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Developing Hypertext-Based Learning
Courseware for Computer Networks:

The Macro and Micro Stages
Chien Chou,Member, IEEE

Abstract— In order to design and develop hypertext-based
learning courseware for computer networks, we need to know
human learning processes and how hypertext can be used to fa-
cilitate learning, to be aware of appropriate instructional theories
and models to guide our design processes, and to consider ped-
agogical issues. The instructional systems development approach
and the elaboration theory of instruction are introduced as the
macro and micro stages of designing hypertext learning courses.
The development of a sample course is reported. Discussions and
a conclusion are provided.

Index Terms—Computer networks learning, courseware devel-
opment, hypertext learning.

I. INTRODUCTION

A LTHOUGH the concept of hypertext is not new [1], [2],
the computer network-based hypertext is a relatively new

research field. With the recent rapid advancement of computer
networks and the popularity of on-line documents [3], the
design and development of hypertext is becoming more and
more necessary for engineering education.

Unlike traditional linear text, hypertext organizes informa-
tion in sets of informational units connected by associative
links. A hypertext system works like a database that stores ma-
terials and grants users maximal freedom to navigate through
hyperspace. As Kolosseuset al. [4] suggested, the hypertext
designer must learn new kinds of grammars that spatially
organize information, to allow more flexible and dynamic
control over it, and to provide more options for assimilating
the information.

One of the major applications of hypertext to computer
networks is delivery of learning and training courseware.
Since engineering educational practitioners are often required
to develop the courseware nowadays, hypertext design is
becoming an increasingly important area of instruction in this
field [5], [6]. In order to develop hypertext-based learning
materials, we need to know human learning processes in
general, and how hypertext can be used to facilitate learning.
We also need to be aware of appropriate instructional theories

Manuscript received June 30, 1997; revised September 28, 1998. This work
was supported by the National Science Council, Taiwan, ROC, under Contract
NSC85-2511-S-009-006-CL.

The author is with the Institute of Communication Studies, National Chiao
Tung University, Hsinchu, Taiwan.

Publisher Item Identifier S 0018-9359(99)01265-0.

and have appropriate models to guide our design processes
and to organize our information pedagogically.

II. DESIGNING HYPERTEXT LEARNING COURSES

Hypertext is considered by many researchers (e.g., [7]–[9])
to facilitate human learning. For example, in the most fun-
damental information-seeking stage of the human learning
process, hypertext provides large integrated bodies of informa-
tion in alternative representations for users to browse through
selectively. Moreover, a hypertext document can contain any
combination of text, graphics, sound, animation, and video.
Using associative links and taking advantage of the structure
of the information, users can find the information they need
then progress to other learning activities.

After the initial information needs have been satisfied, the
next stage is knowledge acquisition. In this stage, newly
arriving knowledge is integrated with existing knowledge
learners already possess through accretion, restructuring, and
adaptation [7], [10]. Hypertext can facilitate this process
by providing its interrelated ideas for users to access and
assimilate, permitting dynamic control capabilities for users
to integrate and reorganize information, and allowing collab-
orative authoring to adapt users’ knowledge structures.

Some researchers such as Lee and Lehman [11], have
emphasized the active role learners must play in order to learn
in hypertext-based learning environments. Learners have to
actively interact with the learning environment and contents
by browsing, selecting, searching, scanning, tracing, and so
on. Learning may occur when learners know not only what
information is in a node, but also where and how to find
that information within the web of nodes, and the structure
or organization of that information. Some researchers such
as Mayeset al. [12] even contend that some amount of
disorientation and cognitive overhead are necessary in order
to facilitate exploration and learning.

Given hypertext’s potential for facilitating learning, and
the popularity of computer networks, hypertext-based learning
courses are becoming a major application of networks, and one
of the principle skills engineering education practitioners must
learn to adapt to. Among the most frequently asked questions
these practitioners pose are:

• What instructional design stages or steps can I follow?
• What do I know about my target learner, and how do I

know it?
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TABLE I
THE STAGES, FOCI, AND TASKS IN THE DEVELOPMENT OF A HYPERTEXT LEARNING COURSE

• How do I organize and present the learning materials?

The development of a hypertext learning course can be
divided into two stages: macro and micro. Each stage has its
focal points and tasks, as shown in Table I.

At the macro stage, decisions should be made regarding
why, for whom, and for what the hypertext course is designed.
The instructional systems development (ISD) approach can
help us make these decisions. ISD is a systematic process
for designing and producing instructional materials [13]–[15].
This approach usually includes the following steps.

1) Assessment of Needs:To determine what students need
to be able to do after they have completed the hypertext
course. The product of this step is a goal statement or a
list of learning objectives.

2) Learner Analysis:To understand the target learners in
demographic terms anda priori knowledge or skills
possessed. Learner analysis helps designers set the entry-
level knowledge required for the course, and consider
preentry training sessions to teach logging onto com-
puter networks before the course is delivered to the target
learners.

3) Task Analysis:To inventory, describe, and sequence the
learning tasks and related knowledge or skills. Inven-
torying is the process of identifying the relevant tasks
students need to learn to complete the course, while
describing is the process of detailing the tasks identified
in the inventory. In task analysis, one important factor
is to identify the major learning domain in terms of
information, motor skills, or attitudes. Determining the
learning domain gives the course designer an initial
idea of how to organize and sequence the instructional
content [24]. Sequencing in more traditional computer-
assisted instruction (CAI) means specifying learning
paths learners must follow in order to progress in the
courseware. In hypertext courses, however, sequencing
can mean the designers determining structure, in terms of
placing and connecting nodes with links by the designer.
We execute the process of sequencing in the micro
design stages.

The ISD approach usually also involves selecting a deliv-
ery system. Since here we have already specified computer

networks (e.g., the Internet) as the delivery system in the
hypertext format, we skip this step and move directly to the
micro design stage.

During micro design, detailed descriptions of the semantics
that will be used to present information to learners are for-
mulated. These include the sequencing, selection of examples,
nonexamples, and specification of practices and application
activities learners will use to acquire and consolidate their
learning [16]. As Mengel and Adams [17] stated, methods
are needed to help designers organize material into hypertext
nodes. Among the many instructional theories and models
available, some elaboration theory ideas are considered to be
the most appropriate for development of hypertext learning
courseware.

The elaboration theory [18]–[21] provides recommended
techniques for analyzing instructional content in informa-
tion domains, and proposes a top-down design process. This
theory suggests a simple-to-complex approach to organizing
instructions in which every level of instruction is detailed
and epitomized. Instruction starts at a general level with
an epitome that presents a very small number of the ideas
to be taught in the course. Unlike general tables of con-
tents or indices that present comprehensive abstract facts
or terms that must be memorized, epitomes present one or
at most a few of the most fundamental, generalizable, and
inclusive concepts on concrete and meaningful levels. These
general concepts are then elaborated upon in progressively
more detailed steps. In addition to an epitome (overview),
each level of elaboration may also have a summary (e.g.,
statement, example, or self-test), and/or a synthesis to help
learners integrate the level of elaboration into all higher-level
elaborations.

Reigeluth and Stein [18] used the “zoom lens” analogy to
introduce their elaboration theory. Learners studying learning
materials are in a way similar to photographers studying a
picture through a camera zoom lens. They start with a wide-
angle view (at the zoom-out position) in which they have a
chance to look at the major parts of the picture and to identify
the major relationship among those parts. They then zoom-
in on a part of the picture to examine its subparts (details),
and the interrelationships among those subparts. The learners
can then zoom back out to the wide-angle view to review the
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other parts of the whole picture and to examine the contexts
of certain parts within the whole picture.

The learners continue this pattern of zooming in to one
level then in or out to other levels, or zooming in as far as the
camera (detail) goes, or they can choose to follow their own
interests in viewing the picture. The point here is that learners
must start with wide-angle view, so they have an idea of the
whole picture in mind. They will not start at or end up with
any detailed subpart.

When used for developing hypertext courses, the elaboration
theory suggests that contents be analyzed and the few most
fundamental concepts be selected for presentation in the epit-
ome node. Each concept has a link or links to its subordinate
concept(s). In each subordinate-concept node, another epitome
is provided that describes the lower-level subordinate concepts
or facts. Information is thus fragmented in the nodes nested
in the hypertext course.

The elaboration theory also suggests some design strategies,
such as the use of analogies to help learners understand new
ideas by relating them to familiar ideas. It encourages the use
of pictures, diagrams, and other visual aids to force learners to
interact with the content in certain specific ways. The theory
also recommends granting learners control over content, pace,
display format, and so on. These strategies are supported by the
concept of hypertext, and are easily implemented in hypertext
learning systems for computer networks.

The elaboration theory helps hypertext courseware designers
make sure all important information is included in the learning
content, and no unrelated information is included. It provides a
much needed information structure for learners, and suggests
some useful design strategies for courseware developers. It
has been formatively evaluated to prove its effectiveness [21].
However, to evaluate whether it is feasible and has same
effectiveness on computer networks, small units of a hypertext
course were developed in my instructional message design
course. The next section reports the process and the results of
our courseware study.

III. CASE STUDY: A SAMPLE HYPERTEXT-BASED COURSE

Instructional message design is a graduate-level course
provided by the graduate Institute of Communication Stud-
ies at National Chiao Tung University (NCTU) in north-
ern Taiwan. The course requires technical communication-
major graduate students and in-service engineering educators
to develop learning courses over interactive media such as
computer networks. Learning courses for industrial train-
ing are in great demand by many Taiwan corporations. In
fact, one of NCTU’s neighbors is the National Science-
based Industrial Park—Taiwan’s Silicon Valley, where more
than 165 high-tech companies such as Acer Computer are
located.

In order to succeed in this course, students must have prior
knowledge of computer networks and languages. Five graduate
students recently qualified to take the course. Among them,
two elective students were computer-science majors. In the
course, they learned the hypertext concepts, design guidelines,
and the instructional design theories and models mentioned

above. Their collaborative final project for the course was to
develop learning courseware units in the hypertext format to
be delivered over a computer network, the Internet. The design
guidelines they learned and tried to internalize in their design-
skills repertoire also served as checklists after completion of
their final project.

The topic of their final project was computer networks. In
other words, these graduate students had to develop a course
to teach computer networks and deliver the course over a
computer network. The major reason they selected this subject
matter was because they were already familiar with it, so they
could concentrate on the process in which the subject matter
would be designed and developed into hypertext courseware.

Applying what they had learned about the macro design
process, these graduate students followed the ISD approach
in conducting needs assessments, learner analyses, and task
analyses.

1) Assessment of Needs:Upon completion of the computer
networks course, students should be able to understand
the basic concepts, technology, and applications of com-
puter networks.

2) Learner Analysis:The target learners for this course
were freshmen noncomputer science majors, and any
high school graduates interested in the topic of computer
networks. Learners were required to have prior knowl-
edge of and skills in using DOS, Windows, or MacOS.
Since our course would be presented on the Internet,
learners were required to know how to use Netscape in
order to proceed with the course.

3) Task Analysis:The major learning domain for this course
was identified as information, not motor skills (e.g.,
how to build up your own network system) or attitudes
(e.g., appreciation of computer networks in daily life).
The major learning tasks were inventoried, and included
network applications, connections, communication hard-
ware, communication software, data transmitting media,
and network management and security. These learning
tasks were further analyzed and described in detail; and
information related to these tasks was collected. In this
step, a content expert—a computer-science professor
was invited to join the team.

The students made lists of major topics concerning all tasks
on self-sticking sheets of paper (e.g., 3M post-it notes), and
practiced building the structure of the content. After their
time-consuming process of collaborative work, a hierarchical
course structure was finalized on paper consuming more than
90 yellow stickers.

Among all the learning tasks in this network course, two
were actually developed: transmission media and network
topologies. The hierarchical structure of the units is shown
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below.

At this stage, each topic or subtopic had only one or more
terms. They looked like a lean table of contents or a structured
index, and would not have provided a meaningful learning
context in which learners could proceed with the course.
Therefore, the next step was to move to the micro design
stage to develop each topic into concrete and meaningful
instructional nodes.

During the micro design stage, students started to write the
content from scratch, rather than compiling materials already
written by other authors. According to the elaboration theory,
the few most fundamental concepts should be introduced first
in the epitome, and then elaborated upon instructional nodes.
Utilizing this theory, the transmission media epitome node
had a statement, an analog, and a few most-fundamental key
subtopics, as shown below (underlined words mean hot keys
linked to related nodes):
Transmission media, also known as trans-
mission channels, are physical media used
to transport data from one computer to
another. When designing a communication
network to transmit data, we need to de-
termine the type of transmission medium.

If we think of a communication network as
our highway system, computers correspond to
cities while the transmission medium cor-
responds to the roads between the cities.

Five types of transmission media are
widely employed, they are twisted-pair ca-
bles, coaxial cables, fiber optics, mi-
crowave systems, and communication satel-
lites.

The elaborated Fiber optic node was as follows:
Fiber optics are made of ultra-thin glass
fibers of fused silica and are immune to
electrical interference. Since each fiber
supports only unidirectional transmission,
each cable consists of two fibers in
separate sheaths to provide bidirectional
transmission.

Related topics:

—
—
—

The summary node for the five basic transmission media
was presented in a tabular format:

Transmission

media

Coaxial

cables

Twisted-pair

cables

Fiber

optics

Micro-

wave

Satellite

Signal form Electrical

pulses

Electrical

pulses

Light

pulses

Radio

waves

Radio

waves
Data rate per

second

60

megabits

10 megabits Billions

of bits

— —

Major

application

Terminals

and com-

puters,

televi-

sion

transmis-

sions

Token ring

in LANS

Ethernet

in LANS

Short

point-to-

point

connec-

tions

Multipoint

distribu-

tions,

teleconfer-

encing

A self-test node was also designed for learners to check
their understanding of the learning content:

Question:
A small-scale business would like to build a LAN
of five computers within the same office to transmit
data. Which transmission medium can best satisfy
its needs and be most economical?

1) fiber optics;
2) coaxial cables;
3) twisted pair cables;
4) microwave system.

The final node designs were presented in a multimedia
format, compiled in HTML, and delivered over the Internet.
Fig. 1 shows the finalized fiber optics node as an example.

IV. DISCUSSION AND CONCLUSIONS

The sample courseware units in transmission media and
network topologies, along with the rest of the units devel-
oped by myself and others, were formatively evaluated by
42 target learners, as reported by Sun and Chou [22]. In
general, the evaluation indicated that learners did acquire
basic knowledge from the course. Observations and interviews
conducted during and after learning experiences indicated that
learners felt arrangements and displays of learning materials
were easy to understand and to follow. The simple-to-complex
sequence helped learners build necessary learning contexts and
confidence while proceeding on their learning journeys. The
epitome also appeared to be quite effective in highlighting im-
portant relationships between subtopics, and between learners’
related previous knowledge and what they were going to learn.

From the theories and case-study experience, we conclude
that the following design guidelines that can be applied to
the development of hypertext learning courseware at the
macro level:
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Fig. 1. The finalized fiber optics node in multimedia format.

1) Modularize learning information based on the elabora-
tion theory.

2) Keep learning-node sizes to one screen-full of informa-
tion with a maximum of two screens-full.

3) Provide elaborations on demand by designing elaborated
and detailed information to be disclosed progressively
as users demand it.

4) Construct meaningful interrelationships between learn-
ing nodes with embedded simple-to-complex sequences.

The construction of hypertext courseware for computer
networks seemed an interesting and satisfying experience for
both the graduate students taking this course and for me, the
instructor. Students reported that they learned the guidelines
and methodology involved in designing effective hypertext
courseware. In the past, they had designed and developed
homepages for their personal expression, cooperation promo-
tion, or instructional purposes, based purely on their own
intuition and impressions from others’ homepages. The ISD
approach helped them systematically focus on the goal, target
learners, and learning tasks, while the elaboration theory
helped them semantically organize the learning materials.
Moreover, in order to teach the knowledge of computer
networks, they got the chance to review and reconstruct the
subject matter. This “learning by teaching” experience allowed
them to have a deeper understanding of computer networks
themselves.

V. SUMMARY

This paper discussed the much-needed concepts, skills, and
example involved in developing hypertext learning courseware

for computer networks. Given the increasing popularity of
on-line documents and computer networks, this paper argues
that engineering education professionals must learn the design
methodology and acquire concrete hands-on development ex-
perience of hypertext learning courseware for networks. The
ideas and example presented in this paper were some first steps
toward addressing this requirement.
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