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Development of Distance Learning Tools Based on
Object-Oriented Programming Technigue

Hyo Jong Lee'’

ABSTRACT

The rapidly developing World Waide Web technology provides new opportuatines for disiance education over the mtemet
Several succeselul experments shout cyber educabion or distance leatming have been reported The Web. when cambined with
other nelwork tools. can be used to create a virtnal classroom o bing together o communty of leamers lor mleractive
education. Requirements tor standard tools for distance learmng, such as an elechome mail, a multiparncipant board,
newsgroup service and video confersnee tocls have been mvestigated and implemented Dased on the obecl modelling
techinque using Java programiming langoage. The object ouenied propramming helps the developed codes mantam
robustness. extenstbility, and reusability  Implemented svstems usmg these tools have proved o be practical for distance
learning with allowed mteractions ather bebween mstmctors and sindents or belween students

1. Introduction of the development ¢! internet technology.

Tradirional

Changes towards a glohalized. fast nelworking and
miormation-crienied society have been acceleranng irs
rale ol development everyday The education fHield is

ulso an area that experiences rapid changes with aid
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distance teaching or computer aided educanon (CAE)
was merely cmilting simple course materials using the
electrotue meanl service. It is still used with peopte who
do not know how to use new technologies such as inter-
net. Recently, with the srowth of the internet ap-
plication, much miormralion is now available on the web,

unfortunately, considerng distant leachmg point of



view. it is most of the time only on-line courses using
himl-based internct browsers[2-4]. In some cases,
nlrastrmerures for distance teaching system have been
also developed! 1],

Several research results have heen reported about the
virtual university (VU), also called virtual compus As
technologies have been developed, leaching melhads
also are heing changed. The World Wide Web (WWW)H
and other internet-hased collaborative tools have
significanlly cnhanced the ability to tram and educale
clectronically. Recently Mioduser of. allG] constructed
web—-based learning environments and evaluated on
practical implicalions of the learning system. A neurn-
fuzzy approach is also introduced (o implement lesson
adaptation in a web-based course. The Web provides
sigruficant new Rinchionality 1 transmitting informa-
bion to the student and providing lorums for exchange.

Some virtual umversities arg already implemented
using the most recent and powerful technologies, When
integraied with Lools such as listserves, usenet news—
groups, muliiparticipant Board VP board) and wideo
leleconferencimg, the wel can greally increase students’
level of involvemenl i Llhe lraimng expenence Il 1s
clear that the internet, with its ability to connect people
and informaton around the waorld, 15 already laving a
significant impact on education at all levels. The lofly
goal of an inlerconnected global school acrass remote
carners of the world 15 Lo adequately educale peaple
based on thetr needs and qualifications, The power of
virlual classronms can be exploiled to teach varnous
subjects classified as lechmcal science or social science.
such as natural science, engineering. malhematics, psv-
chiology, linguistics, and much more,

A wide range of technological options are avalable
to distance cducation. They [all inlo major categories,
such as prnbmg of 1exts or meooes, audic, and video.
Although rechnology plays a ley role in the delivery
of distance education, educators must remain focuscd
on mstructional outcomes, not the technology of
delivery. The key 1o eflective distance education system
15 locusimg on the needs of the learners. the re-

quirements of the content, and the constraints [aced by
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the leacher, belore selecting a delivery syslem Typ-
ically, this systematic approach will result 11 a mux of
media, each serving a specific purpose, such as m-
leraclive zudio or video or textual inlormalion ar pre-
recorded video, Using this integrated approach, one ol
the educator's tasks 18 to carelully select the best media
among Lhe various technological options.

The term object oriented (GO} programmung means
a software development approach which used one of OO
programming language. such as C--+, Smallialk, or Java
As Berard pointad outberard. merely employing OO
programming does nol guarantee the hesl resulis. In
order to acheve Lhe wdeal resulls, OO requirement
analysis and OO0 design musk be considered with an
appropriate QO programming language. Java language
is a frue object-onented language in scnse that ev-
erything In Java is an object and a descendant {rom a
parental olyect. Java is a whole environment complete
with class herarchies for networking, GUI design, mpul/
oubpul, and various ubililies.

In this paper, requirements for the distance learmng
Lools have heen studied, then a system has been
mplemented using Java language based on the critena
of efficient learmung tools The system has been built
as a mix of varous mstructional media, which meels
the needs of the learner in a manncy thal is in-
structionally elfective and cconomically prudent. De—
scriplion 18 focused only to a mailer and nudluparacipant
board due to lenglh constramis.

The remainder of this papcr 15 orgamzed as lollows
In Scction 2, au overall system has heen described In
detail focusmg the maller and Lhe mulliparticipant
hoard. Section 3 presents the implemented svstem.
TFinally, Section 4 concludes the distance learning wools

with system evaluation

2. System Architecture

The tools consist of a mail handler, multiparoeipant
board(M? board). conlerence handler, news service
handler, and a data manager. Each tool can be executed

either as stand-alone or as an integrated distance
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learning system The (unclioons of the mal handler are
gencralized as a comimon mail system, and can be used
[or mformal one to-one correspondence  Inslructors
and students can read messages ai ther convenience
and easily store them for later relerence The mulh-
participant hoard is similar Lo chathing programs, which
allow a group of people commumeale each other
simultaneously. However, MP boards permi instractors
and students ro communicale mulomedia data. A group
of people share a board Lhal displays text and graphic
images in Teal tme. Video conferencing servers handle
motion pretures for instruclors and students who are
located at different places. (Figure. 1) shows a sunplified

struclure of the distance lcaming systom.
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{Flgure. 1) Overall system struciure

2.1 Maller

The ohjecl classes of maler are mailbox and mail.
The malbox manages mal wilh d communication pra
cess. a main process and @ graphical user mterface, Tt
displavs only headers for users to check overall mail.
The mail consists of mail conlenls, source addresses
and destinalion addresses.

In order to represent objecl model clearly, hasic
concepls ol ohject modelling are graphically defined as

depicted in (Figure, 2). The gencralization of classes.

agpregation and associations are assumed throughoul
olyect modehngs
(Figure, 3] demonsirates the mail diagram with ai—

tributes and [unclions

Genzralization
{Innentance)

Mullpheily of
assoclalions

Glass Exaclly ana

W

'Subcla55 1 Subclass-2. o]

ptional
— =-— —< Class 10/1)
Agaregahion
Assembly c\ass 4* Class

1-2,4 | Numaneally

5
i Part clzss 1 l Parl class 2 ‘

Superclass

L

ﬁ

{Figure 2) Craphical notation of object modelling
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(Figure 3) Mail diagram with attributes and functions

The matl amd mailbox are connecled wilh graphicat
interface so that users can recall thom with casc. The
actutled obicet model [or the user inlerface 15 shown
in (Figure /),

[t the mail protocol 1= not slandardized, the tool can
rransfer mail only mside the system In order 1o handle
the lirmuited delivery, the IMAP/SMTEY specification
(RIMCH22, RITC20D) are adapted

Sent messages are stored in eleclronic meaiboxes
until the recipent retrneves them To see whether uny

mall has been armved, a user mav need to check his/her
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(Figure, 4) Chject model of user Interface

header panal

elecironic mailbox periodically. After readimg mail,
user can store it a lexl file, forward it 1o other users,
ar delete it Coples of memos can be printed oul on a
prnter il a user wants a paper copy. The mail message

handling process is depicted m (Thgure. 5),

n message t
Transport Submita Conltamns Faldar H
,

message Messages

Hecelva a ﬁ

/m\\ looves
|nirastrucilre |:>

e
—_—

(Figure 5) Message handling process in mall

DBasically mail appheation 12 divided into four major
mrocesses . graphical user imterface (GUID process, main
process, listener processor and momtor process. GUI
process 1s conunonly found in most chject-oriented
programs It is an interface object between the user and
the main program Ii sends evenls to the mai process
when a user interacts with it, Mam process receives
ovenls from both the inlerface process and the listener
process It has main algorithm and calls the suitable

[unchion depending on arrived events. Listener process
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has a commumication olject, 1c, mal paclkage. [t docs
interfacing tasks between the mail server and the mail
client application, Monitor process provides the role of
a watch-dog, and calls a function [rom the iistener

ohject cach time.

22 Mulliparticipant board

Talking and showmng are commeon activibes in the
class room. An MP board is a ool providing multiple
users, who are separaied by ciffercnt physical locations,
live class actvities Fach user sends and roceves
inlarmation through a channel. Several chamiels can be
created and users can create, or jow to the already-
creajed channels. The list of active members and
channels are cisplayed so that a new user may sec whoe
is communicaling on the MP board. Uscars can Lalk with
ather members or send graphic 1mages 1o a specified
channcl. Al members who jomn the chanmel can see the
updated hoard simultanecusly.

{Figure 8) shows the MP hoard application wilk
[uncuons and altributes. Clieni, server channel, shapes,
graphical area, 1¢XT area, and sl drawings are defined
as ohicets. The server must save all drawings sont to
the other members. If this 15 done, when a new chent
comes, the server 15 able to send all drawings Lo m.

MP board applications have an interactive mteiface,
which is dominaled by the dvname model, The user
mterface {GUT or ot interface} or applicalion interface
15 a part of the system that should be represented as
a subsystom. Text inmerface or communication process
are 1ypical subsystems of MP hoards.

A server M board launches cither a single MP hoard
list and multiple MP hoard services or a single channels’
list and multple channel services. The client launches
a smgle communicaiion process. one graphical area and
one lext area so thal multiple participant can share Lext
ane graphical mformation. Text areas display fext-
based messages [rom the server, while the graplucal

areas display vector-graphic drawmgs from the scrver.
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{Figure. 6) Objecl model of a server and a clhienl In
M hoard

221 Design of server

Servers of MP hoards are a collection of channcls
working together MP hoards are (he place where the
client can deliver messages The message 15 auto-
mabically broadeasted to other chients. Message Fow 1s
drawn in {(Figure 7)

(Figure 7) shows the two mam processes m tlus part
¢ the channel process and Lhe service process Both
should be able to run in the same Ume. The chamnel
process ensures that chent 1s stll connected o Ins
channel by checlang il connection is still alive and

broadcasting messages to other chents who have joincd

to the same channel. Channel ohject also works as
walchdog process ensuring thut all conneclions are
alive Service process malkes link bebween chents and
channel objeets It has communication ohjects and offers
functions to communicate with client ohjecrs. All clients
musl previously request a cornection Lo the server, A
masunim number should be set not to overload the

server computer.
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(Figare 7) Message broadcast
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(Figure. 8) Connection process

tFigure. 8) shows cormechion process between a sorv—
er and clents. Server forum accepts conneclion
and launches a service process for that client Alter
lammcting service process it can go on hstenmg Tor
other meoming conmections. Stand by chamnel slays

alive as long as the server ts runmng. Channel



process 1s created each time a new channel i cro—
ated When the last clienl has lell lhe channel, the
channel process has heen romoved

After the connection has been accepted, a service
[ ocess 1s allached o this chient and using this process.
Then the client s redirected (o & standby chammel At
this point the chent could see available channels. It can
decide to join an available channel or do create its own
channel. Communicaltion interface 15 between the ciieni
and service process, This interface implements how we
will physically send or receive messages. Considering
channel and seruice process, the ServerForum process
should be able Lo run with the olher processes simul-

taneously,

2 2.2 Design ol client

A uger interface is designed as event-driven svslem
ke most of the graphical inlerlaces. Event- ddven
svslems have betler modular charactensiics than
procedure—driven systems and are also well suited Lo
graphical user wnterface A graphical snd text user
interface [or MP board is doveloped using the AWT
library. The design of of the user mierface is heavily
dependent upon the user inlerface olyects of the JDK
Dialog hoxes are useful means Lo nteracl with a system
for users. Thus, diafog boxes are delined as objocts
mleracting with client ohjects. (Figure. 9} shows dialog
box objects and chent objecl relalionships

(Figurc. 10) displays funclions of a client process.
Both frstener and process cifent communicate with a
server process Lhrough a socket Server process accepts
the incoming connection and launch a new service
process to provide a service lo the client which trics
lo connect w a server. Server can go on hstening to
the meraming connections When a clienl wants to create
a new channel, the serviceChatRooms process launch
a new process to manage the new channel The socket
number of (he new channel is sent back to the client

A user interface process sends evenls ko the man
process accorcing to a user’s input data. Listoner
process is called by main process it it wunls Lo send

a message Lo a scrver Main process analvzes events

Harg 22309 710 AT SFHESEE T

from & user mterface objoct and a listener ohjecl.
Depending on the event, it calls Lhe appropriate [unc-—

lions,

Client

username

Do connect server chat raoms
Do connect server channel
Da disconnect server chat rooms
Do disconnect server channel
Do save
De inad
O >

i g
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fext area
| location

current shape
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Display drawing

MyDialog

openDialog

closeDialog

—

!
1 InputDialog WarningDialog

getMsg

{Figure. 9) Oblect modst of clienl orocess

sendMsg

" CLIENT

Graphleal inlerface
& Text inlerface

Graphical
Event
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‘Ii:ifp Listener
. man

procass )/

(Figure. 10} Functions of client process

When a message from the server arrives, the fistener

object rcads it [rom the communication interface.



Dependimg on its message type, Lhe main process updale
the user mterface When the clieni enters lexts or
drawmgs, an event is thrown [rom the user interface
process and 15 caught by the main process, Main
process uses listener [unctons to send messages o
server, When cormection 1. lost, an ervor message will
be displaved on the lext mierface or v a dialog-hox.
Similarly appropriate error messages are printed, 1f

there 1s trauble in commecting 1o the server.

2.3 Other tocdls

It is not possihble Lo describe all tools in delal because
of length constraints, In s scction a few mmpertant
tools are described to help readers get 1dea about object
modelng (or the dislance leaming svsten.

Video conlerencing lools are useful o hoth teachimg
and learmng because ol Lve motion piclures, It can
enhance electronic cowrses nol only by wansferring the
more subtle lforms of communicalion, but also by
providing additional visual and audio clues, winch help
to build psendo-classroom environmesil (o cstablish an
informal rapport. Desktop viden conferencing (ools are
designed bhased on pont-to-point protocol. It allows
two—way motion video and audio signals. A spotlight
is also provided so that an istructor can ansiver to a
student who requests the spoihght

The newsgroup ool is also mplemenled hased on
RECY77 NNTP pratocol It works as an adverusement
site grouped by theme and subtheme Anyone can send
4 message to an USENF’I‘ newsgroup and anvbody 1s
able to read it. Becausc news chents are similar Lo a
mail tool client, mailbox model has been changed to

make only one model (or both news box and mail hox

24 Securty

Distemee learning svstom provides a mechanism (o
proteci illegal users [rom access Lo the svstem by
dynamic wch programmung. The svstem allows mulliple
user groups and delines rights tor all group users One
solulion to the secunty problem e to provide hoth
authentlication of the ugers and to restrict access hased

on where the uscr is localed, Thus, access to the svslem

is tesied using a classic dialog window where users will
criter & logm name and correct password. Access will
be granted only if the login name and its password are
correct A protection mechamsm against URL hacking

15 also implemented

The svstem provides four different levels of secunty.

No security . Access to trivial system funchions, such
as simple presentation, mailing list to gel news,
ote.

Low fevel Access Lo non-sensible data such as
BBES. Access will be denied Lo people who are
qust wvisttars to the system,

Afediuim level . Access to sensible data such as
on-line resource and IRC Lools.

High fevel  Acress to private documents or specific

tools such as video conferencing.

3. Implementation

A chstance learming svstem has been built based on
the object modelling deseribed previously, All com—
poncnts are developed in JAVA language using JDIX
1.0.2 relensed by the Sun Microsyslem. Sun Sparc 20
workslation 1s sclecled as a hardware platform. Any
prrsonal computer can be a client svslem, i it has a
networle Drowser nstalled properly.

The system analysts based on the chject modelling
has heen corresponding wilth JAVA because ol its object-
anented programming sivle. Implemented svstems mn
JAVA are compiled mto hvte codes that can be executed
in JAVA wirlual machine, However, the respond me
ol the distance lcaming system 1s fasl encugh to cover
all interaction hetween imstructors and students. The
developed svstem pravides many funetions that (ound
in other distance learmng system, yel it is powerful to
cooperate with mmiemet environment. Because it is
cooperant wilh inlernet, 1L 1s easy 1o add or modily extra
functions or recquired modules in advanced distance
learmmg system.

(Figure 110 shows screen caplure of mailbox

exccution The depicted mail svstem clisplays a list of



stored mail. Tt also shows how o allach mages.
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(Figure 11} Snapshot of malbox executing

(Iigure 12) shows screens from the multipartici-
pant hoard The behind screen displays text messages
while the [ront ecreen transfers graphics mlormation,
such as squares, circles, and [illings This mullparbeo—
pant board 1s updaled by any user connected to the same
channel. The screen is also updated sumultaneously

throughout all conneected computers
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(Figure. 12) Snapshat of MP board executing
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4, Conclusions

A distance leaming system has been mplemented
hased on the learning tools, such as usenet news-
groups, multiparticipant hoard, and video  lelecon—
ferencing. Each module has been developed com-—
pletely with objecl-onented programming, The char-
actertsiics of developed systemns are summarized as
[ellowing.

First, the integraled system provides efficient
leaming tools compared {o others. although the [une-
neonalilies are stmolar, The integrated cnviranment
makes instruclors and slodents feel comforlable and
makes remote classrooms intcresting.

Second, a multipartopant board helps users mduce
creative ideas while they jom and work together
through a shared mullumedia board 1L works well
even Tor student groups whose levels of undersiand-
mg about class material dificr.

Thid, the abject-modeling helps the developed
codos mamtain robustness, exlensibility, and reus-
albnlity  The devcloping period was short because
JAVA class provides various well-proven libraries, 1t
is also easy to extend new functions from existing
capahlilies.

The systern exploits the power of nherited char-
acterisncs m the case of the merarchical structure of
classes. The quality of currenl video lransmission 1s
not fast enough to assuage jittering. In the Tulwre it
is meressary to nmprove system performance for the

video conference
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