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摘要 

此 論 文 旨 在 開 發 一 個 以 互 聯 網 爲 基 礎 的 網 上 學 習 . 軟 件 供 中 學 生 學 

習 電 腦 科 之 使 用 。 雖 然 現 時 已 有 這 類 網 上 敎 學 軟 體 ， 然 而 它 們 甚 少 是 

參 照 現 有 的 敎 學 理 論 而 發 展 出 來 。 而 這 篇 論 文 所 提 倡 的 系 統 則 是 採 用 

了 C h i c k e r i n g和G a m s o n於一九八七年所提出的“敎學上的七個原貝彳”而 

設 計 的 。 我 們 採 用 這 個 敎 學 模 式 的 原 因 ， 乃 是 在 參 考 過 現 有 的 敎 學 理 

論後，發現這個敎學理論比其他理論更廣泛地包含了敎學的所需元素。 

這“七個原則”提倡：（一）學生與敎員的接觸，（二）學生之間的合 

作，（三）活動式學習，（四）提供回應，（五）任務的時間性，（六）訂立 

較高期望，（七）不同天份的學生有不同的學習途徑。採用這七個原則 

後 ， 學 生 可 享 用 一 個 自 我 主 導 、 自 我 評 核 的 網 上 學 習 系 統 。 

導 師 及 學 生 都 是 我 們 的 目 標 使 用 者 。 通 過 這 個 敎 學 系 統 ， 導 師 可 以 

建 立 課 程 的 網 頁 ， 上 載 敎 材 ， 製 作 測 驗 及 檢 察 學 生 的 學 習 和 測 驗 表 

現 。 學 生 則 除 了 可 以 通 過 閱 讀 敎 材 及 互 動 地 參 與 模 擬 活 動 外 ， 更 可 從 

小 測 驗 中 作 自 我 的 學 習 成 果 ， 即 時 得 到 測 驗 成 绩 ， 試 題 閣 釋 ， 及 了 解 
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自 己 的 強 項 及 弱 項 。 

設 計 這 個 學 習 系 統 是 用 作 補 足 傳 統 敎 學 模 式 ， 而 不 是 將 之 取 代 ° 我 

們 希 望 有 了 這 套 系 統 ， 學 習 會 變 得 更 爲 有 趣 及 有 效 。 
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Abstract 

This thesis aims to develop an internet based learning tool for high 

school students to study the subject of computer studies. Although several 

such systems have been developed, they are designed with very little refer-

ence to education models. The proposed system is modeled after the Seven 

Principles model for Education proposed by Chickering and Gamson (1987) 

7]. The choice of this model is based on our analysis of the existing models 

in the literature. The seven principles model is more comperhensive than 

other models. 

The seven principles model promotes: (1) student-faculty contact, (2) 

cooperation among students, (3) active learning, (4) prompt feedback, (5) 

time on task, (6) communicates high expectations, (7) respects diverse talents 

and ways of learning. Using the seven principles as a pedagogical model, 

students are expected to enjoy a self-directed, self-assessment online learning 

system. 
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Both students and teachers are our target users. Through the use of our 

system, instructors can create the course homepage, upload their courseware, 

prepare quizzes for students and monitor students' learning and assessment 

performance. In addition to learning from reviewing the courseware and in-

teracting with simulations, students can take tailor-made quizzes to evaluate 

their study progress, get instant results and explanations, and assess their 

strengths and weaknesses. 

The proposed system is designed to complement but not to replace tra-

ditional teaching approach. With this system, we hope learning will be both 

fun and effective. 
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Chapter 1 

Introduction 

1.1 Background 

Technology gives us different methods of learning in order to acquire 

knowledge more efficiently and more conveniently. According to Julia Dug-

gleby [16] we can classify different modes of learning delivery into four cate-

gories: 

• Face to face 

• Open learning 

• Traditional distance learning 

• Online learning 
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Face to face is the most traditional form of delivering knowledge which 

has been used for thousands of years. Both learners and instructors need to 

be present at the same physical location at the same time. The activities in-

clude lectures, demonstrations, tutorials, presentations, and seminars. Open 

training allows learners to take courses in a more flexible way. Learners can 

still go to the tutoring center and meet the tutor, attend the course which 

fit their own pace and working schedule. Traditional distance education al-

lows learners to learn at any time in any place[3]. Distance learning delivers 

modular units through correspondence classes, books, radio and television 

broadcasts or even CD-Roms. With the help of World Wide Web, we can 

deliver this learning mode through the Internet. Learners can experience 

autonomous, interactive and collaborative learning via the web. 

Since World Wide Web (WWW) [11] was invented under the base of 

ARPANet (Advanced Research Projects Agency Network) [2], number of 

sites has grown from 130 sites in June 1993 to 28 millions sites in March 

2001 [49]. "The Web marks the end of an era of frustrating and debilitating 

incompatibility between computer systems. It has created an explosion of 

accessibility, with many potential social and economical impacts" [27]. Web-

based learning is one example of the social impacts. The advent of broad 

access to the Internet has created a new medium for education and train-

ing. Web-based instruction can be delivered in a synchronous (instructor-
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facilitated) and asynchronous (self-directed, self-paced) manner. Instruction 

can be delivered by a combination of static methods (learning portals, hy-

perlinked pages, screen cam tutorials, streaming audio/video, and live Web 

broadcasts) as well as interactive methods (threaded discussions, chats, and 

desk-top video conferencing). [51 

1.2 Motivation and Objectives 

Due to limited resources available for primary and secondary schools, 

each teacher needs to take care of approximately forty students in each class. 

Under this traditional management, a student may not be able to receive all 

the information a teacher gives. 

In 1998 the government of Hong Kong Special Administrative Region 

(HKSAR) launched a five-year strategy on promoting Information Technol-

ogy in Education (ITE) to better prepare the teenagers for the future. How-

ever, research[28] shows that there is not enough computer software provided 

for learning in areas such as computer science. Therefore our aim is to build 

an on-line learning system for the students. 

Our research objectives are as follows: 

1. Developing and testing a variety of features of a self-learning system. 

2. Developing system based on the self-directed learning and self-assessment 
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learning. 

1.3 Organization of Thesis 

Chapter 2 presents several traditional learning models. This chapter 

reports a selected number of existing computer-based systems and web sites 

that are representative of the present stage of the field's development. Chap-

ter 3 discusses how the proposed system is implemented. If covers the system 

architecture and gives the system flow of each operation. Chapter 4 provides 

a demonstration of the system functions. Finally, the conclusion and future 

works are presented in Chapter 5. 
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Chapter 2 

Review of Related Work 

In the course of our investigation, we found that few on-line learning 

systems were designed with reference to existing education models. This dis-

association may be because these education models were basically developed 

for conventional teaching. However, we feel that these education models pro-

vide guidelines for designing and evaluating on-line learning systems. In this 

chapter, we will first review some education models. Then we examine sev-

eral existing on-line learning systems. Finally, we compare various systems 

using an education model. 
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2.1 Traditional Education Theory 

This section overviews the six prominent learning models proposed 

by educators and researchers, namely, (1) integrative learning model, (2) 

problem-based learning, (3) cognitive apprenticeship, (4) conversation model, 

(5) self-regulated learning, and finally (6) seven principles for good practice 

for education. 

2.1.1 Integrative Learning Model 

Clark [8] proposes the integrative learning model. This model involves 

learner's thoughts, feelings, senses and intuitions. In order to effectively 

implement this model, a responsive and relaxed learning environment should 

be ensured. Since children is sensitive to learning environment, "relaxation 

techniques must be learned to allow the body to cooperate with the mind's 

energy" [8]. In a workshop like learning environment, parents, learners and 

instructors maintain an open and cooperative relationship. Normally learners 

sit at desks and listen to the lecture. However role playing and physically 

manipulating materials can help transfer abstract concepts in a more concrete 

level and maintain a higher rate of retention. 

Letting learners make decisions and exercise self-control is significant in 

integrative learning. It promotes alternative thinking when learners perceive 
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their choice. Empowering language and behavior will also make learners 

have a feeling of support and exhibit a positive self-concept. Providing some 

complex and cognitive activities allows the learners to think more, develop 

their potential by problem solving. The last key of integrative learning model 

is intuition and integration. It is believed that "learning is subconscious, 

intuitive abilities need to be developed". As the brain is organized in an 

integrated manner, the above mentioned key factors should be incorporated 

into the educational systems to maximize the effectiveness. 

2.1.2 Problem-Based Learning 

Problem-based learning (PBL) [14] consists of carefully selected and 

designed problems that requires a learner to use his critical knowledge, prob-

lem solving skills, self-directed learning strategies to solve a problem through 

team participation. Through the process of problem solving the learner has 

a chance to have a great exposure to particular types of cases and gets a 

deep understanding of a domain knowledge. Good problem solvers tend to 

be independent learners [17]. They are able to identify critical and relevant 

elements and learn from mistakes. PBL is also a kind of role change. The 

students take more responsibility for their learning resulting in a stronger 

feeling of accomplishment. At the same time, the instructor only acts as a 
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guidance provider to help them to achieve the goal. 

2.1.3 Cognitive Apprenticeship 

Cognitive apprenticeship [9] is an approach stressing that learning is 

achieved through activities in a social and physical context. Traditional ap-

prenticeship focuses on methods for carrying out tasks in a specific domain. 

During the process of learning, the apprentice repeatedly observes the mas-

ter's executing process and then the apprentice performs his/her own work 

under the master's guidance. Gradually, the master's guidance will fade out. 

Cognitive apprenticeship proposes a rethinking of apprenticeship into learn-

ing in school. Instructors can first give examples to learners how to do a task, 

then ask the learners to achieve the goal themselves with suitable guidance. 

When the learners have developed the skill, they are encouraged to compare 

the differences between their learning process and the instructor's and other 

learners' performances. Through aiding and challenging each other, both the 

learners and instructor can develop a broader and deeper capability [36]. It 

is proved that this model can promote student's higher order thinking skills 

and switch the learning interaction from teacher-oriented to goal-oriented 

between teachers and students [23 . 
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2.1.4 Conversational Model 

Laurillard [26] proposes a conversational model which states that learn-

ing should be discursive, adaptive, interactive and reflective. Discursive 

learning means instructors and students should have a common goal. They 

should know each other's learning objectives and achieve the goal together. 

Adaptive learning is that in the process of learning instructors should adjust 

the focus of learning base on their conception. When the student is achiev-

ing the goal, the instructor should provide feedback to the student's action. 

Receiving the instructor's interactive feedback, the students should be able 

to reflect the feedback on the topic goal. In conclusion, it is an education 

model that suggests learning does not solely depend on students or teachers, 

but on communication between them. 

f s ^ — 
Teacher's conceptual ‘ Discussion Student's conceptual ] 

L knowledge y ^ knowledge J 

~ 4 ~ | f x  
onst^udlnt Adaptation Adaptation Reflection on 

p e r f o r m a n c e ， 广 。 I n t e r a c t i o n 

p'eac her-constructed^ ^ Interaction fstudent's expehftntifli^ 

L world 广 ， k n o w l e d g e 

Figure 2.1: The Conversational Model 

Fig 2.1 depicts the concept of conversational model. First, a teacher will 

deliver his/her conceptual knowledge to the students. Then the teacher sets 
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up the environment or the task. Through interaction the students try to 

achieve the task and the teacher provides feedback to the students. The 

students modify their action to better achieve the goal. In the end, the 

students can reflect the experience into knowledge and the teacher can also 

reflect students performance into his/her knowledge. 

2.1.5 Self-Regulated Learning 

Pintrich [34] mentions that self-regulated learning is a new direction for 

teaching and learning. Self-regulated learning enhances one's reflective think-

ing which can lead to a better organization of one's knowledge and better 

management of study time. Distinguishing between effective and ineffective 

performance, it lets students to find a learning strategy that fits themselves. 

Schunk and Zimmerman [20] show that students can control their behavior, 

motivation and cognition in order to make a higher rate of progress towards 

the goal. Hagen and Weinstein [13] point out that self-regulated students 

are those with a mastery orientation of focusing on learning and understand-

ing the material, but not those with performance orientation of focusing on 

just completing their tasks or getting the highest grades. In order to help 

students develop as self-regulated learners, teachers can be role models of 

self-regulated learning. Explaining students how teachers think and reason 
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about the teaching material, teachers' strategies for learning can help stu-

dents know what is required in the course and thus adjust their learning 

strategy. Giving students choice and control to make their own decisions in 

classroom tasks can foster their self-management skill. 

2.1.6 Seven Principles for Good Practice for Educa-

tion 

Chickering and Gamson propose "Seven Principles for Good Practice for 

Education" [7]. It concludes the findings from decades of research on factors 

that effectively support learning and course development. The principles 

have been reproduced here for the purposes of exposition: 

1. Encourages Student-Faculty Contacts. Communication between fac-

ulty members and students can arouse student's motivation and in-

volvement. 

2. Encourages Cooperation Among Students. Collaborative learning al-

lows students think deeper in the processing of sharing idea to each 

other. 

3. Uses Active Learning Techniques. Students should not only read the 

books and memorize all the information but also apply the knowledge 

in their daily lives to gain practical experience. 
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4. Gives Prompt Feedback. Providing an appropriate feedback can help 

learners assess their performance, understand their strengths and weak-

nesses, and take remedial actions. 

5. Emphasizes Time on Task. Define time expectations for students. 

"Learning to use time productively establishes time management skills, 

which is a valuable tool for students and professional alike" [39 . 

6. Communicates High Expectations. Setting a high expectation can let 

learners acquire knowledge from challenges and sharpen their cognitive 

skill. 

7. Respects Diverse Talents and Ways of Learning. Different learners has 

his individual talents and learning pace. Through self-reflection and 

self-evaluation they can develop in their learning style. 

Seven principles are widely used as the philosophy of "good teaching and 

learning" [46]. It is applied as a pedagogical model in university [39] and 

also used in instructor's teaching method [45]. It is then proposed that these 

principles can be used on technology media [43]. As seven principles have 

comprehensively covered different aspects of learning, the system proposed 

in this research adopts the seven principles as a basis. Chapter 3 will discuss 

how this system implements the seven principles. 
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2.2 Online Learning Examples 

This section provides a review of nine existing current on-line learning 

systems. 

1. Cheng's virtual learning environment(VLE) [6] supports autonomous, 

exploratory, interactive and collaborative learning. The system model 

includes (a)instruction, in which the learning materials and activities 

are the online course book, assessment instrument and the feedback to 

learners (b)construction, which is the bulletin board, note book and 

reflection report (c)cooperation, which involves collaborative work and 

project based exercise (d)self-management, which allows for the users 

to administer their personal information. It also embraces Microsoft's 

Netmeeting as the teleconferencing tool. As shown in Fig 2.2, the VLE 

design model is based on the World Wide Web providing the guided 

navigation and communicative infra-structure to the users. The learn-

ers can participate different learning activities which are categorized 

into four learning zones as above mentioned. 

2- University of Toledo has an Java applet providing an interactive graph-

ical environment which assists students in the construction and analy-

sis of arbitrary gas turbine systems [35]. The Gas Turbine Simulator 

(GTS) enables the students to build an engine visually in a schematic 
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Figure 2.2: The VLE system model 

representation. The students can construct an engine by selecting the 

components from the menu bar and connect them by a drag and drop 

motion. Fig 2.3 shows an engine component is added to the working 

area of Engine Schematic Layout Users can define the operational 

characteristics of several components by inputting appropriate values 

for parameters. As in Fig 2.4 the Time-parameter value Graph can be 

plotted by entering values in Time(seconds) and Transient Value, and 

then click the Add Point button. Then any changes will be reflected 

immediately in the graph. During the simulation, a progress indicators 

and text-based messages will provide feedback on the progress of the 

simulation. Since running a turbine is not an easy task, a Help browser 
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Figure 2.3: Creating an engine component 
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Figure 2.4: Data is reflected by graphical display 
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is designed to provide online documentation. Since this package is de-

veloped with Java applet, it supports multi-platform environment. It 

also supports software distribution since no installation is required. 

3. Mclntyre [31] has used web-based interactive learning to introduce the 

students to C Programming basics. It provides almost complete and 

functional C programs with a missing statement (Fig 2.5). Students 

http //cis.csuDhio.edu/~mcmtyre/cis50CI/disp 100 htm ‘ “ ^ pJfiMi I 
；；•；.•••••••••...•...........•..... A sjsSsB̂aajjsŝŝ  

/indude <stdio.)i> � � inainO{ 
void troubleCint *x, Ut *y, Int z); i'，、“�• 1 ？— 
void doiiblOroTiblednt *p, Int y); 、， _ ？—，_? 
；••；.Ijliifgl liilliii ： ;i }. 

Int X « 10, 3f « 15; � - � �, � f If tiouble(?.?,?){ 
troubkt&x, &y, 126); ( 、 〉 • ？…•？ 

printfC'x - SW, y = x, y); S���\H; i ？—y-? 
痛 ::、>::: I ？〜？ 

void troublednt *x, int *y, Int z) { ？、、。广、塵 douUc.touUeC?,?) { 
jdoubie_tioubte(x.5)； 3 // vhat should be passed?! ‘乡r广i唤：圖 

.�…‘ n � � = ? 
void (ioiible_troabk{int »p. Int v) { ；： r �”’圖？—i-? 

i»t X; i t . � , � � � _ ) 一 . 
x= 14; 、： 丫、 • 
* ” 2 * X - y; 、 - i - >.、暴 

J k�;丨一 I ; —   

、 ' : ” : : 、 
,, 、 ’’、’ 

Figure 2.5: Complete C program with one missing statement 

need to choose the right statement from the pull down menu. When 

they click the STEP button, the instruction to be executed next is 

highlighted and the predefined result will be shown (Fig 2.6). Therefore 

students can easily modify the C program without rewriting and com-
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丨j纖̂[in̂uc咖hioedW省î^̂re/bisSOOM即:0g，.、... 、...::.::-..、:::、:..:.::化乂乂.二...一.. 

void troTiblefint *x. int *y, Int 2 ) ; . . , , 
void double^troubleflnt *P, int y); | | TOO—I-10 

纖 纖 : i •力 - 5 
二 : ( 忍 : I = ’ � _ 
printfC 'x x. y ) ; | �H i • " � 
return (0); | .測力-擺 

} _ 4 4 W — 2 - 1 2 8 

void troTiblfeCint int *y. Int 2 ) { | > „ 
|douUc_troubfc(x.5)； H " ,hat shoUd be passed? _ 
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x= 14; I ‘ 
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Figure 2.6: The variable's stored value is shown when user clicks STEP 

piling the program but can observe the step-by-step effects of modified 

program just by clicking button. Mclntyre [31] believes that letting the 

students to select a source code segment may help them focus on im-

portant issues of programming. He compares the results for the same 

course taught in a previous semester without this interactive WWW 

learning. He finds that there is a significant improvement in terms of 

grades with the assistance of this system in an identical quiz. 

4. Howe's computer-based learning system provides question-answer tu-

torials, programming tutorials, and animated demonstrations [37]. It 

is used to provide object oriented programming using C + + and covers 
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data structures and algorithms. Fig 2.7 shows the part of question-

answer tutorial. The upper panel displays the question and user can 

— — 

mKKm 
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Figure 2.7: Question-answer tutorial 

input his answers in the lower panel. After user submitted an answer, 

explanation will be shown. In programming tutorials, students are re-

quested to modify the provided program in the upper panel and the 

code is compiled at once, so any error messages will be displayed in the 

lower panel (Fig 2.9). If the code is correct, comments and solutions 

will be provided. The system also provides Java animation and images 

maps for students to learn data structures and algorithms. Students 

can construct a binary tree by clicking on the image map where the 

next node should be added. 
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Figure 2.8: Programming tutorial 
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Figure 2.9: Programming tutorial 
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5. The Internet Software Visualization Laboratory (ISVL) [15] provides 

mappings between graphical representations and computer programs. 

Software Visualization (SV) is "the process of using techniques such 

as typography, graphic design, animation and cinematography to pro-

vide representations of a program and its execution". ISVL is to 

teach Prolog programming incorporated the Transparent Prolog Ma-

chine (TPM). Fig 2.10 shows the interface of ISVL. User inputs the 

query into the query window (1) and presses the Evaluate button. 

Then the result will be displayed at the upper panel (2). Detailed ex-

l l 

i ^ ^ s s / I 
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齊•.二、二. .•二II. ‘ ..... ......; -„--;..…I.. 丨二S二:《恭、、\猫凑、$、''、、、、— 、、‘ ：、iiĵ  
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Figure 2.10: The ISVL interface 

planation will be shown if the user click either one node in the tree (3). 

The learners and the instructor are also able to create their anima-
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tions and play through using the video recorder style buttons. A user 

can exchange their animations synchronously and asynchronously so 

that when learners has problems on their programs, they can "record" 

their animation and send to the instructor. The instructor can fix 

the problem and send the results back to the learners. If the instruc-

tor finds that there is a common problem among the students, he can 

also choose to broadcast his version of "movie" to all the learners syn-

chronously. Fig 2.11 describes there is a case that a student named Bill, 

finds problem with his tree. Bill can creates his own "movie". He can 

ll^^j^® Mtp:/Âw-jime.op，n.«c.uW97/l/i>v«/iwl-09dl.html ‘ ^缓 ^ ^ 

挽 
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： . ' 、 ^ ^ ' � U � � � / � � —fs：- ii：!̂ 。、、'"'、 。 
‘ �� < %� , J- ��- ':��?:< t 
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Figure 2.11: Animation made by learners with typed question 

click the Record button at the bottom of the panel, write down what 

he currently knows, and ask for help at the bottom of graphics area. 
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Based on the concept of SV, ISVL visualizes the artificial intelligence 

programming to help student to grasp difficult programming concepts. 

6. Hyper Apuntes [30] is an interactive learning environment which helps 

the learners to learn fundamental computer programming. The system 

is built on pragmatic approach which means by examples and exer-

cises, theoretical concepts are brought into practical application. Hy-

per Apuntes consists theoretical contents, exercises and open discussion 

areas. Theoretical content contains navigational buttons for surfing 

around the pages and has active links to related topics, (Fig 2.12). A 

一 冗 舊 一 ： 鲁 ： . ， ！ 

Figure 2.12: Content with navigation bar 

searching facility provided for retrieves desired pages within the teach-
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ing materials. It also provides multiple choice exercises, immediate 

grades and solutions. Programming exercises allow users to write a 

program and have an option to directly activate the Pascal environ-

ment. Fig 2.13 shows that student is required to write a program to 

get the result shown in the browser behind. It is believe that these 

. J 

Figure 2.13: Programming exercise 

exercises can help students verify their knowledge of the course mate-

rials. The learners can use the discussion page to share ideas and post 

comments. These comments are also useful for instructors as this helps 

him understand the common difficulties and problems encountered by 

his students. 
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7. University of Leicester has been using online, interactive tutorials for 

several years. The Department of Microbiology and Immunology pro-

vides formative online tutorials and summative online tutorials [4]. Its 

formative tutorials use a more entertaining approach with more pic-

tures and with some short questions to increase the interactivity while 

learning. For example (in fig 2.14) when it inquires who is the first 

person to try to prevent smallpox, it does not plainly point out the 

right person, but tries to ask the reader a short question. Different 

途 http:/;r:iio:;:l8.M:.nl;/Tutoiials/Pox/P�x2.html — ‘ ‘ 

Page 2/19 ^ 

•

Edward Jenner was the first person to try to prevent smallpox. 、 

JiM : 
or 
False? '二 

Click on one of the choiccs above. ) — _ „ , — -
DISCLAIMER © AJC1999 . \ 

Figure 2.14: Short question occurs frequently in tutorial materials 

responses will show you different pages but it will eventually show the 

reader the right answer (Fig 2.15，2.16). On the other hand, summa-

tive tutorials provide computer-based assessment with multiple choice 
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Wrong. 
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Figure 2.15: The case if the user choose TRUE 

False. 

h 丨 ! k l H I In spite of what you may read in lextbooks, that answer is false. 
靈 l H 、丨 j Or at least, misleading. 
H I ^ R Great £uy. Eddie Jenner, (we'll get back to him in a while), but not the first to try 
H l f ^ u S H ^ P / i l to prevent smallpox. 

£ • • I f ^ B p r o l If you want to know who was, click here. 

H f l l f l H ——:  
Click on the link above. 

DISCLAIMER © AJC 1999. 

Figure 2.16: The case if the user choose FALSE 
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questions (MCQs). After the learners complete the MCQs, a person-

alized report will automatically be emailed to students. It also tracks 

the users' learning path by putting browser cookies so that instructor 

will have a better idea of the progress. Applying this formative online 

tutorial, student's stress can be reduced and the efficiency of marking 

exercises can be significantly improved. 

8. There are some web classroom builders in the commerical market which 

help constructing and maintaining web-based classrooms. Some famil-

iar systems are WebCT[50], TopClass[48], FirstClass[18]. Since We-

bCT is more popularly adopted in universities and colleges, for exam-

ple The Chinese University of Hong Kong[21], The University of North 

Texas[22] etc, we take WebCT as the baseline model for comparison. 

WebCT[50l is initially developed by computer science faculty under 

grant from the University of British Columbia in Canada. It is a 

tool that can facilitate instructors to create web-based course envi-

ronment. As long as the administrator installed the WebCT in the 

school, he/she can create accounts for instructors to set up their course 

webpage. Fig 2.17 demonstrate the page of course settings which allows 

instructor to input the section title, course title, course code number, 

discipline and course description. WebCT allows instructor to pro-
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Figure 2.17: The Course Information section 

vide course materials publishing that include text, images, audio and 

video . The Designer Map is used to manage all the course materials. 

WebCT encourage students to communicate via email and real-time 

chatroom, evaluate their learning progress by taking quizzes and doing 

assignments. They can also get feedback through an Online Gradebook, 

Self Test and progress tracking. Online Gradebook includes the results 

from quizzes and assignments. Self tests are only simple multiple-choice 

questions that are automatically marked by WebCT. Progress tracking 

includes the information of the time when a student last accessed the 

course webpage, how many pages accessed and the last page visited. 

Fig 2.18 shows the grade book of a student. It displays the name and 
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a summary of attendance, assignment and examination results. 
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Figure 2.18: The Online Gradebook 

9. Student IT Competence(SITC) [10] is a self-learning and test pack-

age developed by The Chinese University of Hong Kong(CUHK). It 

targets to help students acquire fundamental skills of information tech-

nology (IT). Students can either access the self-learning tutorials by 

physically going to the IT training center, downloading the courseware 

from web or buying a courseware CD. The courseware content are made 

in Marcomedia Flash format, which consists a large amount of pictures 

and animations. Therefore students can visually know how to accom-

plish tasks on operating software and the basic operation of a computer 

system. At the end of a chapter, there is simple test with answers and 

explanations for students. Since all students in CUHK need to pass this 

IT proficiency test, there is a chapter that contains a mock exam and 
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demonstrate how students can answer the test questions with the aid 

of animations. When students get well prepared, they can go to the IT 

training center to sit for a test. All the test answers will be marked by 

computer. Fig 2.19 shows the interactive learning material introducing 

the basic components of a set of computer. When the mouse is pointed 

— ^ ^ ^ ^ J H 

Figure 2.19: Interactive learning material 

over the monitor, the title is displayed near the monitor. Fig 2.20 de-

scribes the explanation of an examination module. Student is asked to 

save a picture from Internet and paste it in a MS-Word document. On 

the left of the screen it shows the procedures the student needs to take 

and the animation on the right shows the steps. 
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Figure 2.20: Examination module 

2.3 Web sites Comparison 

We use the seven principles model as an organizing framework to analyze 

existing online learning systems. This analysis will help us understand the 

strengths and weaknesses of the various systems. 

1. VLE [6] supports several principles. It provides Netmeeting and bul-

letin board which enables teacher-student, student-student communi-

cation. Students may share ideas and negotiate through their involve-

ment in group projects. Interactive quizzes provide active learning and 

personal reflection report gives feedback for student's learning progress. 

However VLE has no features to provide time on task, high expectation 
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and to diverse talents. 

2. GTS [35] provides active learning by simulation on turbine engine's 

components and lets students visually construct an engine. Since stu-

dents can conduct simulation in GTS, they can get the simulation re-

sults as feedback. GTS is built with Java applet so it can reduce teacher 

or administrator's workload. But GTS has not yet taken care of the 

remaining features of seven principles. 

3. Mclntyre's [31] web-based interactive learning allows user to modify C 

program by just clicking buttons, which is a kind of active learning. 

When the user requests the system to execute the highlighted instruc-

tions by pressing the STEP button, the corresponding results will be 

displayed as a feedback to user. It fulfills the rule of diverse talent be-

cause if a student understands the program, he/she can click the RUN 

button to execute the program to the end. On the other hand, novices 

can click the STEP button to follow the program flow step by step. 

It also provides some relevant hyperlinks for students to explore the 

information on the Internet which encourages students to acquire more 

knowledge. This system does not support the other principles. 

4. The question-answer tutorial and animated demonstrations in Rowe's 

37] online learning system are examples of active learning. Students 
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not only can get instant feedbacks from quiz results, but also can get 

another type of feedback from the programming tutorials since the pro-

gramming code can be compiled, any compilation error are displayed 

immediately so students can do required modifications if necessary. 

The materials provided by the system is deemed as a supplement to 

textbooks. It follows the principle of high expectation because it en-

courages student to clarify the concepts. However it fails to support 

the other principles. 

5. ISVL [15] allows users to actively create their own animation and 

send to others, so it provides convenience for both teacher-student and 

student-student communication. Through visualization students can 

easily know how the query is evaluated in a tree with explanation on 

screen, so it supports the feedback principle. ISVL's graphical repre-

sentation fulfills the time on task because students can send their own 

animation to their tutors if they encounter any problem. Using graph-

ical representation is more efficient than using texts in email or words 

on phone. But it does not have any functions for high expectation and 

diverse talents. 

6. Hyper Apuntes [30] provides programming exercises and multiple choices 

for students. Instant grading and providing solution can be taken as 
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feedback. Open discussion area fulfills the first two principles of com-

munication because students can share ideas and teacher can know 

student's difficulties and problems from the discussion. Searching fa-

cilities and navigational buttons can help users get to the desire page 

quickly, which improves the learning efficiency. Yet it has no elements 

catering for the other principles. 

7. Cann's [4] series of online tutorials at the University of Leicester ful-

fills the principle of active learning, giving prompt feedback and di-

verging talents. Its interactive summative tutorial notes provide some 

short questions for users to answer and more to different pages. All 

these materials are written in Javascript so learner's learning path is 

recorded for the use of diverse talents. It provides multiple choices 

for assessments and learners can get a personalized report about their 

quiz result. This system does not adhere to the others principles by 

providing features critical to their implementation. 

8. WebCT [50] provides email and chatrooms for communications between 

teachers and students. Its course materials includes multimedia like 

videos and audio supporting active learning. Given explanation in each 

quiz and the Online Gradebook prompt feedback on students perfor-

mance. The hierarchical list of course pages and nativagation bar let 
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student find the desired page easily. Allowing instructor to set the goal 

of the page gives clear expectation to students. Providing sufficient 

URL links to Internet can help students to learn supplementary knowl-

edge. Since WebCT is a generic web-builder system, instructor has 

the freedom to choose which component features are going to provide 

to students. Therefore if instructor provides all the above mentioned 

features in the course, WebCT has fulfilled most of the seven principles 

except the principle of diverse talents. 

9. SITC [10] uses multi-media to provide active learning, like animation 

and audio transcription. Explanation and result in quiz and mock 

examination give feedback to students. There is an icon connected to 

the SITC newsgroup that facilitates for teacher and students discussion. 

The navigational bar in the main panel increases students learning 

efficiency since user can easily reach different material. Nevertheless it 

has no functions for high expectation and diverse talent because there 

are no student profile for to the students. 

As mentioned above, each of the existing systems have their unique and 

characteristics and strengths. However they do not provide a comprehensive 

self-learning environment for students. Table 2.1 summarsied the extent to 

which these systems implement seven principles. The seven principles are 
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shown in columns while the systems or the name of authors are shown in 

rows. A "N/A" in the cell means that a particular principle is not available 

for that system. 
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2.4 Chapter Summary 

In this chapter we reviewed six prominent learning models proposed 

by educators and researchers, namely, (1) integrative learning model, (2) 

problem-based learning, (3) cognitive apprenticeship, (4) conversation model, 

(5) self-regulated learning, and finally (6) seven principles for good practice 

for education. 

We also reviewed several existing on-line learning systems and analyzed 

their characteristics. As seven principles have comprehensively covered dif-

ferent aspects of learning. We use this model as a framework to analyze 

these systems. We find that these systems do not provide a comprehensive 

self-learning environment for students. 
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Chapter 3 

An On-line learning model 

This chapter describes the system design of the proposed online self-

directed learning system. The first section shows how the proposed system 

uses the seven principles. The second part deals with system design. 

3.1 Conceptual Design 

As mentioned in Chapter 2, although there are a variety of systems 

providing different special features for online learning, few of them address 

all the issues related to the seven principles. Based on our observation, 

the seven principles comprehensively combine the elements that effectively 

promote learning and development. We attempt to show how the seven prin-

ciples are adopted in designing this system to ensure a comprehensive online 
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learning experience. 

1. Encourages Student-Faculty Contacts 

"Faculty concern helps students get through rough times and keep on 

working" [7]. The Internet can strengthen faculty interactions with all the 

students. Communication technologies complements face-to-face interactions 

in and outside of classes in which they facilitate students' access to faculty, 

help them share learning resources, and provide joint problem solving and 

shared learning opportunities. 

"Communication technologies increase access to faculty members, help 

them share useful resources, and provide for joint problem solving and shared 

learning can usefully augment face-to-face contact in and outside of class 

meetings" [46]. Therefore a web-based newsgroup is provided in the pro-

posed system. From the newsgroup, an instructor will get a better idea of 

individual's progress and also of his/her strengths and weaknesses. Students 

will get encouragement and insights from the instruction by interacting di-

rectly with the instructor in the newsgroup. 

Some students are too shy to speak in the presence of others, are reluctant 

to ask questions, or challenge the teacher directly. We provide an email list of 

all instructors and students. Publishing instructors' email addresses on web 

makes faculty members more accessible to the students and encourages stu-
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dents to ask questions in order to improve their understandings. Email has 

been recognized as an efficient tool for online communication since the time 

taken is instant and communication is done in a less formal way. Gandolfo 

19] suggests that email can promote effective contact since screen is a more 

"neutral zone" than the faculty member's office. The instructors have direct 

student contact, and can provide individual feedback to students. Dropping 

letters to each other, peer and student-instructor communications can be 

easily built. 

2. Encourages Cooperation Among Students "Sharing one's 

ideas and responding to others' improves thinking and deepens understand-

ing" [7]. It is believed that collaboration learning increases students' success. 

The above mentioned functions: newsgroup and email are techniques that 

offer room for cooperation among students. The instructor may pose some 

topics in the newsgroup and encourage students to discuss. If students run 

into problems in understanding the course materials, they may raise questions 

or share their own experience in the newsgroup. Students may also develop 

friendship from these peer cooperations. Research shows that although male 

students are more dominant in face-to-face tutorials, online discussion does 

not exist gender differences [29]. Therefore newsgroup can be a valuable tool 

for learning. The email list improves students communication just like know-
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ing others' telephone numbers. When students find pedagogical resources on 

the web, they can share them with each other immediately if they know 

other's email addresses. 

3. Uses Active Learning Techniques 

Students should not only read books and memorize all the information 

but also need to apply the knowledge in their daily lives to gain practical 

experience. Learning on the Internet provides a lively learning environment. 

The instructor can provide hyperlinks to relevant web sites when teaching a 

subject. 

Suitable animation is more interesting than the traditional textbook's 

presentation in which concepts are presented in text or in static pictures. 

For example, rather than memorizing or cramming definitions or methods, 

students learn vividly how a set of numbers can be hashed into a hash table 

through animation. 

Wulff [54] describes the word Interactivity as "a process of initiating an 

engagement or dialogue with learning resources that allows for an active role 

on the part of the student in constructing knowledge and participating in 

the evaluation of learning outcomes". Therefore we believe that performing 

interactive exercise with a computer is also a form of active learning. Since 

exercises can help learners consolidate the concepts acquired by studying, 
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this system supports self-assessment. There are pools of quizzes prepared 

for each chapter. When a student has finished reading a chapter, he/she 

may take a quiz corresponding to the chapter. If the learner wants to have a 

short revision of several chapters, he/she may choose the Composite Quiz. In 

this case, the scope spans over chapters that the learner choose. Our system 

only supports multiple choices at this time. In order to provide different 

questions for different sessions and prevent student cheating by memorizing 

the questions all the quiz questions are dynamically retrieved from a pool 

of questions. Moreover, the order of the choices in each question is also 

randomly generated. 

Providing four options in multiple choices questions does not prevent trial 

and error. For example in the case of Mclntyre's [31] exercise as shown in 

Chapter 2，a student is required to fill-in a missing statement in a C program. 

In this situation if we only give the student four choices to choose, this does 

not provide enough alternatives since everyone's programming style can vary 

a lot. However if the system lets the student to have free-style input, it will 

be hard to assess the answers automatically. Therefore we provide a modified 

multiple choice approach. A combination of several multiple choice boxes are 

used for one question. If there are 4 choices in each separate multiple choice 

box, n choice boxes in a question, there can be 4打 combinations of answers. 

Under this scheme, we can reduce the possibility of answering by guess. 
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4. Gives Prompt Feedback 

It is believed that feedback gives a clear indication of students' progress 

and their next targets [5]. In order to give feedback to students immediately 

after a student has finished a quiz, the answers are marked automatically. 

The system provides a short report indicating which answer is right or wrong. 

Student can also further investigate each question by referring to the provided 

explanation. In our system different comments will be given according to 

different quiz results, e.g., "Congratulations! Well done!", "Good! Keep it 

up!” or "You better hurry...". These comments can encourage students to do 

better and to improve. 

In the provided personal report, students can not only monitor their pace 

of courseware reading, but also check their quiz performance. Revising the 

past quiz questions and explanations helps them prevent from making the 

same mistakes again. 

This proposed learning system supports several kinds of multiple choice 

questions requiring a student to (l)choose the only one correct answer, (2)choose 

all correct answers, and (3)choose several answers to modified multiple choice 

questions. There is a question analysis in the personal report showing the 

students，strength and weaknesses on different types of questions. It shows 

how many questions are answered correctly. 
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5. Emphasizes Time on Task 

One element of effective learning is efficient time management. New tech-

nologies like computers and the Internet help us improve our time manage-

ment. For example, Word processing helps us to edit a passage tidily and 

spreadsheets help us manipulate data. We can save our time by learning at 

home. 

Most quizzes in basic online learning systems are marked automatically. 

This frees instructors from marking the massive amount of assignments or 

examination papers. It also lets students know their result immediately. Re-

sults are stored explicitly so that an instructor can monitor students' progress 

efficiently. 

In addition to these common features that help learners to manage their 

time, our proposed system provide a chapter's estimated reading time at the 

front of each chapter. There are times that the learners may not spend their 

time in a chapter wisely. Giving the suggested learning time can address the 

problem. The procedures to determine the estimated time can be divided 

into two phases. When a course is initiated, the instructor may suggest the 

estimated study time based on his/her experience. When the course has been 

around for sometime, the instructor may fine tune the estimated study time 

for a chapter based on the actual time his/her students have spent on those 
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coursewares. 

6. Communicates High Expectations 

At the beginning of each chapter, the learning objectives of the chapter 

is provided. This will give students an idea of what they should learn after 

reading that chapter. Having a clear picture of chapter's learning goals helps 

students focus on important areas and concepts. 

Providing suitable hyperlinks over the Internet encourages students to ex-

plore knowledge in addition to the provided materials. It is believed that stu-

dents can learn more from searching relevant information distributed across 

the Internet. However Paul [24] observes that because of the enormous vol-

umes of data on the web, students have difficulty finding appropriate data 

and distinguishing which is truly valid and useful. Therefore in our system 

instructors are encouraged to provide relevant links to students so that the 

students can acquire more knowledge efficiently. The instructors can add 

relevant hyperlinks in the course materials or when they set quizzes. 

7. Respects Diverse Talents and Ways of Learning 

The Internet provides different ways of learning. Course materials can be 

presented in text, static pictures, animation, audio or video clips. There are 

various ways for students to adopt knowledge via an online learning system. 
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In order to fit students' learning pace, each question in our system is 

associated with a level of difficulty. Similar to some public tests, for example, 

the GMAT Computer Adaptive Test [42, 44], the difficulty level of question 

may vary according to the student's performance. Therefore the difficulty 

of questions would adapt to the student's current result. After checking a 

certain number of answers, if the student has done very well, the system will 

pick some difficult questions for him/her in order to arouse his/her interest 

to the topic. On the other hand, if the student's performance is just fair, 

the system will pick some easy question in order to encourage the student to 

keep trying. 

Table 3.1 summarizes how the proposed system implements seven princi-

ples. 

Seven principles System Features — 
Student-Faculty Contact Discussion board, email list “ 
Cooperation Among Students Discussion board, email list 
Active Learning Quiz (dynamic-generated, modified-multiple 

choice), animation and simulation among 
learning materials 

Prompt Feedback Quiz with feedback, personalize reports 
Time on Task Estimated studying time 
High Expectation Set goal for each chapter 
Diverse Talents Adaptive question generation 

Table 3.1: A summary of how the proposed system implement seven princi-
ples 

In addition to the above mentioned features to support the seven princi-
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pies, there are other functions that are essential in our online learning system. 

In order to let students know their learning progress and performance, our 

system gives each student a student record. Each student needs to register 

to initiate an account using the course webpage. Thereafter, students can 

check their registered personal information in case there are any errors or 

modifications. 

Once a student open an account, he/she can enjoy various features pro-

vided by our system. Our proposed system is a self-directed learning system. 

A list of available courseware is posted so that he/she can read the lecture 

notes at his/her own pace. When he/she has finished reading a chapter, the 

system will record at the student's personal report. Therefore he/she can 

easily check which chapters he/she has read and adjust his pace of learning. 

Our proposed online-learning system provides some features for instruc-

tors to maintain the system. There are several areas reserved for the instruc-

tors. They include the area of course material maintenance, quiz design and 

student performance monitoring. 

Instructors can upload the teaching materials on the system. Nowadays 

creating a simple webpage is not a difficult task. The simplest method is to 

write html coding. Text editors like Microsoft Word can be used to convert 

a document file to html format. Softwares such as Frontpage, Netscape 

Composer, Macromedia Director, NetObjects Fusion, etc can be easily used 
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to create html files. Once instructors have prepared the notes, they can 

upload the notes to their coursepages. 

Since self-assessment plays an crucial role in self-learning system, our 

system can provide a convenient way for instructors to create the quizzes. 

An instructor only needs to input the required fields. The question will be 

generated and stored in the quiz database. This proposed system provides 

a user-friendly querying environment for the instructor to monitor students 

quiz performance. By typing in different retrieving criteria (see detailed 

description of the criteria in the next chapter with screen captures), the 

instructor can find out the relative performance of the test taker. 

Our system needs an administrator to work on the back end. Since tem-

porary the server side of the system runs on Unix platform, an administrator 

should install the system by putting all the required Java files into the course 

account, run the setup package which generates several course page files and 

create tables in the database. 

Fig 3.1 summarizes the provided functions. When the user logins, he/she 

will have an access to the system. An instructor can choose to upload course-

ware, create quiz, or monitor student's learning performance. A student can 

study courseware, take quiz or check his/her study progress. The bottom of 

the Fig 3.1 shows the functions that both instructors and students can access 

such as discussion board, list of email address and other relevant information. 
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User 
login 

Instsructor Student 

Upload Create Monitor Study Take Check 
courseware quiz student's courseware quiz study 

performance progress 

Discussion Email Check user 
board List information 

Figure 3.1: System functions 
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3.2 Software architecture 

The proposed system uses a client/server architecture. As Fig 3.2 shows, 

instructor's and student's browsers are the client terminals. They can access 

the system through the Internet or Intranet with Hypertext Transfer Proto-

col(HTTP). On the server side there is a HTTP server running with Java 

Servlets programs. The HTTP server handles the common static webpage 

transference. The Java Servlets programs are to generate dynamic html files, 

connect to the database so as to transfer data to and fro the database via 

the connection pool according to the client request. 

Client I 

\ — — I I " “ ~ I I I 
^ Connection Database 
^ Server Pool • base 

Clien7~| 

Figure 3.2: System Architecture 

Java Servlets [41] are small programs that extend a web server's fimction-

ality. They can deal with data from corporate databases, generate dynamic 

content and manage user's state information [47]. Servlets not only inherit 

the large set of Java package and divide different object into classes, they 
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can also be more efficient than traditional Common Gateway Interface(CGI). 

This is because when there are N requests to a CGI program, the program 

code needs to be loaded into memory N times. On the other hand a single 

instance of servlet can handle these requests by using N threads which can 

save memory and give a faster response [38 . 

As shown in Fig 3.2, the web server communicates with a connection 

pool instead of directly making connection to the database. Since running 

an online learning system always requires to connect to server's database, for 

example to load user's profile or to retrieve quizzes, it is time-consuming to 

open a connection to a database, to allocate memory resources, to authenti-

cate the user, and to set up the security measures [53] when a client request 

arrives. Therefore a connection pool method is adopted [52]. When the sys-

tem is booted, it first makes a certain number of connections at once. Then 

when a client requests to run a query, it can request a previously prepared 

connection from the pool. After the operation is finished，the Servlet returns 

the connection to the pool. These connections can be reused and hence, this 

approach saves the time from making a new connection all the time. 
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3.2.1 Authentication 

Since it is a self-directed learning system, each student has his/her 

personal profile. Before students access the system resources, they should 

login to our system. 

login fail 

login name, ^ ^ ^  
1 / Askforbgin \ P � �d /^heck losm \ 丨。加 f Session: ^ 

U s � • ( � J )——-V V ^ -LQ̂N̂e 
iJ V P � �J V password J -Form Study 

/ login name, / password, / user right, / form of study 
/ 丨 / ] 

Db (user 
information) 

I 乂 

Figure 3.3: Process of Login 

Fig 3.3 shows that when a user accesses the page for login, the user is 

asked for the login name and password. If the login is successful, the user 

can access various system functions. The system stores the user's login name, 

user right and study form(if student) for a session. Since html is stateless -

after sending a user an HTML page, the web server retains no memory of 

that user. In order to keep check of the series of requests from the same user 

across a period of time, servlets provide a session, which is some data on 
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the server to store objects. Using the session, we can store personal data on 

the server instead of passing the data through parameters in URL. In this 

case, data is hidden. In this process the login name is stored to keep track 

of the learning process, user right is used to prevent students from using 

instructor's utilities, and form of study is convenient for the users to take 

appropriate quiz. 

3.2.2 Courseware studying 

After login, students can access the courseware provided on the web. We 

encourage students to perform self-assessment through our system. Therefore 

both students and instructor can monitor the studying progress. As described 

in Fig 3.4 our system will monitor whether the session is created by checking 

the login name. If a null value is returned, student is required to login. Once 

the student has login by checking the session, our system will retrieve the 

course materials for the student. At the end of a chapter, the student will 

be asked whether he/she has completed the chapter. If the student has only 

browsed through it or only finishes a part of it, he/she can respond negatively. 

If the student has finished reading the chapter, his/her studying report will 

be updated. Therefore students can check their progress in their personal 

report easily and know which chapters they have finished revising. 
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-F orm Study  
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I chapter, ^̂ '̂ "•mmmatt̂ ^ 

courseware r e a d m g s U t u ^ 

J / J 
Qfe (studying 國 

report) ^S -

Figure 3.4: Process of course studying 

We keep the courseware in their original format on the hard disk of the 

server. The instructor can prepare his/her material either in simple html, 

pictures, animations or any audio/video files. 

3.2.3 Quiz retrieval 

The difficulty of a quiz is designed based on a student's performance in 

a previous quiz. As shown in Fig 3.5 there are two processes in quiz retrieval. 

When the system gets the scope of quiz, year of study of the student, and 

there is a login name in session (means the user has login), it will retrieve 

quiz from a database. All the model answers will be stored as a session so 

that students have any access to the answers. On the other hand, students' 
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Figure 3.5: Process of quiz retrieval 

answers are also temporarily stored for assessment. 

Quiz comes in two phases. The first phase involves questions on the core 

concepts. Based on the performance of the participant in the first phase, 

questions in the second phase are designed to help the participant better 

understand the topic. For example, at the end of first phase, if the rate of 

correct responses of user's reply is higher than a pre-set value, the level of 

difficulty of the questions in the second phase will be revised accordingly. 

After the student has finished two phases, a result report with comments 

and explanations will be generated immediately. The quiz result and the 

performance of different types of questions are stored for use. 
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3.2.4 Performance Monitoring 

In our proposed online learning system, each student has a personal 

progress report. Fig 3.6 shows the process involving performance monitor-

• \ Revise Session: 
-Login Name ^ . 

quizzes 
^ p — J "III 

personal • - Study progress \ specified \ 
report V i V quiz report J 

• Progress analysis J 乂 

loginn 騰 ， Z / o . o f c o n e c N . ^ ^ j J l p t e r Z \ 
chapter Z / / w r o n g o f \ ‘ X e r ' s answer \ 
reading status / question types N ^ / \ explanation 

,/ . Zj； / \ 』 

Db 二 r 妖 • 減 ） p I f 
l / l [ / [ / P 

Figure 3.6: Process of performance monitoring 

ing. On obtaining the login name from the session (when the user requests 

to see his/her progress, the studying progress) assessment performance and 

analysis report are retrieved. The studying progress shows whether the chap-

ter of courseware has been read. The quiz report generates the date of the 

quiz taken, the chapter(s) assessed, and the score the student obtained. The 

assessment analysis shows the student performance on different types ofques-

tions. If students want to further revise the quiz taken, they can click on 

the relevant quiz record, then the questions, answers and explanations are 
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displayed. 

3.3 Chapter Summary 

In this chapter, we have described in detail the features and architecture 

of our proposed on-line system. The discussion board and email list fit the 

principle of student-student and student-faculty communication. Quizzes, 

animation, and simulation are provided to facilitate active learning. The 

feedback in quiz and personalized reports provide feedback on a student's 

performance. Giving estimated studying time provides efficient learning. We 

set goal for each chapter and give hyperlink to student for high expectation. 

The proposed stem also provide adaptive question generation during quiz for 

diversifying talents. 

Our online system uses a client/server architecture. Client can connect 

the web server through HTTP. On the side of web server, with the help of 

Java Servlets each user's profile can be maintained when the user is con-

necting to the server and users can retrieve any datafiles to and from the 

database efficiently. At the end of this chapter we explained several func-

tions performed by the system. 
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Chapter 4 

Demonstration 

In this chapter, we take a walkthrough of our proposed proposed on-

line learning system. We assume that students study Computer Studies. 

In particular, we target the syllabus of Hong Kong Certificated Education 

Examination(HKCEE) [1 . 

HKCEE is a Hong Kong public examination that is normally taken by 

students at the end of his/her five-year secondary education [33]. Computer 

Studies is one of the areas in HKCEE, which is designed for students to 

recognize the applications of information processing, to learn the computer 

applications packages, to understand the basic organization of a computer, 

and to develop programming techniques. 

Fig 4.1 shows the main page of the system. There is a menu in the frame 

on the left for the ease of browsing across the webpage and below the menu 
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is the scrolling news that reminds students of some special events. 

� … • ‘ HKCEE COMPUTER STUDIES 

N e w s 

SI 麟 4 B 1 M 
C o u r s e w a r e W ^ K 

i -劇 
Figure 4.1: Proposed on-line learning system 

4.1 Account Management 

As mentioned earlier, each user has an account. The users(either stu-

dents or instructors) must login to the system by identifying themselves. 

Fig 4.2 shows the login page. An existing user is required to input his/her 

login name and password. For security reasons, the field of password is en-

crypted. New users are requested to register a new account by clicking the 

S — Up button on the page of login. Fig 4.3 shows the page for signing 

up. After users have logged in, they can view their registered information as 
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Figure 4.2: The login page 

�� • � HKCEE CCMPUTER STUDIES 

m r n m 鄉 請 

News Please input your information for registration 

L o ^ k Login Name: jftchan 

^ ^ Password: F " : ； 
Courseware I 

Email list Pwd Confirm: p** ： 

^ ^ ^ ^ Student/Instructor | Student _ 

"(totoTa u Name： jChanFukSun ‘ 

Class: (Only for students) p ] ® | b . 

> ‘ : Email: |fschaii@ine.a>in""" 
CMBAMMI Am _____ • 

Sr'' mm 
airway I k j 3 

Figure 4.3: The sign up page 
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shown in Fig 4.4. 

�‘僅,；HKCEE COMPUTER STUDIES 

B r ^ / ^ 卿 S C H W L 
• 騰 _ iftPORHATtON 

News Login Name: fschan 
Login Password: bbb 

Name: Chan Fok Sun 
Courseware 
Email list Class: 5B 
Home Email: fschan@me.com 

::较丨丨丨：？:丨？这::难敦丨和丨::::： 

.：：!丨翁丨丨:::!:丨溶丨：；麵:丨丨 

Form 4t It's 
4ilr»«dy 
October， you ivhould 
h a v e  

Figure 4.4: The personal information page 

4.2 Courseware 

In our demonstration, we take 3 chapters from the content of textbook 

Computer Studies 2000 [25). As shown in Fig 4.5’ at the beginning of each 

chapter, the objectives of the chapter are stated. Therefore the students can 

pay attention to the important concepts when they read the materials. The 

courseware also provides the estimated learning time for the students so that 

they can manage their time more efficiently. 
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• state the difference betvtreen bmaiy ttumlier system and otlier number systems 。I 

• describe the representation of integers, fixed point, floating point and alphanumeric 
data in computer 
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Ch 10 Data Representation 
Computers deal with two basic types of data: numeric data and alphanumeric data. Numeric data 
consist of numbers that can be processed arithmetically. Alphanumeric data are the set of characters 
that includes letters, digits and special characters such as punctuation marks. 
This chapter shows how different data are represented in computer systems. .. 

10. 1 Coding information using binaiy digits 
M devices in computer systems are two-state devices. For example, switches are either ‘on’ or 'o f f 
a signal is a pulse or no pulse (see Fig 10.1). The two states are usually represented by digits '1 ' and' 

Figure 4.5: The objective and estimated time 

Among the courseware, animation and interactive simulation is provided. 

Visually transforming conceptual algorithms and arithmetic operations into 

animations and simulations help students learn in an easier and more efficient 

way. Fig 4.6 - Fig 4.9 shows the snapshot of an animation step-by-step 

showing how to convert a binary number into a decimal number. After the 

question is shown for a while, a hint is shown in the animation (Fig 4.6). Then 

it starts to work out the question with comment next to it (Fig 4.7). Repeat 

the steps and the result is shown as Fig 4.8 and Fig 4.9. Fig 4.10 - Fig 4.13 

are snapshots of an interactive simulation. This simulation helps learners 

learn how a program is executed in a simple model computer(SMC) to work 
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：丨:總激毅_賴纖驗纖纖丨丨錢丨丨缀：激:i錄丨丨丨絲纖竊纖錄！！騰丨丨:.::.： ：丨錄:;.. 

:___1讓_漏_霧_纖__譲_讓圖 
：-：̂：-：̂：̂̂：：：̂：：：;̂；：̂：；?：；：̂̂̂ 

:::钱丨讓丨纖霧鬆縫纖凝疆觀賴缀錢穩_觀纖 i i i i i : l _ i缀 

：凝錢！職縫•鬆灘籙纏藥鐵i•麵纖•麵__議攀纖縫隱纖缀 

____|__|______醒 
i l i l i i i i i i i l l i i l l i i i i l i i l i^ 
； : ※ : : 游 錢 凝 餘 钱 敌 總 缴 激 丨 裕 麵 丨 丨 ： 丫 ： 〉 J 丨 

� _ � � _ : � � _ _ _ _ _ � _ � 

1_霸_1 讓議,___廳____1________1 議_i_siii 丨 , 
__i_i_讓 ________圓 

Figure 4.7: The animation - solution 
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flow to Convert a dediuftt noiti ber to biii»iy tuimb^r? 
Eî itinpl̂ . I>!e•脚 inHiven： km bhiJiwiy, 

Z I 45 remainder I 

老丨 胶 remainder 0 
2 U remainder t 
宏 ^ femci,nd€r I ^ ^ 
2 Z remainder 0 
Z I I remainder 1 

_p_il__i鐵!__li_!lii_ 纖 瞧 ! 論 : 丨 凝 簾 ..�:.:.: 

uiitiiiyAtiin ĵ̂ mijdis 

丨鐵纖绍無!I潘纖額鐘丨竊鐵I顯篛纖穩錢！霧餞疆纏額纖戀闘丨缀���麵！懸態丨態 

\；;：；.；-；'：:：；；'；：；' >：;；.：;••；：；：：• 

Figure 4.8: The animation - final step 

H»w to Coiiwrt a dedmiil number to binary number? 
Eiampie. 挑 eouvert 4$fi 街 Into bltianry, 

2 I 45 remamdcr 1 

i i p i i i j j j i f ^ r m m r ^ O 
2 i i rematndcif 1 

^ 2 5 remainder I 
tmmtmmmmmmmmmmmmmm 

2 ^ remainder 0 
a l l remoinder 1 

、 … 、、、、、 

iiiiiSiiiiiiiiHiiiiiiiii^^ • 
S»at ���� ean g t̂ thu* mtmm Is IOI1ilI<i) 

、；、 、 
iiiliiiiiiilli®^ : ..‘教. 

iiiliiiiilii^iliili^^^ 

Figure 4.9: The animation - result 
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out the sum of two numbers. During the simulation there are some arrows 

showing the data flow between different operation block. At the bottom there 

is the transcription telling what step the program is executing. At the right 

bottom corner, there are the navigation buttons letting students to go on the 

next step on their own pace. This simulation includes 3 phrases: (l)load the 

first data from memory to ALU (Fig 4.10 and Fig 4.11) (2)load the other 

data (Fig 4.12) (3)sum the data and put back to the memory (Fig 4.13). 

The following animation give a step-by -step illustration of how the SMC executes the above program, and how the registers , 
are activated. ^ 

s 
^ ^ ^ address main � 

““""•""""'I decoder memory � 
MAR 公 C ^ ^ S S ！ 

A L U 厂 ^ B ^ - i ^ H n ： 

• ~ 0 0 0 1 3 華 

冊。：I OPC iî  ； 
ACC IR MDR OOliS^^B^J 

I 、 广 ' I— I 
O The contents Of m�mory location 0001, which are tti«nr«t instruction， H i H i dmk — 

are loaded into the memory ciata register (MDR), w I p I p I p , 

.：：：：：：：：：：：：：：：：：；；：：：：：：:::：:：：::：:：:；：•：•；；：：:：：:::;::：：:：:：:::::：::：；：：：：••：：•：••••：：：：；•：； ：：：•；：：•：；；：：：：•.：•：：：•：：.：：•： . ... ^ 

Figure 4.10: The interactive simulation (phrase 1 step 4) 
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..….I一. address main j 
圓 “ " decoder memory • 

. . . r _ ： 毫 I 

with memory � «~ . - | 
0010 、 I 

o t ©PC 丨 i 
SR 吟 I pOOjKJjOOl """ ‘ I 

； I ： — - ^ ^ A C C 00111111 IR MDR ^ 
t i 0 I 

® The data are then copied to th« accumulator (ACC). ® ® ® ® j 

Figure 4.11: The interactive simulation (phrase 1 step 10) 

add new main j 
decoder memory 

ALU [ ^ ^ I 
咖{HMmf•'麵0測 Add memory … , 

® o t : : L.我, 
, * INI U I I' © 
J ~ ^ ommw ACC 10101110 IR MDR 000^1：'!^ I 
I'�’ I � > • ��� 

‘ 炮 L — . — ： 
( P The sum is put into ACC. ⑩ 像 ⑩ 

Figure 4.12: The interactive simulation (phrase 2 step 11) 
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atJdre»s main 
I I decoder memory 

� MAR 、 、 、 ^ 、 4 

ALU £ _ r , � _ : _ 
� ’ � r? accumulator 

_ 0100 

PC L 參 -

. ® 翁 I 
� • � I " I I I I I ® :: 
W O W O I ^ A C C 0 1 0 0 1 1 9 1 I R M O R : _ 

J 1 1 2 _ 
® The data in MDR is then copied to m&mory location 1101. @ @ • • 

Figure 4.13: The interactive simulation (phrase 3 final step) 

4.3 Quiz 

Students may assess their understandings by taking quizzes in this sys-

tem. A student can either taking a test on one chapter or a composite 

quiz covering several chapters. (Fig 4.14). At the bottom of the quiz page, 

there is a section giving instructions of the quiz. When the student is ready, 

he/she then clicks on Start. All the questions will be retrieved from the 

pool of questions located in the server. As mentioned before, there are three 

kinds of multiple choice questions: (l)choose the only one correct answer 

(Fig 4.15), (2)choose all correct answers (Fig 4.16), and (3)modified multiple 

choice (Fig 4.17). 
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Please check and input the following information 

User: fschan 

Form: F""i 

Quiz Chapter: From: l ^ t o F ^ 

m\ 

Remarks: 

• Answer all the questions 
• Please make sure your login name and number of chapter is correct 
• Type of questions: 

o check box (a square box) - choose those are correct 
o radio button (a circle) - choose only one “ 
o input box - Free input 
o select box - This is the modified multiple questions. Please answer all the required selection box 

• When the quiz is finished, it will show your quiz result immediately. You can find the explanation by clickin£ the 
question 

Figure 4.14: Take quiz and read the instructions 

I 1) What is binary digit? 
、 ^ A. Digit 0,1 

广 B. Digit 0,1,2...9 

•••••"• .....I , 

Figure 4.15: Choose the only one correct answer 
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2) Under the scheme of Even Parity Checking, which one(or many) of the following 
data has error? 
r A. 00111000 

r B.01001000 

C C.01110001 

r D. 10000000 

lot^ I 

Figure 4.16: Choose all correct answers 

3) Please finish the following Pascal program which can print 3 times "Hello, Tom" 

Program Welcome; 
var Value; 
begin  

F ^ 3 Value : = l | 9 H H H H 3 卜 臉 s e l e c t - ^ 
writeln("Hello. Tom"); 

end. 

Figure 4.17: Modified multiple choice 
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After the quiz is completed, the student can immediately gets his/her 

result sheet as shown in Fig 4.18. The result sheet shows the question num-

bers, the correct or incorrect answers and the questions. Right below the 

total marks, there is a feedback given to student for encouragement. If the 

Result: 

User: fschan 

No. [Result 厂 ’ 

1 v^ What is binary digit?  

2 I y [What is the CPU?  

3 I [Please finish the following Pascal program which can print 3 tim^ 

4 [ X [iipr tes"tin£, this is a level 3 0 ) ln 

Marks = 75 

Good. Keep it. 

Figure 4.18: The quiz result 

student wants to review the question, he/she can click on the question. In 

Fig 4.19 the student would like to review the question, the suggested answer 

is given. The bottom displays the reference hyperlink related to the quiz. 

The instructor can also provide relevant reference links to the student to 

help him/her learn more. 

There are some questions that contain numeric data. In order to pro-
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Bxpfanatlon 

Question :(for testing, this is a level 3 Q)In floating point representation method, the number is split up into 
two parts: a Mantissa and an Exponent. In the following options(in binary), please choose those arc correct, 
(number, mantissa I exponent) ‘ 
Correct Answer i s : A D 
Your answer i s : A 

A. (1101.101, 01101101 I 00000100) 

cxplanatim: 0.1101101 

B. (-11.001, 11100100 I 00000010) 

explanation: -0.11001*2^2 

C. (0.010001, 01000100 I 10000001) 

explanation: 0.10001�-1 

D. (0.00000101, 01010000 I 10000111) 

explanation: 0.101^^-7 

You can get relevant information at chapter 10 

Figure 4.19: Explanation of the finished quiz 

vide a dynamic question to students and prevent students from memorizing 

the data, these numeric data can be dynamically generated. In this demon-

stration, the conversion problem is dynamical. A student may be asked to 

convert a dynamically generated number between the binary, octal, deci-

mal or hexadecimal systems. Fig 4.20 and Fig 4.21 show how the question 

and explanation for converting an octal number to a hexadecimal number. 

Fig 4.22 - Fig 4.23 shows the student is required to convert a decimal number 

to an octal number. 

Students can check their studying progress in the progress report. In the 

case of Fig 4.24, the Study Progress shows a student has studied chapter 
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2) Please change 260 base (8) to hexadecimal - � 
i 

natt I 

Figure 4.20: Convert an octal number to hexadecimal number 

Question :Please change 260 base (8) to hexadeci mal 
Correct Answer is: BO 
Your answer is: 6E 

A. BO 
cxpkmthn: Split up octal the digits: 260 
Got the binary digks: 1011_ 

And then 
Groups of 4 from the right: 1011 (XXX) 
Got hexadecimal digits for each group: BO 

Figure 4.21: The explanation 
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2) Please change 65 base (10) to octal 
101 ‘ i 

..J 

國 

Figure 4.22: Convert a decimal number to octal number 

Ekplmatim 

Question :Please change 65 base (10) to octal 
Correct Answer i s : 101 
Your answer i s : 101 

A. 101 
explanation: 65/8=8 risjnaindcr=l 
8/8=1 rcinaindcr=0 
1/8=0 rcmaind€r=l 
Adding the rsmainders from the batom to the top js ibc answer 

Figure 4.21: The explanation 
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10 and 12 and Quiz Result shows that he/she has taken the quiz of these 

chapters. The student can click the hyperlink on the chapter number to 

review the quiz that he/she has taken. Then the result sheet (as the same 

as what he/she got when finished the quiz) will be given Fig 4.18. The 

Question Type Analysis shows the student's performance on different type 

of questions. Five "smile" icons means the student has done very well and 

at least one "smile" icon mean the student need to improve on this type of 

question. 

Progmaa 
mpott 

Study Progress 

10 YES 

11 NO 

12 YES 

Quiz Result 

12 50 2001-06-14 

Question Type Anaysis the best 

Performance Correct Done Correct Done Correct J)onV  

3 4 2 3 0 I � n e 

Rating • • • • • • • • © 

Figure 4.24: The progress report 
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4.4 Email address list and newsgroup 

As mentioned in Chapter 3，an email address list and newsgroup en-

coumge students to have peer collaborations and student-faculty member 

contacts. Fig 4.25 shows the email address list of each registered user. Stu-

I n s t r u c t o r s C l a s s 4A C l a s s 4 B C l a s s 5A C l a s s 5 B 

Instructors: 
M r . P e t e r W o n g p e t e r k w o n g @ h o t i n a i 1 . c o m 

M i s s A n d y Y u n g a n d y O h o t m a i 1 . c o m • 

M r . S i t o n L a i s i m o n l a i Q f f l a i 1 c i t y , c o i n 

M i s s J a c k y L e u n g . i a c k v l e u n g Q h o t n i a i 1 . m m 

Students: 
C l a s s 4 A : 

Kain H o C h e u n g ka fho@hTi i ins . e d u 

L o u i s C h a n l o u c h a n Q h o n g k o n g . c o i i i 

W o n g ffai M i n g w w o n g Q i m a i I c i t v . c o T n 

R e b e c c a H o r h o Q u s a . c o T f i 

C l a s s 4 B : 

H o M a n T i n i r i a a Q h g f f l s . c o i i i 

R o m a n 丁 s a n g r o m a n Q h o t m a i 1 . c o m 

Figure 4.25: Provided email address list 

dents can easily contact each other by clicking on the address to launch their 

email editor. Fig 4.26 is the discussion group that provides a place for the 

users to exchange ideas. Students can post message when they face any 

problem, or instructor can post discussion topic for students. 
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Newsgroup 

• Discussion Topic 1 teacher_a@school.edu (17:36:11 14J06J01) 

° wmwpncKS>honakona com (17•扣.印 

• Problem about sequential file uprlntipg fschan@me.com (17:30:21 u / o e / o i ) 

Post new Message 
T i t l e : r — li 

• ：'： ：：：：：： ：： • • ““職““““““““…“““““““乏 

Email: li 
Message: ‘ …•••‘ •丨 

I 

Figure 4.26: Discussion Group 

4.5 Instructor Area 

There are several areas restricted for instructors only. One of these 

areas is the area for preparing quizzes. Fig 4.27 shows how the instructor can 

create a quiz. The instructor needs to choose the type of a question. Other 

required properties are the questions, the answers, the explanations, difficulty 

level, the chapter of the question belongs to, and any reference materials or 

hyperlinks. The page of making modified multiple choices question is similar 

except the option of providing 3 sets of answers. 

This system provides user-friendly functions for instructor to efficiently 

monitor students' quiz performance. The instructor can retrieve the quiz 
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MAKE QUiZ 

Welcome to quiz wizard. You can make your quiz here easily 

广 Choc^se the only ONE correct answers r choose ALL correct answers 
I Input the text ‘ " "" ^ 

Question: 響 

韻 

A 画 ers Correct? 
Answer 1: | ‘ � 

Explanation: I ^ 

_ _ _ . 
Answer 2: | “ � 

Explanation: | “ — 

Answer 3: j — � 

Explanation: | ‘   

Answer 4: | “ “ � 

Explanation: j “ ~  

Difficulty: [Easy 

Which FORM does it appear? F. 

Which CHAPTER does it appear? Ch. |""” 

Where are the relevant documents? f “ 

Figure 4.27: The quiz making 
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record by different properties: student's studying year, class or name, range 

of quiz result, quiz chapter, or date. If the instructor inputs nothing in the 

properties, all the quiz result will be retrieved. Fig 4.28 shows the instructor 

would like to know who a score less than or equal to 50 in a quiz, Fig 4.29 

shows the query result. 

--muDBvr 
U§hiFORmNCE 

Query By: 

F o r m : 

Class: I ‘ 

Marks: >= | 

Student Name: j j 

Chapter > : 口 

< = • 

Date of Quiz: Fromf""""" 

T o r ^ j " " " ^ I 
I _wri i nWYiil I iiYitt-j-l 

Figure 4.28: The performance monitoring 

If the instructor want to upload some materials to the webpage, the up-

load function shown as Fig 4.30 is provided. The instructor is required to 

input where this material belongs to. There is a button marked Browse. 

Clicking this button will launch a file selection box to user and the user can 

choose the file located in his/her local computer. When a file is chosen, the 
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ip/D®vr 

Chan Fok Sun 5C 12 50 2001-06-14 

Lee Kin Ho 5B 10 50 2001-06-15 

New Query 

Figure 4.29: The performance monitoring 

fill path of the file is inputted into the text box automatically. Once the 

instructor clicks Upload, the file is transferred. 

4.6 Chapter Summary 

In this chapter we summarize the functions of the on-line learning sys-

tem. We have described the functions such as the account management, 

courseware, quiz, email and newsgroup and instructor area. 
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FORM R 厂 

CHAPTER: Ch.r^ 

Figure 4.30: The upload function 

81 



Chapter 5 

Conclusion and Future Work 

5.1 Conclusion 

In recent years, web-based learning is popular among schools and uni-

versity. However we find that few on-line learning systems has been designed 

with reference to existing education models. We feel that these education 

models provide guidelines for designing and evaluating on-line learning sys-

tems. Therefore we look into six important learning models proposed by ed-

ucators and researchers, namely, (1) integrative learning model, (2) problem-

based learning, (3) cognitive a p p r e n t i c e s h i p , � conversation model, (5) self-

regulated learning, and (6) seven principles for good practice for education. 

The seven principles appears most comprehensive and broadly cover the most 

essential aspects of education. When we evaluate several existing systems us-
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ing the seven principles framework, we find that these systems do not fulfill 

all the seven principles. In this research, we propose a framework for an 

on-line learning system that implements all the aspects of the seven princi-

ples. With the help of the principles, we hope to provide an efficient learning 

environment for the learners. 

In our proposed system, a variety of features that support seven princi-

ples are provided. Discussion board and email facilitate student-student and 

student-faculty communications. Self-assessment with quiz, animation, and 

simulation encourages active learning. The feedback system in the form of 

quizzes and personalized report provide feedbacks on student's performance. 

By analyzing student's quiz results, the system gives valuable advice helping 

students study on their own pace. Estimated studying time encourages ef-

ficiency in learning. Setting goal for each chapter and providing hyperlinks 

give high expectation to perform and achieve. The proposed system also gen-

erates adaptive questions adjusting to students' study level so that diverse 

talents with different study plans can be catered. 

This research aims to build a comprehensive and multi-function learning 

environment for improving and enhancing classroom learning experience. In 

addition to traditional delivering and learning during classroom teaching, 

our system with the enhanced features is a complementary learning instru-

ment to traditional classroom teaching. Students can conduct self-directed 
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learning and self-assessment by using this system. This system serves as an 

on-line learning model for web-based teaching developers, since we consider 

incorporated the seven principles in our fundamental system design concepts. 

Our proposed system has the following strengths. After reviewing several 

pedagogical theories, we used a predominant theory, the “Seven Principles 

for Good Practice" as a framework in developing this on-line self-directed 

learning system. We believe that pedagogical theories also apply to the 

on-line setting. In addition, this system can easily be adopted to subjects. 

When an instructor needs to create a new course in the system, he/she can 

create a new set of coursewares using HTML editors. Once the course ma-

terials have been created, the instructor uploads the materials to the course 

webpage. The system provides an user-friendly interface for making quizzes. 

Self-assessment plays an important role in this system. In our proposed sys-

tem, the questions and order of choices are dynamically generated. In order 

to encourage students to think thoroughly in answering each question instead 

of wild-guess, we propose the modified multiple-choice approach. Moreover 

each student has his/her personalized report to give a clear picture of his/her 

studying progress and assessment results. 
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5.2 Future work 

In this thesis, we developed a framework for developing an on-line learn-

ing system and built a prototype. We expect that in the future this prototype 

can be evaluated and modified by instructors and high school students. Their 

feedback can help system developers to further improve this system. 

Due to time constraints, this system aims to demonstrate only the basic 

features and interface for implementing the seven principles without going 

into great details. Therefore there are rooms for further enhancements. 

Currently we have some animations and simulations in the course mate-

rials. In order to provide more audio and visual aids and encourage active 

learning, future system developers can incorporate multimedia components 

such as audio and video clips. 

Web-conferencing can be integrated into the system. Net-meeting soft-

wares such as Microsoft Netmeeting [32] and CUseeMe [12], and Internet 

telecommunications software such as MediaRing Talk [40] are available for 

web-enable, real-time interactive communications. As broadband Internet 

services become mature, the limitation of bandwidth is a less concern in 

adopting Internet conferencing and telecommunications. 

The quiz retrieval mechanism is another area for improvement and future 

development. The existing system does not allow students to take a quiz for 
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a chapter for more than one time. However future system developers may 

give instructors the flexibility to set the number of times each student can 

take a quiz for a chapter. The concept of letting student to decide the level 

of difficulty of the questions encourages students to self-direct their study 

and to set high expectation for themselves. 

Moreover a studying agent can be built. This agent takes care of a stu-

dent's studying progress. If a student's performance result cannot meet a 

pre-set passing level, it will send an alert to his/her instructor. A Student 

can also set the learning target at the beginning of the course. Therefore at 

a certain time this agent can give an alert to the student what he/she should 

have done at that time. This studying agent helps the student adopt a better 

time management and meet his/her goal in every milestone. 

In addition to developing more features for learning purposes, we may 

enhance the course maintenance functions in our system. An instructor can 

modifies or deletes the quiz and uploads materials in a more user-friendly 

interface. Since students may always ask similar questions, an auto-reply 

system may be built. Once analyzed the keywords in the email, the system 

is able to retrieve and send pre-written messages to students automatically. 

For frequently asked questions, this auto-reply system that provides instant 

responses is particularly useful in reducing instructor's workload. 
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