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Abstract 
Tertiary institutions are increasingly providing Web-based courses to learners both on-

campus and off-campus, enabling more students to take these courses and get the most

recent information. Students can also learn more interactively with the new types of

instruction methods used online. Synchronous or asynchronous communication via computer

networks can also greatly facilitate the learning process. In order to help the teachers and

administrators of the Web-based learning systems to improve the effectiveness of their

instruction and design better online learning software, we have implemented an exploratory

investigation of the behaviour of the students in the Web-based learning environment.

Multiple approaches were adopted to collect data, which included questionnaires, posted

documents, online logs, interviews and observations. Comparison and analyses are also

made between students in different semesters, and under different instruction methods.

Some viewpoints on the construction of the Web-based learning systems are proposed.
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Tertiary institutions are increasingly providing Web-based courses to learners both on-

campus and off-campus, enabling more students to take these courses and get the most

recent information. Students can also learn more interactively with the new types of

instruction methods used online. Synchronous or asynchronous communication via computer

networks can also greatly facilitate the learningprocess. In order to help the teachers and

administrators of the Web-based learningsystems to improve the effectiveness of their

instruction and design better online learningsoftware, we have implemented an exploratory

investigation of the behaviourof the students in the Web-based learningenvironment. Multiple

approaches were adopted to collect data, which included questionnaires, posted documents,

online logs, interviews and observations. Comparison and analyses are also made between



students in different semesters, and under different instruction methods. Some viewpoints on

the construction of the Web-based learningsystems are proposed.

Introduction

Because of its uniquely distributed nature, the Web continues to be seen as a stimulus to

innovation, placing more control in the hands of individuals, workgroups, and people with

shared interests and goals (Brown, 2000). The great amount of information on the Internet

has triggered the development of many new information technologies, including information

retrieval and information management, personal communication and so on. One of the most

interesting applications is distance learning. The appearance and development of distance

learninghas its own economic and social context.

The number of unemployed workers is increasing because knowledge is being updated at a

high rate and is therefore becoming obsolete sooner. The amount of information that needs

to be learned grows very rapidly. So more and more people have to be retrained so as to

adapt to the explosion of information and technology and get a satisfying job. Businesses

also need to retrain their employees if they want to survive in the market. However, it is often

impossible for employees to completely put their job aside and to be full-time students. They

prefer to use their spare time to study at their homes or other private places, without the need

to go to school and attend lectures. Distance learningis a practical solution.

On the other hand, students who attend university also need Web-based education. The

proliferation of local area networks (LANs) has made it possible for students to stay at their

dormitories while studying and learn with easier schedules. They prefer online learning

systems because of the "richer and more effective learningresources and a more flexible

pace of learning" (Ward and Newlands, 1998). Universities benefit from an increase in

student numbers without needing to provide more classrooms and teachers. With

conventional instruction methods, a teacher can only teach about 100200 students in a room,

as compared to 1,000-2,000 in a virtual classroom. More importantly, the Web-based

educational system is designed to focus on learningrather than on teaching. The classical

view of teaching as telling or delivering curricula has turned into promoting changes in

learner concepts and strategies. In order to let students learn more effectively, teachers

should gradually become advisors, managers and facilitators of learning. The Web-based

learningsystem is the perfect environment for this change from "education" to "learning".

Many researchers have studied the development of distance learningsystems in order to

design a highly effective learningenvironment. In recent years, universities have begun to

provide Web-based courses to both internal and external students, and numerous ICP

companies have also constructed online educational sites for adult education. For example,

Gouarderes and Frasson (1998) studied a virtual learningnetwork which was designed to

improve distance education. Dufresne (2000) developed a distributed support model for

students to specify their learninggoals and results in an interface for distance learning.

Avouris and Solomos (2001) investigated the interaction of users with multiple agents with a

special focus on Web-based learningsystems. Bouras et al. (2001) designed and

implemented multi-user distributed virtual environments for distance education. These efforts



have made distance learningsystems more adaptive and more effective. However, there are

still two other important questions: one is the appropriateness of a distance learningsystem;

the other is how to know individual students, identify their learningproblems and provide

tailored assistance. Besides the continual designing and construction of new effective Web-

based learningsystems, we also want to know how the learners judge our systems and what

they really want to achieve.

To solve these problems, we have investigated student behaviourin distance learning

systems, specified what they want, how they think, and when and where they need tutors to

help them. An effective distance learningsystem should give specific instruction materials and

assistance to each student. Different instruction methods will have different effects. In this

paper we find that when the teacher changes the instruction method, the behaviourof

students will also change. Comparison of internal and external students' behaviouris another

important aspect. By analysing the detailed behaviourof students, we can draw several

conclusions, which are helpful for the experts who are going to design online educational

environments and for the instructors who are going to provide online materials.

A distance education practice from Tsinghua

In China, distance education was growing rapidly when the Internet became prevalent after

1996. Tsinghua University, Beijing University of Posts and Telecommunications, Hunan

University and Zhejiang University were the first four universities to provide distance learning

courses to the students from all over the country.

At Tsinghua University, the most important function of the distance learningsystem is to serve

the students who want to get a Master's degree or another Bachelor's degree. In September

1997, the initial distance learningsystem was constructed and in July 2000 Tsinghua Network

School (TNS) was established. Now there are about 10,000 students studying in the school,

and they are from 98 off-campus education sites all across China.

Multimedia Fundamentals and Applications (MF&A) is the first online postgraduate course at

Tsinghua University in China. Before it was transferred to the Internet, it had been taught

face-to-face in classroom for quite a few years and just began to be lectured to off-campus

students via satellite in 1998. We selected this representative course to be our object of

study and examined it in detail. Some of the postgraduate students attending the MF&A

online course participated in the study of online students' behaviour.

The MF&A course provides two kinds of teaching materials - paper and electronic. Students

can buy the books from major bookshops all across China and can also browse or download

electronic teaching materials from the Web site. After having learned multimedia

fundamentals, they are asked to complete an application - designing a project on wavelet-

based image coding.

A combination of teacher-student mode and teacher-network-student mode is used in the

delivery of the MF&A course. In teacherstudent mode, four or five face-to-face lectures are

given in real classrooms (oncampus) or in virtual classrooms constructed by satellite - VSAT

sites. The lecturer focuses on the key aspects and the difficult parts of the course. In teacher-

network-student mode, computer networks carry the synchronous or asynchronous



communication, which includes learning, questions and answers, discussion, information,

downloading and e-mail contact.

The online learningplatform provided for the students consists of Web-based course notes, a

notice board, question and answer field, forum and chat room. Web-based course notes are

the equivalent of an electronic book designed for self-learning. The notice board is used to

inform students of new additions to the supplementary Web materials and of other

administrative arrangements. Students can submit their questions to tutors through a form in

the question and answer field and tutors will post the answers there so that all students can

see them. The forum provides a space for interpersonal exchange, in which all tutors and

students can post essays and respond to others' essays. It is the most important place for

communication between teachers and students, and it is also the most active part of the

learningplatform. The chat room was developed for synchronous interactions in text between

tutors and students and among students. A chat pager is also provided so that students can

find out whether tutors or other students are online, and send a chat invitation to them. There

are also other useful components, including help, a download field where students can

download electronic books and other materials, and a teacher workbench where teachers

can do administration, inspect the students' homework, etc.

Investigation methodology of students' behaviour

In order to observe the online students' actual behaviour, we implemented an exploratory

investigation in a natural environment. Because the MF&A online course is the first online

course at Tsinghua Network School and it is a relatively mature online course, which has a

four-year history and a powerful learningplatform, we selected this course for our

investigation.

Some of the postgraduate students enrolled in the MF&A online course, both internal

students and external, participated in this study.

In the autumn semester of 2001, 51 internal students attended the online MF&A course at

Tsinghua University. They were from about 20 departments of the university including the

automation, chemistry, educational technology, mechanical engineering and so on. Most of

the students had no or very little formal work experience, and this course was not required for

their degrees.

During the same semester, 1,044 external students took the online MF&A course at

Tsinghua Network School. They lived in over 40 different cities in China and were receiving

continuing education from Tsinghua University without the strict entrance examination. Their

undergraduate majors were also various. Most of these students attended two other online

courses provided by Tsinghua Network School - Artificial Intelligence and Combinatorics - at

the same time. The course was required as part of their degrees.

Several methods were used to collect data, including the three listed below.

Questionnaire

In order to assess the learningstatus of online students and get their evaluations of the

learningplatform and instruction mode, we designed a questionnaire. The questionnaire was

constructed in the HTML and all students were required to complete it. Completed



questionnaires were returned to researchers via the Web site. The questionnaire focused on

time spent, speed of learning, communication style, the differences between online and face-

to-face instruction, and some other basic personal information. The sections of the

questionnaire included the following items:

Learningstatus in online learningplatform: presenting questions or answers in the question

and answer field, including speed of learning, time spent, frequency of logging in, and the

expense of online study, etc.

Teaching materials application: whether students had bought the textbook, printed the

electronic book, and read the supplementary material, etc. This reflects the impact and effect

of teaching materials on students.

Students' preferences and habits in online learning: which communication mode, helping

mode, tutoring mode and examination mode the students preferred. The investigation of this

part will be very helpful for designing online learningsoftware.

Overall perspective: including the students' overall opinion of this online course and the

differences between traditional learningmode and online learningmode, and the students'

evaluations of the advantages or shortcomings of this online course.

There were 37 questions in the questionnaire. Most of them were multiple choice questions

and a few were open-ended. The behaviourof the internal vs. external students and the

behaviourof students in different semesters could be compared.

Posted essays in the question and answer field and forum

Students could submit their questions to tutors via a form in the question and answer field

and tutors could also post the answers there so that all students could see them. The forum

was designed for interpersonal exchange, so that all tutors and students could post essays

and respond to others' essays. We found that these essays focused on the difficulties of this

course, and discussed the project, the problems set and the feelings about the learning

process, etc.

E-mail communication and chat records

These included all e-mails tutors sent to and received from students, focusing on the

problems which students were unable to solve in the learningplatform and students' direct

evaluation and advice about the course. Some chat records were also an important source

for investigation.

The researchers sent 1,095 questionnaires to all the online students in November 2001.

Students could choose whether or not to complete the questionnaire. In January 2002 (the

end of the semester), 40 questionnaires were received from internal students and 562 from

external students. A few students did not answer all the questions, so those questionnaires

were not included.

As well as the MF&A course in the 2001 autumn semester, the researchers also briefly

studied the behaviourof external students in other two online courses offered in the same

semester for comparison. Internal and external students of the MF&A courses run in 2000

and 2001 were also compared.



Results

Using the above three methods, we investigated and analysed online students' behaviour.

There were seven main topics: personal profile, learningstatus in the network, teaching

materials application, status of online instruction, overall perspective, analysis of other data,

and comparisons with two other online courses. Chi-square tests were used to determine the

significance of the differences: >0.05 means that the difference is not significant; 0.01-0.05

means that the difference is significant; <0.01 means that the difference is very significant.

Learningstatus in online learningplatform

In the questionnaires, we asked the students about their pace of learning, time spent on this

course, frequency of logging on, expenses of online study, and students' presenting

questions or answers in the question and answer field and forum.

Students were asked the following questions:

Which time of day do you mainly spend learningin the platform?

How often do you login to the platform and how many questions have you asked or answered

in the forum and the question and answer field?

From students' online learningtime recorded in online logs, Xie et al. (2001) find that "On-

campus busy times were 10 a.m. to 10.59 a.m., 3 p.m. to 4.59 p.m. and 8 p.m. to 10.59 p.m.

Off-campus busy times were 10 a.m. to 11.59 a.m., 4 p.m. to 5.59 p.m. and 8 p.m. to 9.59

p.m." The data in Table I correspond with the online logs. Most students prefer to study at

night and during work time is their second option. But we also find that during work time

many students were active in the learningplatform, because of the low fees and high-speed

connections at their workplaces.

Online tutors are more interested in the activity of students, i.e. how often did the students

login to the learningplatform and how many questions did they ask or answer in the forum

and the question and answer field? (Table II).

There are significant differences between the internal students' activity on the learning

platform in two consecutive years. The teacher's instruction method was a very important

factor in this difference. In the 2000 autumn semester, in order to encourage internal

students to be more active in the forum and the question and answer field, Professor Lin

(teacher of this online course) announced that more active students would get higher final

scores. The participation rate for that semester showed that this method was very effective.

On average, each on-campus student raised 1.63 questions in the Q&A field and posted

20.15 essays in the forum. On the contrary, after the teacher cancelled the rule in the 2001

autumn semester (in order to have a contrast for the research), the internal students of that

semester were much less active (0.98 questions and 3.75 essays in average) than those of

2000, although the on-campus students' background and capability were much the same.

Teaching materials application

In this part, several questions covered whether the students had bought the textbook (Table

III), whether they had printed the electronic book, and whether they had read the

complementary material, etc.



A total of 97.5 percent of internal students and 99.1 percent of external students reported that

they had bought the textbook; 42.5 percent of internal students and 26.3 percent of external

students had also bought the experiment guidebook. Although all the students could freely

download or browse the teaching material (electronic book) in the learningplatform, they

chose to buy the traditional textbook on paper. Many students thought that electronic books

were no match for traditional books because the traditional books were easy to take and

read. The radiation from computer screen gave online students tired eyes, so it was not

comfortable to read the electronic books.

Online students' preferences and habits

Students were asked about their preferences and habits of online learning: modes of

communication, helping, tutoring and examination.

First, students were asked in which order they browsed the MF&A pages. There were three

options: along the chapter sequence, browsing by personal interest in the content, or

browsing in the process of doing the project or answering questions (Table IV).

External students had left school previously and worked for a few years, so their learning

habits had changed to some extent. Only 29 percent of external students chose to follow the

chapter sequence, compared to 42.5 percent of internal students. A majority of students

prefer to browse in other ways 37.5 percent of internal students and 42.2 percent of external

students preferred to read what they needed for doing the project (Table V).

There was a significant difference between on- and off- campus students' favourite content

format. The most apparent difference is that 40.7 percent of external students prefer to watch

teaching videos, while only

 

 

10 percent of internal students prefer to do so. Teaching videos are just like traditional

instruction in classes and students can see and hear the teachers. Perhaps external students



wanted to replicate the feeling of attending lectures. On the contrary, on-campus students

had many opportunities to attend lectures so the new experience of online learningwas their

preference. In addition, tutoring demos made a welcome change from text and graphs, so

many students like them. In general, the designers of intelligent tutoring systems should

adapt learningresources to the needs of individual learners. For example, the learning

objects movement (Farance and Tonkel, 1999) seeks to standardise the indexing of media

elements (video and audio clips, text segments, etc.) to allow ad hoc assembly of learning

experiences.

In Figure 1 we can see that the Q&A field and the forum were the favoured approaches for a

vast majority of both on-campus and offcampus students to solve their problems. Most of

them looked for similar questions and answers that had been posted in the Q&A field and the

forum first. If this did not help, they would present questions in these fields. In addition,

external students were more active (18.9 percent) in using search engines to look for

relevant information on the Internet.

At the end of this online course, the teacher gave all the students marks according to their

performance in the learningprocess, just as in the traditional courses. Teachers usually gave

the students one or more projects to do, to allow the students to demonstrate their

knowledge, and as part of evaluation.

Students were asked which methods they preferred to evaluate their learningoutcome.

From Table VI, we can see that students did not want the exam-only method to evaluate their

learningoutcome. Only 5 percent of internal students and 2.7 percent of external students

supported closed-book exams, which has always been the traditional method. Many students

considered that a project was a good way to evaluate their ability and knowledge, and they

could improve themselves in the process of doing a well-designed project. So 85 percent of

internal students and 87.9 percent of external students would like an evaluation that includes

a project.

Overall opinions of students

At the end of the questionnaire, students could add their personal opinions on the course's

merits and shortcomings. We summarised these opinions into ten main positive points and

11 main negative points, shown in Figures 2 and 3 respectively.

 
 



 

 

From Figure 2, we can see that the greatest merit of online learningis "more freedom and

more convenience", according to about 70 percent of internal students and 67.4 percent of

external students. But Figure 3 also shows that 17.5 percent of internal students and 19

percent of external students thought that they had too much freedom. Apart from "more

freedom and more convenience", there are three benefits mentioned by over 10 percent of

on- and off- campus students, including "abundant materials that can be easily found", "more

communication and sharing ideas with each other", and "more activity and innovation".

However, "little communication between teacher and students", "low network speed and

much network trouble", "too much freedom in learningprocess" and "real-time communication

is not enough" are the four main shortcomings mentioned by over 10 percent of on- and off-

campus students. We can see in Figure 3 that no internal students thought the cost of

network was high, compared to 11.4 percent of external students, which was a significant



difference. And 22.8 percent of external students answered that it was not convenient for

them to raise questions and get answers, compared to only 5 percent of internal students.

Analysis of other data

The above sections give the results of the questionnaires and online logs. We also

investigated the posted essays in the question and answer field and the forum, and the e-

mail communications between teachers and students. Students' communications with tutors

were studied through e-mails they sent to tutors and questions they raised in the question

and answer field, and students' communications with each other were also studied through

essays they posted in the forum.

All essays in the forum were divided into original essays and reply essays. The first essay on

one topic was an original essay, and the others on this topic were reply essays. All essays

were also classified into one of five categories according to their main content: course

administration, interpersonal relationships, course content, project and examination.

 

 



 

From Table VII we can see that project was the hottest topic in the forum. About half of all the

essays were about the project, including the questions about the discussion on the project

and how to put the finished project into the platform. The examination was another popular

topic. Students had very impassioned discussions about the test questions of the final

examination.

For external students, there was another important forum (http://www.steven4u.net)

constructed by a student for all external students to have discussions. In this unofficial forum,

students' discussions were more spirited.

Many students, both on- and off-campus, sent e-mails to the teacher (Table VIII). These e-

mails were mainly questions on course administration and problems in doing the project and

learningthe teaching materials.

In the Q&A fields, the forums and the e-mails, the project was the main topic. Students would

like to master the knowledge from the course better by using it in doing the project.

Comparisons with two other online courses

In the same semester, two other online courses - "Artificial Intelligence" and "Combinatorics"

- were also provided by the Tsinghua Network School for the major of Computer Science.

The instruction methods of these two courses were different from the MF&A course. They

only use the traditional instruction mode and use virtual classrooms to give lectures every

week. In addition, they had no projects and only had closed-book final examinations to

evaluate the students.



We compared the MF&A course with the other two online courses by the number of the

announcements in the notice board, the questions posted in the question and answer field

and forum, and the essays posted in "complementary teaching material" (Table IX).

Although the numbers of the students who attended the three courses were approximately

equal, there were very significant differences between them. There were 70 items in the

MF&A notice board while only 11 items for those of Artificial Intelligence and Combinatorics.

It shows that the MF&A teaching staff were more actively encouraging the students to use

the whole online process. We also uploaded more complementary teaching materials.

Another important and interesting difference is that more questions were posted in the MF&A

forum than in the question and answer field. While for the other two online courses, far fewer

questions were posted in the forum than in the question and answer field. That is due to the

different instruction mode. We particularly encouraged the students to actively use the

learningplatform. Many students who attended the MF&A online course wanted to discuss

the course content, questions about doing the project and opinions on the examination in the

forum.

Concluding remarks

Through the implementation of an exploratory investigation of the behaviourof the students in

a Web-based learningenvironment, we can draw some conclusions for improving the design

of effective online learningplatforms and instruction methods.

A network does not automatically change students' learning behaviour

 
 

Although the online learningenvironment is different from the traditional learningenvironment

and students' learningmode is changing, a network cannot improve students' behaviourby

itself. The teacher's instruction is always necessary and very important. We can draw this

conclusion from the comparison of students' learning behaviourunder different instruction

modes. In the 2000 autumn semester internal students' behaviourwas more active in the

forum than in the 2001 autumn semester, even though the students' learningbackground and

ability were approximately the same. External students who attended the MF&A course were



more active than external students in the other two online courses. That was due to the

teacher encouraging students to use the forums and even giving the incentive of higher

grades to the students who participated more.

Many students thought that "freedom and convenience" was a great advantage of online

learning, while at the same time they thought that too much freedom was also a great

disadvantage. Each aspect of the online learningprocess must be carefully managed to fall

between these two extremes. Good instruction does more than just present information - it

provides guidance, advice, coaching, and feedback (Merrill, 1991). By means of the notice

board, question and answer field and e-mails, we have given the students of the MF&A

course necessary instructions and improved their learning behavioureffectively.

Learningby collaboration will replace learningby instruction

The traditional mode of learningin China is "learningby instruction", which emphasises the

teachers' instruction and avoids communication among students. Many current online

learningsystems still abide by the traditional instruction mode so they are no different from

traditional classes in the students' eyes. In those systems, students can feel isolated and lack

collaboration to solve problems effectively.

Conversely, collaborative learningrecognises the social aspect of learningand uses

conversation, interaction with others, and the application of knowledge as an integral aspect

of learning(Edwards and Mercer, 1987). Collaborative learningis also emphasised in

constructivist learningtheory. As Piaget (1928) pointed out, collaborative learninghas a major

role in constructive cognitive development. His theory is consistent with the other popular

learningtheories (Vygotsky, 1978; Vic and Funaro, 1990) in emphasising the importance of

collaboration. We have seen that students interacted using many methods and they thought

that "much communication and sharing ideas with each other" and "making good friends with

similar interests" were two great advantages of the MF&A course. So we would advocate the

new mode of learningby collaboration. Collaborative learningpresents an environment in

which a student interacts with one or more peers to solve a given problem. The interactions

among the students are monitored and controlled by a collaborative learningsystem. This

mode has the potential to allow students to learn in relatively realistic and socially enriched

learningcontexts. We believe it is a successful reform of the traditional learningmode.



 

In order to apply the new mode of learningby collaboration, an intelligent tutoring system

should support synchronous and asynchronous cooperation among learners, cooperation

being achieved either between the student and the tutor/expert or inside a group of learners

interacting or not interacting with the tutor.

Learningis an active process

"Much activity and innovation" was considered an advantage of online learningin the above

investigation. Learningis an active process in which the learner uses sensory input and

constructs meaning out of it. The learners need to do something during the learningprocess;

learningis not the passive acceptance of knowledge which exists "out there" - it involves the

learner's engaging with the world (Dewey, 1916). An intelligent tutoring system emphasises

the learner's role in constructing meaning, as opposed to simple transmission from teacher to

student (Duffy and Cunningham, 1996).

Teaching materials should be variegated

A simple electronic textbook is not enough for online learning, especially for the subject of

computer science. Because science and technology are expanding and developing so

quickly, teachers should provide the most recent material as complementary teaching

materials. In addition, the arrangement and style of teaching materials should be diversified

according to the individual learninghabits of the students. For example, some students like to

read plain text while some students prefer multimedia materials, so the system should

provide tailored materials to different students.

Traditional books made from paper are also very important because they are easy to carry

and read, so they cannot replace electronic books. Many students prefer to read print books,

in order to minimise eyestrain.
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