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Abstract 

In this study, we extend the concept of distance education and our Virtual Classroom (VC) 
with adding a new service, that we call Virtual Laboratory (VL). While the VC represents an 
interface between the students and a virtual professor and provides personalized learning 
materials to the users, the VL offers apossibility to the attendees to share different resources 
out of time and space boundaries. It enables geographically separated users to effectively 
facilitate remote access to various, presumably diverse, (real) resources. 

The VL is implemented with three key points in mind: modularity, reusability and common 
interface handling. Using object-oriented approach in the development of the VL service, we 
made a modular system, capable of managing various resources that can possibly be shared 
through VL. By using common interfaces that each resource-specific agent must implement, 
many different resources that possibly have nothing in common can be shared through the 
same VL service. 

The first experiments show that users are satisfied with the VL usability. They found VL as 
a very convenient service within the Distance Education Systems. 

Keywords: object-oriented design, distance education systems, agents, Java, DCOM, XML 
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1. Introduction 

The scope of Internet services continues to expand, stretching to new fields and 
encompassing increasingly human activities in the virtual world of the web. The possibility of 
contacting people and sharing information with the rest of the world extends the usability of 
this media to a wide variety of users, from the computer experts to the ordinary people 
looking for entertainment. New concept of education on distance was introduced, using 
Internet as a mediator between students and trainers as well as a valuabie source of 
information, literature and other resources. The concept becomes more attractive due to the 
possibility of taking classes, searching virtual libraries, contacting trainers and other 
colleagues, using only a PC connected to the net, without the necessity of physical attendance 
at one place and time as is in the classical concept of education. Virtual institutions (e.g. 
Universities) can be defined as representations of electronic workplaces that enable better 
exchange of personalized learning material, administration material and provide unique 
debating fields for students that are showing interest for it. 

Virtual organization model can be used to serve as general model for implementing 
framework for this kind of institutions [l] .  The general idea of this model is that the 
management of goal-oriented activity is independent of the means for its realization and can 
be realized by switching among optional requirement satisfiers. A way for providing 
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successful management that reduces the cost of switching among optional educational 
materials is the use of software agents. 

In the context of the work presented n this paper, we see agents as a community of 
collaborative, autonomous software entities cooperating among themselves in order to 
accomplish a task, rather than separate entities attempting to expose some anthropomorphic 
behavior. Cooperation among agents is established through the act of exchanging messages. 
Different types of agents have different specialization, thus encapsulating different services, 
but they still have similar features. Agents act independently, performing their work with no 
importance on how it is done as long as it gives satisfactory results within the software 
architecture context. 

In this study, we extend the concept of distance education (the Virtual University found in 
[2]) and our Virtual Classroom [3] (VC) with adding a new service, that we call Virtual 
Laboratory (VL). 

The VC service represents the interface between the students and a virtual professor and 
provides personalized learning materials to the users. Personalized learning materials are 
created by system adaptation to the student needs shown in the student's interaction process. 
That process is supported with the help of several mobile agents with different specialty, such 
as an agent responsible for student classification and a set of agents responsible for 
supporting learning activities such as finding the learning material relevant to student's needs. 

The VL system represents a collaborative software environment that enables 
geographically separated users to effectively facilitate remote access to various, presumably 
diverse, (real) resources. It represents an extension, a new service, to the VC concept. 
Namely, the concept of VL is to offer a possibility to the attendees to share different 
resources outside the time and space boundaries (breaking the time boundary doesn't always 
mean concurrent access of different users to the same resource at the same time; it highly 
depends on the resource nature). It tends to provide remote users an experience that 
approaches the same as "being there". An example of a possible scenario can be to control 
remotely a robot system in a chemical laboratory from ,x PC connected on Internet. 

The general idea of the system is to enable sharing of many different resources between as 
many users as possible. The system is structured in common software framework building 
blocks or "middleware" to enable the user-resource collaboration to succeed. The idea of a 
resource is not limited to some laboratory equipment. [t can be some software application or 
some interface to data stored in a remote database for example. In this way, we are not 
concerned with the nature of the resources that this system should work with. On the other 
hand, it adds another level of complexity, since we have to take into account that the system 
can be used for resources that possibly have nothing in common. 

In order to satisfy these requirements, when designing the system, we used the object- 
oriented approach. While designing the system we had three key points in mind: modularity, 
reusability and common interface handling. The last point was the most critical, since it was 
the main goal of the system, to allow many kinds of resources that possibly have nothing in 
common to be shared via the same VL service. Therefore, we defined common interfaces, 
which are supposed to be implemented by each object (i.e. agent) connected to a specific 
resource, enabling the system to be concerned with the user-resource interaction and not the 
nature or implementation details of the resource shared through it. 

As with VC, we use agents in the VL design as well. The difference is that they are 
stationary agents and do not expose any mobility behavior. Different types of agents have 
different specialization, thus encapsulating different services, but they still have similar 
features. They act independently, cooperating amongst themselves through the act of 
exchanging messages. In the case of the VL service, we designed several protocols for socket 
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communications between the agents of different levels and different hosts in the system. 
Having in mind the features and increased implementations in XML (Extensible Markup 
Language), we decided to define all communication protocols within VL using XML. It 
proved our choice, providing a great deal of flexibility, which is very important for the 
service, since it brings many different resources into one standard interface. 

The following section 2 presents the related work. Section 3 gives the design of the VL 
service. The discussion about the implementation is given in section 4 and the first 
experimental results are presented in section 5. Section 6 concludes the paper. 

2. Related work 

The need for domain analysis, interchange ability of components, and common 
architecture definition is addressed in [4]. 

Self-learning agents used for collection and selections of Web pages are presented in [5]. 
Multiple agents coordinate activities without explicit communication. They use information 
from user profiles in order to recommend items unseen by other users. Agents learn from 
their users and they are collecting Web pages rated as better then pages from competing 
sources. 

Designing multi-agent systems that bring assistance into normal work environment, while 
relieving users of lower level administrative and clerical tasks, is given in [6]. Agents are 
used as supervisors of students. They process information related to them, distribute it among 
them and obtain feedback from them. 

The role of the software agents that support distance education systems within virtual 
institutions and their specialized application in that context are mentioned in [ 7 ] ,  [SI. The 
primary purpose of the software dgents in these environments is for retrieving information. 

An overview of resource discovery systems and their approaches is given in [9]. In [IO],  a 
model for type- specific, user- customizable information extraction and a system 
implementation called Essence is presented. It generates file summaries that can be used to 
improve both browsing and indexing in resource discovery systems. In [ I  I], distributed 
system architecture called Harvest that supports Internet resource discovery systems is 
presented. For motivation of the research problems addressed by Harvest (of which Essence 
is one component) see [ I  11 as well. The main objectives of these systems are about resource 
discovery. 

In [ 121, agent technology is used for developing a Virtual Laboratory that is also used as a 
tool for researchers at three collaborating universities. A dynamic repository of information 
on ATM topics, ATM simulators and ATM hardware is among resources being made 
available. 

In our approach, VL has to provide an efficient sharing of resources among distance 
learning students according to the student profiles. We defined several protocols in XML 
suitable for communication between agents. In order to provide better functionality of the VL, 
common software framework building blocks or "middleware" ties all services together. This 
approach should enable an easy cooperation among distributed teams as well. 

3. .Virtual classroom and laboratory design 

VC is defined as an alternative of the "classical classroom". It can be used as an additional 
source for materials presented in certain courses. The main idea in the VC design is that users 
can log on from anywhere, and that on the user's end, the only support necessary, is a Web 
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1 :action() - :ContainerAgent 

I :CommunicationAgent I 

Figure 1. Collaboration diagram 

Every user can work with the system by using a web-based interface. The Container Agent 
enables different resources, with different implementations of their graphical user interface 
(CUI), to be placed on the web-based interface. In this way every specific resource can be 
presented with a CUI representing the nature of the resource and can communicate with the 
users in a manner that is close to the "classical", e.g. having a software compiler as a 
resource, a source code editor and an output field could represent its CUI. The Container 
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Agent's task is to initialize the web-based interface by gathering information about the 
resources available in the system and providing an effective way for the user to select a 
desired resource. 

The Container Agent communicates user's actions to the View Agent, which tries to 
connect to the Server Agent in order to send the resource request. The View Agents are key 
players on the client side (the web browser that the user is using to view the VL system). 
They are responsible for the GUI of the particular resources. The system can hold many 
definitions of different View Agents, since every different resource or a group of resources 
should present a GUI of its own to the user. 

All of the system communication runs through two agents that run on the VL server 
machine, the Server Agent and Resource Selector Agent. Every View Agent in the system 
communicates with the Server Agent when a connection to the VL server is required in order 
to communicate with a particular resource. The Server Agent handles different connection 
requests and runs a Resource Selector Agent as a thread that handles the specific requests and 
passes back the resource responses to the View Agent. 

After the acceptance of the connection request by the Resource Selector Agent, all of the 
requests from the View Agent are passed through the Communication Agent and Simulation 
Agent to the (real) resource. The Communication Agent's task is to enable the message 
translation and communication in general with the Simulation Agent and the (real) resource. 

After the resource processes the request and acts accordingly, the result is passed back 
through the same channel to the View Agent that shows the result to the user, by redrawing it 
self for example. 

All of the agents mentioned above are stationary agents and implemented as pure Java 
classes, but the implementation of the set of Simulation Agents is based on DCOM 
(Distributed Component Object Model). This enables a distributed computing of the resource 
requests. The Simulation Agent's task is to wrap around a physical resource in a software 
entity working in the VL system. The Simulation Agent doesn't always need to be connected 
to a specific real resource. It can simply be a software simulation of a particular resource. 

The whole system is separated in three different modules: view, server and simulation 
module. Every module contains its own set of agents and other objects. It communicates with 
the objects in the other modules via XML defined protocols (see an example on Figure 2) that 
give 
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</RESPONSE> 

<DISCONNECTED> 
<ID> rmClient35c 

</DISCC"ECTED> 

Figure 2. XML defined protocol 

Figure 3 represents the class diagram of the agent classes in the system. 

resoum Protocol I1 1RPllL 
0 list a11 resoums 
0 ark for speufic resou~c~ 

Figure 3. Class diagram of the agent classes 
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As it can be seen from the class diagram, the Container Agent and View Agent are 
concerned with the graphical representation and generalize the Applet and Panel classes, 
which give the ability the user interface of the VL system to be sited in a web page and 
available via browser on the user side. It is necessary that different View Agents implement a 
common IViewAgent interface. This interface defines all of the methods and properties that a 
View Agent object has to implement. The system isn't concerned with the details of the 
specific implementation for a particular resource. 

Server Agent and Resource Selector Agent inherit their behavior from the Thread class and 
are associated with the View Agent on one side and Communication Agent on the other side. 

The same approach as the View Agent with implementing a common interface is used for 
the Communication Agent (ICommunicationAgent interface) and the Simulation Agent 
(ISimulationAgent interface). These two agents are working more tightly with the (real) 
resource than the other agents. They communicate with the Resource Selector Agent in order 
to service the different requests from the View Agent. 

4. Implementation 

VL is implemented in Windows 9x/NT environment. All agents are developed in Java, 
with exception of Resource Simulation Agents, which are based on DCOM technology. 
Being of stationary type, no mobility support platform is required for the VL service agents. 

Using object-oriented approach in the development of the VL service, we made a modular 
system, which offers easy and flexible way of managing various resources that can possibly 
be shared through VL. By using common interfaces that each resource-specific agent must 
implement in order the system to be able to work with them, many different resources that 
possibly have nothing in common can be shared through the same VL service. Another big 
advantage is the possibility of reusing already developed agents in order to introduce new 
agents that can handle resources with additional functions than the basic ones and at the same 
time not to worry about the implementation of the communication with the system or the 
implementation of the basic functions the resource supports. 

Figure 4 shows the component layout of the VL service. 
Web Bmwser Web Server Resource Host 

Figure 4. The main components of the VL service 

Our system runs on three hosts. The first host is the client machine of the user browsing 
the VL via Browser. The Container Agent and the set of View Agents reside here, presenting 
the different resources' GUIs to the users. 

The second host is the VL server. It runs the web server software, and Server and Resource 
Selector Agents. These agents have access to two databases, Server Log database and 
Resource Definitions database. The Server Log database is used as a log for every event on 
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the VL server and for the requests history received by the Server Agent and Resource 
Selector Agent. The Resource Definitions database purpose is to contain information on the 
resources available in the system. The list of resources available in the system, required by 
the Container Agent at its initialization is drawn from this database, as well as the information 
for the correct Communication Agent to which the Resource Selector Agent has to pass the 
request for the particular resource. 

The third host is a computer connected to the (real) resource. The specific Communication 
Agent and Simulation Agent for a particular resource reside there. As we mentioned before, 
the Simulation Agent doesn't necessarily have to work with some real resource, it can 
simulate the resource behavior to the rest of the system. 

The next two figures show the implemented VL in action. Figure 5 shows the resource 
called "Robot Car" under the control of our VL. This resource implements an interface that 
allows users to control robot movements in six possible directions. The robot car that is 
attached to a PC in some laboratory can be controlled remotely via the VL web interface by 
simply clicking the buttons representing different directions. The robot trajectory is drawn on 
a panel, so the user can track the robot movements. Additionally, a web camera is following 
the robot movements, so it can be watched on-line while moving. This type of resource can 

Figure 5. VL in action (resource: Robot Car) 

Figure 6 shows a very different resource running in the same framework defined by the 
VL. This resource represents a software code syntax checker (in this case XML code). The 
user can type hidher code into the input provided by the resource's GUI and than it will be 
checked by the Microsoft XML Parser running on a totally different machine. This resource is 
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more a test resource and has been developed for the purpose of presenting the VL ability to 

o write some XML code 
tton The XML code IS 

page is produced at 

You are welcome to visit our Virtual University at httD:llodl- 
SkoDie etf.ukim.sdu.mk * I  I 

Figure 6. VL in action (resource: XML Validator) 

5. Experimental Results 

The latest phase of the work on the VL system consisted of performing tests for its 
functionality, usability and education efficiency. 

Functionality tests were performed during the design and implementation of the modules 
of the system. We involved end users (students) in these phases and used feedback from them 
to add all requested functionality. 

Usability and education efficiency of the system was tested in order to show when and how 
VL should be used, using participants interview technique. 

We involved 23 users from the "SS Cyril and Methodius" University - Skopje, Macedonia 
(students from Computer Science, Telecommunications and Electronics), I O  users from the 
Technical University "St. Kliment Ohridski" - Bitola, Macedonia, and five users from 
"Politecnico di Torino" - Turin, Italy (38 in total) in the analysis. 

In general, users are satisfied with the VL usability, although some of them would like to 
see more extensive list of resources before they state their conclusion. They found VL as a 
very convenient service within the Distance Education Systems and suggested various 
possibilities: immersion, distance control of unsafe laboratory procedures, following the 
professor that is not in a fixed position during the lectures, inexpensive solution for sharing 
expensive laboratory equipment, etc. 
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Since the user interface is different for different resources, some of the users suggested that 
it could be different for different user groups as well. We found that it is a very good idea, 
and we will implement it in the next version of our system. 

This kind of feedback will continue to contribute to our system. More extensive research 
and evaluation of the impact of the system on the students' learning process will be 
performed during the following work on the system. Future work should also address better 
integration with the VC system in order to connect the courses with the laboratory exercises, 
but development of various resources and research of their usability for different distance 
education students should be performed first. 

6. Conclusion 

In this study, we extended the concept of distance education with adding a new service, 
that we call Virtual Laboratory (VL). 

The designed VL offers a possibility to the attendees to share different resources at once 
and work with them as if they were at the same place where (real) resources are. 

Using object-oriented approach in the development of the VL service, we made a modular 
system, which offers easy and flexible way of managing various resources that can possibly 
be shared through VL. By using common interfaces that each resource-specific agent must 
implement in order the system to be able to work with them, many different resources that 
possibly have nothing in common can be shared through the same VL service. 

Research is needed to identify the most useful resources for distance education students 
and how the VL service should be best integrated with the Virtual Classroom service. 

More extensive research and evaluation of the impact of the system on the students' 
learning process will be performed during the following work on the system. 
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