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The use of computers in education has changed drastically in the last three decades. It would not be
possible to relate all the events and activities which have influenced these changes. However, the
first part of the paper is intended to provide a review of the educational technology and discuss the
three main phases of changes in the methods of teaching and training practices. During this review,
the position of the computer-based learning in the individualized learning technique will be
pinpointed. After discussing the psychological aspects of learning, .the modern theory of cognitive
psychology will be reviewed and the theories of Piaget and Bruner will be stated. The role of
educational media will be discussed and computer-based learning software will be included among
different media. In the second part, using the framework constructed in the first, the main
components of modern educational media will be discussed. After setting out the main shortcomings
of computer-based learning as used in higher education institutions, the role of interactive
multimedia will be discussed. The final part of the paper will explore the possible integration of
the interactive multimedia system into the teaching of mechanical engineering. As a case study, the
procedure for developing an interactive multimedia courseware in teaching vibration will be
discussed. The structure of the program is based on the model suggested by Bruner in order to

increase its cognitive effectiveness.

INTRODUCTION

THE PACE of innovation in education has
stepped up considerably in the last three decades.
A large number of educational institutions have
incorporated sophisticated educational technology
into their systems of education, and many poly-
technics and universities have encouraged innova-
tion through their centres for educational
development working with academic departments.
From elementary to higher levels of education,
there is evidence of the acceptance of interactive
multimedia as an integral part of the educational
scene. Educational technology refers to the combi-
nation of human and non-human resources
employed in a systematic way in the design,
implementation and evaluation of the total process
of learning and teaching. Educational technology
links the human resources of specialists in curricu-
lum and educational design, evaluation and media
with the non-human resources of education which
include printing machines, computer-based teach-
ing and learning hardware and software, television
and radio, learning laboratories and learning soft-
ware. The information explosion prompted by
instantaneous electronic communication has radi-
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cally altered the human environment. Most educa-
tional functions can be performed by a variety of
media such as educators, printed materials, films
and computers. The emerging requirement for
students in a rapidly changing environment is
‘how to think for themselves’. This is producing
a shift in the role of the educator. That is, the
educator’s task is becoming not the dissemination
of information, but the provision of a wide variety
of learning experiences and the nurturing of crea-
tive responses to education. Print and electronic
media have become not merely tools, but the
building blocks of a more efficient and interesting
learning environment. When more information is
communicated by learning media, instructors can
direct more of their attention to understanding the
needs of individual students and stimulating them
to use the information available from educational
media. Individualized education is being empha-
sized in increasing numbers of educational institu-
tions. This approach to teaching requires that
students have easy access to a large variety of
pre-selected learning materials and periodically
call on their educators to check their progress.
The use of media to communicate information
and skills enables educators to play a different
role. That is, helping students to understand them-
selves and their objectives and to recognize and use
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the most effective means of reaching those objec-
tives. Interactive multimedia learning programs
can assist educators and students in accomplishing
their educational objectives more effectively and
efficiently.

TECHNOLOGY IN EDUCATION

Technology in education embraces every possi-
ble means by which information can be presented.
It is concerned with everything used in education
and training such as computers, projected media,
etc. Put simply, technology in education is basi-
cally the popular idea of audiovisual aids. Audio-
visual aids are composed of two related but
distinguishable areas:

® The hardware is concerned with the actual
equipment such as computers, slide projectors,
overhead projectors, videocassette recorders,
etc. One of the earliest phases in the evolution
of educational technology was to develop effec-
tive educational equipment which was reliable,
serviceable and within the budgets of the most
educational institutions.

® The software is concerned with the various items
that are used in conjunction with hardware such
as computer programs, audio tapes, video tapes,
overhead transparencies, etc. When hardware
became generally available, it was found that
there was a shortage of suitable software to use.
This triggered off a subsequent software devel-
opment phase in which particular attention was
paid to the development of suitable learning
materials often based on the recent theories of
learning. For further details Rushby [1].

Technology in education has always had many
engineering connotations, since the main thrust of
educational technology is concerned with the
development of mechanical, optical and electronic
equipment for educational purposes.

THE TECHNOLOGY OF EDUCATION

As technology in education developed, people
also became aware that their education and train-
ing could be improved drastically if all aspects of
teaching and learning were carefully considered.
Such consideration led to a new, broader inter-
pretation of educational technology—namely that
the technology of education should be concerned
with the overall quality and efficiency of the
teaching and learning process. One of the first
people to use the term ‘technology of education’
was Gilbert [2]. In education and training, effi-
ciency can manifest itself in:

® improving the student/educator ratio without
impairing the quality of learning;

® reducing the cost of education and training
without affecting the quality;

® improving the depth of learning (degree of mas-
tery);

® reducing the time taken for learners to achieve
certain objectives.

The above criteria are not mutually exclusive;
for example, certain measures that can improve the
quality of learning would reduce the student/edu-
cator ratio or increase the cost. However, given a
well-defined criterion by which improvement in the
efficiency can be measured, the implementation of
a technology of education approach can provide
the measures by which this improvement can be
achieved. In many cases, the approaches are based
on a study of a system whose behaviour is gov-
erned by findings in psychology, educational
research, business management, systems analysis,
sociology, optics, acoustics and computer technol-
ogy. These aspects, which are all part of the
technology of education, are called the intangible
aspects. Note that in technology of education the
emphasis is on the techniques of teaching and
learning rather than audiovisual aids. A number
of definitions of educational technology have been
produced by different bodies and organizations.
The Council for Educational Technology for the
United Kingdom defines educational technology
as ‘the development, application and evaluation of
systems, techniques and aids to improve the pro-
cess of human learning’. The National Centre for
Programmed Learning for the United Kingdom
defines educational technology as ‘the application
of scientific knowledge about learning and the
conditions of learning to improve the effectiveness
and efficiency of teaching and training. In the
absence of scientifically established principles, edu-
cational technology implements techniques of
empirical testing to improve learning situations.’

Both these definitions and others are similar in
that each emphasizes the primary function of
educational technology as improving the efficiency
and quality of the process of learning. Each of the
definitions advocates a systems approach to the
design of teaching/learning situations and the use
of techniques that are found to be appropriate in
order to achieve the preset objectives. It is neces-
sary to note that in all of the above definitions
there is an emphasis on assessing and evaluation.
(For further details see [3-5]).

DEVELOPMENT OF EDUCATIONAL
TECHNOLOGY

Elton [6] states that educational technology has
undergone a progressive change of emphasis since
the end of the World War 11, when it first emerged
as a discipline in its own right. Elton [6] identifies
three broad phases which the field of educational
technology has evolved:

Mass education
Mass education is the oldest phase, with lectures
and expository lessons being the dominant educa-
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tional techniques in virtually all sectors of educa-
tion and training. In the period after World War II
a systematic effort was made to improve the
efficiency and cost effectiveness of mass education
by using new types of hardware. It was hoped that
more people could be educated or trained without
having to increase the number of educators—then
in short supply— and thus make the system more
cost effective. The important outcomes were the
development of basic mass education tools like the
overhead projector, slide projector and widespread
use of film, radio and television broadcasting.
Soon it became obvious that the method was not
suitable for achieving higher cognitive objectives.
It was also passive, denying student involvement.
(For further information see Bloom [7,8].) How-
ever, mass education techniques such as educa-
tional broadcasting and related hardware
continued to grow in importance, and are still
the most cost-effective teaching method in the
modern educational education system. The most
common methods that are used for mass education
are as follows:

Lectures Although the term ‘lecture’ is used in the
context of tertiary education and training, it also
covers any situation in which an educator or an
instructor talks to a class of learners or trainees.
Telling, explaining or lecturing are the most effi-
cient techniques for communicating facts, general-
izations, terms, principles and theories. The face-
to-face talk or lecture still holds a central position
at many levels of education and will continue to do
so for some considerable time to come. A number
of research studies aimed at comparing lectures
with other teaching methods have been carried out.
The results show that lectures are not particularly
effective in developing high-level thought among
students compared with other methods of learning
such as group discussions. The majority of studies
which have compared the lecture method with
other methods designed for developing lower cog-
nitive skills have not been able to detect any
difference that is statistically significant. Another
problem of lectures is that student attention tends
to diminish fairly rapidly with time. This fall off
takes the form of an increasing frequency of
attention breaks (microsleeps) in which the student
switches off concentration for a short time. The
length of time for which a student can maintain full
attention to the task of listening and writing
(attention span) decreases steadily as the lecture
progresses. In a typical 50 min lecture it falls from
12-15 min at the start of the lecture to 3-5 min
towards the end of the lecture. Attention breaks
usually last for about 2 min. For a straightforward
lecture the optimum time for the most effective
transfer of knowledge is about 20 min. For long
lecture type classes, lectures will be more effective if
they are used in conjunction with other suitable
teaching methods such as the use of multimedia
learning programs. For further details see John-
stone [9]. One aspect of the lecture method which

causes some concern is that its effectiveness is
dependent on the skills of the individual lecturer.
The ability to organize and explain a topic does
not come naturally except to small percentage of
educators or instructors. Brown [10] gives many
useful guidelines on the art of structuring and
presenting a lecture. Further hints have been
given by Ellington [11].

Film and video presentation Films have been used
as a mass educational teaching method for many
years. The arrival of the videocassette recorder
(VCR) has made the task of showing films and
video cassettes easier. In the last four decades a
large number of educational films and videocas-
sette programs have been produced. Government
agencies, business and industries are a source of
many useful video learning materials. Film and
video presentations can be used in education and
training as an effective lecture substitute. They can
be particularly useful if the content has a high
visual impact and where other techniques, such as
animation, are used. For further details see
Mclnnes [12].

Educational broadcasting A certain degree of lear-
ner-educator interaction is possible through
printed media. For nearly a century people in all
parts of the world have been able to participate in
guided independent study through postal corre-
spondence courses. The proliferation of electronic
technologies makes it possible to experience place-
shifted education. Telecommunication systems
embraces a wide variety of media, including tele-
phone, radio and television. ‘Distance education’
has become the popular term to describe learning
via communication. More recently, in Singapore,
the government has sponsored a distance educa-
tion program which emulates the British Open
University. In 1971 the British Open university
started with an enrolment of 40,000 students and
grew to 200,000 by the year 1990. For further
details see Dede [13], Gilbert [14] and Mason
[15].The advantages and disadvantages of the
above types of education in mass education are

-shown in Table 1.

Individualized learning techniques

Although individualized learning in the form of
correspondence has a long tradition in education,
it was only recently that it became part of main
stream educational technology. The catalyst for
this development was behavioural psychology,
which was pioneered by Skinner [16, 17], a psy-
chologist at Harvard University during the 1950s.

Skinner was a behaviourist, but with an impor-
tant difference: he was interested in voluntary
behaviour, such as learning new skills, rather
than reflexive behaviour as illustrated by Pavlov.
Skinner demonstrated that the behaviour of an
organism could be shaped by reinforcing or
rewarding. Skinner [16, 17] based his learning
theory, known as reinforcement theory, on a
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Table 1
Technique Advantages Disadvantages
Lecturing and expository lesson 1. Cost effective in terms of 1. Success depends upon the
student/staff ratio skill of individual educator
2. Effective in achieving lower 2. Ineffective in achieving higher
cognition and some affective cognition, affective objectives and
objectives psychomotor objectives
3. More popular with the 3. Student involvement is almost
students and staff non-existent
4. Pace is fully controlled by
instructors
5. Most lectures are too long
for the concentration span of
students
Film and video presentations 1. Can be an effective substitute 1. Can be a waste of time if level
for a conventional lecture if the and content are not chosen
content and level are suitable carefully
2. Can be used to provide basic 2. The control of teaching is in
and realistic pictures and play a effect transferred to film and video
supportive role in describing case makers
studies 3. Requires special hardware and
3. Moving pictures have been shown maintenance team
to be interesting and stimulating 4. Production of some films or
for the majority of students videos can be expensive
Educational broadcasting 1. Can be an effective substitute 1. Can be a waste of time if
for a conventional lecture if the level and content are not chosen
content and level are suitable carefully
2. Moving pictures have been shown 2. The control of teaching is

to be interesting and stimulating
for the majority of students
3. Educational broadcasting can

in effect transferred to film and
video makers of the broadcasting
company

be cheaper than films or videos 3. Timing of the broadcasts is

normally fixed, making them
unsuitable to fit into a timetable
unless they are recorded. This
may require legal permission

series of experiments with pigeons. He reasoned
that the same procedures could be used with
human beings. The result was the emergence of
programmed education which dominated educa-
tional thinking during 1960s and led to the devel-
opment of a wide range of individualized learning
techniques such as:

® Computer-based learning programs that are
now achieving more widespread use.

® Fully integrated individualized education sys-
tems such as the Keller Plan [18] and open
learning systems.

Sequential programmed learning In programmed
education, at each stage a learner actively partici-
pates in performing a set task, after which the
learner is supplied with immediate feedback in
the form of the correct answer (successive reinfor-
cement). Skinner also argued that each task should
be small enough to ensure that the learner is almost
always correct in her/his response. The first appli-
cation of Skinner’s research to the classroom
situation came in the form of sequential pro-
grammed learning. In this type of learning, the
subject matter is broken down into a sequence of
small steps or frames that logically follow one
another. Each of the steps represents only a very

small part of the concept or skill to be taught, the
division being arranged to guarantee the correct-
ness of the desired response. An immediate feed-
back on the correctness of the response is designed
to provide suitable reinforcement. In this method
there is only one possible path that a student can
take through the frames. In practice, Skinner’s
small step requirement has been proved to lead
to boredom on the part of the learner. It is now
accepted that the optimum step size in any parti-
cular learning program is governed by a large
number of factors. Thus in modern sequential
programmed learning, large and difficult steps are
also incorporated in the programs. Furthermore,
modern programs have less reinforcement than the
early programs developed by Skinner and his
followers.

Branching programmed learning In the 1960s an
alternative version of programmed learning was
developed. This involved the use of several possible
paths through the sequence of frames. In addition,
a number of remedial loops were also included in
order to correct the students’ responses to indivi-
dual frames. Thus, the topic was taught in a
number of alternative ways.

Branching programmed learning has been the
basis of a large number of self-educational pro-
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grammes that have been designed for use with
computers since 1970s. Use of computers in this
substitute tutor role allows students fast and
effective access to what is basically a branching
programmed learning sequence.

Later developments in individualized learning
have involved a much more flexible approach to
program design than was used in the relatively
strict early programmed learning procedures.
Much of the present use of individualized learning
has evolved and been adapted in order to meet the
specific requirements of particular educational or
training establishments or in order to satisfy the
special needs of particular students. The character-
istics of some of the main individualized learning
techniques are summarized in Table II. As in the
case of mass education, the individualized learning
phase failed to fulfil its early promise. During the
1960s the followers of programmed learning were
predicting the early demise of the traditional class-
room and instructor, claiming that they would be
replaced by teaching machines. These teaching
machines turned out to be the biggest non-event
in the history of education, for the following
reasons:

® The material was far from being user friendly.
® Increasing realization that there is much more to
education than teaching facts and principles.

Group learning

There are a number of limitations to individua-
lized learning. The most obvious one is that it
prevents students from interacting with one
another. They do not develop group skills such as
discussion skills and the other skills connected with
working as a team. The theoretical basis for
modern developments in group learning is the
humanistic psychology developed by Rogers [19]
during 1960s. Humanistic psychology is concerned
with how people interact and learn from one
another in small groups (‘group dynamics’). Such
techniques generally require neither specialized
hardware nor software and the emphasis is
almost always upon the approach or technique.
The use of group learning is now well under way.
Its use is evident by the number of group projects,
group learning exercises and group use of compu-
ter-based learning software. The evolution of
emphasis in educational technology from mass
education through individualized learning to
group learning mirrors the progression from a
hardware approach through a software approach
to a technology of education approach. An exam-
ple of evolution in educational technology is the
Open University in the United Kingdom. The
Open University started by using television and
radio. In parallel, there was an extensive period of
software development to support students studying
on an individualized basis. However, in recent
years, there has been much greater concern with
providing situations for interaction of students
among themselves and with their tutors. Elton’s

[6] model has been criticized as being incomplete.
For example, it makes no reference to the devel-
opment of other important areas in educational
technology such as management of innovation [19],
and the development of student study skills [20, 21].
In recent years a number of books have also been
written for instructors in order to assist them in
devising appropriate activities for students [22].

DEVELOPMENT OF COGNITIVE
PSYCHOLOGY

Behaviourists are not concerned with the inter-
nal changes when learning takes place. They rely
only on the observable behaviour as evidence that
learning has taken place. On the other hand,
cognitive psychologists construct models about
how information is received, processed and
manipulated by learners. Moreover, they construct
mental models of short-term and long-term
memory. According to this model, new informa-
tion is stored in short-term memory. If the stored
information is not rehearsed it fades from short-
term memory. Learners combine the information
and skills in long-term memory to develop cogni-
tive strategies. One of the most prominent beha-
viourists, the Swiss psychologist Piaget [23], views
the mental processes individuals use in responding
to their environment as three key concepts of
mental development:

® Schemata are the mental structures by which
individuals organize their perceived environ-
ment. Schemata are used to identify, process
and store the incoming information. These
structures can be assumed to be the categories
individuals use to classify information. Differ-
entiation based on experience leads to the devel-
opment of schemata.

® Assimilation is the process by which the above
schemata adapt or change during learning. This
is the cognitive process by which a learner
integrates new information into existing sche-
mata. During learning, assimilation results from

A person becomes gradually less dependent on acquiring
these new concepts. Eventually, a stage will be reached
when the person can expand understanding through indirect
experiences involving symbols only

Symbolic abstract
thought

A large base of concrete

From a small number leaming and experience
of concepts or non a enables a person to
large stock of concepts construct the heap of
will be constucted concepts on the left
hand side

Fig. 1. Formation of thinking phase and its components.
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Table 2
Technique Advantages Disadvantages
Directed study of material in common 1. Effective way of teaching 1. Dependent on suitable texts
textbooks basic facts and principles being available in sufficient
2. A learner can work at her/his numbers to be used by all
own pace students
3. No specialized facilities needed 2. Weak in achieving higher
4. Can be time efficient by cognitive and affective domain
reducing the repetition time objectives
Study of specially prepared set 1. Can be a more effective way 1. Preparation and updating of
of notes of teaching basic facts and the notes can be a time-
principles if the notes are prepared consuming task
for a particular group of students 2. Weak in achieving higher
2. A limited interaction can be cognitive and affective domain
established between the instructor objectives
and learners 3. Discourages the searching task
3. Searching time for the which can prove to be a required
material will be minimized skill later in students’ lives
4. A learner can work at his/her 4. Students will only be
pace acquainted with one way of
5. Can be time efficient by presentation of the material
reducing the repetition time
Self-education via audiovisual media 1. A learner can work at his/her own pace 1. The amount of suitable audio-
2. Can be a more effective way visual material for a particular
of teaching basic facts and course is limited
principles because of the increased 2. Custom-designed material can
bandwidth due to audio and video be both time consuming and
3. Can be time efficient by expensive
reducing the repetition time, 3. Weak in achieving higher
especially in teaching certain cognitive and affective domain
laboratory skills objectives
4. Students are more enthusiastic 4. Requires suitable hardware
in using this type of media and a maintenance team which
can be expensive
Computer-based learning (CBL) 1. It enables a wide range of 1. The production of CBL

educational objectives to be

material is time consuming

achieved, especially higher 2. The production of CBL

cognitive objectives

material is expensive

2. Allows learners to work at 3. The number of high-quality

their own pace

programmes is relatively small

3. Allows a high level of 4. Production of CBL programs

interaction between learner
and media. It can also adapt to the
needs of learners

requires knowledge of computing
and skills in using special
software

4. Can be highly stimulating 5. It requires hardware which

5. Through computer simulation

is relatively expensive

a learner can achieve special 6. It requires staff to keep the

learning objectives

system in operational order

experiences. With new experiences, the schema
expands in size but does not change its basic
structure. These learning experiences can be
real-life experiences. However, rather than wait-
ing for experiences to happen naturally, educa-
tors cause experiences to happen through use of
media and the new technologies in education.

® Accommodation is the process by which learners
modify the existing schemata or create new ones.
When dealing with a new concept or experience,
the learner attempts to assimilate it into existing
schemata. If it does not fit, then either the
existing schema is modified or a new one is
created.

One important objective of education has been
reached when individuals have acquired a large

number of concepts and large capacity for cogni-
tion to be able to think about and solve problems
using symbols and without referring continuously
to the things for which the symbols stand. Figure 1
shows how the transition from concrete to abstract
learning takes place. Bruner [24] proposes that
education should proceed from direct experience
to iconic representations of experience to symbolic
representation. Bruner [24] points out that this
applies to all learners. It has already been men-
tioned that an important step in education is to
determine the learner’s current level of experience.
Educational media that incorporate concrete
experiences help students integrate prior experi-
ences and thus facilitate learning of abstract con-
cepts. Historically, improving the balance between
concrete and abstract learning experiences was the
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key reason for using different educational media. A
similar model has been constructed by Dale [25]
and is known as the ‘Cone of experience’. In the
first six layers of this cone the learner is a partici-
pant in the actual experience. In the next three
layers the learner acts an as observer of a mediated
event. Finally, in the last two layers the learner
observes symbols that represent an event. Hence
Bruner’s work can easily be superimposed on
Dale’s cone. Bruner, however, emphasizes the
nature of the mental operations of the learner
rather than the nature of the stimuli. Figure 1
also shows the way in which operations on sym-
bols produce thought.

A SYSTEMS APPROACH TO A COURSE
DESIGN

A systems approach is a sophisticated process
for identifying and solving problems. The
approach is based on the premise that any organi-
zation of human resources, technical resources,
financial resources or a combination of all of
these is a system made up of elements. Each
element has its own function and objectives. How-
ever, all the elements are related to each other and
all the elements contribute to a common set of
objectives. A change in one element may cause a
change in other element(s) or in the system itself.
The objectives of the total system are attained only
when all the elements are integrated in an effective
and efficient pattern. In a systems approach, the
whole process is always considered more impor-
tant than the mere sum of its parts. A simple
systems approach for designing a course can be
summarized as follows:

1. Determine the target population characteristics
and topic area.

2. Estimate the existing knowledge and skills that
potential learners possess.

3. Formulate objectives or desired learning out-
comes of the course.

4. Specify the teaching and learning methods by
which the objectives can be achieved. There are
far more teaching methods available to choose
from than most people realize. Huczynski [26]
gives descriptions of nearly 300 different educa-
tional and training methods.

5. Construct prototypes. Once the most effective
teaching methods and materials for particular
purposes—e.g. reading, tapes, films—have been
determined, prototype materials must be devel-
oped or purchased.

6. Test the prototype. The educational package
created in the above stages should be tested
with a representative group of students. Data
should be collected on what does and does not
work, and why.

7. Implement the course. This involves all the
logistical arrangements associated with running
a course, including structuring, pacing, teaching
strategies, selecting appropriate media.

8. The combined result of the above steps is a
learning experience provided for the target
students. The effectiveness of the pre-planning
can be measured by studying student perfor-
mance, i.e. assessments. Note that the assess-
ment should be closely related to the objectives
of the course.

For further details of educational systems devel-
opment and analysis see. Kaufman [27] or Romis-
zowski [28]. In selecting course material and using
media, an educator must take into account some
basic learning tenets.

Each learner is unique

Learners’ interest, their intelligence, the effi-
ciency of their senses and the way they respond
to education make them different from one
another. Even if all the students are assumed to
start a course with an equal amount of knowledge,
variations in intelligence will soon produce varia-
tions in progress. Educators can achieve more
control over the efficiency of learning experiences
by implementing the following ideas:

® Organize learning experiences that take into
account individual differences.

® Provide learners with a choice of learning media.

® Encourage individual responses that will reveal
learners’ ideas about the subject.

Cognition is the foundation of learning

Learners’ cognition results in the understanding
of perceived events. These cognitions are the
materials from which learners build concepts,
which in turn are useful in building further con-
cepts and solving problems.

Learning requires involvement

Learners must be aware of their actions and
must actively seek information and skill. They
must also know what is expected from them. In
using educational media, three important factors
should be considered:

® Learners usually participate effectively in plan-
ning activities.

® Learners are likely to loose interest if they
receive too much direction from instructors.

® Learners’ progress towards the target tends to
accelerate as the rate of their participation in
planning increases.

The learning experience must be suitable

The content of a lesson and the media used to
communicate must be compatible with the style
and background of the learners. The task of
selecting learning materials is complicated because
of the number of alternatives of methods and
media.

Teaching strategies must be appropriate
The growing availability and acceptance of new
educational media has made the concept of group
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sizes redundant. Educators can now alternate
between working with large groups (which is the
most practical option in most instances), small
groups, encouraging peer tutoring and supervising
students who work on their own. The current
trends in teaching are:

® To communicate the background knowledge to
a large group of learners.

® To split the large group into smaller sub-groups
that actively use information rather than pas-
sively learning it.

® To provide as many opportunities for learners to
work on their own.

By using the above strategies, students become
involved in learning, regardless of their differences.

Creativity is an objective of learning

Learning for learning’s sake is not enough.
Instructors who want their learners to acquire
maximum benefit from printed and non-printed
material should encourage their students to experi-
ment creatively with the material to be learned.
This reinforces learning and produces a feeling of
accomplishment that encourages further learning.
For further information regarding learning tenets
see Watson [29].

EDUCATIONAL MEDIA

A ‘medium’ is a channel of communication. In
its most general use the term refers to anything
that carries information between a source and a
receiver. Examples of media are educators, com-
puters, radio, television, printed materials, etc. The
purpose of media is to facilitate communication.
An educational medium must be selected on the
basis of its potential for implementing a stated set
of objectives. An analysis of the educational media
spectrum includes a description of:

® the characteristics of each media;

® the ways in which each medium can be pre-
sented;

® the ways in which each medium can be used
effectively.

When considering educational media, one must
distinguish between the materials and the equip-
ment, since both are usually implied when media
are discussed. The material itself can exist in
several formats. The material and equipment

Simulation
Tutorial
Game
Modelling

Software

> Hardware

Fig. 2. Relation between hardware, software and techniques.

together constitute the medium. The equipment
which stores and transmits the educational mate-
rial constitutes the hardware, and the contents
which are stored and transmitted are the software.
A third dimension of the hardware and software
concept is the approach chosen, which can be
thought of as a technique, as shown in Fig. 2.
Techniques are procedures for utilizing hardware
to transmit software ideas. Examples of techniques
include different types of computer-based learning
software. For a detailed classification and exam-
ples see Nobar [30].

THE PROPERTIES OF MEDIA

Three properties of media help to show why they
are used and what they can accomplish that
educators alone cannot. These properties help to
determine the ways in which they are used.

The fixative property

This property permits the capture, preservation
and reconstitution of an object or event. Photo-
graphic film, audio tape and video tape are raw
materials for fixing these objects or events. Once a
photograph is made or a voice recorded, the
information has been saved and is then available
for reproduction at any time. This property
enables the record of an event to be transported
through time.

The manipulative property

This permits the transformation of an object or
event in many ways. The event can be speeded up.
Conversely, an event may be slowed down by
replaying a motion picture film or video tape at a
slower speed than that at which it was recorded.
Actions can be arrested and then be reversed as in
a motion picture which is run backwards.

The distributive property

While the fixative property of the media allows
events to be transported through time, the distri-
butive property permits events to be transported
through space, simultaneously presenting millions
of viewers with a virtually identical experience of
an event.

A CATALOGUE OF EDUCATIONAL MEDIA

While the three properties discussed above do
not help directly in the selection and use of
educational media, they do help to demonstrate
the utility of media and the reasons for using a
wide range of resources. The physical character-
istics of basic media and the ways in which they
may be presented are as follows.

Models
A model is a replica or representation of reality.
It can either be a miniature, an exact replica or an



The Increasing Influence of Computers in Engineering Education 131

enlargement. Closely related to the model is the
mock-up, which is also a representation of the real
thing but is constructed so as to emphasize a
particular part or function of the real thing. This
type of media may be used for the direct experience
(enactive) phase of Bruner’s education model.

Simulation

Simulation is the replication of real situations
which have been designed to be as near the actual
event or process as possible. Examples would be
the use of a simulated driver’s position in a car
with road conditions presented on the screen.
Many media, including computers, tape record-
ings, motion pictures, slides and models, can be
used for simulation.

Still pictures

Photographs of any object or event constitute
still pictures. A still picture is a record or a copy of
a real object or event which may be larger or
smaller than the object or event it represents. A
still picture may be presented as a textbook illus-
tration, a slide frame, an overhead projection
transparency, a computer -generated screen, or
an illustration on a television program. This
media can be used in the iconic representation
phase of experience in Bruner’s education model.

Motion pictures

The term ‘motion picture’ includes both film and
video. These media have different origins. Film
originated in the chemical process of photography,
whereas video is based on electronic technology.
The recording of moving images has progressed
from film to analogue video tapes to digital record-
ing on disks. Any media that employs a cathode-
ray screen or similar device to present the picture
portion of a message is referred to as video. Video
works by converting light to electronic signals that
can be stored on magnetic tape or disk and then
reproduced on a television screen. Objects or
events may be in normal motion, in slow motion,
time-lapse or stop motion. Objects or events may
be edited for abbreviating or highlighting. Sound
may be synchronous with the visual portion or
may be narrated over the action after the event.
This media can be used as a powerful tool in the
iconic representation phase of experience in Bru-
ner’s education model.

Audio

In an analogue sound recording, the pressure
waves are picked up by a microphone. A dia-
phragm inside the microphone responds physically
to the changes in the pressure caused by the sound
waves and converts them into electrical signals.
These signals are an analogue of the original
sound. They can be amplified and sent to a
loudspeaker where a process opposite to that in
the microphone takes place. The electrical signals
vibrate a diaphragm to generate audible sound
waves in the air. The electrical signals can also be

recorded on a magnetic tape and stored for play-
back later. One of the major problems with an
analogue recording system is the element of noise
inherent in the system itself. An example of this is
tape hiss, a high-pitched hiss on audio tapes that is
audible above the sound when the tape is played.
Various noise reduction systems are used in order
to reduce tape hiss. In the most common type the
whole recording is done at a lower set of sound
frequencies and so recorded below the tape hiss
threshold. When it is replayed through special
equipment, the sound signals are converted back
to their original frequency with a much lower
incidence of tape hiss. However, all such noise
reduction systems inevitably distort some of the
characteristics of the sound. In a digital sound
recording the electrical signals from a microphone
are converted into binary representations. There is
no noise in this type of recording and sound signals
from master recording are easily transferred to
compact disk. The digital code is etched into sur-
face of the disk by a laser beam and then read back
by another laser beam in the disk player. The
recorded binary code is converted back into elec-
trical signals, amplified in the normal way and
played back through loudspeakers. An important
advantage of the digitized sound is that it can be
easily modified once it is encoded. Sound signals
are presented in the sequence in which they actu-
ally happen unless the recording is edited. Audio
recordings may be used by individuals or played
directly to an audience or over a central sound
system such as radio. This media can be used in the
abstract representation phase of experience in
Bruner’s education model.

Computer-based learning

There are many uses of computers in education
and the field is rapidly expanding. One result of
this growth has been that the field of computer-
based media has evolved with little structure.
Many terms in general use lack commonly
accepted definitions, and to complicate the
matter even further, they are rarely defined by
authors. Silberman [31] defines four areas of appli-
cation of the computer to education: a tool for
education, a research and development tool, and a
management tool. It is logical to divide the educa-
tional function of a computer into two categories:

The computer does the teaching It has become
almost common practice to use the terms compu-
ter-assisted instruction (CAI) or computer-assisted
education, (CAE) for the process in which the
computer does the teaching. In 1967 the Associa-
tion of Computing Machinery gave the following
definition for the use of computers in human
learning situations:

A method of education in which a learner and a
computer interact with one another, with this
two-way communication producing human
learning and retention of this learning. Further-
more the computer program with which the
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D&

Fig. 3. The union of CAI and CAL.

learner interacts must be developed with specific
behavioural objectives in mind.

For further information see Smith [32]. The
history of CALl is largely a tale of high investment
and low returns. This expensive technology has
already consumed vast sums, especially in USA,
and there is little to show for it.

The computer assists in teaching The term ‘com-
puter-supported education’ (CSE) appears to be a
good choice to describe all applications in which
the computer is used as an educating aid by an
educator. CSE would encompass the areas in
which the computer is the subject of education or
in which the computer is used as an aid in teaching
other subjects. The actual teaching, however, is
accomplished by a human educator. However,
‘computer-assisted learning’ (CAL) would be
more apt, since it shifts the emphasis to the learner,
who in fact is assisted in the learning process by the
computer; this would eliminate the imprecision
associated with the use of the verb ‘assist’. For
further details see Gerard [33].

As shown in Fig. 3, the union of CAL and CAI
is referred to as computer-based learning (CBL).

MAJOR DIFFICULTIES WITH CBL
MATERIALS

The major obstacles to the development of CBL
as stated by Luskin [34] and others can be sum-
marized as follows:

1. Higher education in most industrialized coun-
tries is organized around the concept of auton-
omy of institutions and based upon the right of
institutions to make their own decisions and the
right of the educators to prepare and present
course materials in their own way. The proce-
dures for arriving at a consensus vary greatly
among institutions. It is therefore highly spec-
ulative for business and industry to undertake
the risk of producing effective CBL materials.

2. Because of style differences, most CBL materi-
als cannot be easily transferred from one insti-
tution to another. Moreover, since education
tends to be organized around disciplines, there
is a natural slowness for the movement of ideas
from one discipline to another. It has been said
that education is one of those rare institutions
where the whole is less than the sum of the
parts.

3. There is little incentive to produce CBL materi-
als. For academic staff in most of the higher
education institutions, especially at universities,
teaching is a second-order priority—a poor
career investment compared with research.
Although a combination of an increase in
number of students and student/staff ratio has
in recent years spurred academic interest in this
field, change is still modest and hard won. Of all
the institutions which make up the educational
system, the university appears to be the most
resistant towards the development of CBL
material.

4. Inadequate finance or personnel is available to
develop and test the CBL materials to assure
that they will be educationally effective.

5. The cost of development for a high-quality CBL
program is high. Consequently, the quality of
the educational programs is generally low and
the documentation is usually poor. This often
accounts for the natural resistance to the use of
programs developed by other people. Some
authors find the comparison of developing
CBL materials with preparing classroom work
unrealistic. For details see Cook [35].

6. The bandwidth of CBL systems is very narrow.

That is, all the communication between the

computer and the user is restricted to the

computer monitor.

Lack of adequate intelligence in CBL programs.

Lack of simple and powerful authoring systems

to enable educators to develop their programs

in a relatively short time.

0.

RECENT DEVELOPMENTS IN CBL

Seigel [36] refers to three waves of technology
and related know-how:

1. The first wave was related to the computer
technology itself, i.e. the design and program-
ming of computers and computer applications.
This involved a relatively small proportion of
the population, who required highly technical,
job-specific training in computing and program-
ming.

2. The second wave came with the advent of the
cheap microcomputer and its use by a much
greater section of the population. This wave
was generated by the hobbyist approach to
computing.

3. The third or current wave is characterized by
the permeation of all sectors of social and
professional activity by computer systems.
That is, people will use computers designed
for the task they wish to perform; they learn
to use it efficiently until it breaks down and then
call in a specialist.

Most of the difficulties described by Luskin [34]
nearly 25 years ago are still valid. However, the
current wave of development has created two
major changes in the CBL software environment:
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® The development of multimedia systems has
increased the delivery bandwidth considerably.

® The development of CBL software through user
friendly authoring systems has become feasible
from the standpoint of both cost and effective-
ness. This has created a cottage industry in
education in which costs are high, quality low
and duplication commonplace.

There are several interrelated issues that have to
be resolved if the use of CBL software is to reach
an acceptable level. The resolution of these issues
will probably determine the forms by which CBL
software will be integrated to the system of educa-
tion as a whole. For details of a possible solution
see Nobar [37].

MULTIMEDIA CBL SYSTEMS

The generic term ‘multimedia system’ refers to
any combination of two or more media that can be
integrated to form an informative or educational
program. The use of the term ‘multimedia’ goes
back at least to 1950s when it was used to describe
early attempts to combine various video and audio
media for increasing the effectiveness of conven-
tional teaching. It referred to a methodology which
was based on the principle that a combination of
audiovisual with other educational materials
would increase the effectiveness of teaching. A
multimedia system involves more than. simply
presenting information in multiple formats. That
is, it involves integrating different media into a
structured program in which each component
complements the others, so that the performance
of the whole is greater than the sum of its parts.
Gayeski [38] defines multimedia as: ‘a class of
computer driven interactive communication sys-
tems which create, store, transmit and retrieve
textual, graphics and auditory network of informa-
tion’. In defining multimedia in education, the
lecturing component should also be included
among the media as shown in Fig. 4. Educational
media play a key role in the design and use of
systematic education. A medium, broadly con-
ceived, is any person, material or event that estab-

lishes conditions which enable the learner to
acquire knowledge, skills and attitudes. In this
sense information may be found in books, on
computer disks, on audio and video recordings,
on films and still pictures, all of which are forms of
storage. The retrieval of this information from its
storage is a reconstitution of the event or a report
of the event.

METHODS OF DEVELOPING
MULTIMEDIA PROGRAMS

There are two different philosophies regarding
the development of interactive multimedia pro-
grams:

Incremental multipass

In this method, the entire course is divided into
small sections and each one implemented indepen-
dently using a multipass approach. In other words,
each section is scanned several times, and at each
scan one aspect of the multimedia is implemented.
The method has been used in most educational
establishments. Its popularity is due to the fact
that:

® It encourages academic staff to become involved
in developing multimedia programs.

® The program can be finished in a relatively short
time.

However, it has two major disadvantages:

® In most cases the course as a whole will never be
implemented because of the loss of interest or
change of direction by the developer.

® Generally, there is no homogeneity in the fin-
ished product.

® .In most cases the choice and use of multimedia
components are inappropriate.

Holistic multipass

In this method, the courseware is implemented
as a whole. Namely, the whole course is scanned
and at each scan one aspect of the multimedia will
be implemented. The main advantages of the
method are:

Audio .
medium-1 :

Audio
medium-2 "

Audio
medium-3 »
Audio .
media ;
% Audio "

medium-n

Fig. 4. The components of an educational multimedia system.
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e The improvement will be to the whole course-
ware.

® The final product is more homogenous.

e Even it is unfinished, it can be distributed as an
improved product.

® It can be completed in a much shorter time due
to its more uniform structure.

However, it has the following disadvantages:

e It requires a completed courseware prior to
computer development.

® Only a few academic staff are prepared to take
up the development task because of the size of
the job.

THE INTERACTIVE MULTIMEDIA
PROGRAM VIBSDF

In 1905 S. Timoshenko published his first tech-
nical paper in the Bulletin of the Polytechnical
Institute of St Petersburg. It consisted of the
study of shafts using Rayleigh’s method. This
was the first time that Rayleigh’s method had
been applied to an engineering problem and
marks the beginning of the study of vibration
problems in engineering. After working for two
companies in the USA, in 1928 he published the
first edition of Vibration Problems in Engineering.
The book represented one of the earliest attempts
to present the theory of vibration in an organized
manner to mechanical engineering students. Since
then, many books have been published and used as
supporting material in teaching vibration to engi-
neering students. There are two phases to the study
of mechanical vibration:

1. Older mechanical systems are not normally
designed to withstand vibration, but vibration
is usually a problem that has to be dealt with
after it occurs. As a consequence, experience
with vibration and learning to solve vibration
problems is the first phase.

2. The literature is full of histories of disaster,
diagnosis and success. The question that
always arises is ‘why? The vibration engineer
must be able to explain why the structure, the
system, the material or the speed must be
changed. The software package VIBSDF pre-
sents a supporting media suitable for under-
graduate and diploma students of engineering.
It fulfils not only the needs for mechanical
engineering students, but also caters to the
needs of aeronautical, ship-building, chemical,
electrical and civil engineering students. It is
devoted to the teaching of the single degree of
freedom system. The emphasis on the vibrations
of the single degree of freedom system not only
brings out the content of VIBSDF but also
provides a foundation for the various applica-
tions of vibration and the study of coupled
vibrations or the vibrations of multi-degree of

freedom systems. VIBSDF has been designed to
enable students to learn how to solve the basic
problems by changing the important variables
of the physical system such as mass, stiffness
and damping. The package also tries to explain
why vibrational phenomena occur.

The package deals with the following subjects:

1. Free vibration which takes place when a system
oscillates under the action of forces inherent in
the system itself and external impressed forces
are absent. The system under free vibration will
vibrate at one or more of its natural frequencies,
which are properties of the physical system
established by its mass and stiffness distribu-
tion. The aim of the package is to illustrate the
variations in natural frequencies as mass and
stiffness changes.

2. Forced vibration which takes place under the
excitation of external forces. When the excita-
tion is oscillatory, the system is forced to vibrate
at the excitation frequency. If the frequency of
the excitation coincides with one of the natural
frequencies of the system, then resonance
occurs and large oscillations may result. The
aim of VIBSDF is to illustrate the variation of
the amplitudes as the excitation frequency
changes. To emphasize the resonance phenom-
enon, the failure of a major bridge structure and
others have been included as video options.

3. Vibrating systems are all subject to damping to
some degree because energy is dissipated by
friction and other resistance. If the damping is
small it has very little influence on the natural
frequencies of the system and hence the calcula-
tions for the natural frequencies are generally
made on the basis of no damping. On the other
hand, damping is of great importance in limit-
ing the amplitude of oscillation at resonance.
The aim of the package is to give the students a
simulated experience of these important results
by letting them vary the values of mass, stiffness
and damping factor.

For further technical details see Timoshenko
[39].

THE DEVELOPMENT PROCEDURE

The holistic multipass method has been used to
develop the interactive multimedia package
VIBSDF. The details of the procedure are as
follows:

1. The objectives of the package were defined
based on the teaching experience and difficulties
of the students.

2. The course notes were scanned as a whole and
the summary texts for different sections were
produced.

3. Each section was divided into appropriate parts
and the content of each part was chosen based
on the important aspects of topic.
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4. The key words were marked and help windows
for explaining the terms were developed.

5. The text part of the package was narrated in
order to increase the understanding and reten-
tion period of the material.

6. The frames for illustrating the behaviour of a
spring-mass problem were designed and imple-
mented.

7. A number of video clips were selected in order
to demonstrate certain phenomena and applica-
tions.

SELECTION OF HARDWARE

The most suitable system on the market in terms
of adequate quality of graphics, video and audio is
a multimedia PC. It has four extra peripherals
added to the conventional PC:

® a CD-ROM drive;

® 3 sound card;

® Microsoft Windows graphical environment with
multimedia extensions for video and audio play-
back;

® a pair of speakers for audio output.

In order to record video on a PC, an additional
set of peripherals will be required:

® a video digitizer or card to convert the analogue
video signals to digital information;

® a source of video input such as a video camera;

® a VCR or a laser disk player which can be
connected to the video capture card;

® video software such as Video for Windows
which includes wvideo capture, compression,
playback and basic video editing utilities.

The Educational Development Centre (EDC) at
Ngee Ann Polytechnic is equipped with a number
of interactive multimedia PC systems. Each system
has a large disk capacity of 0.5 Gbytes, a VGA/
SVGA graphics card, a CD-ROM drive, a sound
card, a pair of speakers and other minor periph-
erals. The authoring system is Authorware Profes-
sional which has been used to develop the

interactive. multimedia programs on site. For
further information regarding the technical details
of the system see Nobar [37]. The program
VIBSDF has been developed at EDC using
Authorware Professional (version 2.0). Since
Authorware Professional is relatively slow for
animating the spring oscillations, these frames
have been written in Turbo C and integrated into
the program. For further details about Author-
ware Professional see [40]. Some typical frames
from the program are given in the Appendix.

STATISTICAL RESULTS

At present there are no extensive statistical
results regarding the use of the package. However,
it has been tested by a limited number of students
at Ngee Ann Polytechnic. The program will be
integrated into the mechanical engineering curri-
culum in the coming year. A full statistical analysis
of the software will be published later.

CONCLUSION

It has been shown that CBL media have an
important role in educational technology and can
be used effectively in individual and group learning
environments. The outstanding problems in assim-
ilation of CBL in education systems have been
discussed, and it has been shown that using inter-
active multimedia system one can remove the
problem related to the limited bandwidth. Further
progress in interactive multimedia teaching will
increasingly take advantage of the pervasive role
of higher bandwidths in education.
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APPENDIX

Introduction and video

Fundamental and historical review Introduction and video examiples

Watching flow of tides and listening to the steady hum
of industrial machinery, a human being is constantly
concerned and fascinated with . The
swaying of a tree or atower in the wind, the pitching

Important entities

Periodic motion

Free vibration

T e and rolling a ship at and the tumning of a
generator in its all lead to periodic
wvariations of force and displacement. The study of these
peniodic variations is the study of vibration and it is one
of the most important aspects of dynamics.

B oo S e T o |

Undamped forced vibration
Free damped vibration

I damped vibration
Experimental video tapes
Experimental analysis
Exit

< MOVE THE CURSOR TO THE APPROPRIATE BOX AND CLICK >

Fig. Al. Main menu for the package. Fig. A2. Introduction to the package and videos.

aling motion may repeat itself regularly as in
e balance wheel of a watch or display considerable
rregulanity as in earthquakes. When the motionis
repeated in equal intervals of time T,, it is called
peniodic motion. The repetition time T,is called the
period of the oscillation. The reciprocal
called the frequency and is denoted by f,

SOND { pPREY | EXAM | NEXT MENU SO0ND i PREY ] oM ' et : .NIJ
Fig. A3. The frame describing the period. Fig. A4. The frame describing periodic motion.

The unbalanced forces acting on the block are
mg+iciNewtons upward)]

The &
mx=mg-{mg+kx}

and mg[Newtons downward] mx=-kx

The harmonic motion is often represented as the
projection on a straight line of a point that is moving on
a circle at constant speed.

Here, it en that the acceleration is proportional to

the position. ibed in this manner is called
harmonic motion. After : e terms into standard

It isimportant to note that the dis
measured from the static’ equilibrium position and it is
ositive in the downward dire

soND | PREVD 0 e Next | mEnu

Fig. AS. The frame describing sine and cosine. Fig. A6. Derivation of the equation of the motion.
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the motion, let the block
from  its equilibrom
that vibration take place’s

.denve te equation of
‘displaced a distance of
jon and released so

o miglk |
-
mglkex

Fig. A7. Describing the behaviour of elastic springs. Fig. A8. Sample of the table for calculating K.

Il
SRS AL S

'be prnpomondl to the ) :
ifference. ﬂmd viscosity and llh. time rate of uhaﬂgg in

Loka i
e

D Newtons

= -‘* “5!0“
e

To quit animation pre

3 : 4 )
oo 0| PREV [im e I wew SOND

Fig. A10. Free vibration with x,.

Fig. A9. Describing the nature of the damping force.
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Fig. All. Illustration of the free damped vibration. Fig. A12. Illustration of the forced damped vibration.




The Increasing Influence of Computers in Engineering Education 139

It can beshown that the maximum amplitude ratio | okt )
occurs W]l[}ll " E:] dp=0.01 dp=0.05 dp=0.1 dpr0.15 dp=0.2 other

Move the cursor to the appropriste dashpot and click

In order to construct your mathematical model move
the cursor into the appropriate rectangle and click

PREV I e | Fres TR [ T ] [

Fig. A13. Variation of A/d vs. frequency ratio. Fig. A14. Construction process for experimentation.
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