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Abstract

In the face of the coming of new information technology era of 21* century, web-based
learning has become the major trend of future teaching and learning model. The web-
based learning systems are created to simulate the real teaching-learning environment in
the classroom using computer software and web-based tools. Learner can study web-
based teaching materials according to their individual needs and instructional schedule.
Although web-based learning has a lot of advantages over traditional face-to-face
learning, the lack of the explanations and interpretation of teaching materials from human
teacher in most existing web-based learning system is critical. This project proposed an
innovative solution to the problem by combining the benefits of classroom learning in the

web-based education.

In this project, a prototype Web-based Asynchronous Synchronous Environment
(WASE) is developed that not only combines the benefits of tools such as WebCT and
AudioGraph, but also integrates lectures given by the human teacher within the system.
WASE provides simultaneous low-bandwidth streaming of lecture video and
presentation, while facilitating students with presentation annotation facilities, and peer

discussion on particular issues related to the topic.

The prototype system is built using a three-tier, client-server architecture. The client tier
is a set of HTML frames embedded with RealPlayer running in the students’ web
browsers to provide course contents and navigation guide. The middle tier is an
application server which consists of Java Sevlet, JSP engine, and application programs to
receive the students’ requests and send the corresponding course contents and navigation
guide information to the client side. The third tier is the relational database for storing the
course structure and contents, and for recording the interaction between students and

teachers.

This project provides a solution where the off-campus students are able to enjoy the

explanations and interpretation of course materials from human teacher just as normal on-



campus students do in the traditional face-to-face learning environment, while still

reaping the benefits of web-based learning.



Acknowledgements

Sincere thanks are given to my supervisor, Dr. Kinshuk, Associate Professor for his

guidance, advice and inspiring wisdom throughout this project.

Thanks are also given to my wife, Mrs Xuemei Sun, for her support and encouragement,

without which this project would not have been completed.



TABLE OF CONTENTS

Chapter 1 Introduction

1.1
1.2
1.3
1.4
I
1.6
L
1.8

INEOdUEHION coicinsisiinsmiemiisis s s e e T PR e e e 1
Types of learning enVITONMENT. .. ... uureireetinieaneee it ennraeeeeenneeennseann 2
TR EIONIAY MBSO . viaiowrms s msoR s s s s 5 4 6 R RN SR iy 3
DRSTHNCE BAOCHION. . o visimiiss i s e s e e P S R R S S R 5
Problems of current web-based educational systems............c.covvieeiiiiiiiiinnnen. 7
Objectives 0f the PIOJEC ....ouivuiniuitiiiiiiiiiiie e 8
Methodologyr Of S PHOTEEE «vesswnmmunvamnssiesnssiwsms s aosss e mums s sxms 8
Otithize SPHe theSld. o cmmvianisiim s s s e e i R R s 9

Chapter 2 Literature Review

2.1
2.2
23
24
2
2.6

IOHUBHON. i s T R S S S R 11
Why to use web-based learning system?.........c.oueiniiiiiiiiiiiiiiieieiaainn 12
Technologies used in existing web-based learning system................coevenne 18
Synchronous learning vs. asynchronous learning...............ccoiiiiiiiiin 22
SHCENGNE SV vaoebna Gl s TR aee s e s e s R E RS LB oSS e 28
T R SR FEEES R S 38

Chapter 3 System Analysis and Technology

3.1
32
35
34
3.5

FORRREBCHRECHIEON 0000005550903 8B X XK AN 50 S 5 S 9016030 40
SYEHERT PORDEIARIER . oo vsinncummnnsmgng i ais s & POy A S SRR A S 41
T T o 42
Three-tier system architeCtUre. . ... ..ouvuuinueeninie e ereiiteiene e rieneanseneranaes 46

Technologies used in the Project.........o.vueiuiiieriniieaiiiecieaeereeieanneaaanns 49



S I IR Y st snca K 9 WS 0 B AR G BB AR BRSO SRR PR 55

Chapter 4 System Design and Implementation

T3 BN 1 Vo e L1 Toa s (o) 4 DU PRI 56
4 DY BEREIN L .cvons s s s e S e s S A S R R AR AR A SR 56
4.3 Database designand itplemettilion. ... emiarviis srasses 62
4.4 Paper management subsystem design and implementation.......................... 69
4.5 Lecture management subsystem design and implementation........................ 75
4.6 Learning subsystem design and implementation...............ccooivveiieiiiininnnn 82
4.7 Contextual discussion subsystem design and implementation....................... 86
4.8 SUMMATY. ...uiittiiniie ittt ettt ettt e et s aae st areeeateeranesaenes 89

Chapter 5 Prototype System

N L T T 91
5.2 System structure and reqUIreMENtS. .........oovuiuiiiiiiiiiuieiiiiiireiiianiienans 91
N LB RO O .o oottt s A W8 0537 B A A3 94
5.4 Course MANRPEINEH s uwivsiaim v s Eavises s ae sy i s s dvai 96
38  SIdent TERMING MOAe: s ia3iiem e ora st sihesnsrim s iisbessossnainvasssessimm 106
D0 SIIINAIY, . o e B A M8 SN Y S B8 AR YR SR BB AR R RO PR BB AR 111

Chapter 6 Evaluation and Lessons Learnt

Bl IO O crninismwwmancin momimi oot s Ash SR A A AR 4 S AR RSN 113
G2 DIsOUSEIN .ooconumms i i Ve s S A T R R 113
6.3 Advantages over fact-to-face education.......ccssvimmimiisiiinisinsisusiasassss 115
6.4 Difficulties and SOIULIONS. ......uuiuiuirieieiiiriiie e 116
6.5 BVAIEBERON . v cummanmmonmiamanssnmnemion s s s s by s s shen s s aas e s e S es s oiems 117

6.6 Bt Work: . cosvmmsscmmmeiimmmns sy v e s e e s e S AR S B 120



6.7 Conclusion

Reference

..................................................................................

.......................................................................................



LIST OF FIGURES

Figure 1-1: Outline of the thesis .......ccccciiiiiiiiiiiiiiiiiirie i 2
Figure 2-1: Components of streaming SyStem..........cccoeiiiiiiiiuiiniiiiinnniiiieiann. 29
Figure 2-2: RealSystem architecture. .......ccoiuiuiiiiviiiinsneeeniirssesnnensassaseceasiin 36
Figure 3-1: Use case diagram......cocieercssmrvsensnsssavensrosarssssnanssossosnsrssnsssunanss 43
Figure 3-2: Three-tire architecture of the system.............coooeiiiiiiiin 48
Figure 4-1: First level package diagram............cciimmrinsiiiiniinnesinssissssii 57
Figure 4-2: Second level Ul package diagram.............coovvevieiniiiiieiiiniiiininne, 58
Figure 4-3: Second level control/process package diagram............ocovvviiiiiinninnnnn. 58
Figure 4-4: Second level business domain package diagram..............ccocvvvivniinnnnn 58
Figure 4-5: System component diagram.......cccciveiiasiveasinissaassasessrssosssionissssisce 59
Figure 4-6: System deployment diagram............cooeiiiiiiiiiiiiniiieneiiiineiiessenieene 60
Figure 4-7: Interface for login and logout........cccovereieiiniinerorsnsnnsiresnsananncsessess 62
Figure 4-8: ER diagram for knowledge domain & learning database...................... 67
Figure 4-9: ER diagram for peer communication database...............coovviiiiiiiiin 69
Figure 4-10: Interface for paper management subsystem............ooevvvvvuiiiiiiiiiaen. 70
Figure 4-11: Classes diagram of paper management subsystem...........cc.oovviinnnn. 73
Figure 4-12: Interface for lecture management subsystem..............coevvieiiiiiniiiiin 76
Figure 4-13: Class diagram of lecture management subsystem................coeviininn 81
Figure 4-14: Interface for learning subsystem.............oocviiiiiiiiiiiiiiii.. 83
Figure 4-15: Class diagram for learning subsystem...........cccoooeiiiiniiiiiinn. 85
Figure 4-16: Interface for contextual discussion subsystem...............ccooiiiiiiinnn, 86
Figure 4-17: Class diagram for contextual discussion subsystem...................cooene 88
Figure 5-1: Hardware nodes of the prototype system..........ccooviiiiiiniiiiiniin 91
Figure 5-2: Interface for 10gin......cccoiiverimimmiunuintimnsessnicssssnssnosnonisessanesses 94
Figure 5-3: Login failed. .. cvisinusisisssisinissismmimissavismssixsimnissivrsaviass s 95
Figure 5-4: Paper list for student..........cccciiiiviiimeiiniiiiiiiisanisaiiien 95
Figtre 5-5: Paper list for teather. . cooveee snsuscnsomesnnsennnsmmnssnsssosmansnnsipsssioshssiies 96

Figure 5-6: New paper CTEatiON. ... .. ovutierminruseuniiiiriiriiins et snne 97



Figure 5-7: Details Of NEW PaPET. ... .vuiuiiririiiiiitiiieieieee et e e e eaenenns 97

Figore: 5-8: Papser fOmBBHON. . covivavanrsussanmsavsisins s i s s s S gvmvam s 98

Pigiuirg: 58 BN BABSL i e i R waa e S S s R TR A R s 98

Figure 5-10: Add new 1€CTUTE. ......ouiveieiiiit e e ee e e ae e aaeeens 99

Figure 5-11: Converting video and slide file.............ocoeviiviiiiniiiiiiiiineiieininnanns 100
Figure 5-12: Syachronize video and SHOS. ..o i coiissss 100
Figiite 5-13: Preview the JEEiIme . .. oiviinissimmmmmmsnes s sossraasmossnenaanssssmmsnnmss 101
Figure 5-14: Synchronization SEtNE.........uevvuiueineiiteeieeeeeeeee e e e e eneneene 102
e en Sl e MmO ETRON . ooty oniononsocosns s A 3555 R4 102
Figute 5160 Liohiite Sg (I s s siesviiiiii 103
Figure 5-17: Lecture editing ()i oisiiiiiavimsmumnnrmmsmrnransnnssssesmessnsnssmemssnmssenss 104
Figure 5-18: Lecture deletion. .........o.uiuiniuiriinitiieiie e e e e eeneaenas 104
Fignre: 5-19 Atd Bew MBOE uwvswminomssssssmmmmmmsmmss et ey s s e 105
Fignie: 5-20% User deletioh i 8 PApEr.. cuiswvimansusssiosissssivssvyissioiiissssss 105
Figure 5-21: Available paper list for students..............ccoveviiiriieininiiiiiienenenn 106
Figure 5-22: Lecture and learning mode selection...............o.ovviieiiieiiiieiininnnnnn, 107
Fignre:5-23: Maitt page 0T AISCUsSton Faii. ... ousws s wss s suisumssancusiis sassesiissm 108
Figuie 524 Post tiew il . vuasasamvinisiass s s 108
Figure 5-25: RepPLY 8 POSL. ... i vvrevenransrsansssasnessssnsnsssmasnsanssssansnssssnssnsrsssnsas 109
Figure 5-26: QUOTE @ POSL.....ueviieiiieiniieieeieeiee e e e e ee e iee e s e e eaeeanes 109
Figure 07 DEtall BRI, . oo sy s s s 110
Figure 5-28: Learning mode — lecture & €-Note.........ccoeviuiiieiuiininininininiennanann 110
Figure 5-29: Learning mode — lecture, e-note and discussion.................c.ovevuvnnnnns 111



LIST OF TABLES

Table 1-1: Time and place dimensions of learning environments................cccvvnn 2
Table 2-1: Advantages of web-based learning System............ccovevieeniieeiiiiennennnn 16
Table 2-2: Comparisons of synchronous and asynchronous learning...................... 26
Table 4-1: Entities and attributes of system configuration database........................ 64
Table 4-2: Entities and attributes of knowledge domain & learning database............ 66
Table 4-3: Entities and attributes of peer communication database........................ 68
Table 4-4: JSP files and their functions..........ccocovviiiiiiiiiiiiiiiiiiii 71
Tabled-5 Classes and Tl FUDCTIONE, o o iy sisio o b s e s aise o 74
Table 4-6; ISP hiles and their TnoHONS . ..o iims i 77
Table 4-7: Classes and their fUNCHONS. .. .o xreresmnmnmsmsssnssmsnmsnsnsssssnsbneesonmmsesss 79
Table 4-8: JSP files and their funCtions. ........co.vvviiiiiiiriii i ieiaan 84
Table 4-9> Classes afid it TUOEIRMG : «.cvowvomon s msmmmsmos e 0 e e 55 5s sad e 85
Table 4-11): ISP files and their fUNCHONS. ..o ioovimivaisisiiini s as s i eins 87
Table 4-11: Classes and their fUNCHONS. .....c.oceemrerrrseesnnesnenssannsnsssnnasasnssnsasins 90
Table 6-1: Summary of Evaluator..........ocviviiiiiuiieiiiiiiiiiiiriisieinieieenenenenenane 87

Tible 6-2: SUIMMALY OF COMIBATE. .ovovussuvivsnnssavisoinses oy seesmmg v s aKmms 90



Chapter 1 Introduction

1.1 Introduction

In the face of the coming of new information technology era of 21* century, web-
based learning has become the major trend of future teaching and learning model.
Mest educational organizations are now using some sort of internet technologies in
their distance education offerings. Many web-based learning systems are being
created and implemented to simulate the classroom teaching environment, using
various computer software packages and web-based tools (Chen & Shih, 2000).
Learners can study web-based teaching materials according to individual needs and
instructional schedule. Although web-based learning has a lot of advantages over
traditional face-to-face learning, it lacks the explanations and interpretation of

teaching materials from human teacher. In most cases, the learning just changes from
books to web page (Chen & Shih, 2001).

The aim of this thesis is to design and implement a web-based learning system, where
the off-campus student can get the explanations and interpretation of teaching
materials from human teacher while enjoying the benefits coming from new web

technology.

In the next section of this chapter, we shall discuss the types of learning
environments. Then the limitations of current web-based learning systems are
described by comparing traditional face-to-face learning and distance learning. Finally

the objectives and methodology of this project are presented.

1.2 Types of learning environments

Learning can take place in variety of environments, which can be classified into four

major types according to two critical dimensions: time and place as shown in table 1-1
(Aggarwal et al., 2000).



Table 1-1 Time and place dimensions of learning environments

Type 1 Type2

Traditional Classrooms Lab modules
Type 3 Type 4
Distance learning Correspondence Course

Type 1 represents the traditional face-to-face classroom, where students congregate at
the same time, at the same place, to be taught simultaneously the same material by the
same person. The interaction between students and faculty is “many-to-one” during
class time and one-to-one during office hours. Students work individually or in a

group during class time and/or in their own time.

Type 2 represents learning environments where students come at different times to

receive modularized instruction at the same place, such as a lab, information center, or

library.

Type 3 environments are distance learning programs where students from different
geographic areas can be taught simultaneously through one-way or interactive audio

and video technology.

Type 4 environments have traditionally been represented by correspondence courses,

where students can learn on their own anywhere, anytime, and take exams as needed.

Type 1, Type 3 and Type 4 learning environment are focused on in this thesis. Most
people are accustomed to learning in Type 1. However, with the advances of new web
technology, more and more people begin to enjoy learning in Type 3, more so because
it is flexible, time independent and place independent. These two types of learning

environments are discussed in following sections.



1.3 Traditional classroom

The traditional classrooms facilitate face-to-face education. Teacher and students sit
in the same classroom at same time. The teacher presents the necessary material in the
class. The students look at the material and listen to the teacher’s explanations to

understand the lesson. This situation has a number of features (Bandoh et al., 2000):

e The teacher is able to express his or her ideas naturally.

e All the students can look at what the teacher is writing or drawing, and can
focus their attention on it.

e The teacher can see the students’ faces and expressions. The teacher can
therefore adjust the pace or the contents of the lesson according to the

feedback received from the students.

This approach represents the industry-based model used for hundreds of years to
provide university-level instruction in large lecture, mid-size, or even small classroom

environments. It has three key components:

e Human teacher expression and explanation: the lecturer uses natural

language and body language to explain the learning material in the classroom.

® Student note taking: the students usually take notes during the lecture

according the teacher’s explanation.

e Peer communication: in the classroom the teacher and students have

possibility to exchange ideas by discussion and asking questions.

The greatest advantage of traditional face-to-face education is the personal interaction
with students, and the opportunity for both students and instructors to take advantage
of paralinguistic cues to make points and to verify that a point or a question has been
understood (Rea er al., 2000). There may be a wide variety of involvement levels
based on the size of the class and the willingness of the instructor to facilitate
communication. Certainly, large lectures with hundreds of students are not conducive

to high involvement levels of an interpersonal nature. Rea et al. (2000) pointed out



that there are three kinds of strengths and weaknesses involved in the traditional face-

to-face education. The strengths of traditional face-to-face education are as follows.

Interpersonal Involvement: The traditional face-to-face education tends to lead
to the greatest level of involvement between instructor and student. The
personal interaction provides students with the opportunity for spontaneous
discussions in a non-threatening manner. The interpersonal communication in
this approach also provides the greatest opportunity for the instructor to

perceive body language and other indications of understanding or confusion.

Familiarity: The traditional face-to-face education may provide the most
conformable environment for students and instructors, as it is the continuation

of the approach used by most education facilities all over the world.

Flexibility: The traditional face-to-face education provides the lowest cost for
technology and allows for the lack of any technology skills on the part of the
instructor. Likewise, the lack of technology allows for freedom to pursue
many different approaches to the same course whether it is a laboratory

exercise, a lecture, or a performance.

Rea et al. (2000) reviewed following weaknesses of the traditional education:

Lack of Convenience: The traditional face-to-face education limits students in
that they must be present locally, travel to campus, and utilize office hours.
Dependency on time and location may eliminate certain students from the
opportunity to study at the university and might also force students to progress

through the course at a pace that is not comfortable for them.

Loss of Interpersonal Interaction: As college enrollments increase, it may
become difficult for universities to meet the demands of the growing
population in the short run. This may drive administrations to implement

larger class sizes and thereby promote less personal interaction with students.



e Failure to Develop Real World Skills: Students may fail to develop skills they
need in the real world, such as sending e-mail, or interacting via
telecommunications links. As larger numbers of corporations embrace
technological solutions to management, students need to develop skills for

survival in the technological workforce.

Due to these problems and advances in the internet technologies, the distance
education is becoming popular. Many persons are enjoying this type of learning

environment.

1.4 Distance education

Within the context of rapid technological change and shifting market conditions, the
education system is challenged with providing increased educational opportunities
without increasing budgets. Many educational institutions are answering this
challenge by developing distance education programs. At its most basic level, distance
education takes place when the teacher and students are separated by physical
distance, and technology (i.e., voice, video, data, and print), often in concert with
face-to-face communication, is used to bridge the instructional gap. These types of
programs can provide students with a second chance at a college education, reach
those disadvantaged by limited time, distance or physical disability, and update the

knowledge base of workers at their places of employment.

Many educators ask if distant students learn as much as students receiving traditional
face-to-face instruction. Research comparing distance education to traditional face-to-
face instruction indicates that teaching and studying at a distance can be as effective
as traditional instruction, when the method and technologies used are appropriate to
the instructional tasks, there is student-to-student interaction, and when there is timely

teacher-to-student feedback (Moore & Thompson, 1990; Verduin & Clark, 1991).

However, current off-campus students often feel isolated and lonely. Some of the

characteristics experienced by off-campus students are as follows.



e No explanation and expression from human teachers — Off-campus students
usually use printed material and learn by themselves. They do not have
possibility to see human teacher’s expressions and receive face-to-face
explanations like internal students. This may prove very difficult for many

students.

e No contextual discussion — Unlike internal students, off-campus students do
not have possibility to discuss their questions with the lecturer and classmates
within the context of that topic. Typically off-campus students use email or
some sort of web discussion forum to discuss their problems, but these
mediums work in isolation of any other resource used for the study, hence the

queries do not remain in the context of their current study of topic.

e No regular channel to get help —There is generally no class time, no office
hours, no laboratory exercise and no contextual discussion with classmates for
off-campus students. So it is difficult to get help when they encounter some

problems.

e No regular channel to give feedback — Internal students may give feedback
to their teacher in class time, office hour or laboratory exercise. Then the
teacher may adjust his/her teaching accordingly. But off-campus students do

not have such possibilities.

e No Social Help — Since there is no real class for off-campus students, they do
not have possibility to forge friendship and receive encouragement. They may

feel isolated and lonely.

Although the new internet technologies make it possible to solve above problems,

current web-based systems do not seem to solve them.



1.5 Problems of current web-based educational systems

The explosive growth in technology and the expanding access to the web has resulted
in its increasing use for education and training. Web-based educational systems
(WBES) refer to education delivered in whole or in part using Internet technologies.
Existing web-based educational systems, how potential they might be, still exhibit a

range of limitations for learning process. These limitations are described below.

® Lack of match between course material and its explanation — Current WBES
are usually used as supporting tools in the courses. Students are expected to
use them in conjunction with printed material. Since this is no integration of
WBES with other learning resources, there is possibility of mismatch between
the explanations provided in the WBES and any other learning material that

student might use.

* Lack of contextual discussion — Existing WBES do not allow the integration
of discussion with the domain content. Therefore the discussions do not take
place in the context of a domain problem or example as they do in face-to-face

tutorial environment.

e Lack of human teacher expression and explanation — Most existing WBESs
are text and graphic based systems. The students do not get human teacher
expressions and oral explanations. The students therefore miss out the impact

of teacher’s gestures in the learning process.

e Lack of human interaction — Most students have become conditioned to
receiving instruction in a face-to-face mode. While some will adapt more
easily than others, it will take some time for all to become accustomed to a
computerized learning environment. Sometimes access to an instructor who
can answer student queries is problematic, especially if the students attempt to
access materials during non-business hours (in teacher’s time zone). Learners

can miss the support of a group or cohort of fellow learners.



o Lack of contextual understanding — Unlike in traditional classroom, the
students in online learning do not have contextual discussion or explanation

for certain concept. This leads to the lack of contextual understanding.

1.6 Objectives of the project

This project is funded by Massey University under the funds for Innovation in
Education and Teaching. Current off-campus students at Massey University find it
difficult to grasp the concepts without any explanations from a human expert. This
project proposes an innovative solution to this problem by combining the benefits of
classroom learmning in the web-based education. A prototype Web-based
Asynchronous Synchronous Environment (WASE) is developed that not only
combines the benefits of learning management tools such as WebCT, but also
integrates lectures given by the human teachers within the system. Using WASE, off-
campus students can enjoy the benefits of face-to-face learning in asynchronous
learning environment by:

e getting the expression (gestures) of the human lecturer;

e getting the explanations from the human lecturer;

e taking contextual notes during the learning process; and

e communicating with peers for contextual discussion.

1.7 Methodology of the project

In order to achieve above objectives, WASE provides simultaneous low-bandwidth
streaming of lecture video and presentation slides, backward and forward play of the
lecture videos (with synchronised presentation slides), annotation facilities, and peer
discussion on particular issues related to the topic. The system includes the following

components:

e Low-bandwidth streaming of lecture video and presentation — to get
explanation from a human lecturer

e Low-bandwidth streaming of lecture video — to get human expression



e E-Note — to take contexture note for the lecture

e Discussion Board — for discussion among classmates

e Discussion Board — to get help from lecture and classmates

e Offering leaming mode selection — to make the system flexible. This
component provides an opportunity for the students to choose learning mode
with different combination of lecture video and presentation, E-Note, and

discussion board.

1.8 Outline of the thesis

This thesis describes the rational behind the development of WASE system, the
methodology used in the project, the outcomes and the way forward. The outline of

the thesis is shown in figure 1-1.

The thesis is largely divided into three sections:

e The first section presents the existing research in the field, which includes the two

chapters (chapter 1 and 2) — introduction and literature review.

e The second section talks about the system design and implementation, which
include two chapters (chapter 3 and 4) — system architecture and technology, and

system design and implementation.

e The third and final section is the project results, which include two chapters (chapter

5 and 6) — prototype system, and evaluation, discussion, conclusion and future work.

The next chapter will discuss how existing web-based learning systems simulate the
traditional face-to-face learning environment, what are the benefits by using web-based
learning systems, and what kind of the technologies are being used in existing web-

based learning systems.
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