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ABSTRACT

The paper presents the design and the achitedure of a new Web-Based Educdion (WBE) environment. This
environment is based on the integration of two ather WBE's applications: AulaNet™ and LiveBOOKSs. Here we
present the main fedures and the achitedure of those two environments to justify our motivation for the
development of OwlINet. Then we show the achitedure and feaures of this new environment.

1. INTRODUCTION

Many leaners, particularly adults, often operate under constraints placed onthem by their
work, family life, locaion, a other socia and ecnamic condtions. Thus, they often must
study in an asynchronous leaning mode, since they are nat able to conduct their leaning
experience in a spedfic place & a spedfic time. In addition, they may not be ale to access
leaning resources easily because of the same set of constraints. In spite of this need to lean
when time is avail able, and with minimal accessto leaning resources, the leaning experience
shoud still be asrich and varied as possble.

An effedive leaning environment for the suppat of individuals, who must operate under the
circumstances just described, shoud have several key charaderistics. For example, several
authors [Brown, 1977, [Brown, 1992, [Whitehead, 1929, [Briggs ett ali, 1999 have
concluded that learning shoud be an adive experience the leaner shoud “lean-by-doing;”
while Brown [Brown, 1989 has grongly suggested that pladng the leaner in an authentic
setting can fadlitate leaning. Leaning theory, verified by studies, has demonstrated that
immediate and frequent feedbadk, cooperative leaning and well-structured exposition d
information can improve the leaning process [Briggs ett ali, 1993. Other authors
[Rummelhart, 1980, [Shuel, 1987 strongly believe that leaners shoud take dharge of their
own leaning.
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“Leaning-by-doing” is an approach that makes learning both adive and authentic. The leaner
performs experiments with tools and artifads representing the @ncepts to be leaned; the
results of these experiments suggest further experimental tasks. Obvious examples of
leaning-by-doing occur when leaners work in science laboratories, solve mathematics
problems, write and run computer programs, participate in case studies, or do reseach in the
library. We often cadl | eaning-by-doing an interadive experiential approach, becaise leaners
are xperimenting and interading with educaional materials.

The leaner neads sort-term and longer-term feadbadk through some form of validation o
testing where understanding of basic concepts can be verified. Providing feedbadk can be
achieved bah by suppating interadion with the leaning materials, testing frequently during
the leaning experience and by testing at the end d leaning modues through assgnments
and examinations.

Cooperative leaning can be atieved by sharing leaning experiences with “teaders’ and
“clasgmates,” if they are part of a group with the same educaional objedives. Sharing is an
adive eperience where the leaner takes charge by making the dedsion abou what to share
and with whom.

Leaners need accessto materials besides the ones prescribed dredly for the curse. They
need to supdement their leaning experience, and to aaquire other viewpaints on the material
being studied. In addition, aleaner must have the aility to organize their learning processto
be consistent with their own leaning style.

The leaning modd just described is primarily constructivist in nature in that the focus is on
the leaner. Such an environment provides amost complete autonamy and freedom to the
leaner's thought process since the leaner can interad with the leaning environment
acording to his/her cognitive style. We present here OwiNet, which is an WBE environment
that was developed based on ou experiences on previous environments [Cowan, 199§,
[Lucenaett ali, 199§ in order to suppat the combination d the two approades.

2. TWO COMPLEMENTARY APPROACHESTO WBE

In this sdion we present the AulaNet™ and LiveBOOKSs environments. We focus here on
the functionality and architedure of ead ore of the environments and justify their integration
in amore powerful environment.

2.1 AulaNet

AulaNet™ [Lucena ett dli, 1993 is a WBE environment developed in the Software
Engineaing Laboratory, at PUC-Rio. AulaNet™ results from our experience in teading
different courses using Web techndogy [Socinfo, 1998, [ICC, 199§, [Transcd, 199.
AulaNet™ is based onthe following principles:

1. The murses must strongly emphasize interadion, making the student participate in the
leaning process(“leaningware”) [Internet 2, 199§.

2. The author does not need to be an Internet expert.

3. The murses must provide the same resources avail able in conventional clasgoom as well
as the new resources available by the Web environment. The ideais to alow a smocth
transition ketween the traditional and the new approad to teading.

4. Reuse of existing materia available in any digital form must be possble. For example, by
importing existing fil es (file upload).

At the present moment there ae @out 100 courses being developed by professors from many

different aress a PUC-Rio and in aher Brazilian unversities (http:/les.inf.puc-

rio.br/aulanet).



We present the AulaNet™ olbjed-model through OMT diagrams and explain the cncepts
evolved.
AulaNet™ alows svera ingtitutions to use simultaneously the same elvironment. Each
ingtitution may have several departments. The @urses are related to ingtitutions and may be
either composite or single. Courses are dso classfied by adegreeof difficulty (course levels).
Eadh course has adors and groups assgned to it. Groups are omposed of adors and aher
groups. Each ador may either be astudent, ateader, or an author. The student is the one who
attends a murse, the aithor is the one who creaes a ourse, and the teader is the one who
deliversa ourse. The students can also be asggned to a student level.
A course @nsists of a seledion d resources. Teading, evauation, and administrative
resources may be incorporated by the aithor to the curse. Each resource may be mapped into
one or more Internet services. As an example, we can use ateading resource, which is a
“Lesn Text”, implemented by Internet services for text file uploads or just through URL
references. Eadh service can also use one or more external todls, such as chat, CU-SeeMe, e-
mail, and list servers. The whole design structure is presented in Figure 1.
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Figure 1. AulaNet OMT ClassDiagram
In AulaNet™ the final user can modify the visua representation (Interface for ead ore of its
entities as rown in Figure 2.
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Figure 2. AulaNet Interface ClassStructure

Eadch WBE environment is composed o two sites: a leaning site and an authoring site. The
leaning site is used by the students to attend a spedfic course, whil e the authoring siteis used



by the aithors to crede ard maintain the @urses. Both can define many navigational
structures. We ae nat going to consider these navigational aspeds here. We will define the
structure of bath sites as hot-spats [Preg 1999, [Schmid, 1997 that are implemented by the
classes Authoring Site and Leaning Site.
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Figure 3. AulaNet Authoring Ste
Figures 3 and 4 show the OMT models for the AulaNet™ authoring and leaning sites,
respedively. Notice that the leaning site has to cope with multiple language requirements,
since asingleinstitution may want to have their courses puldished in several languages.
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Figure 4. AulaNet LearningSte

2.2 LiveBOOKs

The LiveBOOKs [Cowan, 199§ distributed leaning/authoring environment is a computer-
based teading/leaning and authoring system that has suppats leaning and authoring
adivities. It is designed for easy of use; the environment is easy for the student to use and also
eay for the aithor of teadhing materials to crede those materials and include them in a
spedfic LiveBOOK environment. We now describe the LiveBOOK class sructure.

A LiveBOOK classconsists of an aggregation d a LiveBOOK content classand this smple
structure is ill ustrated in Figure 5. The LiveBOOK class has methods to suppat browsing,
upckting, generation d the Table of Contents (TOC), and providing the aurrent locaion o the
browsing operation in the LiveBOOK. This latter method is used by the LiveBOOK control
classto determine which controls houd be presented at any paint in the LiveBOOK. In ather
words the objed modd suppats context-sensitivity. The TOC method will be used by the
user interfaceto display the Table of Contents when the LiveBOOK is displayed on the
screen.
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T
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Figure 5. An OMT description o a LiveBOOK class



A LiveBOOK content class illustrated in Figure 6 is an aggregation d one or more
LiveBOOK chapter classs.
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Figure 6. LiveBOOK Content ClassStructure

A LiveBOOK Chapter class $iown in Figure 7 is an aggregation d zero or more LiveBOOK
Fragment classes and zero or more LiveBOOK Comporent classes. A LiveBOOK Comporent
class is an aggregation d zero or more LiveBOOK Fragment classes and zero o more
LiveBOOK Sedion classes. This definition is reaursive in that a LiveBOOK Sedion classis
an aggregation d a LiveBOOK Comporent class This relationship is also shown in a
LiveBOOK Fragment class illustrated in Figure 8, where the different types of fragment
classes inherit from the fragment base dass The fragment base dassis an abstrad class
because the methods on the dassdepend onits edfic type. For example, the display method
would depend onthe fragment being displayed onthe screen. A fragment can consist of text, a
binary large objed (blob), an image map, a hyperlink source or hyperlink destination, and a
hyperlink reference dass A blobis usually a graphic, a picture, or an audio o video clip. An
image map is agraphic or picture with a map to allow aceompanying hyperlinks. A hyperlink
reference dassadivates an external program.

The user interface of the LiveBOOK is important because it controls the variability of the
presentation and in fad the format and style of the educaiona material. There ae many
possble user interfaces. This LiveBOOK user interface onsists of threewindows. a mntents
Window, a Table of Contents (TOC) Window, and a Control Window. The Contents Window
displays the mntents of a Subsedion and allows the user to interad with the individual
LiveBOOK fragments in that subsedion. The Control Window represents the various controls
that are accesble when a spedfic Contents Window is displayed. In ather words the antrols
are mntext sensitive.
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Figure 7. LiveBOOKSs Chaper ClassOMT Description

This dructure presented for LiveBOOKs may be seen as a service that can be added to the
AulaNet™ environment. In fad, bah systems are very complementary and can be combined
as shown in Sedion 3.



LiveBOOK
Fragment Class

IAI |

Link Source Link Destination Link Reference
Classs Classs Class

Text Class Blob Class Image Map Clasg

Figure 8. An OMT Description d a LiveBOOK Fragment Class

3. OWLNET ARCHITECTURE

The OwiNet environment suppats the @re functiondity provided by AulaNet™ and
LiveBOOKs. Its main concept is the one of roles. Five different roles are handled by the
OwlINet environment, as foll ows:

1.

4.

5.

Student: has accessto a murse web page (leaning site), where he or she can browse the
content of the cuwse axd we the aalable resources (e-mail, chat, list servers,
conferencing). He or she can also have accesto various LiveBOOKs related to the wurse.
The Study-Mate is ancther service provided by the environment where the student can
mark margin naesin aLiveBOOKSs and perform self-evaluations.

Author/Editor: uses an AuthorKit that provides sveral fedures to suppat the murse
credion, such as HTML editors, organizer, file manager utiliti es, ugoad faality, and all
the communication services sich as e-mail and chat.

Instructor: is the one resporsible for delivering the murse. He or she dso has accessto the
AuthorKit, besides sme other services. These other services are: forms for FAQ and
quizzes entry, register student fadlity, tod for creding student groups, and tod for
recording student marks.

Communicaions Manager: is resporsible for the control all the cmmmunicaion feaures,
aswells astheregistration d students.

Administrator: is resporsible for al the administrative antrol, such as providing accessto
the system and setting read/write permissons.

The OwINet design model is composed o the integration d the AulaNet™ and LiveBOOKSs
models. The final model is then adapted to suppat the cncept of roles as defined above. The
LiveBOOK Class sructure is the same presented in Sedion 2.2and is nat repeded here.
Figure 9 shows the OwiNet objed model through an OMT Classdiagram.
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4. IMPLEMENTATION

OwINet will be developed based onthe LivePAGE system, which is described in Sedion 4.1.
Sedion 4.2 ascribes the gpproach we will use in the OwlNet development.

4.1 A brief description of the LivePAGE software

The LivePAGE software uses a relational database system to store multimedia documents.
Figure 10ill ustrates this implementation; the detail s are presented next.
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Figure 10. The Base Implementation

4.1.1 Thebase implementation

In the LivePAGE implementation we initially embed text, hyperlinks, image maps, and
references to oljeds including graphics, audio, video and links to external programs into a
single file, bu distinguish o “separate” them by tagging conventions using an SGML-
compliant tagging language. Thus, if we move to a different entity storage model, we will be
able to separate the three types of information easily. Once the document is complete, we
verify it against agrammar or DTD before loading the document into a single relational (SQL)
database.



Eacdh fundamental tagged isloaded into asingle field in arelational database table and given a
unique identifier. There ae three separate tables for the text, oljeds and hyperlinks. In
addition, every word in the document is also placal in an index to fadlit ate seaching when
the database is browsed. Optionally, every structure tag can be placel in the same index to
fadlit ate seaching for words within spedfic tagged structures. The various objeds such as
graphics, video and sound, and links to externa programs are stored dredly in the objed
table & “blobs’ with the gpropriate atributes. The various tables are identified in Figure 10.

Figure 11. Accessto the Database over the WWW

4.1.2 Thetoadkit

The LivePAGE todlkit is provided to crede (the administrator), maintain (the updater), and
browse and qery (the browser) the database. Administrator functions, namely the verificaion
against a DTD and credion d the database tables are described ealier. We onsider
documents as trees [Madkie & Zobel, 1993, and the updeter all ows a substructure (sub-tree
to be removed from the database and modified o replacel. While this substructure is being
changed, the rrespondng sedion d the database can be locked in order to maintain
database integrity. Since we use SQL database techndogy, the database can be aeaed,
upckted, and lrowsed using SQL statements. However, the LivePAGE todls provide an
interfacethat makes the gplication d the SQL statements transparent.

The aministrator and updater are primarily tods for the database aministrator, while the
browser is a tod for the general user to examine the database. The browser suppats linea
browsing, following hyperlinks forward and backward, and adivating objeds sich as audio
and video clips, or links to external programs. The browser also suppats queries. The queries
can be Bodean o free form where the results of the freeform query are presented in
relevance order with the most relevant result presented first.

Text stored in the database can be extraded and modified using a structured text editor.
Similarly objeds dored in the database can be extraded using the updater and can be aeaed
or modified using appropriate aithoring todls.

4.1.3 Presentation styles

Tods such as the browser and updater allow the dient to view the document stored in the
database. However, the document contains only structural information. Presentation a style
information is contained in a separate style database and is loaded into the browser or updater
when it isinvoked. The style database isindicaed in Figure 10.



4.1.4 Connedingtothe WWW

The base implementation described in Sedion 4.1.1alowslocd accessto dacuments but does
not suppat accessthrough the WWW. The LivePAGE todlkit contains two ather medhanisms
for this purpose.

4.1.5 dbConned - producing adynamic WWW site

Figure 11 illustrates the achitedure of a dynamic distributed document database system
accessble over the WWW. Users accessng a WWW browser such as Netscgpe or Microsoft
Explorer can request a WWW page from a WWW server. Using the CGI, NSAPI or MSAPI
protocol, the WWW server passes the request to the LivePAGE dbConred modue that then
accesss a database of WWW pages. The spedfic WWW page that was requested is retrieved
from the database ad returned through the WWW server to the WWW browser for
presentation. The style or appeaance of eath WWW page is governed by a Web Style File
that is aso an inpu to the dbConned modue. This file mntains commands that govern hav
the content of the database is delivered to the browser. For example, a Table of Contents and
navigation butons can be generated automaticadly, thus relieving the author of the WWW site
of creaing navigational aids, and all owing usersto orient themselves by returning to the TOC
whenever they fed “lost in hyperspace” The LivePAGE dbConred modue is not restricted
to asingle database, bu can retrieve WWW pages from multi ple document databases.

4.2 OwlINet Implementation Approach

The OwiNet environment will be implemented using the LivePAGE system to store its
contents and control the navigational aspeds. The objed-model presented here, howvever, will

be implemented in an additional database. The acceasto this database will aso be handled by
LivePAGE.

The use of the dbConred interfacewill allows us to configure the environment’s interface
through the use of the styles database (Figure 10). Figure 12 ill ustrates this implementation
architedure.

Figure 12. OwliNet Implementation Architedure

5. RELATED WORK

All the environments for Web-based educaion and training are very recent (they were
developed at the end d 1996 o during 1997). We have examined in gred detail the foll owing
five environments in order to cary out a detailled comparison and cerive the a ©nceptual
model for WBE [Alencar ett alli, 1999:

*  Web-Course-in-a-Box, developed at the Virginia Commonwedth University;



e Virtual-U, produced by Simon Fraser University;

*  WebCT, developed at the University of British Columbig;

* Leaning Space(commercial — IBM);

From the point of view of fedures, the five systems compared with OwiNet are more
concerned with assessng the students than creaing resources for authorship and interadivity.
Broadly spe&king, OwlINet uses more todls and resources on the Web than the other systems.

6. CONCLUSION

Based on our experiencein developing WBE environments [Cowan, 1998, [Lucena ett ali
1998 and on domain elicitation analysis [Alencar ett ali, 199§ we ocould define avery
generic achitedure for this applicaion damain. Based onthis architedure we propcse here
the design and implementation approach of a new environment: OwlNet.
The complete achitedure for OwiNet has been described and the implementation approach
based onthe LivePAGE software was proposed. The next step of our reseach is the acdud
implementation d this environment, foll owed by an evaluation period.
The ALADIN architedure [Crespo ett alli, 1998 implements a conceptua model for Web-
based educaional enviroments that was derived [Alenca ett ali, 1999 by the analysis of
various WBE environments. It is based in the use of a objed-oriented framework and danain-
spedfic languages (DSLs) to generate new WBE environments. All the generated
environments are compatible with the EDUCOM/IMS platform [EDUCON, 199§. A new
version d AulaNet™ is now being developed by the use of ALADIN. This experiment has
two main pupaoses. the development of a more flexible verson o AulaNet™ and the
validation d the ALADIN architedure.
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