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Abstract.  

The technological aspects of an Interactive Study Environment are presented. A generic 
object-oriented model implementing the recent information and telecommunication 
technologies is discussed. The intelligent software agents paradigm is used to enhance the 
Web technology for teaching. The analysed approaches are targeted at development of a 
distributed networking learning environment which supports open standards, courses 
mobility and crossware as well as socio-technical specifics of learning community.  
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Introduction  

The recent developments in Information & Communication Technologies (ICT), 
especially their aspects of globalization and personalisation, allow to get a vision of new 
organisation of the educational process at respective fields and levels. The goal of the 
presented paper is to analyse the present capabilities of ICT to develop an open standards, 
mobile, effective, distributed computerised environment for educational process support 
in an upcoming perspective. 

The environment being considered is supposed to be heavily based on Web technologies 
[1,2]. From one hand, this choice reflects the exploding growth of the Internet and wide 
spread of the Web techniques in new areas. In other words, the tendencies in new era 
education follow these ones in development of information superhighway where the Web 
plays the role of the primary communication medium. As a beneficial side effect, binding 
the educational environment with the Web will result in developing learners’ skills that 
are needed for a society with a global information infrastructure. On the other hand, the 
existing technical and software tools, which could be used for development of an 



instructional environment for education, are very closely related with the Web 
technology.  

There are a lot of examples and running training system based on Web technology 
[3,4,5,6,8]. Analysing these solutions the first range questions are to what extent they 
could be embedded in the traditional educational process and what are the novelties they 
could offer. The static Web presentation of the information in hyper-text format could be 
seen as electronic version of the classical textbooks. As its advantage it could be pointed 
out the easier access to the information as a whole, and much better ways for 
visualisation of studied material. In itself, the Web technology is not going beyond these 
frames, because replacement of the line followed text with hyper-links presented text is 
an achievement of the information technologies rather. The key points of the educational 
process initiated by teacher/learners as dialogue, reasoning, co-operative work, etc. are 
not supported by the Web in general. As a conclusion, this is the first direction in which 
the Web technology has to be extended to be incorporated in a teleteaching environment. 
It could be classified as technological requirements for more dynamics on the Web. The 
direction could be named instructional interactivity.  

The second direction of the desired Web enlargement is connected with essential 
improvements of the educational process now. An experienced educator and a well-
established training are targeted at learners’ skill development, problem-solving abilities 
development and creativity stimulation not at the facts’ presentation and their 
memorising only. The fostering of self-learning, personalised training, case studing and 
innovation by means of a teleteaching environment are major enhancements of the Web 
technology to be achieved. To this set of objectives should be associated also the 
possibility of easy access to a vast volume of diverse information sources which 
supplement the core textbooks as well as support of the group work, brainstorming and 
discussions forums. This direction could be called information enrichment.  

The third direction of the Web deployment is development of respective tools supporting 
the activities of the key actors in the educational process and stimulation of their co-
operation. The basic participants in the educational process could be categorised as: 
teachers, learners, content information providers and educator’s bodies. The major 
objectives in this direction are: i) to arm the teachers with tools and a media for assistance 
of implementation of their methodological schemes and curricula development; ii) to 
transform the Web as a common information medium accessible by teachers and learners 
where the publishers will present their information content entities (the best Web based 
courses should be accessible over the world); iii) to encourage the learners to become 
active participants in preparation and carrying out the educational process (by publishing 
on the Web their experience, ideas, solutions of home work tasks, etc.). This direction 
could be referred as co-operative teaching.  

The presented paper analyses the technological aspects of a generic Interactive Study 
Environment model which matches the above stated requirements. The possible design 
and implementation solutions are considered too. It is also explored the opportunities that 
intelligent software agents offer to satisfy the outlined requirements and how they 



contribute to the Web technology enhancement for teaching. The conceptual aspects of 
an Interactive Study Environment are discussed in [11,12,13]. Some results related to this 
paper and description of projects being developed are presented at [10].  

   

Technological Aspects of the Interactive Study Environment Model  

A generic model of a learning environment has to integrate the points of view of  all 
participants in the educational process.  This process is highly interdisciplinary and fuzzy 
and therefore is difficult for structuring and hierarchy levels determination. The well 
known top-down design approach seems to be limited in this case. In the following 
considerations an object-oriented approach is assumed. The learning environment is 
viewing as a medium offering services. Some of the environment’s actors are rather end-
users of services and others are responsible for setting up of these services and their 
maintenance. The services are implemented over a client/server model but differing in 
some aspects from the traditional one. A service is set up through a sub-set of objects and 
their relations. The environment’s actors belonging to different groups are using different 
techniques for interfering,  but there is an intersection point at least where all actors are 
operating on the same (conceptually) objects. A three dimensional vision of the  learning 
environment could be created. Firstly, the educators (teachers, publishers and educational 
bodies) are responsible for the conceptual perspective. Secondly, the systems analysers 
and integrators deal with the functional perspective. And finally, the developers are 
responsible for the technological perspective. The situation is illustrated on Fig. 1.  

  

 

Fig. 1 Educational process actors perspectives  



The set of environment’s objects is further decomposed in layers. As usually in system 
decomposition, it will be not true if we say the layers are fully separate and independent. 
Their determination is targeted at two points. Firstly, to structure the environment 
introducing some type of hierarchy and an ordered set of relations. Secondly, layers 
permits to meet the system requirements to support a diverse set of software tools and to 
be flexible in incorporation of new technological solutions. 

Here we are concerned with the technological perspective layers mainly. As the 
technological perspective is the closest one to the functional perspective, we need some 
pre-definitions and specifying of the role of the basic environment’s actors. An overview 
of the main concepts and interrelationships between participants in the Interactive Study 
environment are discussed in [11,12,13]. They are depicted on fig. 2.  

  

 

Fig. 2 An overview of the interrelations between participators in an Interactive study Environment 



Teachers: They need specific electronic performance support facilities. The support 
enables them to create Interactive Study Systems into which are  mapped the 
methodological approaches of teaching and knowledge presentation.  

Learners:  Through the learning environment the learners have access to offered 
Interactive Study Systems as well as to services supported by the learning environment. 
The environment could be adjusted to learning styles and personal abilities.  

Publishers:  They provide the educational institutions with the domain oriented 
instructional multimedia information content.  

At the functional level the environment supports three basic information flows: i) data 
flow between teachers/learners assisting the primary education process; ii) data flow 
supporting the co-operation between teachers/publishers; iii) data flow corresponding to 
the global Internet services, offered to teacher/learners. A new type of relations between 
teachers/learners/publishers are stimulated and which result in goal-oriented community 
of collaborating partners. These information flows are mapped into respective 
telecommunication services at the technological layers.  

From the technological perspective the following layers could be listed:  

• Presentation. It is responsible for displaying of the information content in a 
HTML page and/or via respective plug-ins for subject  types not supported by 
HTML/HTTP.  

• Graphical User Interface (GUI). It provides a communication platform for 
environment’s actors. The HTML interface is supplemented by Java applets 
and plug-ins techniques. The dynamic effects and high interactivity are the 
key features of the GUI. A combination of GUI coming from HTML and 
traditional window techniques is established.  

• Events Processing. It serves the event processing model - capturing of the 
events, forwarding to be processed and monitoring the events’  schedule.  

• Communication Services. It deals with the tele-services provided to the 
environment’s users like e-mail, voice mail, ftp, etc.  

• Interactivity. It is responsible for dialogue between actors in the environment 
and instructional based communication  learners/environment.  

• Exception Handling. It processes the exceptions which occur during a session.  
• Objects Handler. It is responsible for objects’ activating and scheduling of 

actions over a set of objects which represents the internal structure of the 
environment. The object handler gets the user’s request, opens a session and 
instantinates a monitor to handle the processes being generated by this 
session. The monitors are grouped in clusters and these ones belonging to the 
same clusters  could communicate each other.  

• Methodological Approaches. The environment has to be flexible and versatile 
in respect to diverse disciplines to be taught as well as to different methods of 
teaching.  



• Courses Development. It organises the set of tools for design and development 
of teaching modules.  

• Services. This layer is concerned with the services offered by the environment 
to the education process. These services depend on technological 
achievements being in use. A service has to have the ability of updating and/or 
replacing by new one.  

   

Underlying Information/Communication Technologies  

The IC technologies which are proposed to enlarge the Web HTML capabilities are 
assessed through four criteria: what novelties as functionalities are they able to add to the 
Web technology in respect to the education process; How are they nested in the HTML 
environment; How do they relate to the distributed global information infrastructure; Do 
they support the open standards. We should not expect the ICT being analyzed match the 
criteria equally as they have different genesis. At the same time it should be not 
surprising they tend to satisfy these common criteria. The order of ICT presentation 
reflects their complying with the criteria.  

Java Technology. It could be characterized as the ideal tool. Java applets are embedded 
in HTML constructions in a natural way. They provide an effective link from HTML tag 
oriented concepts to Java object oriented paradigm. The potential functionality of Java as 
a high level language is fully accessible from the Web environment: within an applet 
through the corresponding API full GUI could be implemented; the networking via Java 
classes is a strong plus. The Java support for Internet Inter-ORB protocol (IIOP) [16] is 
the solution for interoperability of teleteaching environment. Finally, as a Java 
disadvantage the language complexity should be mentioned as well as the high 
developers qualifications needed.  

Plug-ins Technology. It is embedded in HTML environment as a tag construction also. 
This technology binds the HTML with the power of native languages as C and C++ for 
instance. As a drawback it should be pointed out the limited mechanisms of parameters 
passing to have information exchange between HTML and Plug-ins environments.  

JavaScript Technology. It is much simpler than the Java one. JavaScript technology is 
object-based but does not support the object-oriented paradigm. It adds a limited new 
functionality - mainly a direct connection between HTML and JavaScript. There is no 
support for networking over the Internet, but an entry to IIOP is expected. Through the 
Netscape LiveConnect software a link to Java and Plug-ins (and vice versa) is available.  

HTML 4.0 technology. The W3 Consortium specifications of new HTML 4.0 have been 
launched in December, 97. They became the new standard to be supported by the next 
releases of Internet browsers. HTML 4.0 contributes for more dynamics in home pages in 
many ways. For teleteaching, the new tag construction OBJECT for embedding the Java 
applets, JavaScript and Plug-ins are important as well as the new way of forms 



processing. The first possibility means HTML functionality extension through the listed 
above ICT. The second one is an approach for more interactivity.  

All considered ICT have an important common feature - they all support the open 
standards and this way encourage the crossware [9] developments.  

   

Intelligent Software Agents in Education Process  

The software agents (SA) could be seen as software programs which assist the end-users 
in achieving of their goals working in a computerised environment. In all our following 
considerations will be supposed that the objectives of software agents being analysed are 
to support the main actors in a teleteaching environment. In other words the software 
agents could be considered as a guide promoting the educational process, offering a lot of 
novelties, fostering the self-learning and the spirit of invention. The SA  reflects the 
needs for information assistance for both - instructors and learners [8].  

Three main factors determine the software agents behaviour in a teleteaching 
environment.  

•       The agents have to support co-operative activities. The term “co-
operative” means here the agent is related with a team where a common goals 
are defined but each team member has own sub-goals which could not match 
exactly the team goal and there are alternatives in how the team members 
could achieve their goals. As a conclusion the SA have to co-ordinate the 
actors behaviour barring not desirable actions.  

•       The environment is highly dynamic that is conditioned by: high interaction 
between actors, diversity of  information content, specific personalised 
characteristics and peculiarities of learners, quick updating of information 
content.  

•       The agents act in a distributed environment. The meaning of distributed 
environment includes here more than we are supposing traditionally. Firstly, 
the distribution in space doesn’t mean a long distance between learners or 
sources of information only. For example, at an intranet as virtual classroom 
the physical distance between learners could be not so large. The essence here 
is that a high degree of autonomy is assigned to learners. Secondly, by default, 
it is supposed the distributed environment is not homogeneous. Different 
hardware/software platforms, implementations of services, etc. are applied. 
For instance, a SA has to be prepared that a functionally equal service could 
be implemented over different telecommunication protocols at several points 
of the distributed environment.  

 It is interesting to highlight the differences between an operating system (OS) and the 
SA in order to answer the question if the SA could be considered as a part of OS. One of 
the primary goal of the OS is to utilise the computer system resources (memory, CPU, 



channels, etc.). The SA have the similar tasks but at a functional level. They are 
responsible for utilising of information content resources and satisfying of users requests 
for services. Therefore the OS is still responsible (and will be) for technical aspects of the 
computing power. On the other hand, there is a close tie between the interfaces used by 
OS and SA. The common point is that the interfaces in both cases have to be a human-
being ones. A tendency of unifying of the interfaces have to be pursued nevertheless the 
SA act in a HTML environment with less support for common interface building blocks.  

The SA work in an environment based on client-server model. This model supports a 
service allocated to a server’s port and after the client’s request is accepted by the server 
the dialogue between client-server is rather terminated. On the other hand, the SA could 
monitor  more than a single service to be delivered to the client and the dialogue between 
SA and client usually continues after the respective service is delivered. Additionally, the 
decomposition of the tasks and assigning of their parts to different agents is a usual 
approach. Summarising, the SA model has to assume multiple agents actions with 
predetermined relationships between agents including the possibility of interaction with 
external agents belonging to other environments. At the same time the traditional client-
server paradigm is used for services delivery and in this sense it is nested in SA model. A 
generic SA model for teleteaching environment could be described as follows: 

•       There are a set of SA fixed to the teleteaching environment. Each agent 
belonging to this set is assigned to perform some sub-set of functions offered 
by the environment. The decomposition of the environment functions could be 
hierarchical one as well as based on layering. The agents being members of 
the set could communicate each other through messages and some of them 
could interact with external agents. The relationships between agents are 
predetermined and reflect the teaching methodologies.  

•       The set of agents is ordered and agents are activated not by name rather by 
their position in this ordering. If the agents are implemented as super-classes, 
to be more precise, the instantinated objects are ordered and manipulated 
[14,15]. One of the agents is classified as primary and it is responsible for 
activation of other agents and actions scheduling. It will be called supervisor 
agent.  

•       The agent model supports an event sub-model and is state based. The state 
records the agents dynamic behaviour and is changed by the events. The 
events model maps the end-users’ requests and interactions between clients 
and environment. The agent model encompasses the traditional client/server 
model. The processing of a client request could include delivering of several 
services.  

•       The agent model is of the type “client/session”. As the environment is 
entered by a client a work session is opened by the supervisor agent. It is 
implemented as a template (or a class) which could have instantinations 
assigned to each request to the environment. The client requests are processed 
in the frame of a session by the currant supervisor instant. Other clients could 
send new requests to the environment at the same time.  



 The analysed agent model stresses the dynamic behaviour of the entities. It is assumed 
the entities are implemented as objects in the sense of object-oriented paradigm. In the 
terms of an object-oriented language like C++ or Java we are not able to define the state 
of the system and its dynamic behaviour. The implementation limited to the language 
capabilities only is concerned with the static characteristics of the objects like what 
methods are defined, how they inherit, etc. The dynamics are included in the agent model 
and implemented through the IIOP [16] protocol suite. 

A generic model incorporating the analysed technologies as well as the software agents is 
shown in Fig.3. 

  

 

Fig.3 Technologies Spectrum supporting the education process 



Conclusions  

The analysed IC Technologies create a framework for a generic teleteaching environment 
with a number of technological alternatives. The environment customizes the Web to 
meet educational process specific needs. The technologies proposed to be applied lead to 
open standards, mobile and cost-efficient solutions. The presented generic model is a 
base for further developments of environment specifications.  

   

The environment is flexible one and could be adjusted to different models of the 
educational process and styles of learning which are preferred by specific teaching 
community or are imposed by domain specifics.  

   

The environments serves the subject specific area as is the education but is an integral 
part of future global information infrastructure at the same time.  

   

The discussed environment is a platform where modern socio-technical approaches could 
be implemented and this way stimulates the evolution of the educational process. It 
illustrates how the  ICT could be integrated into the education and to ensure a smoothly 
going changeover. It’s deployment could strengthen the management and effectiveness of 
education and lead to meeting the challenges of the education evolution as they are 
prioritised in  [7].  
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