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Abstract: - Service Oriented Architecture (SOA) is a recent architectural framework for distributed software
system development in which software components are packaged as Services. It has become increasingly
popular in academia and in industry, but has been principally used in the business domain. However, in higher
education, SOA has rarely been applied or investigated. In this paper, we propose the idea of applying SOA
technologies in the education domain, to increase both interoperability and flexibility within the e-learning
environment. We expect that both students and teachers in higher educational institutions can benefit from this
approach. We also describe a number of possible SOA services, along with a high level service roadmap to
support a university's learning and teaching activities.
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1 Introduction
Service Oriented Architecture (SOA) is a recent
architectural framework for distributed software
system development. Instead of using the notion of
‘objects’ in the Object Oriented paradigm to describe
the real world, the Service Oriented paradigm aims to
structure the functionalities of a large distributed
system as distributed software components –
Services. They can be dynamically discovered and
integrated over a network to achieve a common task
or process. Unlike traditional methods for system
design and coding, service software is developed by
reusing and redeploying existing applications
[1,2,3,4].

Because of the nature of the SOA paradigm, there
are a number of potential benefits SOA can bring to
educational institutions. The following two
advantages are widely applicable.

 Improvement of agility. In SOA, services are
located, invoked and recombined at runtime, thus
enabling effective, rapid, dynamic, and flexible
information exchange within an organization, as
services’ behaviors and structures are always
changing based on users’ requirements [5,6].

 Reduction of cost. During the service oriented
development process, the idea of recomposing
and reusing existing services, rather than
developing these software components from
scratch, enables people to build cost effective
systems [7].

Recently, SOA has become increasingly popular
in both academia and industry. Discussions on SOA
and services in academia tend to be ‘technology
oriented’ [8], whereas the practical application of
SOA, the abstract and high-level description of
services in different domains, is seldom addressed.
On the other hand, in industry, SOA has been widely
used in a business context. For example, IBM is one
of the key players in using SOA for developing
business solutions [9]. However, in the education
domain, SOA has rarely been applied or investigated.
One of the contributions in our research is to fill in
the gap of applying SOA in education.

A use of SOA and its services is to address the
issue of interoperability between e-learning
applications. E-learning has become a popular topic
in higher education, and recently the number of
applications to support e-learning has been growing.
However, the benefits of these applications cannot be
fully used as they typically operate separately and do
not communicate with each other. Support
interoperability in Service orientation and Web
services is a potential solution for this. We propose
that e-learning applications can then be wrapped as
services, and these services can be managed within a
SOA, where they can communicate with each other
more effectively, and work collaboratively as
composite services, to meet the requirements for
more complex learning and teaching tasks.
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2 Related Work
The Campus is a current project that makes use of the
SOA concept to support online teaching and learning.
This project is part of the Digital University program
promoted in Spain, and eight Catalan universities
have involved in the development [10]. Campus
makes use of existing e-learning applications, and
restructures these applications as services.
Additionally, Campus aims to improve
interoperability between existing applications [11].
There is little evidence, however, to show this
architecture has the potential to improve flexibility or
has the ability to support e-research and
e-administration in the academic domain.

Liu et al. have proposed the concept of learning
services, in particular learning material delivery
services, in order to allow the reuse and sharing of
existing learning objects and other learning resources
between different learners and on different platforms
[12]. However, they have not mentioned other types
of e-learning services, such as learning monitoring or
submission services. We will address different types
of e-learning services below.

3 Our SOA
Our work extends the scope of the above projects by
increasing the value not only of the interoperability
but also of the flexibility within existing educational
applications, in order to support the deployment and
management of a university’s e-resources for
activities which include e-learning, e-research and
e-administration. We expect that not only students
and teachers, but also researchers and administration
staff, can benefit from this. The first phase of our
research focuses on the deployment of e-learning
resources. For instance, teachers can choose the most
suitable e-learning materials for students from varied
material service providers, because these e-learning
applications are linked together, and communicating
between services within a SOA can help with
identifying the appropriate applications based on
teachers’ requirements. Also, different services can
cooperate to perform complex tasks, such as student
assessment: students can complete their coursework
via coursework delivery services, and submit them
via submission services and their marks can be
generated via marking services.

In the rest of the paper, we first introduce the
principles of services in SOA, and then we present a
novel e-learning services blueprint which can be
deployed in a university, along with a number of
typical services.

4 Principles of Services
In an SOA, all functions are packaged as Services
[13]. Services are software components [5], and are
the key building blocks for a system [1]. They might
be distributed over a network [8], and are able to
communicate and work collectively to support a
common task or process [1]. A service is ‘a bound
pair of service interface and service implementation’
[12], the implementation implements the service’s
function [5], and the interface enables
interoperability between the services and users. The
interface describes what the service is, using a
standard definition language such as Web Service
Description Language (WSDL), reads the users’
and/or other services’ requests, sends the responses
back to them, and considers security issues whilst
communicating with users and other services [6].

However, there is no commonly agreed
definition for a service (rather than the Web service)
in service oriented computing, but it is commonly
agreed that all services should be ‘well defined’ [13]
and the following is a list of their certain core
features.

4.1 Services provide functionalities to system
Services can be viewed as repeatable tasks with
functionality within a specific process [14,15], and
Bloomberg states that a service is ‘a chain of value
creating activities or events, which forms a process’
[16].

4.2 Services are distributed over a network
In an SOA, services are offered by varied service
providers, and may be distributed and accessible over
a network [17,18]. Furthermore, non-networked
applications can be converted into networked
services [19], and the network could be either local or
Internet based [20].

4.3 Services are interoperable
Interoperability is about exchanging messages
between services. Many definitions exist – for
example, Janssen defines it as ‘the ability of two or
more systems or components to exchange
information and to use the information that has been
exchanged’ [21], and O’Brien stresses the need for
communicating entities to operate on shared
information ‘according to an agreed-upon
operational semantics’ [20]. It is commonly agreed
that interoperability is one of the unique features for
services [22-25], and is arguably essential [20], and
message exchange is also considered a core service
[21].
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4.4 Services are loosely coupled
Loose coupling can be interpreted as a way that a user
communicates with the services which does not
depend on the implementation of the service [20]. It
also means that new services can be added and
existing services can be upgraded depending on the
users’ requirements. Lukichey [26] notes the
importance of developing loosely coupled
components, and loose coupling is seen as a
significant service feature [23]. Verius suggests that
loose coupling can be achieved through
communicating through message passing and
wrapping applications as services [27].

4.5 Services are reusable
Reusability refers to the ability for services to be
recalled repeatedly in order to lower costs and
increase efficiency. This feature is regarded as an
important advantage [25] and exists in many service
descriptions [24].

4.6 Services are flexible
Flexibility means that service systems can be more
agile to responding to changes [28]. Coenen defines
flexibility as the ability of users to ‘choose various
application interfaces and interaction modes based on
their preferences and situations’ [14], and many
authors have addressed this feature [24].

For a service to well defined it needs to meet all
the characteristics described above. We suggest that a
service should be described in terms of its functions,
procedures, service users and providers [29,30,31].

5 Services Roadmap
Learning and teaching activities in a university
normally contain a number of distinct processes,
including delivering learning materials (teaching),
monitoring learning performances (student tutoring),
and assessing students’ learning outcomes (student
assessment) [32]. Each process can be performed
automatically by a set of (one or more) self contained
services while they communicate with each other and
work collectively. Each process is subdivided into
tasks, and these services are pieces of software each
of which can perform a task repeatedly. For example,
in the process of delivering learning materials, we
propose there are at least two tasks, one is seeking the
learning materials, and the other is delivering them.
We suggest that each task can be viewed as a service
in an education SOA. For an individual task, multiple
service providers are available. These services might
be distributed locally and remotely over networks.

Figure 1 below provides an outline of possible
services for a university’s learning and learning
activities, where the relationships between service
users, providers and brokers, as well as the processes,
tasks and services, are also included.

Fig.1 Services in Learning and Teaching
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6 Services in E-Learning
In this section, we describe four typical services that
represent parts of the process that can support a
university’s daily learning and teaching activities.
They are used by different types of users – students,
teachers and tutors – and they provide different types
of function, including searching, storage and analysis
(See figure 1).

6.1 Learning Material Seeking Service
Functions:
This service acts as a search engine. It helps
instructors to identify appropriate e-learning
materials for their courses from large resource
repositories, based on the course specifications (such
as the content, level of difficulty, etc.). More that one
instance is available for this type of service, and
which one is selected and made use of at runtime
depends on the current circumstance. For example, if
a UK searching engine is not available, users can
remotely access similar engines in the US, and the
service broker will make the decision as to which
search engine will be appropriate.
Procedures:
Step 1: The instructor inputs course requirements
into the service interface, such as content, level of
difficulty, and learners’ information.
Step 2: The service then searches and lists a number
of available learning resources (which may be
packaged as Learning Objects) that meet the
instructor’s requirements, including descriptive
metadata, sources, and feedback from previous users.
Step 3: The instructor can select and access
appropriate learning materials for his/her course.
Service Users:
Teachers
Service Providers:
The service can be provided by multiple learning
material development teams. These learning
materials might be maintained and developed by
e-learning organizations such as the JISC [33], or
might be created by individual instructors.

6.2 Learning Material Delivery Service
Functions:
This service provides a platform to deliver e-learning
materials to students. It is a flexible service as it
allows students to adopt varied learning paths and
receive learning materials based on their learning
styles and the material content. This service might
also support online communications between
students, and platform independence allows students
and instructors to access it anytime and anywhere as
they wish. The service broker will identify the most

appropriate learning delivering services
automatically for the users.
Procedures:
Step 1: The student selects the course they want to
follow and their preference for learning methods.
Step 2: The service then searches and delivers a
number of available learning materials (which may
be packaged as Learning Objects) in a particular
order that meet the student’s requirements.
Step 3: The student can also send messages to the
teacher to get helps via the learning platform.
Service Users:
Students
Service Providers:
The service can be provided by different e-learning
system development teams. The teams might be
research groups developing and maintaining
e-learning environments from different institutions.

6.3 Learning Monitoring Service
Functions:
This service supports tutors in analysing students’
learning performances. Tutoring is an activity that
aims to keep an eye on the students’ learning process,
and to monitor and provide support as required,
although the detailed duties and tasks of such a tutor
vary. This service communicates with other services
(such as a coursework marking service which
provides a student’s coursework results) via the
broker as shown in figure 1, to collect the necessary
data about students’ learning performances, and then
presents an analysis of those data. As long as tutors
can provide necessary data for a student (e.g. name,
ID number) and it can collect data from different
databases, the analyses can be done automatically.
Procedures:
Step 1: The tutor selects the student they want to
monitor.
Step 2: The service then collects data about the
student (including attendance, coursework results,
and exam results) from a number of student records
databases, which are accessible from other services,
such as the coursework marking service for
coursework results; the tutor can also input further
data manually.
Step 3: The service analyses students’ learning
performances and stores them in a learning
monitoring database.
Step 4: The service communicates the analysis
results to the students’ tutors.
Service Users:
Tutors
Service Providers:
The service can be provided by varied learning
monitoring software development teams. The teams
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might be research groups from different institutions
or commercial software companies.

6.4 Submission Service
Functions:
This service manages online collections of student
coursework. Coursework, in a range of formats, is
collected either manually (by user upload) or
automatically (received directly from other services
such as the coursework delivery service). All the
collected files and relevant data are stored in a
submission database, as shown in figure 1, which will
allow other services (such as the marking service) or
users (teachers) to access it later. The service
communicates with other services such as the
coursework delivery service.
Procedures:
Step 1: Students login to the service and select the
coursework they want to submit, and upload the
coursework files. This can be done explicitly, or via
the coursework delivery service.
Step 2: The service stores the files and student
information in a submission database, and allows
instructors to collect them later.
Step 3: The service notifies the students and
instructors about this submission.
Service Users:
Students
Service Providers:
The service can be provided by varied software
development teams, which might be research groups
from different institutions or commercial software
companies.

7 Conclusion
In this paper, we propose the idea of using SOA in
education, to deploy and manage a university’s
e-resources to support its e-learning, e-research and
e-administration activities. The first phase of our
work is about e-learning. We have identified a set of
possible e-learning services, along with a high level
services roadmap to support a university’s learning
and teaching activities. In order to support this, we
have described characteristics of ‘well defined’ SOA
services which should be used, and what benefits
SOA can bring to educational institutions. We are
currently extending this novel blueprint of SOA
Services in Higher Education and considering the
technical aspects of implementing these services.
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