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ABSTRACT
This paper presents a layered component model to support
Web-based interactive and collaborative applications. It is
intended to let programmers focus on the particular logic of
their applications, avoiding most of the issues related to col-
laboration, access control and networking management. A
Web-based educational application has been developed over
this framework. This tele-education system, which follows
the recommendations by the main institutions involved in
the learning technology standardization process, is the sec-
ond contribution presented by the authors.

Categories and Subject Descriptors
K.3 [Computing Milieux]: Computers and Education;
H.3.5 [Information Systems]: Online Information Ser-
vices|Web-based services; J.1 [Computer Applications]:
Administrative Data Processing|Education

General Terms
Standardization, Experimentation, Design, Security

Keywords
Learning Technology Standardization, Collaborative
systems, Authoring tools, Web-based course delivery sys-
tems, Practice and Experience, Educational Web Applica-
tions

1. INTRODUCTION
Designers of online learning systems have an enormous

variety of software tools and learning resources at their dis-
posal. Unfortunately, the wide variety of software tools
available from many di�erent vendors are not able to share
learning resources and interoperate with each other. Nowa-
days, Web-based education research e�orts are focused into
the standardization of learning metadata schemes, course
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structures and software interfaces to provide interoperabil-
ity between applications and learning resources. This would
allow both instructors to reuse learning resources and devel-
opers to reuse educational software.
Software reuse is one of the most outstanding research

topics in Software Engineering. One of the current trends
in this �eld is the component-based approach [24]. Com-
ponents Object Model (COM) [28], Java Beans [30], En-
terprise Java Beans (EJB) [29] and the most recent release
(3.0) of the Common Object Request Broker Architecture
(CORBA) [32] are some examples of technologies that are
based on the software component concept. Software reuse
allows programmers to focus their e�orts in their speci�c
business logic.
We followed this approach to design and develop Simul-

Net, a framework focused towards Web-based interactive
and collaborative educational applications. Collaboration is
allowed at software level. Events produced by a given com-
ponent are handled and delivered to remote components in
the same application. Collaboration is also possible at the
user level. SimulNet components provide plug and play com-
munication and collaboration tools based upon underlying
and yet transparent for the programmer SimulNet services.
SimulNet also provides interactivity. It is designed to

guarantee a quick response to any action performed by the
user. Sometimes the inherent character of the application
(e.g. an interface to access a remote hardware device) does
not permit the highest level of interactivity. In that case,
SimulNet does its best to enhance the interaction between
the user and the software.
SimulNet has been tested in practice by more than 550

university students. Hypermedia and multimedia, the use
of highly interactive computer-based simulations (e.g. us-
ing Java [23] applets) and the availability of powerful com-
munication tools (e.g. video and audio conferencing, e-
whiteboards, etc.) convert the WWW into an attractive
platform to learn in an open and 
exible environment.

2. WEB-BASED EDUCATION STANDARD-
IZATION

The learning technology standardization process is taking
the lead role in the research e�orts into Web-based educa-
tion. Standardization is needed for two main reasons: On
the one hand, educational resources are de�ned, structured
and presented using di�erent formats. On the other hand,
the functional modules that are embedded in a particular
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learning system cannot be reused by a di�erent one in a
straightforward way.
Organizations like the IEEE's LTSC [14], IMS project

[21], Aviation Industry's AICC [1], DoD's ADL initiative
[33], ARIADNE [3], GESTALT project [13], PROMETEUS
[34], CEN/ISSS/LT [6], GEM project [12], and many others
are contributing to this standardization process. The IEEE
LTSC is the institution that is actually gathering recommen-
dations and proposals from other learning standardization
institutions and projects. ISO/IEC JTC1 has created the
Standards Committee for Learning Technologies, SC36 [22],
who is continuing this work to create ANSI or ISO stan-
dards.
Learning metadata de�nition has been one of the main

objectives. Its purpose is to facilitate and automate the
search, evaluation, acquisition and use of learning resources
on a Web environment. The most outstanding result so
far is the Learning Object Metadata (LOM) speci�cation
[15], proposed by IEEE LTSC, which is becoming a stan-
dard de-facto. LOM de�nes the attributes required to fully
and adequately describe a learning resource. Relevant at-
tributes include: general resource (e.g. title, language), life
cycle (e.g. version, contributions), meta-metadata (e.g. cat-
aloger, catalog entry), technical (e.g. format, location), ed-
ucational (e.g. learning context, diÆculty), rights, relation,
and classi�cation information.
Description of learner's pro�les and records has also been

studied. They describe information which characterizes a
learner and his/her knowledge. This information is used
to maintain records of learners and carry out the learn-
ing process. The IEEE LTSC Public and Private Infor-
mation (PAPI) speci�cation [16], describes implementation-
independent learner records organized in six categories: per-
sonal, relations, security, preference, performance and port-
folio. Another important speci�cation is the IMS Enterprise
Data Model [19] aimed at administration purposes.
Standardized de�nitions for course structures are neces-

sary to move courses from one system to another. In a
similar way, learning management environments need to un-
derstand the course structure to schedule the next student
activity. The AICC guidelines for interoperability of Com-
puter Managed Instruction (CMI) systems [2], and the
ADL's SCORM [38], based on the AICC speci�cation, deal
with this problem. They propose a Web-based run time en-
vironment scheme based on the division between the learn-
ing contents and the Web-based management system that
launches on the browser, delivers through the network and
controls them. This allows di�erent learning resources to be
managed by heterogeneous management systems.
Other standards are referred to course packaging [18],

question and test interoperability [20], student tracking, ca-
pability de�nitions, and many others.

3. SUPPORTING WEB-BASED HIGHLY
INTERACTIVE AND COLLABORATIVE
EDUCATIONAL APPLICATIONS

3.1 Overview
Our framework is organized as shown in the layered ar-

chitecture outlined in �gure 1. In the lowest layer SimulNet
relies on commercial-of-the-shelf (COTS) services and stan-
dard Internet protocols. In the next layer, there are some

common SimulNet services. These are used by the Simul-
Net Software Components (SSC). Their aim is to make the
distributed nature of the WWW transparent to the SSC
programmer. The software that actually implements the
SimulNet services runs both at client and server sides.
The actual functionality of SimulNet is o�ered at the com-

ponents level. Each component is aimed to provide a partic-
ular feature typically found in Web-based collaborative and
interactive applications. All components are plug and play
and, in most of the cases, programmers just need to invoke a
Java method to provide their application with a new collab-
orative feature (e.g. a shared e-whiteboard). The SSC run
embedded in applications at client side. They are stored at
server side and downloaded in the form of Java applets. Col-
laboration among distributed components is possible thanks
to the use of the underlying SimulNet services. The pro-
grammer may include the functionality of these components
through the SimulNet API (�gure 1).
Finally, the application level is the core for the business

logic of particular Web-based applications. This is the pro-
grammers layer, where their speci�c application is devel-
oped. Collaborative functionality is automatically included
through the SSC APIs. Although SimulNet is oriented to-
wards Java-based applications, in fact, SimulNet services
and SSC are 100% pure Java to provide platform indepen-
dence, it allows interoperability with applications developed
in other programming languages. This is possible thanks
to the interoperability provided by the CORBA Object Re-
quest Broker (ORB). In this case, the client applications
provide interactive user interfaces to access the actual ap-
plications at the server side together with the collabora-
tive functionality provided by the SSC. Therefore, formerly
standalone applications (i.e. Business applications at the
server side in �gure 1) are transformed into Web-based col-
laborative systems using a SimulNet envelope.
At the top of �gure 1 the dynamic evolution of Simul-

Net is illustrated. SimulNet programmers would enrich the
functionality of our framework with new components, and
possibly new services. The business application developers
would adopt our framework to develop newWeb-based inter-
active and collaborative applications, focusing their e�orts
towards their particular business logic.

3.2 COTS Services and Standard Protocols
On the client side, basic user interfacing and connectivity

is provided by a standard WWW browser (e.g. Netscape
Communicator or Microsoft Explorer) with some embed-
ded capabilities: a Java Virtual Machine (JVM), drivers for
the Java DataBase Connectivity (JDBC), and a CORBA
Object Request Broker (ORB). On the server side, Hyper-
Text Transfer Protocol (HTTP) and File Transfer Proto-
col (FTP) servers, a CORBA ORB, and a Database Man-
agement System (DBMS) are used to provide access to the
SimulNet database. Regarding the network protocols, our
services use HTTP, FTP, Internet Inter-ORB Protocol
(IIOP), and TCP/IP.

3.3 SimulNet Services
The SimulNet Services layer is responsible for providing

the SimulNet Software Components with the underlying col-
laborative functionality. Basically, they allow the SSC to
share information both on-line, in which virtual memory
spaces are provided where one client writes information and
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Figure 1: The SimulNet layered architecture.

the other reads it, and o�-line, where a virtual shared per-
sistent storage is available. Therefore, SSC avoid dealing
with the underlying network. For a given component, the
distribution of user input to a collaborative group is per-
formed through the invocation of a local method from the
suitable SimulNet service. This basic functionality is imple-
mented by three di�erent services: the Virtual Room Ser-
vice (VRS), the Virtual File System Service (VFSS) and the
Data Base Access Service (DBAS). Underneath them, the
SimulNet Communication Layer (SCL) deals with the ac-
cess to the network. The implementation of all the services
discussed is outlined as follows.

3.3.1 The SimulNet Communications Layer
This layer provides a network-transparent model to ex-

change messages between distributed instances of SimulNet
services. The same generic message format is used by all
SimulNet services. We use serializable objects in the Simul-
Net messages, which are exchanged through bu�ered object
input and output streams over the network. The type of
messages that can be sent are general enough to cover from
text to Java events.
A SimulNet message is a serializable object composed by

a header and a data component. The header identi�es the
message type and allows the SCL to forward the data com-
ponent to the suitable SimulNet service. The data compo-
nent contains the information itself and the identi�er for the
data type.
The SCL uses input and output streams to read and write

from/to the underlying TCP/IP socket. On the client side,
a thread is responsible for these actions. On the server side,
we rely on a set of threads to serve messages to/from the
di�erent connected clients.

3.3.2 The SimulNet Virtual Room Service
The Virtual Room Service (VRS) is responsible for provid-

ing a suitable environment for on-line communication among
a group of distributed users or software components, avoid-
ing simultaneously interference between di�erent rooms.
Conceptually, a virtual room is a shared space where one
or more write-enabled members can send information to be
received by every read-enabled member in the same room.
A new virtual room is set up whenever a component needs

to communicate or collaborate with other remote instances
of the same component. Afterwards, all information gener-
ated from one client is forwarded to every other client in the
room. In addition, it is possible to give di�erent privileges
to di�erent members in the same room. For instance, one
client may be allowed to read and write, while another may
only have read permissions. Each room has its own identi�er
to avoid any interference. Therefore, the same component in
a particular client may be involved in di�erent collaborative
sessions.
Since this service uses SimulNet Communications Layer

(SCL) messages, the kind of information that can be ex-
changed is rich enough. Furthermore, the virtual room ser-
vice is not concerned with the type or particular logic of the
messages. It is just responsible for delivering them to the
correct addressees. In addition, the VRS maintains the last
set of messages generated in each room to be delivered to
new clients. The number of messages that are temporar-
ily stored is de�ned by the software component using the
virtual room.
On the client side, this service maintains up-to-date in-

formation about each session (virtual room) that its upper
components are involved in. It transfers messages between
the components and the appropriate virtual room at the
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server side, and generates control messages for room cre-
ation, new member noti�cations, privilege management, etc.
At the server side, the virtual room manager acts as a fac-
tory of new virtual room instances and manages all current
active sessions. It also maintains up-to-date information
about each client connected to the system.

3.3.3 The SimulNet Virtual File System Service
The SimulNet Virtual File System Service (VFSS) is re-

sponsible for persistent storage. Its API provides the com-
mon functionality of a tree-structured �le system. Data and
objects stored in �les can be shared among di�erent compo-
nents and users. Control of concurrency is provided through
locks and monitors on each shared resource. The underlying
storage container is the native �le system at the server side.

3.3.4 The SimulNet Data Base Access Service
This service handles automatic database connections.

Once a connection is successfully established, the Java pack-
age java.sql provides standard access to the remote Database
Management System.

3.4 SimulNet Components
The API of the SimulNet Components level provides de-

velopers with a facility that allows them to develop their ap-
plications more quickly since many of the common features
of Web-based collaborative applications can be automati-
cally included in their systems. All of them are supported
by the basic functionality provided by the SimulNet services.
Most of these components provide their functionality

through their own user interface. To launch a given compo-
nent, the business application developer just needs to link
an event on the application interface (e.g. a double click on
a button) to the method userAction() on that component.
The tool is automatically started in the business application
frame. If the user must be identi�ed in the collaborative ses-
sion that the tool is involved in, the only parameter needed
is the user's ID, which is provided by the application loader
through its user authentication module.
Although the SimulNet components are designed to be

open and 
exible enough to suit any kind of Web-based
collaborative application, the underlying data model fol-
lows recommendations and proposals by the main institu-
tions involved in the learning technology standardization,
see section 2. This means that they are able to interact with
other Web-based educational systems provided they follow
the standards and, at the same time, developers from other
�elds may use them taking in mind the data model chosen.

3.4.1 User Management
One of the key aspects of the design of collaborative tools

is the identi�cation of users (usually human) and their roles.
Furthermore, resources may have access requirements that
depend on user properties.
The SimulNet User Management component provides busi-

ness application developers with a graphical tool to identify
users, roles, resources, and access permissions to them. The
tool is generic enough to be used in a wide range of ap-
plications. Developers identify roles and resources for their
particular applications. Then, this component provides the
application manager with a user-friendly interface to man-
age the system. For example, in a teleworking environment
the business developer may identify three di�erent roles: em-

Figure 2: Trace window from the Auditing Tool.

ployers, managers and employees.
The DBAS service supports data management for this

service. Data is stored and managed following the recom-
mendation by the IMS project, the Enterprise Data Model.
Therefore, it is possible to import and export student pro-
�les from/to other Web-based academic institutions.

3.4.2 Auditing Tool
Some business applications may need registering the ac-

tions that each particular user executes on them (e.g. which
application packages are used, when they are used, for how
long and by whom). The SimulNet auditing tool manages
all this information. The business application programmer
sets up this module with the actions that need to be audited.
Whenever the user performs any of them, a message is sent
to the suitable supervisor (for on-line auditing) and stored
at the server side (for o�-line monitoring). This component
relies on the VRS service for on-line monitoring, and on
DBAS and VFSS services for o�-line monitoring. The data
model used is the AICC's Lesson Evaluation Data, which
comprises Interactions, Objectives Status, and Path groups,
plus the Student Data group from the lesson to LMS commu-
nication formats, see [2] for further information on student
performance data formats.
Figure 2 displays the trace window of the auditing tool,

where some student traces are shown. Complete data for
each trace is available on request.

3.4.3 E-Mail
This component provides an e-mail system. Additionally,

an address book is sent through the network to the client's
computer containing up-to-date information about the users
of the corresponding business application. Users are orga-
nized according to di�erent criteria (e.g. roles) and, there-
fore, it is very easy to �nd the right addressee for a given
message, both individuals and groups. This component uses
the underlying VFSS and DBAS services to store messages
in mailboxes and access users' data.

3.4.4 Bulletin Board
The SimulNet bulletin board is based on the Internet

News. Its main aim is to become a platform to share in-
formation. Users are allowed to post two kinds of docu-
ments: public notes, which can be read by any user, and
private notes. Whenever users want to refresh the contents
of their boards, they can select the types of documents to be
downloaded from the ones they are allowed to access. In ad-
dition, users can select to download only documents related
to a particular bulletin. This tool also provides informa-
tion about what kind of bulletins has already been down-
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loaded, and, if appropriate, the particular subjects the doc-
uments are related to. Bulletins are stored on the server side
through the VFSS service.

3.4.5 Chat
The main purpose of this tool is to allow a group of users

to get in contact with each other in a virtual room. Users
can communicate with each other in two di�erent ways:

� Debate mode. Every user involved in the communica-
tion may enter information. This information is shown
to every user in the virtual room.

� Lecture mode. Only the user acting as the moderator
can introduce information to be shown on the other
users' display. The moderator can switch between the
two communication modes or may include or detach
users from the active session.

3.4.6 Whiteboard
Virtual electronic whiteboards seem to be one of the most

useful tools in collaborative environments. SimulNet pro-
vides application developers with a whiteboard component,
as shown in �gure 3, that can be embedded in their business
applications to exchange graphical information. Advanced
drawing features are also included as part of the whiteboard
functionality. As well as in the case of the chat, there is a
moderator who is responsible of user management and for
giving di�erent privileges to the whiteboard users (draw,
delete, etc.).
It is also possible to manage several documents in a given

whiteboard session. The document manager decides which
document is shown at a given time. Therefore, it is possible
to navigate through the whiteboard contents, showing dif-
ferent information to the users involved in the session. This
feature converts the SimulNet whiteboard into a virtual slide
projector. The whiteboard, as a standalone drawing tool,
can be used to develop a presentation that can be stored
and later shown to others using the document management
facility.
The whiteboard component relies on VRS and VFSS, and

on users' data generated by the user management compo-
nent.

3.4.7 Agenda
This component provides an electronic agenda and a cal-

endar. Its basic functionality involves managing, scheduling,
and representing data events in educational settings. We fol-
lowed the vCalendar speci�cation [17] to allow data agenda
exchange.
Users are allowed to customize several agenda features:

event types, properties and representation appearance. In
addition, they can use the agenda following two con�gura-
tions: personal or group. Personal con�guration makes this
component a traditional agenda, where users can schedule
their upcoming events and tasks. In the group con�guration
the agenda can be used like a timetable or calendar. All
group members are allowed to display the agenda events,
which may be introduced by any of them. Class activities
are scheduled using this component, which is implemented
over the DBAS.

Figure 4: Project Management Tool.

3.4.8 Project Management
This component is oriented towards the management of

projects carried out by a group of students. It supports
project-based learning on the WWW. One of the most chal-
lenging aspects in this �eld is to know the latest progress
done. This tool provides automatic management for projects
whose working tasks are distributed among users who coop-
erate from afar.
The project manager distributes the total workload into

a set of tasks. Afterwards, tasks are assigned to working
groups or individuals. This assignment is supervised by
the tool, taking into account the current workload for each
group and student and correspondence among di�erent tasks
(e.g. task A must be completed before starting task B). The
manager can set up the schedule for each working group and
individual, as shown in �gure 4.
The project management component provides each learner

with information about the present-day tasks assigned, tasks
that are piling up, etc. The users inform the tool about the
development of their assigned tasks to update the progress
done on the entire project.
This component uses the VFSS and DBAS services, and

data from the user management component.

3.4.9 Event Deliverer
SimulNet allows, through this component, to share and

distribute events performed on the business application user
interface. It is possible to de�ne a group of users whose
actions on the interface will be forwarded to every other user
in the group. As a result, actions performed on a master-
enabled user interface are also performed on the interface of
every other user in the same group. A moderator provides
master privileges to formerly read-only participants. This
component is based on the SimulNet VRS and a proprietary
graphical SimulNet package with the same functionality as
the provided by the java.awt package plus a new feature to
support event delivery through the network.

3.4.10 Producer-Consumer Manager
The producer-consumer problem is a common topic in

Software Engineering. There are situations where an en-
tity, the consumer, needs some data provided by another en-
tity, the producer. This component addresses the producer-
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Figure 3: The SimulNet Whiteboard.

consumer problem in a distributed environment (i.e. pro-
ducer and consumer running on di�erent computers).
The Virtual Room Service is used. A VRS room is shared

between the write-enabled producer and a read-enabled con-
sumer. In this way, we are implementing a one-way chan-
nel through the network. The consumer accesses the data
invoking a method on this component, if it was already de-
livered by the producer. Otherwise, the component waits
until the producer delivers the data. The component allows
blocking and non-blocking calls for the consumer. Producer
and consumer can exchange their roles just by exchanging
their access privileges to the room. This model can be easily
extended to a scheme with n elements using n-1 rooms.

3.5 Protection of Information and Resources
The SSC and the data generated by users are resources

whose access must be controlled to avoid unauthorized use.
Access control is managed using rights and principals. A
right is an abstract privilege. A principal uses a right. A
principal can be an individual or a group de�ned for collab-
orative purposes.
The project management component allows the de�ni-

tions of working groups composed of individuals. Such work-
ing groups can be considered as protection groups, i.e. prin-
cipals that may be used by several di�erent individuals.
Each individual belonging to a group bene�ts from the ac-
cess privileges granted to its principal.
For each principal we identify the domain of that princi-

pal: all the objects in the system that the principal has been
authorized to use. SimulNet uses the two general protection
mechanisms described in [40]: capabilities and access control
lists.
Access to SSC and business applications is controlled us-

ing a capability-based system [7]. The SimulNet capability
system is able to grant all-or-nothing and controlled shar-
ing access rights [35]. The former is used to protect some
SSC like user management, e-mail, agenda and data shar-
ing components. The all-or-nothing capability allows the
principal to use the whole functionality of the component.

Controlled sharing capabilities are used to grant access to
SSC like the auditing tool, bulletin board, chat, whiteboard,
project management tool and the event deliverer. In this
case, the capability includes a 32-bit access mode vector,
each bit representing an abstract right. The semantics of
each bit depends on each software component and may vary
from one component to the next.
An Access Control Lists (ACL) [31] is used to protect

each piece of user-generated data. Each �le containing data
that is susceptible to sharing has an ACL associated with
it. This is a list of principals authorized to access the data.
Each entry includes a 32-bit access mode vector. As in the
case of the capability-based protection mechanism, each bit
represents an abstract right. In this case, the �rst six bits
are reserved for the access modes de�ned in [31]: read, write-
append, write-change, write-update and delete. There are
26 more bits whose meaning may depend on the particular
business application or SSC. We follow a discretional control
pattern described in [35].

4. AN INTERACTIVE AND COLLABORA-
TIVE WEB-BASED LEARNING SYSTEM

The �rst application of SimulNet was in the area of Web-
based education. An educational environment over the
WWW is restricted with respect to interactivity and col-
laboration. Distance education environments need to pro-
vide trainees and instructors with a cooperative learning
atmosphere, where students can share their experiences and
teachers guide them in their learning. Interactivity is an-
other key issue in both conventional and distance educa-
tion. Student interest in the learning process is drastically
reduced when the level of interactivity is low. The aim of
developing an educational system over SimulNet is precisely
to test its interactive and collaborative features.
On the other hand, the underlying data model used for

handling course structure, students' performance data and
communication among the learning contents and the man-
agement system follows the recommendations by the main
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institutions involved in the learning technology standard-
ization process, see section 2. This standardization process
seems to be an unavoidable consequence of the successful,
but at the same time heterogenous, Web-based educational
platforms available on the market. WebCT [39] by British
Columbia University of Canada, Learning Space [25] by LO-
TUS, Top Class [37] by WBT Systems, ToolBookII [4] by
Asymetrix Inc., or Web Course in a Box [27] by the Virginia
Commonwealth University are some examples of systems
that provide di�erent Web-based educational environments,
each of them with their speci�c features [10]. Nevertheless,
they all share some underlying common features as their
�nal aim is the same: to deliver learning through a Web en-
vironment. All of them manage course structures, learning
resources and student pro�les, however, they do not provide
the means to share that data. SimulNet provides the means
to develop reusable and interoperable Web-based learning
environments.

4.1 Using SimulNet to Deliver Web-based
Learning Contents

As mentioned before, one of the biggest problems when
working with di�erent Web-learning platforms is the diÆ-
culty of sharing and reusing components between di�erent
content management systems. SimulNet follows the guide-
lines established by ADL SCORM which are based on the
AICC document \CMI Guidelines for Interoperability" [2].
In our system, both content and content management are
clearly separated in order to get interoperability between
di�erent content management systems.
For this to be possible it is necessary that content

(assignable units, using ADL terminology) and the Learn-
ing Management System (LMS) can communicate with each
other through standard data types. LMS sends data to con-
tents with necessary information to launch a lesson. Con-
tent provides LMS with information about student progress,
tests results, student state within the course lessons, etc.
These data allow the LMS to both track student progress
and make \routing" decisions through the course.
SimulNet provides a Web-based run time environment

through an API that standardizes the way the LMS sends
and receives information from the contents. This API pro-
vides the needed methods to start and �nish learning con-
tents and communicate with them:

� LMSInitialize(): must be invoked by contents once
they are ready to establish communication with the
LMS.

� LMSFinalize(): must be invoked by contents once they
�nalise its execution.

� LMSGetValue(element name): used to get the value
of one data model element.

� LMSSetValue(element name,new value): used to mod-
ify the value of one data model element.

The SimulNet data model is known by both the LMS and
the learning content. API runs as an applet inside an html
page and its methods are invoked by the content through
JavaScript calls.
We implemented our own LMS that is used to deliver and

manage contents, see �gure 5. Students' interaction data,

Figure 5: SimulNet's LMS user interface.

Figure 6: SimulNet's course authoring tool.

as mentioned above, is sent from the learning content to the
LMS.
The SimulNet authoring tool, which is shown in �gure

6, supports the design and creation of learning contents,
the de�nition of the static and dynamic course structure
and the creation of tests and questionnaires. The de�nition
of course structure is made following the standard de�ned
by the AICC. Course structure de�nition is compliant with
AICC Level 3a [2]. This level allows the de�nition of sim-
ple and complex prerequisites and completion rules. Both
prerequisites and completion rules de�ne the dynamics of
the course structure: prerequisites are used to make routing
decisions and the completion rules are used to evaluate the
status of the learning content (AICC de�nes the following
statuses: pass, fail, complete, incomplete, browse and not-
attempted). Figure 6 illustrates the de�nition of prerequi-
sites for a course element. The de�nition of questionnaires
and tests is also possible using our authoring tool. That def-
inition is made using the IMS Question & Test Speci�cation
[20] that speci�es the data format for tests interoperability.
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4.2 Coping with Practical Training: the Learn-
ing-by-doing Paradigm

Web-based learning must cope with practical training.
There are two main approaches to implement
WWW/Internet-based training laboratory environment: dis-
tant access to the real equipment and simulation-based lab-
oratories. It is possible to �nd references to systems that
include both approaches. Some tools that provide Web-
based access to the lab equipment exist, both for hardware-
based labs [5] and for software-based labs [26]. Regarding
the simulation approach, we were able to �nd systems that
implement a WWW interface to a simulator that runs at
the server-side (e.g. [9]) and Java-based educational simula-
tors that run interactively on the student's computer using
a Java-enabled browser (e.g. [11]).
Obviously practical and theoretical contents di�er in the

way they are designed and handled. Practical training must
provide tools that simulates an environment similar to that
provided by real laboratories. The di�erence with theoret-
ical contents is clear: whereas practical contents must be
highly interactive and dynamic, theoretical contents are al-
most static and the interactivity with students is restricted
to browsing the contents and in some cases to doing tests.
Furthermore, practical training needs high computing re-
quirements whether simulators run in server side or in client
side.
Thanks to its layered architecture, see �gure 1, Simul-

Net can deal with all approaches to practical training dis-
cussed above. Software tools (i.e. educational simulators or
industry applications) or hardware devices running in the
lab itself, can be accessed through the CORBA ORB. Busi-
ness programmers have to develop a software bridge between
these legacy systems (business applications on the server
side in �gure 1) and the CORBA ORB. On the client side,
the business applet uses an interactive user interface and of-
fers access to the full cooperative environment provided by
SimulNet. The \processing on each client approach" can be
implemented using simulators downloaded by the applica-
tion loader component to the client, where they run inter-
actively as Java applets. We based our experience on this
latter model.
Simulators related to Computer Architecture subjects

have been developed. Virtual computers are used to in-
troduce students to the world of Computer Architecture,
as described in [8], from the simplest to the most complex.
Thus, students are guided along the right path, starting from
a simple assembler language and ending with the complex
world of microinstructions, �rmware and datapaths. All of
our simulators have several common features: an editor, an
assembler and the simulator of the computer itself (see �g-
ure 7). Programs written by students in assembler code
using the editor are transformed into object code that can
be run by the computer model. This task is done by the
assembler. The simulator of the computer model executes
the object code, which can also be displayed through the
memory viewer. It has several execution modes: complete
run, trace, step by step.
As it was mentioned in section 4.1 SimulNet implements

a run time environment through the DoD's ADL API. Web-
based simulators are handled as assignable units that are
launched from the LMS. Data information about students
interaction with simulators is sent from them to the LMS
using the methods provided by the API. This information

Figure 7: An educational simulator.

is used by the LMS to generate student tracking informa-
tion that is stored in a �le following the format for student
tracking information proposed by the AICC.

4.2.1 Collaborative Functionality
WWW/Internet-based learning systems need to provide

students and teachers with suitable tools that allow them to
get in touch with others. SSC are used to give our learn-
ers and instructors the needed communication tools. The
SimulNet whiteboard, e-mail, chat and bulletin board are
included, see section 3.4. It is also possible to create working
groups to develop a given training exercise whose workload
is distributed among a group of students. All this function-
ality is embedded in our educational platform thanks to the
SimulNet SSC.

4.3 Educational System Evaluation
As in every other software development process, feedback

from users is necessary to tune up the best possible platform.
In this case, the data was collected from surveys among
180 students, and from the information generated by the
auditing tool.
The �rst remarkable result was a general improvement

in students' theoretical exam results. The number of stu-
dents who succeeded in the theoretical exam increased about
14%. In the practical exams, 81% of the grades for students
who attended the traditional laboratory were equal or bet-
ter than B. This percentage was 84% for those using the
educational platform. Therefore, the performance of these
\telestudents" was as good as that of our \conventional stu-
dents". This fact shows that our approach to teleteaching
does not necessarily a�ect the quality of the learning pro-
cess.
Using SimulNet's Auditing Tool, we collected information

about every student's access to the system. Most students
use the virtual laboratory between 8:00 p.m. and 12:00 p.m.
There are also many accesses to the system late at night, and
90% of the students use SimulNet after everyday activities.
Time independence, one of the main advantages of distance
learning, is clearly stated here: students take full advantage
of the platform's 
exibility and use this tool whenever they
want.
Electronic mail is the tool students use more often, proba-

bly because they do not have to be in the virtual laboratory
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Figure 8: General opinions about SimulNet.

at the same time to communicate. Furthermore, it is an easy
to use tool that allows students to send messages to their
teachers, without the need of a face-to-face conversation.
Students commonly shy away from conversations with

their teacher. Most conversations (65%) between a teacher
and a student are started by the teacher. On the other
side, when teachers detect that one of their students have
problems, thanks to the tutoring facility, they usually start
communicating immediately.
Students were also required to express their personal opin-

ions about the SimulNet communication tools. 91% of the
students rated these tools as good or very good. Some
of them mentioned that they would use them more often
if they were provided with a high speed Internet connec-
tion. During this survey, most of them accessed the system
through a 28 kbps connection, although actual transfer rates
were lower.
Students were also required to comment on the educa-

tional platform as a whole, from remote access to the simu-
lation of the actual laboratory tools, including the commu-
nication tools. Again, 94% of the students rated the system
as good or very good, see �gure 8. As expected, interactiv-
ity and the collaborative feeling this platform provides are
the most outstanding features.
Finally, students were asked if this approach to practical

training indeed helped to understand the theoretical con-
cepts. As expected, results were coherent with the results
of the corresponding exams. Only 7% of the students con-
sidered that SimulNet did not contribute to their learning
process.

5. CONCLUSIONS AND FUTURE WORK
We have presented a framework for developing interactive

and collaborative Web-based applications. To test the devel-
oped framework we implemented a Web-based distributed
educational platform following international standards on
learning technologies. The standardized learning data model
allowed us to reuse learning contents from others that fol-
low the same standards. Nowadays, we do believe that the
learning standardization process is absolutely essential to
let Web-based education to become real world wide. Past
educational environments did not allow to reuse learning
contents and, therefore, a lot of work was needed to share
resources. This educational system was our business ap-
plication for the framework. The testing phase provided

valuable information both at technical and business level.
The SimulNet design process was based on a bottom-up

strategy. However, when designing some of the SCC we
detected that the available underlying services would not
provide the required functionality for that component. For
example, the VRS was updated in order to be able to handle
GUI events as required by the whiteboard component. As
new components are introduced into the system, an upgrade
of existing services, even the introduction of new ones not
previously considered, may be needed as well. Therefore,
the service layer design should be kept simple and open, and
separate features should be kept as independent as possible.
As mentioned above, most SSC have their own user in-

terfaces. These components were designed for simple and
straightforward integration into collaborative business ap-
plications. However, this could not be the best approach
when the business application requires a common look and
feel for all its modules, including the ones provided by Simul-
Net. For example, in our educational environment some
simulators have user interfaces not fully compatible with the
ones in the SimulNet components, where similar commands
are accessed in di�erent ways. This can be misleading for
students, and completely inconvenient for commercial appli-
cations. In fact, there exist recommendations by the AICC
[1] that try to standardize user interfaces used in computer-
based training applications.
SimulNet is 100% pure Java, and Java is an interpreted

language. This limitation becomes apparent as the number
of simultaneous users and the number of active components
grows, for example, many students accessing our educational
system or a full-featured educational system. In fact, most of
students' complaints about system performance were about
time responses from the server side. One solution we are
considering is the optimization of the server modules based
on a combination of native and Java code. At this time,
we are carefully pro�ling the system to be able to select the
best combination possible.
The server's multitasking model is based on Java threads.

From the operating system point of view, there is a single
large server process running one thread for each component.
We are considering an alternative implementation based on
a di�erent process for each component. In this way, the op-
erating system will take care of all tasks related to process
management and scheduling. Nevertheless, it is not com-
pletely clear for us at this moment how this will a�ect the
overall system performance.
Presently, we are working on new software components to

enhance the functionality provided by the framework. Par-
ticularly, we are studying ways for SMIL[36] to allow di�er-
ent SMIL documents in di�erent browsers to synchronize.
Regarding our educational application, we are currently im-
plementing the software bridge between a microprocessors
laboratory, with real hardware devices, and the CORBA
ORB, which will adopt the collaborative environment pro-
vided by the current available framework in the evaluation.
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