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Generally, the engineering program assessment process in line with an accreditation body involves
some cyclic and tiring paperwork before any weakness is identified in the system. Additionally, the
current state of such systems is that the assessment data are spread over many sub-systems, and
there is no way to use them intelligently for better academic process management. It has been a
desire of academic institutions to develop these processes in such a way that program management
is also facilitated through an integrated system connecting all stakeholders of the program. This
paper describes an electrical engineering program assessment process that has been developed and
implemented using web semantics to provide intelligent services through an integrated system. The
integrated system provides a value-added semantics layer where activities such as annotation,
querying and reasoning can be carried out to support management. The framework is developed
with a case study of a United Arab Emirates (UAE) University program assessment process to

show how semantic web technologies can be used to facilitate program management.
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INTRODUCTION

IN THE ACADEMIC SECTOR, Academic Infor-
mation and Management Systems (AIMS) [1, 2]
are mostly used to support information, finance,
logistics, human resource and student services,
whereas Content Management Systems (CMS)
[3, 4] are used to provide educational services,
such as Virtual Learning Environments (VLEs),
course repositories, library archives, online exam-
inations and online coursework submission. These
types of systems create huge databases containing
interrelated data. For example, in a University an
AIMS may contain information about a teacher’s
academic qualifications, affiliations, expertise,
research activities and teaching work load, whereas
the CMS provide data and information regarding
courses, delivery of courses, notes, and exam dates
with which the teacher is currently associated.
Generally, it has been observed that the academic
and content management systems work in isola-
tion (mostly maintained by different departments)
and, in many cases, are not even designed to
interact with each other at later stages.

The semantic web is a web of machine proces-
sable meanings underpinned by shared and
formally defined ontologies. It is also used in the
context of providing intelligent and meaningful
logical connections between interoperable systems.
At its core, the semantic web comprises a set of
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design principles, collaborative working groups,
and a variety of enabling technologies. Other
elements of the semantic web are expressed in
formal specifications including Resource Descrip-
tion Framework (RDF), a variety of data inter-
change formats (e.g. RDF/ XML, N3, Turtle, N-
Triples), and notations such as RDF Schema
(RDFS) and the Web Ontology Language
(OWL), all of which are intended to provide a
formal description of concepts, terms, and rela-
tionships within a given knowledge domain [5]. In
an academic environment the main outcomes of
semantic web technologies are considered as infor-
mation gathering, its handling and publishing,
collaborative teaching and learning activities,
such as team building, computer mediated discus-
sions and experiments, content creation and
formation of well formed metadata for content.
Enterprise Resource Planning (ERP) systems
such as SAP, People soft, etc. work on fixed
queries and return atomic results, whereas a
semantic web returns quasi queries. For ERPs
databases have to be properly normalized, whereas
semantic works on any relation that has been
defined through ontologies. In order to coordinate
different semantic web activities, an educational
ontology is explicitly defined to share a contextual
conceptualization of the educational domain,
which can then be used to annotate educational
artifacts such as lecture resources, program speci-
fications, courses and assessments. This allows the
users to make their resources more machine-
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processable by collaboratively constructing an
enriched layer of the semantic web that links
educational artifacts with formal semantics to
support other semantic activities such as semantic
query, aggregation and reasoning.

Typically, a higher education institution like the
UAE University uses various sub-systems, most of
them independent, to carry out specific tasks in an
academic administration environment. The sub-
systems at UAE University along with respective
functionality are:

® Blackboard system: contains course logs, stu-
dent assessment data done by faculty, course
evaluation done by students—users are students,
faculty, and administration.

® INB system: contains contracts and purchasing
system, budget, student data for admission,
semester grades, and transcripts—users are
administration (mainly secretary general’s
office) and University Registrar.

® Eservices: contains employee information (per-
sonal data, time sheets, benefits, job data, pays-
tubs), entering grades by faculty, registration
overrides, view class lists and student informa-
tion, HR system—users are faculty, faculty as
advisors, staff, administration. This server
derives student related data from INB system.

® FMES system: contains faculty members’
annual evaluation reports—users are faculty,
administration.

® Research Affairs system: contains data related
to research grants related to faculty, local con-
ferences—users are faculty, research affairs
management, and public.

® Email server: contains email logs—users are
administration, faculty, staff, students.

® Webserver: contains websites of colleges (and
departments), faculty web pages, data related to
industrial training of students, graduation pro-
jects of students—users are administration,
faculty, students, and public.

® College server: Each college has its own server
containing logs about programs, courses,
accreditation body, and program assessments.
The EE department at UAE University main-
tains its own repository of program assessment
documents as an archive at a separate server.

These sub-systems, in all, perform long and repetit-
ive work to reach a level of respective decision
making, and thus do not open up the data for
collaborative annotation and reuse of the learning
resources to help reason a higher level intelligent
query. In this paper, the context of the higher
education scenario is set to demonstrate the best
practice of semantic web activities such as semantic
annotation, query and reasoning.

In the next section, the academic program
assessment process at UAE University is briefly
described to show some operational scenarios,
some of which may be used effectively to develop
ontology specification. We then discuss the devel-
opment of (UAEU-EE) ontology that is used for

practical implementation of the scenario, and
discuss related work on this topic. The conclusions
reached during the implementation process are
presented in the last section.

EE ACADEMIC PROGRAM
ASSESSMENT PROCESS

The Department of Electrical Engineering at UAE
University has embraced the general philosophy of
Outcome Based Education and has engaged in an
ongoing assessment process to establish and review
the Program Educational Objectives (long term
objectives) and Program’s Outcomes (at the time
of graduation) by using a set of tools that make
direct and indirect measurements of program
assessment components. The program outcomes
that have been established as goals of the EE
program follow closely the Accreditation Board
for Engineering Education (ABET) required
outcomes, as achievement of these outcomes in
the context of an electrical engineering program
would meet the program objectives. Thus, the
Electrical Engineering program is specifically
designed to provide the EE graduates with the
knowledge and skills needed to succeed in today’s
workplace and in advanced studies. The desired
outcomes of the EE program require that every
student graduating from this program should
demonstrate the following abilities [6]:

® the ability to apply knowledge of mathematics,
statistics, science and engineering principles;

® the ability to design and conduct experiments
safely, as well as to analyze and interpret data;

® the ability to design electrical components, sys-
tems or processes to meet desired specifications
and imposed constraints;

® the ability to work in multidisciplinary teams;

® the ability to identify, formulate and solve pro-
blems encountered in the practice of electrical
engineering;

® an understanding of professional and ethical
responsibility;

® the ability to communicate effectively orally and
in writing;

® the ability to understand the impact of engin-
eering solutions in a global and societal context;

® recognition of the need for, and an ability to
engage in life-long learning;

® knowledge of contemporary issues;

® the ability to use the techniques, skills, and
modern engineering tools necessary for electrical
engineering practice.

Effectively, the Department of Electrical Engineer-
ing at UAE University has established an assess-
ment process that is used for continuous
improvement of the undergraduate program and
the department’s educational operations. This
process may be visualized as in Fig. 1.

In fact, the program assessment consists of two
parts: an annual report prepared by the assessment
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Fig. 1. EE program assessment for continuous improvement.

committee and the input from accreditation body
from its previous visit i.e.:

PA[j] = W1 AR[j] + Walaser[j — 1] (1)

where PA, AR, and Iaggr stand for program
assessment, annual report, and input from ABET
respectively. The term j indicates the current year,
W, and W, are assigned weights based on a
particular criteria set by the EE departmental
council during that year. There is a dependency
between W, and W, in cases when there are
corrective measures to be taken based on ABET
comments on the assessment process. This, in turn,
depends on how well stakeholders’ opinion has
been incorporated at various levels of the assess-
ment process. In short, it can be said that the
annual report combines ABET feedback to gener-
ate program assessment, whereas the annual report
is prepared using previous program assessment
combined with assessment measurement results
obtained by various tools in the current year and
from at least previous one year. This can be written
as:

1 1
AR[] =PA[j = 1]+ = Ti[i]+=> Tili+1
[l [j ]+N; kH+N; ki + 1]
1 .
+N Ek Tk[l"r‘Z]-i- ....... (2)

where T} [i] stands for measurement result using a
specific tool i for the measurement k, and N stands
for number of measurements considered for aver-
aging. The assessments are measured twice per
year (i.e., once per term of the year), and thus
term k typically may range from 1 through 4, so N
would equal 4 in this case. The various tools (i.e.,
direct and indirect approaches) are implemented to
assess the program outcomes. The annual program
assessment followed by its local (college and
department) evaluation and the input from the
(external) accreditation body set the benchmark
performance limits of the program assessment.
These two components form the two feedback
paths in Fig. 1. In fact, there exists another outer
loop that refines the program educational objec-
tives set by its constituencies.

Both Equations (1) and (2) are implemented

each term of an academic year to measure the
outcomes using various assessment tools. Some
of the assessment tools use information from
faculty, students (present and graduates), and
industry (employer, alumni, Internship supervi-
sors), whereas some of the outcomes are best
measured through a capstone course, internship
and extra curriculum activities. Finally, the quant-
itative (Q), the faculty (F), student (S) assessments,
and those from industry are combined in an Excel
sheet to produce outcome data for all courses and
programs. Many of these measurements are
collected and compiled at different levels of the
assessment process. For example, surveys from
industry are collected manually over a period of
time and then are complied to be incorporated in
the assessment process. The (local) college evalua-
tion is typically generated within the same year,
but those from industrial advisory board and the
external accreditation body are usually available
after a couple of years during their visit to the
college.

The whole continuous assessment process gener-
ates a lot of cyclic and (some of the time) redun-
dant data due to feedback cycles, and thus is
termed tiring because of its nature (as in Fig. 1,
or in Equation (2)). Moreover, the whole data
resides at multiple servers at different locations
(i.e., department, college, University), and
currently there is no semantic way to link these
archives. The main objective of using web seman-
tics for the academic program process is to connect
all these datasets to provide support to all stake-
holders of the academic system for solving their
intelligent queries (automatically). The following
are some of the example tasks that this work is
expected to perform successfully:

a) The department is interested in making a com-
parative assessment of senior year project taken
by the last three graduating batches. The assess-
ment will give the number of students, grades
obtained, project type (whether design and
simulate or design and build) and opinion
about UAE graduates (as employees) from
different employers in the country.

b) The department is interested in evaluating the
performance of delivery of core courses of
various programs offered in the department.
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Fig. 2. Conceptual map showing various entity relationships.

For this, it intends to compare the quantitative
assessment of core courses taken by students,
with student assessment and instructor assess-
ment of each core course.

¢) The department is interested in identifying the
potential and prospective employers of its grad-
uates, based on the data from five years. For
this, it intends to compare the number of
students per elective course offered in the last
five years in each program with an alumni
survey conducted each year (for the last five
years) and input from the departmental indus-
trial advisory board.

d) With the aim of safeguarding and helping
improve academic standards, quality assurance
and the accreditation agency, ABET for ex-
ample needs to work closely with the University
to refine academic standards and quality pro-
cedures. The repository framework of the devel-
oped system, in particular the educational
ontology as the conceptualization backbone,
needs to reflect the ABET standard procedure
for possible accreditation. This requires them to
access assessment materials such as coursework
(the instructions supplied to students, the stu-
dent work submitted, and the marks/feedback
obtained) and exams (both the papers supplied
to students and the marked student scripts). In
addition, the accreditation agency needs to
understand the learning infrastructure (time-
tables, library provision, lab provision—hard-
ware and software, CVs of academic and
technical staff, number of students enrolled,
minutes of academic committees, etc.).

It is easy to see that most of the data in cases above
are inter-related and seem to be standard database
queries. However, it should be noted that the
relevant datasets are at multiple servers at different
locations, and typically have no semantic link

amongst them. Currently these are mostly looked
into rigorously to find inter-related required infor-
mation, typically involving a number of people. It
can be argued that the existing information
systems (management or educational) are generally
designed to provide the information required for
the above mentioned scenarios; however the provi-
sion of the right information at the right time to
the right user has remained a serious problem and
input from an intelligent and experienced user is
always required to gather the required informa-
tion. With the help of a semantic web framework,
it can be argued that the role of an intelligent user
can be supported to replace gathering all required
information manually.

THE SEMANTIC WEB FRAMEWORK

The semantic web technology aims to provide a
machine processable semantics layer that enriches
the underlying data layer with well defined mean-
ing. In this section, techniques used in Protégé [7]
are used to simulate various semantic web manage-
ment activities such as ontology management,
semantic annotation and semantic query of anno-
tation triples. All of these activities are designed to
demonstrate the potential usefulness of semantic
web technologies in supporting the UAEU-EE
scenarios.

Ontology map and specification

Based on this discussion, the ontology can easily
be developed using, for example, the scenarios (a)-
(d) given above. In order to formally develop the
ontology, a conceptual map is drawn first by
connecting various entities in respective scenarios
(a)—(d). This is shown in Fig. 2.

The semantic web has the power of connecting
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Fig. 3. Ontology specification for allocation of elective courses.

any entity with any link and developing the ontol-
ogy for it, based on the developed map. Next, these
mapped entities are entered into Protégé [7] to
develop ontology specification for the mapped
scenarios. As an example, the ontology specifica-
tion for allocation of elective courses is shown in
Fig. 3. The framework will be a set of such
ontologies working together to run intelligent
queries.

Semantic annotation

In UAE-EE, we envisage end users using the
ontology to annotate resources in the scenarios. To
demonstrate this practice, some queries are simu-
lated in Protégé, as shown in Fig. 4, by generating
semantic instances. The UAE-EE ontology is
loaded in Protégé to allow annotating elective
courses available in the Electrical Engineering
Department. An ontology driven template-based
instance generation method is used in Protégé to
allow semantic annotation through matching
instances with ontology definitions.

Generating semantic annotations

The Electrical Engineering Elective courses
instances are created under uae-ee:course-ware
object. The semantic annotations refer to the
RDF (Resource Description Framework) triple
statements using instance URI (Uniform Resource
Identifier) and ontology property as their subject
and predicate respectively, e.g., <ELEC 561, uaeu-
ee:course teacher, Shakil Laghari> and <ELEC
561, uaeu-ee:course_title, Java Programming and

Applications>, with assessment strategy defined as
a two hour final exam, one hour midterm exam,
one take home assignment and three in-class
quizzes. Similarly learning outcomes are defined
as Introduction to Java Programming Style and
formats, Understanding of Object Oriented
Programming Concepts, Application of Java to
mobile applications and Advanced Java program-
ming, as:

<uaeu-ee:Module rdf:ID="ELEC 561">

<uaeu-ee:hascourse rdf:resource="#Course_teacher"/>

<uaeu-ee:course_teacher rdf:resource="#Shakil Laghari"/>

<uaeu-ee:course_title rdf:resource="#Java Programming and
Applications"/>

<uaeu-ee:assessment rdfiresource="#2 hours final exam"/>

<uaeu-ee:assessment rdf:resource="#1 hour midterm exam"/>

<uaeu-ee:assessment rdfiresource="#1 take home assignment"/>

<uaeu-ee:assessment rdf:resource="#3 in-class quizzes"/>

<uaeu-ee:learning outcome rdf:resource="#Java Programming
style"/>

<uaeu-ee:learning outcome rdf:resource="#Understanding of
Object Oriented Programming Concepts"/>

<uaeu-ee:learning outcome rdf:resource="#Understanding of
Java Formats"/>

<uaeu-ee:learning outcome rdf:resource="#Java and mobile
applications"/>

<uaeu-ee:learning outcome rdf:resource="#Advanced Java
Programming"/>

</uaeu-ee:Course>

Instances are created for all electives, as per the
relations defined in Fig. 2. The instances 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 that will be used to create student’s
profile; and course assessment mechanisms that
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Fig. 4. Ontology development in Protégé environment.

are used to develop assessment strategies. Similarly
all related instances are to be re-used to extract
intelligent information.

Reuse of the semantic annotations

In this section we discuss a part implementation
of a student’s scenario, it is assumed that a student
is interested in selecting electives to enhance his/her
profile in one particular area of expertise, expertise
of the faculty member who will be teaching the
course, assessment load, and popularity of the
course when it was offered in the past. Developing
semantic relations between elective courses, their
learning outcomes, course feedback, faculty’s
expertise, and student profile, makes it possible
to make such a high level query. Given the fact
they have been sufficiently annotated using a
shared ontology, ontology driven match-making
can be carried out through carefully designed
semantic web queries into these semantic annota-
tions in the form of RDF triples. SPARQL [8] is a
query language designed for querying semantic
web triples. The most straight-forward solution
to realize the scenario is to carry out a set of
SPARQL queries and post-processing operations.
The following steps are used:

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

2. Query regarding electives to be offered by the
Department, in particular its subjects’ annota-
tions and learning outcomes

3. Query regarding teachers who are offering
electives in their areas of expertise

4. Query regarding feedback of the course

5. Measuring the distance of the student profile to
the elective courses been offered

6. Measuring the distance of the subject map of
the electives and expertise of faculty members,
and its previous feedback

7. Rank the candidate elective course by the
distance.

Below are some examples of the SPARQL queries
to retrieve semantic description of teachers and
courses annotated at the semantics layer. By refer-
encing to the predefined ontology, it is possible
that any other party recognizing the ontology can
understand and easily reuse these semantics.

PREFIX uaeu-ee_ins:

<http://www.uaeu-ee.ae /uaeu-ee_ins.owl#>

PREFIX uaeu-ee: <http://www.uaeu-ee.ecs.ae/ontology/uaeu-
ee.owl#>

SELECT 7?s ?p 70

WHERE {uaeu-ee_ins: Joe Blogg? 0? scored A }

ORDER BY ?0

1 ( ?p = vaeu-ee:firstName ) ( ?0 = "Joe"M<http://www.w3.org/
2001/ XMLSchema#string> )

2 (?p = vaeu-ee:lastName ) ( 20 = "Blogg"<http://
www.w3.0rg/2001/ XMLSchema#string> )

3 (?p = vaeu-ee:assessment-grade ) ( 70 = uaeu-ee_ins:ELEC
330)

4 ( ?7p = uaeu-ee: assessment-grade ) ( 70 = uaeu-ee_ins:ELEC
335)

5 ( ?p = uaeu-ee: assessment-grade ) ( 70 = uaeu-ee_ins:ELEC
451)

6 ( ?p = uvaeu-ce:assessment-grade-level ) ( 70 "A"A<http://
www.w3.0rg/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 330 Computer program-
ming, ELEC 335 Digital Logic Design, and ELEC
451 Microprocessors’, suggesting that the student
is developing a profile in a computer systems
related courses. In the next query we are trying
to match the expertise of faculty members with the
learning outcomes of the elective subjects:
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SELECT ?s 7p 70

WHERE {uaeu-ee_ins: ELEC561 ?p %0 }

ORDER BY ?p

1 (?p = uaeu-ee:hasLearningOutcomes ) ( 20 = uaeu-
ee_ins:ELEC561_Learning_Outcomes )

2 ( ?p = uaeu-ee:has_subject ) ( 70 = vaeu-ee_ins: Computer
Programmng )

3 (?p = vaeu-ee:has_subject ) ( 70 = uaeu-ee_ins: Digital Logic
Design )

4 (?7p = uaeu-ee:has_subject ) ( 70 = uaeu-ee_ins:
Microprocessors)

5 (?p = uvaeu-ee:has_subject ) ( 70 = uaeu-ee_ins: Embedded
Systems )

6 ( ?p = uaeu-ee:expertise ) ( 70 = uaeu-ee_ins:Shakil Laghari )

7 (7p = <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> )
(70 = uaeu-ee:Course )

In this way, complex queries can be jointed to
calculate the academic staffs’ expertise and finally
match-making the right expertise to the electives
and then offered to the student, matching his/her
academic profile that was generated querying his/
her scores. Data in the traditional repository are
then opened up through a set of semantic activities.

Ontology documentation

We have used OWLDoc plug-in to produce text
based documentation, shown in Fig. 5, of the
OWL ontology so that all entities in the ontology
can be browsed easily and consistently on the web
to help circulating and finalize the ontological
definition within the team.

\% OWLDoc - Mozilla Firefox

RELATED WORK

A significant level of work has been reported in
the literature on the assessment process in a higher
education institution. There exist two active areas
of research: one covers theoretical research and
development in assessment processes and models;
the other spans the development and automation
of the corresponding systems. In the area of
theoretical research, the authors in [9] discuss a
way to develop and implement an effective assess-
ment plan using a case study. The objective of the
research seems to include a wide variety of
approaches to assessment to make sure that no
important component of a successful plan is over-
looked. In another work [10], the authors have
highlighted a primary impediment to the useful-
ness of systematic assessment by describing the
culture of assessment interactions with norms of
organization. The authors argue that building trust
in the process is a key factor for the long term
success of assessment at the institution. The
authors in [11] expose readers to several strategies
for objective setting, an attribute database for use,
and example of technology-enabled systems that
provide constituencies with timely results. The
respective authors emphasize the need to expand
exploration on enhancing the assessment process
to support the validity and effectiveness of
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comprehensive assessment process in a university
setting to benefit all of the constituents.

Typically, the decision-making in the field of
academic program assessment involves extensive
analysis of large data volumes originating from
multiple systems. The better system is expected to
normalize the assessment work within the faculty/
administrative nexus [12], integrate data from
relevant sources into a data representation to
lead to significant acceleration of assessment and
administrative procedures, deepen the insight into
the data and provide for more efficient academic
program administration [13].

In order to automate the academic process,
various efforts targeted at certain academic envir-
onments or programs, as in [14-15] have been
reported in the literature. In [14], the authors
discuss a computing tool that is tied directly to
program outcomes. This tool presents statistics on
program outcomes on the web to facilitate review
and blackboard style comments by program
constituents. The authors in [15] discuss develop-
ment of the online automatic program assessment
system for computer science education. The system
uses dynamic testing to check the program, and
gives a score of the program at last. In a similar
development, the authors [16] discuss online
program assessment development for courses that
are run over geographically distributed campuses
with varying numbers of enrolled students. The
work seemed to virtually reduce the distance
between faculty members teaching the same
courses, and encourage faculty participation.

On the use of the semantic web, Autology [17]
enables students to access and search over a large
number of pre-selected and semantically match to
the curriculum online resources including books,
audios, videos, resources from encyclopedias.
These resources clustered as per students’ age
group are automatically ‘pushed’ to students
whilst they work. Course Picker [18] is a scheduling
tool to help students at MIT to plan their course
subjects using a semantic data source. Course
Picker uses the well formed metadata of the
University’s official course catalog, generating
time tables, course loads, and folksonomy of
student’s rating for a particular course. SKUA
[19] is developed to prototype a distributed

network of semantically aware shared annotated
services, in the form of RDF stores. SKUA works
as a semantic layer to support a cluster of applica-
tions that will either directly support users in
finding and recovering useful resources in a parti-
cular academic domain, or indirectly support
students by supporting user-facing applications.
In another effort, Ed-Scene [20] combines the
information and data available in an academic
system through semantic web technologies to
support various roles in an academic system.

In all the above examples it is very evident that
semantic technologies aspire to making substantial
reuse of existing data and ontologies, shaping them
as linked information space in which data is being
enriched and added. Semantic technologies also
claim to enhance intelligence and provide mean-
ingful information for searching and browsing, for
which more intelligent ontologies are required. But
there exists the issue of ontology consensus result-
ing from implementing semantic technologies. This
is mostly due to different implementation proce-
dures across departments or across organizations.

CONCLUSIONS AND FUTURE WORK

The effort exercised in this work is an elicitation
of collaborative use of various academic systems
used by various program management layers in the
higher education sector. Specifically, the integra-
tion of various sub-system functionalities within a
typical university setting is projected using a
semantic web to help support various management
functions, for example, in a program assessment
process. The benefits gained through this approach
include the participation of all stakeholders of the
program to the system; and access to all datasets in
an integrated system that opens data for intelligent
queries set by academic program management.
There is still a need to extend the semantic query
to include more complex semantic reasoning capa-
city. It is viewed that this can be further developed
to provide functionalities in the form of web
services and on a web portal so that they can be
used more conveniently at service level and for the
end users.
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