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Abstract—Typically, administrative systems involving in-
formation in an academic environment are disjoint, spread 
across various departments and support independent que-
ries. The objectives in this work include investigation on 
integrating these independent systems to provide support to 
intelligent queries run on the integrated platform. A frame-
work is proposed that enriches data in the legacy systems to 
provide a value-added semantic layer where annotation, 
query and reasoning can be carried out to support man-
agement requirements. The development of this framework 
with a case study of a typical engineering program is dis-
cussed to show how semantic web technologies can be used 
by stack holders of the program for better academic pro-
gram administration. The comparative work is described to 
show applications where semantic web have been explored. 
The issues related to implementation of the semantic web to 
academic program administration are also highlighted and 
discussed. 

Index Terms—Program Administration, Semantic Web, 
Web Technology, Integrated Academic Systems 

I. INTRODUCTION 

Unlike Content Management Systems (CMS) [1-2] that 
provide educational services, such as Virtual Learning 
Environments (VLEs), course repositories, library ar-
chives, online examinations, online coursework submis-
sion, etc., the learning process management systems use 
Web-based technology to plan, implement, and assess a 
specific learning process. This technology allows the 
employee/student to take learning into their own hands 
while either staying current in their specific field or 
branch out and learning new skills. On the other hand, 
Academic Information and Management Systems 
(AIMS) [3-4] are mostly used in academic environment 
to support information, finance, logistics, human resource 
and student services. Both types of systems create huge 
databases containing interrelated data. Generally, the 
academic and content management systems work in iso-
lation (mostly maintained by different departments) and 
in many cases, not even designed to interact with each 
other at later stages [2].  

The universities, in general use such sub-systems, most 
of them independent to carry out specific tasks in an 
academic administration environment. In order to exem-
plify this, example sub-systems along with respective 
functionalities (typically found at UAE University [5]) 
are: 

a) Blackboard system: contains course logs, student as-
sessment data done by faculty, course evaluation 
done by students – users are students, faculty, and 
administration. 

b) Enterprise Administrative System: Enterprise Ad-
ministrative System also sometimes referred to as 

Banner System is a system used by a number of ad-
ministrative departments to maintain employee & 
student information. It contains student, finance, and 
human resource (HR)/Payroll information – users 
are administration and University Registrar. 

c) Electronic services system: contains employee in-
formation (personal data, time sheets, benefits, job 
data, paystubs), entering grades by faculty, registra-
tion overrides, view class lists and student informa-
tion, HR system – users are faculty, student advi-
sors, staff, administration. 

d) Faculty evaluation system: contains faculty mem-
bers’ annual evaluation reports – users are faculty, 
administration. 

e) Research Affairs system: contains data related to re-
search grants related to faculty, local conferences – 
users are faculty, research affairs management, and 
public. 

f) Email server: contains email logs – users are ad-
ministration, faculty, staff, students 

g) Web server: contains websites of colleges (and de-
partments), faculty web pages, data related to indus-
trial training of students, graduation projects of stu-
dents – users are administration, faculty, students, 
and public. 

h) College server: Each college of the university has its 
own server containing logs about programs, courses, 
accreditation body, program assessments, etc. 

 

This list varies from institution to institution. The sub-
systems individually yield long and repetitive work to 
reach a level of decision making related to education 
administration. The individual systems do not open up 
the data for collaborative reuse of the learning resources 
to help reason a higher level intelligent query. Though, 
some of the universities have exercised efforts to create a 
data level bridge between various packages, but no for-
mal integration or data association has been implemented 
to infer linked information other than the data itself.  

The growth of an academic system is measured 
through its evolution. Typically, the stake holders include 
students, faculty, administration, local industry and pro-
fessional bodies etc. In absence of collaborative sub-
systems, the decision making in a distributed system 
would require tiring analysis of extensive data resulting 
in evolving rate that may not keep up to local industry 
needs. The yield from an academic system relies heavily 
on timely collection of data from stake holders and deci-
sion making based on faculty-administration nexus. With 
reference to engineering education, this slows down the 
local and international accreditation efforts. 

Generally, the objective set behind deployment of aca-
demic systems is integration of organizational processes 
that are distributed but not formally designed for interac-
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tion amongst its distributed entities. As an example, a 
technological system such as Enterprise Resource Plan-
ning (ERP) integrates the data and processes of an or-
ganization into one single system. Such ERP systems, for 
example systems application product (SAP), People soft, 
etc. work on fixed queries and return atomic results, 
whereas semantic web returns quasi queries. The seman-
tic web [6] is a web of machine processable meanings 
underpinned by shared and formally defined ontologies. 
According to Wikipedia [7], the Semantic Web is an 
evolving development of the World Wide Web in which 
the meaning (semantics) of information and services on 
the web is defined, making it possible for the web to 
understand and satisfy the requests of people and ma-
chines to use the web content. It derives from World 
Wide Web Consortium director Sir Tim Berners-Lee's 
vision of the Web as a universal medium for data, infor-
mation, and knowledge exchange [8]. For ERPs, the 
databases have to be properly normalized, whereas se-
mantic works on any relation which has been defined 
through ontologies. Semantic web technologies aim to 
open up the data by providing more flexible ability of 
collaborative annotation and reuse of the learning re-
sources. 

Ontology is a formal representation of a set of concepts 
within a domain and the relationships between those 
concepts. It is used to reason about the properties of that 
domain, and may be used to define the domain. In order 
to coordinate different semantic web activities, an educa-
tional ontology may be explicitly defined to share a con-
textual conceptualization of the educational domain, 
which can be then used to annotate lecture resources, 
program specifications, modules, assessments, etc. This 
allows the users to make their resources more machine-
processable by collaboratively constructing an enriched 
layer of the semantic web that links educational artefacts 
with formal semantics to support other semantic activities 
such as semantic query, aggregation and reasoning [9]. 
As semantic web opens up the data for reuse of learning 
resources within a domain (for example in an engineering 
college), the relations amongst data related to various 
college departments become clearer and thus rationale 
may easily be developed to initiate possible 
joint/multidisciplinary programs or identify common 
weaknesses within college departments.  

In this paper, the context of engineering education is 
used to demonstrate the practice of semantic web activi-
ties such as semantic annotation, query and reasoning. In 
section 2, the sample queries related to a typical engineer-
ing program administration process at a university are 
briefly outlined to depict some operational instances, 
which may be used to develop respective ontology speci-
fication. Section 3 discusses in detail the development of 
a typical (UAE University-Engineering) ontology; how 
semantic annotations may be generated and reused with 
example queries that are used for implementation of the 
academic scenario. The section 4 discusses some of the 
important related works related to semantic web, fol-
lowed by discussions in section 5. The conclusions made 
during the implementation process are presented in sec-
tion 6. 

II. RELATED WORK 

In an academic environment, the main outcomes of 
semantic web technologies are considered as information 

gathering, collaborative teaching and learning activities, 
such as team building, content creation and formation of 
well formed metadata for content. One of the implemen-
tation examples discussed in [10] enables students to 
access and search over a number of pre-selected and 
semantically matched to curriculum online resources that 
include books, multimedia and resources from encyclo-
paedias. These resources may be clustered as per stu-
dents’ age group and automatically ‘pushed’ to students 
whilst they work. Another example is a scheduling tool 
[11] to help students at Massachusetts Institute of Tech-
nology (MIT) to plan their course subjects using a seman-
tic data source. This system uses well formed metadata of 
the university’s official course catalogue, generating time 
tables, course loads, and folksonomy of students rating 
for a particular course. The objective of the work in [12] 
is to develop a prototype of a distributed network of se-
mantically aware shared annotated services, in the form 
of RDF stores, resulting in a semantic layer to support a 
cluster of applications which will either directly support 
users in finding and recovering useful resources in a 
particular academic domain, or indirectly support stu-
dents by supporting user-facing applications. The imple-
mentation example in [13] is a web based assessment 
engine in addition to computing statistics that are tied 
directly to program outcomes for accreditation process 
implementation. In another effort, Ed-Scene [14] is an 
effort to combine all the information and data available in 
an academic system in order to develop scenarios using 
semantic web to support different roles (such as teachers, 
students, quality assurance people, management, perspec-
tive employers, etc.) in an academic system. 

In all the above examples it is clear that semantic tech-
nologies aspire to make substantial reuse of existing data 
and ontologies, shaping as linked information space in 
which data is being enriched and added. The targeted 
advantages noted during this study for semantic web 
applications were explicit student related services, man-
agement of a set of services or the assessment. In this 
paper, an entire academic environment is investigated to 
employ semantic layer at the highest layer to open the 
data in multiple domains for collaborative use. In turn, 
this may help certain aspects of education (for example 
engineering discipline) to evolve to the expectations of 
academic administration and industry. Thus, effective use 
of data in multiple domains may help identify interdisci-
plinary programs, bring uniformity in academic systems 
within a college/university, validate local and interna-
tional accreditation process, measure industrial contribu-
tion to academics, etc. 

III. ACADEMIC PROGRAMME ADMINISTRATION 

MANAGEMENT 

Generally, the integration of academic environment 
sub-systems is also meant for providing support to all 
stakeholders of an academic system for solving intelli-
gent queries. Intelligent query is defined as searching and 
mining large knowledge bases which are collections of 
atomic facts and general rules (horn clauses), the rules 
should be allowed to occur in the answer for a query [15]. 
The following are some of the example engineering edu-
cation scenarios that are being addressed in this research: 

a) The department wishes to allocate a course, for 
which no straight matching to any lecturer is avail-
able. A layer can be developed to identify near 
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matching of skills of lecturers to teach a course. 
Similarly, database of teaching load can be attached 
to check the loading of the teachers. 

b) A group of students have completed core courses 
and are in final year for elective/specialization 
courses. The department wishes to know the size of 
students per each elective course with a requirement 
of grading point average (GPA) of 3.0 and above in 
design and simulations. The students belong to dif-
ferent programs: Electrical Engineering, Communi-
cations Engineering and Computer Engineering. 

c) The department is interested in comparing two 
groups for strengths and skills in engineering design. 
Each group graduated recently from a different en-
gineering program. The resulting data is to be pro-
vided to stakeholders for comparative purposes. The 
criterion that may be used includes typically the 
number of elective courses completed. 

d) The college is interested in comparing performance 
of its students in science and mathematics in order to 
select a group of students to send it to a science ex-
hibition. The students belong to various departments 
of the college.  

e) The department is interested in comparative assess-
ment of senior (final) year project taken by last three 
graduating batches. The assessment shall provide the 
number of students, project type (whether design 
and simulate or design and build), respective grades 
obtained, and the opinion of different employers in 
the country about graduates (as employees). 

f) The department is interested in evaluating the per-
formance of delivery of core courses in various pro-
grams offered in the department. For this, it intends 
to compare the quantitative assessment of each 
course with the subjective ones done by students and 
instructors separately. 

g) The department is interested in identifying the po-
tential and prospective employers of its graduates, 
based on the data from five years. For this, it intends 
to compare the students strengths per each elective 
course offered in last five years with alumni survey 
conducted each year (for last five years) and the in-
put from departmental industrial advisory board. 

h) In order to improve academic standards, the depart-
ment wishes to develop repository of periodic data 
related to program assessment that includes course-
work, exams, analysis of learning outcomes and ob-
jectives, etc. 

 

The scenarios ‘a-h’ are typically related to academic 
administration of an engineering department to develop 
student profiles, though it can be tuned for any other 
department in an academic institution. Generally, the 
student information in existing information systems 
(management or educational) is available in multiple 
systems and typically distributed throughout the envi-
ronment; however providing the right information at the 
right time to the right user has remained a serious prob-
lem and input from an intelligent and experienced user is 
always required to gather the required information. An 
intelligent system would require integration of inter-
related data from different sub-systems in order to pro-
duce meaningful results for queries such as a-h. With the 
help of semantic web framework, it can be argued that 
the role of an intelligent user can be supported to mini-
mize the time to gather all required information. 

IV. THE SEMANTIC WEB FRAMEWORK 

In order to enrich underlying data layer with well de-
fined meaning, a machine processable semantics layer 
can be provided using semantic web technology. In this 
section, techniques used in Protégé [16] are used to simu-
late various semantic web management activities such as 
ontology management, semantic annotation and semantic 
query of annotation triples. The ontology management, 
semantic annotation and semantic query of annotation 
triples are designed and exemplified to demonstrate the 
potential usefulness of semantic web technologies in 
supporting academic administration environment. 

It can be argued that such queries can be handled by 
simple database searches, if well defined schemas are 
used. However such queries will become extremely com-
plex due to the main reason that such databases of differ-
ent management systems are not designed at the planning 
level to define relationships between their data, hence 
data traversing gets complicated. Due to this fact, a set of 
ontologies is developed to contextualize the related data 
to generate semantic web framework. 

A. Ontology Map and Specification 
Ontologies have emerged as explicit formal specifica-

tions of the terms in the domain and relations between 
them [17]. They have become common on World Wide 
Web and range from large taxonomies categorizing web 
sites to categorizations of type of relations between dif-
ferent objects on a same server. Many disciplines now 
develop standardized ontologies that domain experts can 
use to share and annotate information in their fields such 
as medicine, chemistry, biotechnology, social sciences, 
etc. Ontology defines a common vocabulary for web 
users who need to share information in a domain. It in-
cludes machine-interpretable definitions of basic con-
cepts in the domain and relations among them. Some of 
the general uses of ontologies are to share common un-
derstanding of the structure of information among people 
or software agents, to enable reuse of domain knowledge, 
to make domain assumptions explicit, to separate domain 
knowledge from the operational knowledge and to ana-
lyze domain knowledge. 

Different ontologies developed for different scenarios 
may be combined to tackle somewhat relating issues. 
These are related to each other by mapping the output of 
one query based on a particular ontology to another query 
based on some other ontology. This type of integration is 
getting popular in commercial systems as well. For ex-
ample, a controller mechanism based on various educa-
tional ontologies is suggested in [18] to connect knowl-
edge framework with BlackBoard© Systems. 

In order to formally develop ontology for typical sce-
narios, say for example a-h in section 3, a conceptual 
map is drawn first by connecting various entities in the 
respective environment. For a typical university college, 
like UAE University- engineering department (UAEU-E), 
this is shown in Figure 1. The Figure 1 shows higher 
level relations between entities in a conceptual way. The 
relations are further defined to develop exact associations 
between the relations of these entities. For example, the 
entity ‘faculty’ is related with entity ‘electives’ through 
the relation ‘expertise’. This relation “expertise” is fur-
ther defined in different type of expertise such as domain 
knowledge, industrial experience, research experience in 
the area, etc.  



SEMANTIC WEB FOR PROGRAM ADMINISTRATION 

Department

Capstone Project

Elective 2

Elective 1

ElectivesCore

Courses

Policies for selection
 of electives

Scores

Students

Teacher

Core 3

Core 1

Core 1

hashas

has

Approved ListCore List

Offer

has

Examinations

GPA +
Project Type

has

Expertise

Expertise

Expertise

GPA + Choice

GPA  (Grading Point Average)

Program Assessment
Tools & Process

has

Subjective
instructor assessment

Subjective
student assessment

Quantitative
assessment

Employer
Survey

Alumni
Survey

Industrial
Advisory Board

has

has

has

selects

 
Figure 1.  A Conceptual map showing (engineering) entity relationships 

The web ontology language (OWL) is a family of 
knowledge representation languages for authoring 
ontologies, and is endorsed by the World Wide Web 
Consortium. This can be used to define exact associations 
between the relations of the entities. Using OWL for this 
purpose, the names of lead players are identified in the 
environment, as shown in Figure 2. The Figure 2 depicts 
ontology development for the conceptual map shown in 
Figure 1. It shows how annotations are programmed into 
Protégé. The highlighting on course specifications is 
there for the reason that the Protégé environment forces 
that at least one annotation is selected at any time. The 
corresponding OWL code is also highlighted. This figure 
also shows the type of programs and the corresponding 
outcomes. 

Next, the mapped entities are entered into Protégé to 
develop ontology specification. As an example, the Fig-
ure 3 defines conceptual map to develop student profiles 
by elaborating different relations between entities used in 
the framework. This specification can be combined with 
a graph data format tool (like Resource Description 
Framework document (RDF)) to create a unified database 
of information, which will contain information of differ-
ent students’ profiles. The RDF is a well known directed, 
labelled graph data format for representing information 
on the Web. 

Competencies related to students’ profiles may be gen-
erated as outputs by populating the data over these speci-
fications. For example, student grades of particular sub-
jects are to be collected from exams database. Similarly, 
student’s participation in particular curricular or co-

curricular activities carries weight for ‘skills develop-
ment’. Student’s completed courses’ learning outcomes 
also help in developing competency of a student over a 
particular skill. Once ontologies are developed, the 
framework is a set of such ontologies working together to 
run intelligent queries. This is exemplified further in 
section 4.4 where reuse of semantic annotations is dis-
cussed. 

B. Semantic Annotation 
The semantic annotations are defined as metadata for a 

particular entity and its relations. They are also used to 
define the process generation of such metadata. After 
ontologies are developed for an environment, the end 
users are envisaged as using the ontologies to annotate 
resources in the scenarios. The idea is to filter and mould 
the data at the input level as per our designed ontology. 
Annotation of resources may also be carried out using 
RDF, based on certain ontologies. Additional semantics 
could improve the search power. Adding semantics to 
end results (in our case generated web pages) means that 
it is possible to make these distinctions explicit in the 
content itself and search systems can ignore homonyms 
but find synonyms. 

To demonstrate semantic annotation, some queries are 
simulated in Protégé, as shown in Figure 4. For this, 
UAE-E ontologies are loaded in Protégé to allow annotat-
ing student information available in the engineering de-
partment. An ontology driven template-based instance 
generation method is used in Protégé to allow semantic 
annotation through matching instances with ontology 
definitions. 

http://en.wikipedia.org/wiki/Knowledge_representation�
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Figure 2.  Ontology Development using OWL 

C. Generating Semantic Annotations 
University programs and corresponding courses are 

always tailored to a common goal. Courses that are 
taught in a particular program are designed in a way that 
their outcomes are cumulated for the academic pro-
gram’s common goal. This forms a natural hierarchy 
between program objectives and course outcomes. Simi-
larly the co-curricular and extra-curricular activities 
carried out by students also comply with the main goals 
of the program that the student is progressing through. 
The idea is to map that hierarchy and create a conceptual 
map that can be specified using semantic technologies. 

The program objectives form the key basis to develop 
ontologies. The program objectives and outcomes form 
the basis of rules that are to be matched through our 

defined ontologies. Similarly these objectives and out-
comes benchmark the criteria that are to be achieved by 
querying student records. In other words, the main con-
text of this work is to map student achievements and 
scores as per University’s defined objectives and out-
comes set for a particular academic program. 

For example, the program objectives and course out-
comes for a typical electrical engineering course (such as 
Digital Image Processing) are defined as follows: 

1) Program Objectives 

 Provide graduates with a high level of analytical and 
applied skills necessary to actively participate in 
technology innovations in addition to maintaining 
the present ones in the country and abroad.  
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Figure 3.  Conceptual Map to develop student profiles 

 Promote the interaction between the university and 
the local industry. The industry is encouraged not 
only to actually participate in selecting the various 
courses and their contents but also have an effective 
role in endorsing the research themes of the students 
especially those on study leave from the industry. 
Consequently, co-supervision from qualified scien-
tists and researchers from the industry is encouraged. 

 Promote the creative thinking skills among graduates 
necessary for life-long learning. 

 Promote scientific research and development (R&D) 
activities. 

2) Course Ability Outcomes 

 To compare and use different tools for image analy-
sis in a transformed domain (wavelet vs. Fourier 
transform) 

 To implement with Matlab image processing algo-
rithms aimed at compression, segmentation, repre-
sentation, description, and object recognition 

 To apply the notions learned in the course to practi-
cal image processing problems. 

In order to demonstrate this, the student profile rating 
is used where courses’ instances are created under uae-
engg:program-ware object, which are later exported 
through Protégé to RDF. RDF is used as a method for 
conceptual description or modelling of information that is 
implemented in uae-engg:program-ware object. It is 
based upon the idea of making statements about resources 
in the form of subject-predicate-object expressions. These 
expressions are known as triples. The subject denotes the 
resource, and the predicate denotes traits or aspects of the 
resource and expresses a relationship between the subject 
and the object. The semantic annotations refer to the RDF 
triple statements using instance Uniform Resource Identi-
fier (URI) and ontology property as their subject and 
predicate respectively, e.g., <MSc EE, uaeu-ee:MS Pro-
gram,Electrical Engineering> and <ELEC 616, uaeu-
ee:course_title, Digital Image Processing>. 
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Figure 4.  Ontology Development in Protégé environment 

The following sample code shows how the objectives 
and outcomes are defined in RDF. In this example the 
code shows the general objectives for M.Sc. program in 
Electrical Engineering as: developing analytical skills for 
handling technology, developing interactive skills for 
factory environment, creating thinking skills for lifelong 
learning and creating research and development skills, 
whereas learning outcomes for the course ELEC 616 
(Digital Image Processing) are: comparison of image 
processing tools, implementation of Matlab image proc-
essing algorithms and handling real world image process-
ing problems. 
<uaeu-engg:Program rdf:ID="MSCEE"> 
<uaue-engg:hasobjective=”#1analytical skills for handling technol-
ogy”/> 
<uaue-engg:hasobjective=”#2interative skills for factory environment: 
local and global”/> 
<uaue-engg:hasobjective=”#3creative thinking skills for life-long learn-
ing”/> 
<uaue-engg:hasobjective=”#4research and development skills”/> 
<uaeu-engg:hascourse rdf:resource="ELEC 616"/> 
<uaeu-engg:course_title rdf:resource="#Digital Image Processing"/> 
<uaeu-engg:courseoutcome:resource="#1 comparison of image proc-
essing tools"/> 
<uaeu-engg:courseoutcome:resource="#1 implement Matlab image 
processing algorithms"/> 
<uaeu-engg:courseoutcome:resource="#1 handle real world image 
processing problems"/> 
</uaeu-engg:Program> 
 

The Figure 3 forms the basis of ontology used to re-
cord the possible outcomes coming through various 
stages of interaction of student related operation. At each 
node data is generated which is used to generate students’ 
profile. This profile is later used for querying different 

predefined scenarios. Once instances are created for stu-
dent related operations, as per the relations defined in 
Figure 3, these are then used for classification of courses; 
defining relation between the course and the course 
teacher and are re-used to calculate teaching load; listing 
course outlines which will be used to create student’s 
profile; and course assessment mechanisms which are 
used to develop assessment strategies. Similarly all re-
lated instances are to be re-used to extract intelligent 
information. 

D. Reuse of the Semantic Annotations 
The semantic query of annotated triples is exemplified 

in this section to understand use of semantic web frame-
work. The Simple Protocol and RDF Query Language 
(SPARQL) [19] is now considered as the main RDF 
querying language for semantic web. The specification 
defines the syntax and semantics of the SPARQL query 
language for RDF. SPARQL can be used to express que-
ries across diverse data sources, whether the data is stored 
natively as RDF or viewed as RDF via middleware. 
SPARQL contains capabilities for querying required and 
optional graph patterns along with their conjunctions and 
disjunctions. The results of SPARQL queries can be 
results sets or RDF graphs. 

SPARQL is a query language designed for querying 
semantic web triples. For this purpose, a part implemen-
tation of the scenario is used where an employer wishes 
to search profiles of graduating students for specific skills 
and abilities. For example, assume that the employer is 
looking for students with good skills in signal processing, 
adaptive filters, image acquisition, sampling, quantiza-
tion, along with some communication and presentation 
skills.  Developing semantic relations between outcomes 
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of student union/sports, co-curricular activities, with the 
outcomes of academic programs and course intellectual 
and ability outcomes, it becomes possible to entertain 
such high level query. Assuming that the above entities 
have been sufficiently annotated using a shared ontology, 
such sort of match-making can be carried out through 
carefully designed semantic web queries into these se-
mantic annotations in the form of RDF triples. By suffi-
cient annotations, it means the minimum required meta-
data that can handle queries of predefined scenarios. For 
example queries are made for employers who are looking 
for students with good knowledge in some particular 
subjects along with soft skills of communication and 
comprehension. For this type of query, scores of the sub-
jects are needed that employers are looking for along 
with student records of certain co-curricular activities 
where soft skills are also recorded and made part of the 
student profile. 

Ontologies are rather like classification schemes. They 
are ways of defining the relationships between objects. 
Ontologies are also used as a classification scheme, 
which is usually a way of organizing objects by placing 
them under subject categories. The Figure 5 shows a 
logical layered architecture of the semantic web [20] 
followed for academic program administration. In the 
Figure, RDF Schema (RDFS) extends RDF vocabulary to 
allow describing taxonomies of classes and properties, 
where as Extensible Markup Language (XML) layer with 
XML namespaces makes sure that there is a common 
syntax used in the semantic web. It can be easily seen 
from the Figure 5 that the architecture is an illustration of 
hierarchy of web languages and technologies, where each 
layer exploits and uses capabilities of the layers below. It 
can be seen that SPARQL and Ontologies, both are ex-
ploiting the capabilities of RDF structure of the applica-
tion. Ontologies are used to define semantic rules for the 
information organization in the application, whereas 
SPARQL is used to query these data sources. 

The most straight-forward solution to realize the sce-
nario is to carry out a set of SPARQL queries and post-
processing operations. The following steps are used:  

a) Query regarding student profile to check his area of 
expertise (e.g. in which subjects he has taken good 
scores). 

b) Ordering of the outcomes as per accolades (for ex-
ample if the student has achieved grade A in the 
course of Signal Processing, outcomes of the course 
will be ordered at higher position). 

c) Query regarding student profile to check his co-
curricular and sports activities (e.g. in which activity 
or sport he has won a prize). 

d) Query regarding student profile to check his co-
curricular and sports activities (e.g. in which activity 
or sport he has participated). 

e) Measuring the distance of the student profile to the 
requirements of the employer. 

f) Rank the candidate’s position by the distance. 
 

Below are some examples of the SPARQL queries to 
retrieve semantic description of outcomes of the courses 
and the outcomes of the university’s sports and co-
curricular activities. By referencing to the predefined 
ontology, it is possible that any other parties recognizing 
the ontology can understand and reuse these semantics 
easily. 

 
Figure 5.  Layered architecture of Semantic Web Application 

PREFIX uaeu-engg_ins: 
<http://www.uaeu-ee.ae /uaeu-engg_ins.owl#> 
PREFIX uaeu-ee: <http://www.uaeu-ee.ecs.ae/ontology/uaeu-ee.owl#> 
SELECT ?s ?p ?o 
WHERE {uaeu-engg_ins: student? courses? scored A } 
ORDER BY ?courses 
1 ( ?p = uaeu-engg:firstName ) 
( ?o ="f_name"^^<http://www.w3.org/2001/XMLSchema#string>) 
2 ( ?p = uaeu-ee:lastName ) 
   (?o="l_name"^^<http://www.w3.org/2001/XMLSchema#string> ) 
3  (?p = uaeu-ee:assessment-grade ) (?o = uaeu-engg_ins:ELEC 615 ) 
4  (?p = uaeu-ee: assessment-grade) (?o = uaeu-engg_ins:ELEC 616 ) 
5  ( ?p = uaeu-ee:assessment-grade-level )    
    ( ?o "A"^^<http://www.w3.org/2001/XMLSchema#int> ) 
 

The above query (select the courses where student x 
scored A in previous subjects) will yield the result: 
“scored A in ELEC 615 Adaptive Signal Processing, and 
ELEC 616 Digital Image Processing”. In the next query, 
the outcomes of courses are exported: 
SELECT ?s ?p ?o 
WHERE {uaeu-engg_ins: ELEC04 ?p ?o } 
ORDER BY ?p 
1 (?p = uaeu-engg:has Learning Outcomes) (?o = uaeuee_ins: 
ELEC615 Learning Outcomes) 
2 (?p = uaeu-engg:has_objective) (?o = uaeu-engg_ins: applications of 
adaptive signal processing) 
3 (?p = uaeu-ee:has_objective) (?o = uaeu-engg_ins: adaptive filters) 
4 (?p = uaeu-ee:has_objective) (?o = uaeu-engg_ins: beam formers) 
5 (?p = uaeu-engg:has_objective) (?o = uaeu-ee_ins: optimum 
space/time processors) 
6 (?p = <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>) (?o = 
uaeu-engg:Course) 
 

The above queries will return a list of matching results 
of students with the courses in the areas of signal and 
image processing, and their respective learning outcomes. 
In the same way, the student’s participation in univer-
sity’s club/sport activities and college’s co-curricular 
activities may be queried. A sample query may be shown 
as: 
SELECT ?s ?p ?o 
WHERE {uaeu-engg_ins: ?s ?p ?o } 
ORDER BY ?p 
1 (?p = uaeu-engg:has College Activities ) (?o = uaeu-ee_ins: Debate 
Competition) 
2  (?p = uaeu-engg:has_First_Position ) ( ?o = uaeu-engg_ins: student 
x) 
3  (?p = uaeu-ee:has_Second_Position ) ( ?o = uaeu-engg_ins: 
student y) 
4  (?p = uaeu-ee:has_Third_Position ) ( ?o = uaeu-engg_ins: student 
z) 
5 (?p = <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>) (?o = 
uaeu-engg:College) 
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SPARQL queries for the said purpose are developed 
manually, however tools are available that provide simple 
and user friendly interface to develop queries which al-
low to select different entities, their relations, variables 
defined, and associated parameters. The next step is to 
join the results of these queries for student x, which can 
be done by a simple join command. Then they should be 
sorted by results in subjects and positions in co-curricular 
and sport activities. This will create an ordered list, sorted 
as per the measure of the distance of student’s achieve-
ments to the employer’s requirement. In this way, com-
plex queries can be jointed to develop student’s profile 
and finally matched with the employer’s requirement. 
Data in the traditional repository is then opened up 
through a set of semantic activities. 

V. DISCUSSIONS 

Like any semantic web application, challenges include 
manageable set of concepts and assertions, vastness, 
vagueness and inconsistency. Automated reasoning sys-
tem will have to deal with these issues in order to deliver 
onto the promise of semantic web. Cost of adding new 
concepts and assertions is another challenge that we have 
to deal with. It will become tediously difficult to map 
new concepts and assertions along with the old one.  
Uncertainty is another challenge that Semantic Web ap-
plications face. For example, a student portfolio might 
present a set of outcomes which correspond to a number 
of different distinct areas of expertise, each with a differ-
ent probability. Probabilistic reasoning techniques are 
generally employed to address uncertainty in such cir-
cumstances, which the authors feel are beyond the scope 
of this paper. 

Semantic technologies also claim of enhancing intelli-
gence and provide meaningful information for searching 
and browsing. Ontology consensus has appeared to be a 
major issue in implementing semantic technologies. This 
is mostly due to different implementation procedures 
cross departments or cross organizations. Ontologies 
typically describe more structure than dictionaries [21], 
e.g., in their arrangement of concepts into an is-a hierar-
chy (that is, into a taxonomy). They may have more pre-
cise semantics than taxonomies, e.g., by identifying at-
tributes associated with a given concept, and possibly 
rules governing the values that the attributes assume. 

There are two approaches to implementation of the 
semantic web. In the bottom-up approach, all known 
components and interactions are integrated to model the 
system, where as in top-down, the system is taken first 
and then decomposed it into component parts and interac-
tions. The critical difference surfaces clearly when 
knowledge of all of its components and interactions is not 
known. Example implementations exist for either of these 
approaches, for example in case of bottom up approach 
the semantic annotations (meta-data) are embedded right 
into the data. The opposite camp is exploring the top-
down approach, which relies on analyzing existing in-
formation. In that, a developer models the semantics of a 
vertical domain (such as, farm equipment, movie cam-
eras, etc.) and the kinds of things users would want to do 
in that domain, and then links web pages into a meaning-
ful series of information views and user actions. This 
approach seems natural to a grown up university to em-
ploy semantic web to existing sub-systems to exploit 
diversity of data to its advantage. The ultimate top-down 

solution would be a fully blown natural language proces-
sor, which is able to understand text like people do. 

The semantic web can be compared with semi-
structured data model. In semi-structured model, there is 
no separation between the data and the schema, and the 
amount of structure used depends on the purpose. Some 
of the advantages of this model include flexible format 
for data exchange between different databases, viewing 
structured data as semi-structured (for browsing pur-
poses); that the schema can easily be changed; and port-
able data transfer format. The primary trade-off in using a 
semi-structured database model is that queries cannot be 
made as efficiently as in a more constrained structure, 
such as in the relational model. For unstructured or semi-
structured data, a relational database management system 
(RDBMS) has greater difficulty, and query performance 
is usually unacceptable for relatively large amount of 
data.   Typically the records in a semi-structured database 
are stored with unique IDs that are referenced with point-
ers to their location on disk. So for doing searches over 
many records, it is not as efficient because it has to seek 
around the disk following pointers. For semi-structured 
databases, despite the simple syntax of the constraints, 
their associated implication problem is R.E. complete and 
finite implication problem is co-R.E complete [22]. 

As the semantic web is based on semantically defined 
ontologies of inter-related and interconnected datasets, it 
is free of the query based on the user location or the type. 
As long as a query processing system understands the 
schema and semantics of the database, it will be able to 
return informative response to the user. Thus the seman-
tic framework presented in this work is independent of 
the regional or cultural issues underlying the need to 
perform different kinds of searches. 

The other point investigated in this concept is whether 
it is possible to extend the ontology to departments other 
than engineering. The general opinion is that it remains 
the same as far as it is applied to an individual depart-
ment. In order to understand how shall it be perceived if 
the concept is extended to academic administration of the 
college with many departments underneath (that is, how 
does it look to users who control and monitor a college 
which has many engineering departments), at the institu-
tional level it seems that if this ontology is applied at a 
higher scale, its modus operandi will remain the same, 
except that this time, it will be more complex and more 
data-loaded. As an example, at College of Engineering of 
UAE University, initially (say first year), courses remain 
the same, but then student specializes by selecting a de-
partment. Still a student can strengthen ones credentials 
by selecting (some) free electives from any department 
(during last year of studies) or by going through an inter-
disciplinary senior (final) year project. In this case, it 
means that semantic layer shall retrieve data from all 
departments and project the profile of a student within a 
college. Generally, it all depends upon the strategies 
defined by different departments within a college. Ontol-
ogy is a way to connect these complex or loosely defined 
rules and concepts. The complexity of the integrated 
system increases once additional criteria are added to 
further highlight student's major achievements (like star 
rating tag comparison and clouding, etc). 

The view of this layer can be generalized to stake 
holders (say college industrial advisory board or any 
stake holder) of the program through Internet, assuming 
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university is willing to provide due access of the system. 
This concept may also be very useful to the university, 
i.e., instead of acting on the query of employer, the uni-
versity should catalogue its students telling the employers 
that they are 'fit' for x or y type of industries. But for this, 
a proper categorization within a country-specific indus-
trial sector may be needed, to be mapped against the 
skills of the students. 

VI. CONCLUSIONS 

The effort exercised in this work demonstrates the ef-
fective use of semantic web in a typical environment like 
an engineering college of a university. The implementa-
tion was exemplified by developing student profiles as 
student profiling has become an important aspect of any 
growing academic system. The demonstrated benefits in 
this work are reduced cyclic and tiring work, quicker 
decision making at needed time, etc. The implementation 
of semantic web approach towards academic program 
administration helps in program accreditation process, as 
queries may be set to the system to dig out useful and 
needed information about student achievements. It was 
also demonstrated that semantic web approach may be 
applied to any academic program administration. How-
ever, the complexity of semantic web increases once 
additional criteria or sub-systems are added to the inte-
grated platform. It was discussed that top-down approach 
seems more natural to integrate existing data through 
semantic web, though it depends on academic institutions 
how strategy is defined. In order to improve capacity on 
this development, web services or web portals can be 
examined to include more complex functions at service 
level or for end users. 
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