

3. Ontology-Based Semantic Retrieval
Approach for Education Management
System

In this section, we propose an Ontology-based
SemanticRetrieval approach forEducationMan-
agement systems, called OSR-EM.

To achieve semantic retrieval under the Seman-
tic Web environment, it is especially signifi-
cant to tackle the following several key steps:
(i) Constructing ontologies from the educa-
tion management system resources, i.e., rep-
resenting the education management system re-
sources as the ontology formalizations; (ii) Se-
mantic annotation of the constructed ontolo-
gies, so that the semantic information can be
used in the retrieval of information resources;
(iii) The ontology-based semantic retrieval al-
gorithm should be provided. All of these key
steps are missed in the previous work [21], and
will be presented in this paper.

3.1. Construction of Ontologies From
Education Management System

Ontologies are specifications of concepts and
relations among them. They play a central
role in Semantic Web applications by provid-
ing a shared knowledge about the objects in real
world, which promotes reusability and interop-
erability among different modules. The quality
of the ontology should be the first concern in
semantic applications.

Therefore, in order to achieve semantic retrieval
for education management system, a precon-
dition here is that we can represent education
management system information with ontolo-
gies first, i.e., construct ontologies by extracting
knowledge from education management sys-
tems. In the following, we present some rules
for constructing a basic and core ontology,which
considers some main and common knowledge
in the domain, and some complex ontologies
can be extended from the basic ontology.
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(1) Classes

In education management domain, some main
concepts can be defined as classes, such as
College, Teacher, Assistant, Lecturer, Asso-
ciate Professor, Professor, Student, Master, PhD
Candidate, Dean, Course, and so on. Further,
classes can be grouped together to form a class
hierarchy by the OWL constructor subClassOf.
Moreover, OWL provides additional construc-
torswithwhich to form classes. These construc-
tors can be used to create so-called class axioms.
OWL supports the basic set operations, namely
union, intersection and complement. These are
named owl:unionOf, owl:intersectionOf, and
owl:complementOf, respectively. Additionally,
classes can be enumerated. Class extensions
can be stated explicitly by means of the oneOf
constructor. And it is possible to assert that
class extensions must be disjoint. In the follow-
ing, several examples are provided to illustrate
the definitions of classes.

For example, the Lecturer class can be defined
as follows:

<owl:Class rdf:about=“#Lecturer”>
</owl:Class>

Also, the class Lecturer is a subclass of another
class Teacher, and the classes Dean and Course,
which are disjoint, can be defined as follows:

<owl:Class rdf:about=“Lecturer”>
<rdfs:subClassOf>

<owl:Class rdf:about=“Teacher”>
</rdfs:subClassOf>

</owl:Class>

<owl:Class rdf:about=“Dean”>
<owl:disjointWith rdf:resource=
“#Course”/>

</owl:Class>

(2) Properties

In OWL, properties let us assert general facts
about the members of classes and specific facts
about individuals. OWL provides a powerful
mechanism for defining properties. A property
can be classified into two kinds of properties:
object properties and datatype properties. The
former link individuals to individuals and the
latter link individuals to data values. Moreover,

the following mechanisms can be used to define
properties.

• Domain and Range: for a property, its do-
main and range can be specified.

• Characteristics: a property may have its
characteristics (e.g.,Symmetric,Functional,
Transitive, inverseOf, and etc.). If a prop-
erty, P, is tagged as functional, then for all x,
y, and z: P(x, y) and P(x, z) implies y = z;
If a property, P, is tagged as symmetric, then
for any x and y: P(x, y) iff P(y, x); If a prop-
erty, P, is specified as transitive, then for
any x, y, and z: P(x, y) and P(y, z) implies
P(x,z); If a property, P1, is tagged as the
owl:inverseOf P2, then for all x and y: P1(x,
y) iff P2(y, x)

• Axioms: the property can be defined to be
a specialization (subproperty) of an exist-
ing property by subPropertyOf. Also, some
properties may be equivalent by equivalent-
Property.

In the following, several examples are provided
to illustrate the definitions of properties. For
example, the relationships between “Student”
and “Course” can be defined by the property
“choose” as follows:

<owl:ObjectProperty rdf:about=“#choose”>
<rdfs:domain rdf:resource=“#Student”/>
<rdfs:range rdf:resource=“#Course”/>
<owl:inverseOf>

<owl:ObjectProperty rdf:ID=“chosen”>
</owl:inverseOf>

</owl:ObjectProperty>

Also, each thesis has its author and department,
which can be defined by the datatype properties
as follows:

<owl:DatatypeProperty rdf:ID=“author”>
<rdfs:domain rdf:resource=“#thesis”/>
<rdfs:range rdf:resource=“http://www.w3.
org/2001/XMLSchema#string”/>

</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID=“department”>
<rdfs:domain rdf:resource=“#thesis”/>
<rdfs:range rdf:resource=“http://www.w3.
org/2001/XMLSchema#string”/>

</owl:DatatypeProperty>
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(3) Restrictions

Besides the classes and properties, OWL also
provides a powerful mechanism for defining
some restrictions. The owl:allValuesFrom re-
striction requires that for every instance of the
class that has instances of the specified prop-
erty, the values of the property are all members
of the class indicated by the owl:allValuesFrom
clause. owl:someValuesFrom is similar. Also,
OWL permits the specification of the num-
ber of elements in a relation by Cardinality.
owl:maxCardinality can be used to specify an
upper bound. owl:minCardinality can be used
to specify a lower bound. In combination, the
two can be used to limit the property’s cardinal-
ity to a numeric interval.

For example, a department must have at least
ten and at most thirty members.

<owl:Class rdf:about=“#department”>
<rdfs:subClassOf>

<owl:Restriction>
<owl:onProperty rdf:resource=“#has
Member”/>

<owl:minCardinality rdf:datatype=
“&xsd;nonNegativeInteger”>
10
</owl:minCardinality>
<owl:maxCardinality rdf:datatype=
“&xsd;nonNegativeInteger”>
30
</owl:maxCardinality>

</owl:Restriction>
</rdfs:subClassOf>

</owl:Class>

(4) Individuals

The instances in educationmanagement domain
can be represented as individuals in OWL on-
tology. For example, a postgraduate instance
“Li” can be defined as follows:

<postgraduate rdf:ID= “Li”>
<Birthplace rdf:datatype=“http://www.w3.
org/2001/XMLSchema#string”>

China
</Birthplace>
<Number rdf:datatype=“http://www.w3.
org/2001/XMLSchema#string”>

110819

</Number>
<Birthday rdf:datatype=“http://www.w3.
org/2001/XMLSchema#data”>

1984-06-10
</Birthday>

</postgraduate>

(5) Additional rules for ontology develop-
ment process

Besides the rules above, as we have known,
the information and data in an education man-
agement system are usually stored as tables in
databases. Therefore, in the following we pro-
vide more detailed rules to describe how to de-
velop ontologies from the tables in education
management systems. For ease of description,
the structure of a table R can be formally rep-
resented as a tuple of the form R(Al/D1, . . . ,
An/Dn) as mentioned in well-known relational
databases, which denotes that R has attributes
Al, . . . , and An with associated domains D1,. . . ,
and Dn. In this case, the information and data in
the tables in an education management system
can be represented as ontologies as the follow-
ing construction rules:

• Each table symbol R is represented as an
OWL class R;

• Each non-foreign attribute symbol Ai ∈ {Al,
. . . , An} is represented as an OWL datatype
property Ai;

• Each foreign key attribute symbol A′ ∈ {Al,
. . . , An} is represented as a pair of inverse
OWL object properties A′ and owl:inverseOf
(A′);

• Each domain symbol Di is represented as an
OWL data range Di;

• IfR(Al/D1, . . . , An/Dn) has no foreign keys,
then creating OWL axioms:

Class (R partial restriction (A1 allValues-
From (D1) cardinality (1)). . . restriction (An
allValuesFrom (Dn) cardinality (1)));
DatatypeProperty (Ai domain (R) range (Di)
[Functional]);
Here, we should note that, OWL has two in-
terchangeable syntaxes [17], i.e., theRDF/XML
syntax as shown in our previous rules in (1)-
(4) of this section, and the frame-like style
abstract syntax as shown in the above OWL
axioms. Here, for ease of description and
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for the sake of space, we choose the frame-
like style abstract syntax to represent OWL
axioms. The detailed syntaxes of OWL can
be found in [17].

• If R(Al/D1, . . . , An/Dn) has exactly one for-
eign key attribute A′ ∈ { Al, . . . , An} that
references the primary key of another table
R′, then creating OWL axioms:

Class (R partial restriction (A1 allValues-
From (D1) cardinality (1)) . . . restriction
(An allValuesFrom (Dn) cardinality (1)));
Class (R partial restriction (A′ allValues-
From (R′) cardinality (1)));
Class (R′ partial restriction (owl:inverseOf
(A′) allValuesFrom (R)mincardinality (1)));
ObjectProperty (A′ domain (R) range (R′)
[Functional]);
ObjectProperty (owl:inverseOf(A′) domain
(R′) range (R) inverseOf A′);
DatatypeProperty (Ai domain (R) range (Di)
[Functional]);

• If R(Al/D1, . . . , An/Dn) has a foreign key
A′ that is also a primary key, and A′ refer-
ences the primary key of another table R′,
i.e., R′ subsumes R, then creating an OWL
class axiom: subClassOf (RR′).

• If R(Al/D1, . . . , An/Dn) has more than one
foreign key A′

j ∈ { Al, . . . , An} that respec-
tively reference the primary keys of other
tables R1, . . . , Rk, where j ∈ { 1, . . . , k} and
k ≥ 2, then creating OWL axioms:

Class (R partial restriction (A1 allValues-
From (D1) cardinality (1)) . . . restriction
(An allValuesFrom (Dn) cardinality (1)));
Class (R partial restriction (A′

1 allValues-
From (R1) cardinality (1)) . . . restriction (A′

k
allValuesFrom (Rn) cardinality (1)));
Class (Rj partial restriction (owl:inverseOf(A′

j)
allValuesFrom (R) mincardinality (1)));
DatatypeProperty (Ai domain (R) range (Di)
[Functional]);
ObjectProperty (A′

j domain (R) range (Rj)
[Functional]);
ObjectProperty (owl:inverseOf(A′

j) domain
(Rj) range (R) inverseOf A′

j).

Based on the observations from the rules above,
the complexity of the developed domain ontol-
ogy is dependent on the scale of the education

management system. Here we briefly analyze
the complexity of the developed domain ontol-
ogy by measuring roughly the amount of work
done in the ontology construction process. In
general, the information and data in a real edu-
cation management system (e.g., classes, prop-
erties, restrictions, and individuals) are often
stored as tables in a database. That is, the scale
of the education management system may be
roughly tested by the scale of the tables in the
database. In this case, suppose the scale of the
tables in the database is N=NR+ NA+ NA’+
ND+ NC, where NR, NA, NA’, ND, and NC de-
note the cardinality of sets of table symbols,
non-foreign key attribute symbols, foreign key
attribute symbols, domain symbols, and other
integrity constraint symbols, respectively. Ac-
cording to the construction rules above, the
complexity of the created ontology axioms may
be measured as follows: if the table has no
foreign keys, then the creating times of the cor-
responding axioms are NR+ NA+ ND at most;
if the table has exactly one foreign key attribute
that references the primary key of another ta-
ble, then the creating times of the correspond-
ing axioms are NR+ NA+ ND+ 2NA’ at most; if
the table has a foreign key attribute that is also
a primary key, then the creating times of the
corresponding axioms are NA’ at most; if the
table has more than one foreign key attributes,
then the creating times of the corresponding ax-
ioms are NR+ NA+ ND+ 3NA’ at most; more-
over, the creating times of the other axioms are
NC at most; therefore, the total creating times
T=3NR+ 3NA+ 3ND+ 6NA’+ NC <6N, that is,
the time complexity of the ontology construc-
tion process is O(N) at most. Until now, based
on the similar rules above, an ontology can be
constructed from a real education management
system, which is an iterative development pro-
cess in the ontology engineering phase. These
similar steps are repeated until we end up with
all information from a real education manage-
ment system.

3.2. Semantic Annotations of the
Constructed Ontologies

Some pages in an education management sys-
tem are often dynamic, and thus after construct-
ing the core ontology from the education man-
agement system, we need to further semanti-
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cally annotate the dynamic Web pages with on-
tologies. This problem has been referred to as
deep annotation [24], [8] that means the pro-
cess of creating ontological instances for the
dynamic contents by reaching out to the ’deep
Web’ and directly annotating the underlying dy-
namic Web site.

When we semantically annotate the pages, the
pages can often be divided into contents and
functions. In an education management sys-
tem, in terms of content, a page includes three
parts: the information related to the faculties,
the information related to the students, and the
information related to the teaching; with refer-
ence to function, a page includes some opera-
tions on information: add, update, delete, query,
and show.

In the following, we provide several examples
to illustrate semantic annotations of the con-
tents and functions of the page. First, we use
the constructed ontology information (e.g., Fac-
ulties, Students, Teaching, and their classes) to
annotate the information related to the faculties,
students, and teaching, respectively. The anno-
tation information is inserted into the head part
of the page (i.e., between<head> and</head>).
For example, we annotate a page (ss.jsp) of
showing the basic information of students as
follows:

<head>
<rdf:RDF

xmlns:rdf=“http://www.w3.org/1999/02/
22-rdf-syntax-ns#”
xmlns:rdfs=“http://www.w3.org/2000/Ol
/rdf-schema#”
xmlns:owl=“http://www.w3.org/2002/07
/owl#”
xmlns=“http://www.owl-ontologies.com/
unnamed.owl#”
xml:base=http://www.owl-ontologies.
com/unnamed.owl”>
<Student rdf:ID=“student”>

<studentBasiclnfo
rdf:resource=“http://portal.gfkd.mtn:
3036/portal/ss.jsp”/>

</Student>
</rdf:RDF>
<metahttp-equiv=“Content-Type” content=
“text/html;Charset= gb2312”>

<LINK href=“css/platform.css” type=text/
css rel=stylesheet>
</head>

Similarly, in order to annotate the functions
of the page, several object properties, named
addInfor, updateInfor, deleteInfor, queryInfor,
and showInfor, are created, and the domains of
these properties are the classes Faculty and Stu-
dent. On this basis, the above page (ss.jsp) of
showing the basic information of students can
be annotated as follows:

<head>
<rdf:RDF

xmlns:rdf=“http://www.w3.org/1999/02/
22-rdf-syntax-ns#”
xmlns:rdfs=“http://www.w3.org/2000/Ol
/rdf-schema#”
xmlns:owl=“http://www.w3.org/2002/07
/owl#”
xmlns=“http://www.owl-ontologies.com/
unnamed.owl#”
xml:base=http://www.owl-ontologies.com
/unnamed.owl”>
<Student rdf:ID=“student”>

<queryInfor
rdf:resource=“http://portal.gfkd.mtn:
3036/portal/ss.jsp”/>

<studentBasiclnfo
rdf:resource=“http://portal.gfkd.mtn:
3036/portal/ss.jsp”/>

</Student>
</rdf:RDF>
<metahttp-equiv=“Content-Type” content=
“text/html; Charset= gb2312”>
<LINK href=“css/platform.css” type=text/
css rel=stylesheet>
</head>

3.3. Ontology-Based Semantic Retrieval
Algorithm

The core of the semantic retrieval is comput-
ing the similarity between the users’ retrieval
condition and the data documents. Based on
the approaches mentioned in the previous sec-
tions, all of the data documents in an education
management system can be annotated as the
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semantics-based documents. Therefore, simi-
larity between the users’ retrieval condition and
the data documents can be measured by the sim-
ilarity between the concepts of the constructed
ontologies. Currently, there are many tools
which can help users edit and handle ontologies,
such as Jena, Protégé, WebODE, OntoEdit, and
so on [4]. Also, in our work, we use the ontol-
ogy tool Jena to edit the constructed ontologies,
and the similarity between the concepts of the
ontologies can be computed as the following
Algorithm 1:

Based on Algorithm 1, the similarities between
concepts of ontologies from the education man-
agement system can be computed, and some ex-
periment results will be showed in the following
section.

4. Retrieval Framework and Examples

On the basis of the approach proposed in Sec-
tion 3, we develop an ontology-based semantic
retrieval framework for education management
systems. In the following we briefly introduce
the design and implementation of the frame-
work. The framework is initially presented in
[21], here we will introduce the framework in
detail and add some experiments and the com-
parison of results.

Figure 1 shows the ontology-based semantic re-
trieval framework for education management
systems. The framework adopts Jena (it is a free
and open source Java framework for building
Semantic Web applications [10]) as its seman-
tic analysis tools and achieves the browse and

query of educationmanagement ontology by an-
alyzing the ontology files. At the same time, on
the ground of SPARQL language (a W3C rec-
ommendation query language [18]), a retrieval
system based on natural language query is de-
veloped. The system allows users to ask ques-
tions in natural language. It also allows users to
retrieve all sorts of semantic relationships and
the combination of those semantic relationships
concerning education management systems.

Figure 1. The ontology-based semantic retrieval
framework for education management systems.

The specific retrieval process can be found in
Figure 1: when a user submits a query, it will
be sent to the retrieval word analysis module
first, after processing and assembling the re-
trieval words, and then they will be passed on
to the semantic query analysis module. The
semantic query analysis module will check on-
tology base, which will further recall the con-
structed and annotated ontology from education
management system, and then point out the se-
mantic relationships between the query words
and analyze the semantic meaning that the users
want to express with the help of semantic rela-
tionship reasoning module. Now, the query will

Algorithm 1 // the algorithm briefly describes how to compute the similarity between the concepts

of the ontologies, which is the core of the semantic retrieval as mentioned above

Input: two concepts C1 and C2 of the ontologies.

Output: the similarity between C1 and C2

1. Read in the ontologies in the ontology editor tool Jena;

2. Get the OntClass (sets of superclasses) of the classes C1 and C2 by using the function getOntClass()
of OntModel in Jena;

3. Get the lists of superclasses of the classes C1 and C2 by the function ListSuperClasses() of OntClass;

4. Add the lengths of two lists of superclasses and get the total length N;

5. Compute the number L of the same superclasses in the two lists of superclasses;

6. Compute the semantic similarity between C1 and C2 by 2L/N according to the formula (1) which

will be presented in the following section.
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be transformed into the query language of on-
tology, i.e., the SPARQL language [18]. The
query language will be submitted to semantic
query analysis module for the query of domain
ontology. When the domain ontology offers
query results, the semantic query results will be
returned to the user by semantic query analysis
module.

In more detail, the main modules in the frame-
work in Figure 1 are introduced as follows:

• User query module: the module serves to
provide the users and the system with an in-
terface. In this module, the technology of
JSP will be adopted, through which a dy-
namic, interactive and efficient Web server
application program will be set with the help
of HTML Web.

• Retrieval word analysis module: the mod-
ule will carry out a preliminary treatment
of the retrieval words. A user’s query is
first sent to the module, and then the an-
alytical result will be passed on to the se-
mantic query analysis module. The notional
words of retrieval importance will be se-
lected and labelled, which is the preparation
of the later reasoning process of semantic
relationships. In the module, the Chinese
lexical analysis system ICTCLAS proposed
by the Calculation of Chinese Academy of
Science will be used. This tool can clas-
sify, delete, and label the retrieval words.
In this way, the key words will be recog-
nized. For example, if the user inputs a sen-
tence: “The computer teachers of the col-
lege of math and computer science teach the
basic and professional courses of computer
science”, the analytical result will be: “The
college of math and computer science/nt
’s/udel computer/n teacher/n teach/v com-
puter science/n basic courses/n and/cc com-
puter science/n professional courses/n”.

• Semantic reasoning module: the module is
responsible for creating the computer under-
standing upon the users’ query by judging
the semantic relationship of retrieval words.
The Java technique and the existing free and
open source framework Jena [10] will be
used in this module. The query of ontol-
ogy depends on SPARQL language, which
is not able to analyze the information, but
can search the model for those data that is

directly related to each other. The aim of
setting a semantic reasoning module is to
infer those data with implied semantic as-
sociation and get all data with related rela-
tionships, which will serve to construct the
query base of SPARQL language. With the
help of ontology information and related ax-
iom descriptions, this module can get ex-
tra assertions from the basic descriptions of
RDF and all semantic closures of RDF di-
graph through reasoning. When the user
submits his query information and gets data
from RDF data model, not only can he get
those data contained in data model, but also
the contain knowledge data from the reason-
ing mechanism.

In thismodule, the general rule reasoning mech-
anism of Jena package [10] is adapted to carry-
ing out the reasoning process, and Generic Rule
Reasoner Factory is introduced. Accordingly,
formal rule library files are introduced to ana-
lyze the education management ontology base.
At the same time, all the semantic properties
of ontology base (the most important are object
properties) will be selected and a semantic rela-
tionship triad will be set in accordance with the
type as (Domain, Property name, Range). The
semantic relationship of those labelled retrieval
words will be identified according to the se-
mantic relationship triad. The form of ontology
triad is (subject, predicate, object). The users’
query usually includes subject and object. All
the semantic closures of RDF digraph have been
acquired through the above semantic reasoning.
Therefore, two triads, at most, are enough to
get the retrieval result if there is retrieval re-
sult of the users’ query in ontology base. Here,
the Vector Space Model (VSM) is applied to
construct the semantic relationships of those re-
trieval words. Those labelled retrieval words
and the semantic properties of the semantic re-
lationship triad are regarded as vectors. Cosine
Function is used to match and judge the infor-
mation. For each pair of retrieval vector and
semantic property vector, the semantic similar-
ity between Ci and Cj can be computed as the
following formula (1):

sim
(
di, dj

)
=

n∑
k=1

Wik ∗ Wjk√(
n∑

k=1
W2

ik

) (
n∑

k=1
W2

jk

) (1)
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In the formula, n stands for characteristic di-
mension of text vector, Wik stands for the weight
of corresponding feature item.

• Semantic query analysis module: SPARQL
language satisfies certain paradigm and is
basically made up of the sub-sentences of
SELECT, FROM, WHERE, and USING.
The detailed syntax of the SPARQL lan-
guage can be found in [18]. For example,
the following case is to find the institution
where the teachers work from the givenRDF
diagram.

<http://www.uclab.org/Education Manage-
ment.owl/School/theCollege ofmath and com-
puter science>
<http://www.uclab.org/Education Manage-
ment.owl/Teacher/computer teacher>“TANG”

The query includes two parts, SELECT sub-
sentences and WHERE sub-sentences. SE-
LECT identifies the variable item of the query
result, there is a three sectional structure mode
in WHERE sub-sentences:

SELECT ? Computer teacher
WHERE{<http://www.uclab.org/ Education
Management.owl/School/the college of math
and computer science>

<http://www.uclab.org/ Education
Management.owl/Teacher/computer teacher>
? computer teacher}

This query sentence will be delivered to onto-
logy model. If there is triad, that is in line with
semantic relationship, the property value will
be returned. If not, “NULL” is returned.

• Ontology management module: the mod-
ule serves to manage the domain ontology
base. The education management ontology
is stored as OWL files, which is made up of
classes, instances and properties. To achieve
ontology query, it is necessary to analyze the
OWL ontology and the theory of ModelFac-
tory is adopted to set the ontology model.
The analysis work will be well done by op-
erating the model. The following are the
analysis methods:

• Analysis of classes: The classes in ontol-
ogy will be recognized with the method of
listHierarchyRootClasses. Then, whether
there is sub-class or not will be identified

and if the answer is “yes”, all sub-classes
will be reached by Recursive method.

• Analysis of instances: The instances of those
classes that have been got in the first step
will be obtained by listsubClasses method.
Then, all the names of the instances will be
received.

• Analysis of properties: All the attributeswill
be checked to find whether they are data
properties and object properties byDatatype-
Property and ObjectProperty methods. A
further analysis will be carried out with the
help of different kinds of their characters. If
the result shows Datatype, the attribute value
is Literal type, otherwise, if the result shows
ObjectType, the attribute value is Resource
type.

In the real applications, we need to first con-
struct a domain ontology by extracting know-
ledge from an education management system as
the approach proposed in Section 3, and then an-
notate the constructed ontology. The construc-
tion process uses the Java JDBC/ODBC API to
connect and parse the database of the education
management system and stores the parsed in-
formation as Java ArrayList classes, then trans-
forms the parsed information into an ontology
by using the approach proposed in Section 3. In
brief, the transformations perform two kinds of
operations, i.e., the transformations from sym-
bols of the education management system (e.g.,
concepts, attributes, etc.) to OWL identifiers
(e.g., classes, properties, etc.) and the trans-
formations from relations and restrictions of
the education management system to OWL ax-
ioms. Also, a user query interface need to be
developed with the Java and JSP techniques as
shown in Figure 1. Finally, a system will inte-
grate these modules in Figure 1 to carry out the
ontology-based semantic retrieval for the edu-
cation management system. Moreover, as we
know, currently there is no widely accepted or
standard dataset of education management sys-
tems, but some common concepts and structures
are contained in many education management
systems. For example, many education man-
agement systems include some common con-
cepts such as Colleges, Departments, Faculties,
Administrative Staffs, Students, Undergraduate
Students, Graduate Students, Courses, and so
on. Also, some concepts are grouped together
to form the common hierarchy relations such
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as Undergraduate Students is contained in Stu-
dents and Graduate Students is also contained
in Students. In the following we provide an
example from the real education management
system in our university to further show and
demonstrate that the proposed approach is fea-
sible and the ontology-based semantic retrieval
algorithm is efficient. Then a complex edu-
cation management system can be handled by
jointly using our approach. In detail, in the
education management system of our univer-
sity, some concepts are organized as tree struc-
tures such as the concept University includes
many Colleges and Departments, each College
includes several Research Institutions, and so
on. Also, there are some relationships such
as the relationship Choose between concepts
Students and Courses, the relationship Teach
between concepts Faculties and Courses, and
so on. Each concept is a table stored in the
database, and the concepts and their relation-
ships and tree structures are implied in the forms
of attributes, primary keys, foreign keys, and
referential integrity constraints in the database.
Based on the real education management sys-
tem in our university, we constructed a brief
education management ontology according to
the proposed approach and framework as intro-
duced above, which mainly includes 10 kinds
of resources according to the types of resources,

and 27 classifications according to the contents
of courses. For example, the media content
in the ontology covers teaching video, audio,
classroom records, courseware, and so on. In
detail, we search the system according to the
types of resources, contents of courses and texts,
and a part of results are shown in Table 1. On
this basis, we retrieve the ontology with the
ontology-based semantic retrieval mechanism,
and retrieve the original system with the key-
word retrieval mechanism, and then we com-
pare the experiment results as shown in Table 2.

As shown in Table 2, the ontology-based se-
mantic retrieval can find more results related
to the user’s query, since many resources do
not have standard keyword names. But at the
process of constructing semantic ontology from
these resources, they will be renamed and anno-
tated. In this case, the ontology-based semantic
retrieval can return more results, and expand the
probability of information the user needs. Fur-
ther, the retrieval effectiveness is tested based on
the standard information retrieval metrics [25],
i.e., Precision and Recall, and they are defined
as follows. Figure 2 and Figure 3 show the
comparison of Precision and Recall between
ontology-based semantic retrieval and keyword
retrieval.

Types of contents Extracted contents Extended content

Courses evaluation Courses, Evaluation Courses, Excellent courses, Evaluation indicators, Evaluation

Data Structure Data Structure Data Structure, Linear list, Stack, Tree, . . .

Programme Programme Programme, Code, Program design

Computer-related courses Computer, Courses Computer, OS, Database, Data Structure, C, Java, . . .

Table 1. The ontology-based semantic retrieval framework for education management systems.

Contents Keyword retrieval
The correct
results using

keyword retrieval
Ontology-based

semantic retrieval

The correct
results using

semantic retrieval

Courses Evaluation 16 15 34 29

Data Structure 26 24 47 43

Programme 31 31 58 55

Computer-related courses 78 69 137 132

Table 2. Comparison between ontology-based semantic retrieval and keyword retrieval.
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Figure 2. Comparison of precision.

Precision =
#correct identified documents

#identified documents
×100%

(2)

Recall =
#correct identified documents
#all need identified documents

×100%

(3)

Based on the approach and framework pro-
posed in this paper, it shows that the ontology-
based semantic retrieval mechanism (including
the ontology construction, annotation, semantic
retrieval, and the framework) can return more
useful results related to the needs of users. In
particular, when users’ query conditions are not
the precise and single word, the recall of the
ontology-based semantic retrieval will rise and
well satisfy the needs of the users.

5. Conclusion and Future Work

In this paper we proposed an ontology-based
semantic retrieval approach and framework for
education management system. We presented
some rules for constructing domain ontology
from the education management system. Also,
the semantic annotation method of the con-
structed ontology was given. On this basis, we
provided a brief ontology-based semantic re-
trieval algorithm. Finally, a framework was de-
veloped, and the conducted experiments showed
that the ontology-based semantic retrievalmodel
could obtain comparable and better performance
results than the traditional information retrieval
technology for education management system.

It should be pointed out that there are someprob-
lems to be resolved in the future. One research

Figure 3. Comparison of recall.

direction involves further test and evaluation of
our approach and framework with more com-
plex real education management systems. On
this basis, more comprehensive technical details
and results of the framework will be provided.
Besides, efficient management and usage of the
ontology technology in the other real domains
is highly demanded.
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