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Abstract

As yet there ae no spedalists in the gplicaion d information techndogy to
educaion and training. However, this is one of the fastest growing areas on the
Internet, due to the recent perception o the enormous patential for the use of Web
resources for this purpaose. This potentiaity has attraded the dtention d reseachers
in industry and the acaemic world, who are aurrently developing various models and
products for Web-based education and training. In this paper we present AulaNet™,
an environment for the aeaion and maintenance of Web-based courses designed for
the layman. We dso compare AulaNet™ to ather similar Web-based environments.
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1. Motivation

From the techndogicd poaint of view, the first motivating fador that led the LES
to teading/leaning based onthe Web (Web-based Education [1]) is linked to the
gred transformations that Web tecdhndogy has brought to the process of software
development and to the adual concept of software. More and more often developing
software means developing a Web-based solution. Therefore, it is becoming esentia
that research into Software Engineeing investigates models, languages and toadls for
the spedficaion and development of Web-based software.

Studying software techndogy independently of applicaion damains, for which
one ould, for example, develop red case studies, often leals to very general models,
languages and todls that are inappropriate for the maority of pradicd situations.
Whereas the study of techndogies in the anbit of a spedfic domain dces naot restrict
the discovery of methods and todls that could be used for general purpose. From the
methoddogicd point of view the LES chose to daminate Web-based solutions
focusing on the use of the Web in the aeaof educaion.

Another reason why the LES was motivated to reseach Web-based educdion
and training is that this area offers vast potential for universities to cooperate with
industry and society in general. Furthermore, the dea emergence of an Information



Society, with global charaderistics, has enormously stimulated industry’s interest in
educaion andtraining as away of ensuring competiti veness

International Data Corporation [1] believes that the adoption d educaion and
training based onthe Web, either through corporate Intranets or through the Internet,
barely started in the seaond semester of 1997 and will explode into a 2 hilli on ddlar
market in the yea 2000. The main diving fador for Web-based training is the
necesgty to find methods of bringing training diredly to the desktop in a @ntinuows
just-in-time way.

In the sedions that follow we present the dharaderistics of the teading/leaning
processbased onthe Web, an emerging model for environments for the development
of Web-based courses cdled AulaNet™. We dso give adescription o AulaNet™’s
environment, and its implementation, and we make a @mparison d it with aher
systems. Finally, we present our conclusions and the results we believe will be
achieved in the future.

2. Characteristics of the Teaching and L earning Process
Based on the Web

IDC [1] propases classfying the Web servers used for educaion and training.
On the one hand there ae the canpus dyle servers. that fadlitate Web-based
educaion and wse multiple techndogies (interadive multimedia content, interadion
with instructors and between students, chats and so on). On the Internet 2 projed this
techndogy is being cdled “leaningware” [2].

On the other hand, there ae servers that off er multimedia curses projeded and
developed through a unique techndogy (a title based on a spedfic techndogy, for
example: authorware, that uses the technique of Instructional Design). In this case the
Web site substitutes the CD as amedium to offer courseware.

The onstructivist movement (eg: Papert [3, 4) and rew communicaion
techndogies (Wilson [5]) challenged this concept suggesting that this is not the only
way to suppat apprenticeship. More and more often, people ae leaning withou the
help of Instructional Design. In various circumstances natural apprenticeship is more
efficient than apprenticeship based onlinstructional Design [6].

We nedal to understand haw establi shed instruction systems (eg: clasgooms) can
migrate to a more open organization, in which pert of the lecdure could perhaps be
given acording to the “dynamic community model for apprenticeship”.

A leaning process at any level of instruction and training, narmally
incorporates the foll owing adions [2]: (a) Establi shing the objedives of the leaning
process (b) Finding and revising (or creaing) instructional material; (c) Assessng
students’ level of knowledge; (d) Assgning appropriate material to students; ()
Defining the form of access sudents have to comporentymodues; (f) Revising and
following-up students' progressand intervening when necessary; (g) Providing and
managing communicaion between student and instructor and between students
themselves (synchronouws as well as asychronous); (h) Assesdang the leaning process
and (i) Preparing reports of the results of the leaning process

We began working on the AulaNet™ projed in the LES in June 1997.
Instructors from threedisciplines were invited to speafy the suppat tods they would
neel to develop the leaning processthey would use in their courses during the second
semester of 1997. The three ©urses were: Introduction to Science and Computer
Science[7]; Information Society [8] and Hea Transference[9].

Based onthe avall ability of todls tested by the LES the yea before the projed
was launched, the foll owing preliminary chedk-list was proposed. Below, we present



the seleded todl s that were integrated in an ad hac way to compose the Web server for
eat course: (a) Publication d the text book as hypertext; (b) Publicaion d texts
asciated to the ledures; (c) Rearding ledures with the instructor present; (d)
Online transmisson d ledures with the instructor present; (e) Publicaion d students
projeds,; (f) Forms of assessng students (exams, etc.); (g) Use of dlides + description
of dlides; (h) Interadivity on the Internet; (i) Use of News; (j) Form of online suppat
to the organization d the Course; (k) Students as information poviders; (I) Use of
animation, video etc; (m) Use of software by the students; (n) Ledures in the
laboratory and (0) Definition d Development of the Leaning Process

3. A Conceptual Framework for Applying Technology to
Education

The ewvironment provided by AulaNet™ ams to refled a @nceptual
framework for the implementation d techndogicd innowtions in educaion. Thisis
based onthree aguments:

» Adoption precales change. So that any intended change can take placethe
innovation must be adopted by the students and instructorsfirst;

* Credionisre-credion. The processof implementing a new innovationis,
esentialy, aprocessof re-creaionin which instructors and students
reinterpret the innovation in their own terms. In this way the production d a
new innovation frequently refleds a set of solutions of compromise between
the new and dd way of doing things.

» Apprenticeship isthe evolution d knowledge. Human beings are adive, but
falli ble, creaors of knowledge. The knowledge aeaed must be improved by
the aiticism of their peas.

Therefore, the objedives of AulaNet™ are: (@) to promote the adoption d the
Web as an educaiona environment; (b) to contribute to pedagogic changes,
giving suppat to re-creaion and (c) to encourage the esolution d knowledge (as
much for the students as well asfor the instructors).

To implement these objedives the foll owing resources were foreseen for the
AulaNet™ environment:

(i) Total integration: AulaNet™ will have aset of tods for students and
instructors designed for the various gages of the leaning process An integrated
environment allows gudents and instructors to interad in multi ple dimensions,
to analyze the same datawith dfferent tods and to achieve multi ple objedives
in the ambit of the same environment.

(i) Global collaboration: AulaNet™ was creaed in order to give adstance to
the learning process An integrated environment allows gudents and instructors
to interad in multiple dimensions, to analyze the same data with dfferent tods
and to attain multiple objedives in the moperative gprenticeship ambit of its
students.

(i) Transparent technology: In order to fadlitate its adoption, AulaNet™ is
being designed to function in the most transparent way possble for the users.
For this purpose it has aWeb browser as an interface Thus, technicdly, the only
software that a user needs is a browser. Seandy, the independent nature of the
Web patform means that it is not necessary for the user to change platform.
Thirdly, AulaNet™ will allow the user to re-use materia that he is aready
familiar with. For example, the user could make a ©urse description typing
diredly onto a form or uploading from an archive of a text editor. Finaly,
AulaNet™ has an internal structure and medanisms that allow students and



instructors to manage their data and to make it available on a Web server. The
users do nd neal to know anything abou programming or coding and
transferring Web dacuments (eg: HTML, CGI, FTP etc.)

(iv) Flexibility: In order to promote its adoption and re-creaion, AulaNet™ is
being designed to have maximum flexibility in terms of pedagogic beliefs.
AulaNet™ foresees resources that suppat both dd and rew forms of teading
and leaning. On the one hand it gives suppart to the use of slides and convential
printed material, and on the other hand it uses medanisms like News and
videoconferences.

(v) Construction facility and improving knowledge: To help students sethe
evolution d the growth of knowledge, AulaNet™ keeps a log of the various
posshbilities of interadion. AulaNet™ adso has the fadlity for students and
instructor to continue discussng the ledure through a News srver, after it has
been presented by the instructor.

(vi) Common technology: The use of available techndogies reduces costs and
encourages adoption reducing the task of training the users. AulaNet™ has a set
of existing tod s interfacel by the Web.

(vit) Evolution of knowledge and ability: Instead of offering a fixed set of
instructional material, AulaNet™ credes an environment in which courses can
be in a state of permanent evolution. For example, the students' work from one
course will be available & subsidies for students on the next course.

(viii) Access to course archives: The @ntent of the courses creaed with
AulaNet™ evolve with time and are achived in a database. All available
information can be eaily retrieved at any given moment.

4. Emerging Model for Servers of Web-based Courses.

Hundreds of examples of courses developed onthe Web can be foundin the
World Ledure Hall at Texas University [10] and in [11], including courses [7] and
[8], developed in the LES at PUC-RIio. The level of use of techndogicd resources
adopted by the different courses presented there varies considerably. Nevertheless
based onan analysis of the murses archived there, onthe grea amount of references
available in [12] and onthe book edited by Badrul H. Khan [13], it was possble to
identify the gopeaance of a general model for the development and maintenance of
Web-based courses. The emerging model is made up d seven stages: (1) Credion d
content; (2) Credion d a curse onthe server; (3) Uploading content to the server; (4)
Interadion between administrator and system; (5) Interadion ketween instructor and
system; (6) Interadion between students and course and (7) Interadion bketween
instructor and course.

5. Image and Audio Transmission

The Information Society course [8] was administered at PUC-Rio duing the
second semester of 1997.0n the murse two tedhndogies that allow image and audio
transmisson through the Internet were tested. This experiment was later used in the
design o the AulaNet™ environment. Rio Internet TV [14] suppated this course
through the transmisgon and recording of ledures.

Rio Internet TV is a nucleus of research at the LES whose objedive is to study
videoconference a a tod for cooperation in groupwork. The experiment was caried
out in stages to olserve the performance of various different techndogies and
configurations.



A student may attend a ledure synchronously or asynchronouwsly. A ledure may
be transmitted live or recorded and attended by the student at another time that is
convenient for him. Live ledures also dfer the option for interadion between
instructor and student.

The first techndogy used for transmisson d the ledures was CU-SeéVie,
initially developed by Cornell University in the United States. The CU-SeeMe
refledor is aserver that al ow various participants to conred to a videoconference By
conreding through a dient—which could be a ommercial version like White Pine
Software’s [15] or an acalemic version like Cornell University’s [16]—it is possble
to conred to a CU-SeeMe refledor and to take part in a multimedia conference—
video, audio and text. CU-SeeMe techndogy is suitable for transmissons that need
interadion, like for example, ledures with constant interadion between instructor and
students, study sessons between students, sessons for clarifying doulds and group
EXercises, etc.

The other techndogy tested duing the Information Society course was Red
techndogy, which allows audio and image to be broadcast. This techndogy also has a
client/server architedure. The Red server is resporsible for the supgy of audio and
video streams that are compressed by a proprietary algorithm. The dient side
consumes the streams through a spedfic software —Red Player—or a browser plug-
in, thus permitting the image and audio to be presented ona Web site.

Red techndogy does not yet offer the posgbility of interadion between
instructor and student. The alvantage of this tedindogy is that it uses the TCP/IP
protocol for audio transmisgon, which guarantees that audio will arrive withou any
errors. Inthisway it is possbleto ensure a ontinuity of the soundwhich is criticd for
the students to be ale to understand the information keing transmitted. Previously
recrded ledures can be transmitted on demand through the network as well as any
video that has been edited through some other tecdhindogy and conwverted to the Red
format.

Live ledures use a ombination d the two tecdndogies. Red tedhndogy is
more suitable for the transmisson d broadcast image axd audio, while CU-SeeMe is
suitable for interadion ketween instructor and student.

The aynchronows consumption d ledures that neals interadion is dore
through recording ledures live that are later put on the curse site, where one can
watch them and real the text of the dlides presented, as siown in the figure below.

During the first stage, the Rio Internet TV Refledor was used to transmit the
ledure. A speda room was creaed in the Refledor and orly the machine installed in
the dasgoom had permisgon to send audio and video. The other participants could
only communicae via dhat. This gage was divided into threephases. In the first phase
the other rooms in the Refledor remained open to the puldic and the transmisgon rate
of the ledure was 80kbgs. In the second plase the other rooms in the Refledor were
closed for sending audio and video, which improved the transmisson performance In
the third phese the transmisgon rate was raised to 300kbgs. Within the university’s
internal network, reception d the ledure was very good, with continuows audio and
guite well defined images. Outside the university environment the reception varied a
lot depending on the participants conredion. The main problem was discontinuity in
the audio as CU-SeeVie does nat buffer information.
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During the second stage, as well as transmisson through the Refledor the audio
of the ledure dso began to be transmitted and recorded via Red techndogy at arate
of 6.5kbs. It was verified that the audio transmitted by Red arrived with greaer
continuity despite suffering alonger delay than through CU-SeeMe. Red also bufers
transmisson, resulting in lessinformation loss which is criticd in the cae of audio.

In the third stage, we began to transmit and record audio as well as video. In
order to dothis we used a madine with greaer processng cgoadty. The transmisson
rate of the audio and video set through Red was 20kbps. People who participated
from along distance reported good audio and video receotion with some interruptions
in the audio, neverthelessthe information was receved.

A

6. Description of AulaNet™

AulaNet™ is a software eavironment based on the Web developed at the
Software Engineaing Laboratory—LES—of the Department of Computer Science &
PUC-RIo, for creaing and attendii ng distance ourses.

AulaNet™ was concaved from the experience gained in three ourses during
the second semester of 1997(7, 8, 9, andis based onthe foll owing basic premises:

1. The murses creaed must posss gred cagpadty of interadiveness in arder to
encourage intense participation by the student in the leaning process

2. The author of the course does not need to be aspedadli st onthe Internet.

3. The resources offered by the aedion d the murses must correspondto those
available in a @nventional classoom, plus others normally available in a Web
environment.

4. It must be possble to re-use the mntents arealy existing in digital media,
through importing archives, for example.

Attending to the @owe premises led to the formulation d the mncept of an
Apprenticeship Development Process—ADP—discusd abowve, which demands
that the author previously spedfies the didadic resources he will use while developing
the course, as can be seen in the figure below.



With AulaNet™ it will be quite eay to crede distance ®urses through the
Internet, that have ahigh level of interadiveness and intense student participation,
withou the author needing to be a expert in Web environments. Furthermore, the
course aeded will use mntents that already exist that have been recorded onadigita
medium.
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6.1 Actors

AulaNet™ considers that the following adors are invdved in the
authorship/apprenticeship process

1. The Author: is the aedor of the murse, who participates from the initial
description unil the cntent is entered. He may or may not be the person
resporsible for applying the course. If he is, then he dso performs the function
of the instructor, who may or may not have the help o a monitor, who ceds
with the pradicd aspeds of the course and helpsin asesdng students.

2. The Student: is the fina user of the @urse, representing the target-pubic, for
whom the final product obtained by the use of AulaNet™ isintended.

3. The Administrator: fadlit ates integration ketween instructor/course/student, and
deds with matters of a predominantly operational nature, like erolli ng students
and making the murse ggenda and course news avail able dc.

6.2 Resources

With reference to the aedion d the murse, AulaNet™ offers the author the
posshility of seleding various resources that will be used by him or by the other
adors in the final assembly of the murse and that will be mnverted into services,
afterwards. The resourcesin AulaNet™ come under four group readings:

1. Teading Resources: correspondto the pedagogic todls that will be used duing
the goplicaion d the murse and must be previously seleded by the author.

2. Asesanent Resources: correspond to the formats that will be used by the
instructor to make an assesanent of how well the students benefitted from the
course.



3. Administrative Resources. are necessary for establishing operational
communicaion between students and the institute resporsible for the murse.
4. Fixed Resources: are resources used in any type of course, that suppat the basic
operation d AulaNet™.,
The resources sleded by the aithor are onwerted into services suppated by
AulaNet™,

In order to provide dl the necessary services, AulaNet™ has a set of software
toods some of which, like freevare, are available on the Internet, others have been
developed by the team at the LES.

7. Architecture of the Environment

The achitedure of AulaNet™ is based on the Web, where the environment
interface is being developed, and CGI (Common Gateway Interface [17], that
implements all the feaures of the server. The figure below is a view of this
architedure. All the software @ntained in the dotted areawere ather developed at
LES or are software (Netscagpe Navigator [18], Internet Explorer and PowerPoint
plug-in [19], RTFtoHTML [20], CGIMail [21], EMWAC listserver [22] and Red
plug-in [23]) available on the Internet. The Red Server [22] and the Webchat
Corrference Room [24] are ommercia software.
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All the obeds manlpulated by the eavironment, like for example urses,
students, institutes and departments, are stored in a relational database, that is
resporsible for the persistence of these objeds. The CGI interface between the
database and the gplicaion is dore by a layer of Lua objeds. This layer is
resporsible for the manipulation d all i nformation abou the eavironment and for the
integration d AulaNet™ with external helpers, used to perform some of its srvices
like discusson groups (listserv) and transference of archives via the Web (file
upload).

AulaNet™ authorship and apprenticeship modues were implemented in
CGlLua[25 and are dients of the Lua objeds srver. Their respedive interfaces are
resporsible for validating data on the dient's sde using JavaScript code [26]. With
the achitedure proposed for the AulaNet™ environment we managed to adhieve a
high rate of reuse through use of comporents. The Lua objeds srver layer is aso
resporsible for the definition d the interfaceof the obeds of AulaNet™ servers. It
works like afacale, as defined in the design pattern Facale [27].



8. Preliminary Comparison with other Systems

All the environments for Web-based educdion and training, that follow the
emerging model described in sedion 3are very recent (they were developed at the end
of 1996 ¢ during 1997). We have examined in grea detail the following seven
environmentsin order to carry out a prelimi nary comparison:

Classnet, developed by lowa State University Computation Center [28]

Web-Course-in-a-Box, developed at the Virginia Commonwedth University
[29]

Virtual-U, produced by Simon Fraser University [30]

WebCT, developed at the University of British Columbia[31]

Webstudy, a aommercia environment for the university market [32]

Serf, developed at the University of Delaware [33]

Leaning Space(commercial — IBM)

The cmmparison with these systems must be preliminary because dl systems are
still at avery ealy stage of their life g/cle. Up till now, the system that has been most
widely tested isthe WebCT environment from the University of Briti sh Columbia that
has the moperation d various other universities for testing the system.

From the point of view of feaures, the seven systems compared with AulaNet™
are more oncerned with assesdng the students than creding resources for authorship
and interadivity. Broadly spe&king, AulaNet™ uses more tools and resources on the
Web than the other systems.

There ae two reasons justifying why the arrent version o AulaNet™ does not
put so much emphasis on assesament: the first main concern with AulaNet™ was to
make it acceptable for instructors and students, later ona complete asesgnent system,
arealy in development in the LES, will be integrated into the environment.

Creding and attending courses through AulaNet™ seans more simple than
through the other systems, bu this is a very preliminary comparison that must be
confirmed as the communiti es of users of the various environments grow.

9. Conclusion and Future Results

The future of the AulaNet™ environment, as well as the other systems
mentioned in the previous sdion will depend mainly on their accetance by a wide
community of users. It is very probable that interadion between the developing team
and wsers will | ead to sensitive modifications, for example, in the system interface

Judging from experiments condwcted at the same time & AulaNet™ was being
developed, the aithors believe that, the use of the Web as a wmplementary or
exclusive form (eg. “just-in-time” training) of offering courses substantialy enriches
the aurrent methods of applying techndogy to education.

Spider, avisual language and environment [34], was aso developed in the LES,
the laboratory where AulaNet™ was developed. In Spider, the logic as well as the
interfaceof a system can be expressed graphicdly as long as an architedure of classes
is developed for a spedfic goplicaion area There is arealy an architedure for Web-
based applications avail able that will be cmplemented by an architedure based on
the AulaNet™ applicaion classes. We anticipate that in the nea future the esolution
of AulaNet™ will take placethrough this drategy.
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