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By Tony Bates

evelopments in the Internet,
particularly the World Wide
Web, and in multimedia tech-
nologies are resulting in new ap-
proaches to designing and devel-
oping teaching and learning in
higher education. Some of the
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characteristics of such developments
can be described as follows:

= Anincreased flexibility and access to
learning, resulting in new markets
being reached, particularly the life-
long-learner market

s The enhancement, through multi-
media technologies, of psycho-
motor and intellectual skills,
including problem-solving and
decision-making skills

s The ability, through Internet tech-
nologies, to sharpen knowledge-
management and collaborative-
learning skills and to design global,
multicultural courses and programs

As the use of such technologies be-
comes more prevalent, it is important to
ask to what extent, if at all, such devel-
opments change the forms and nature
of knowledge.

Learning in the twenty-first century
will be increasingly bound up with work
and everyday life. Tt will be required on
demand and will be organized in such a
way that it fits the lifestyle and needs of
individuals. Learners will seek educa-
tion and training from a wide variety of
suppliers around the world. In particu-
lar, learners need the opportunity to in-
teract not only with their teachers but
also with fellow students, even if they
are continents apart. They need to be
able to challenge and question what
they are being taught, they need to be
able to draw on their own knowledge
and experience, and they need to be
able to adapt what they learn to their
own particular circumstances. In other
words, education for lifelong learners
needs to become more learner-focused.

Teaching and learning are two com-
plementary aspects of education.
Within learning, there are two key ele-
ments: content, which forms the “what”
of learning; and skills, which describe
the application of content to specific
tasks, or the “how” These two elements
are mirrored in teaching by the curricu-
lum and syllabus (the “what”) and the
teaching methodology (the “how”).

Multimedia technology affects both
aspects of teaching and learning. It does
this in three ways: in how it presents in-
formation; in how students interact
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both with the medium and through the
medium with the teacher and other
learners; and in how knowledge is struc-
tured within multimedia.

Presentation

Multimedia can represent knowledge
in more ways than text or speech can.
Multimedia combines text, audio,
visual, graphic, and dynamic elements,
such as animation and video. This
presents learners and teachers with
unique learning resources that can be
used in a wide variety of ways to stimu-
late various forms of learning.

The most significant feature of the
multiple forms of media is that they
allow for the presentation of knowledge
in numerous ways. Thus students can
learn about abstract principles through
text and can see the application of those
principles through an animation or a
video example. This presents the
opportunity for deeper levels of under-
standing, particularly if the presenta-
tional qualities are fully and deliber-
ately exploited to achieve this purpose
and are combined with the potential for
learner interaction.

Well-designed applications of multi-
media then can do two things: they can
enable learners to come to understand-
ings more quickly than through more
conventional classroom or textual
media; and perhaps more significant,
they can change how we come to know
or to understand and hence what we
know and understand. In other words, a
learner may have an image or a mental
“construction” that is far richer than an
abstract verbal understanding. From an
educational perspective, it is essential
that learners can move confidently be-
tween concrete and abstract under-
standings and not become locked into
one or the other. This does not happen
by accident. Multimedia needs to be
carefully designed to facilitate the de-
velopment of this kind of thinking.
Thus the role of the teacher is by no
means diminished; indeed, such design
requires highly skilled teachers working
in teams with multimedia producers.

Interaction
Interaction is another term much beloved
by multimedia designers but very rarely

adequately defined or understood in an
educational context. There are several
kinds of interaction. The first is the in-
teraction of the learner with the ma-
chine. As the sophistication of multi-
media design has increased, so have the
types and forms of interaction, although
so far they have been rarely exploited in
an educational context. The most domi-
nant physical form of learner-machine
interaction today in education is a very
old-fashioned operation that was devel-
oped in the nineteenth century and that
requires a high level of prior learning
and dexterity: typing. Another primitive
but very dominant form of interaction,
especially on the Web, is the use of a
mouse to click on “active” buttons.
Other forms of interaction possible with
a computer include drawing, speaking
(voice recognition), gesturing, and
singing. It is surprising that these other
forms of interaction are still so little de-
veloped, since they would be especially
useful for computer applications in
schools.

Research over the years, however,
has improved the design of computing
systems to take into account the way hu-
mans like to interact with a machine. A
critical part of the design of educational
multimedia is the interface. A well-
designed interface is intuitive for the
learner, in that the learner can navigate
casily and knows immediately what he
or she is expected to do. The interface
allows the learner to make responses
that are appropriate to the learning con-
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text. Virtual reality offers much more
profound changes in the way humans
can interact with machines, but at this
stage we cannot accurately identify the
potential benefits (and dangers) that vir-
tual reality holds for education.
Human-machine interaction,
though, is only the basement or founda-
tion of interaction for learning. What
matters to educators is the development
of intellectual skills. Indeed, there is a
distinct hierarchy of skills. In a limited
number of subject areas, such as mathe-
matics and engineering, where there are
clear right or wrong answers, or clearly
better answers, well-designed multiple-
choice questions can be a useful means
of testing for knowledge. But in general,
multiple-choice questions serve the
lowest level of understanding and
comprehension and do not generally
allow for perfectly legitimate alternative
explanations or answers not previously
considered by the designer of the
multiple-choice questions.
Consequently, a more common form
of response is the use of words or
phrases, usually typed into the ma-
chine. Some teaching materials are pro-
grammed so that the computer can rec-
ognize key words or phrases and
provide feedback. This can be particu-

larly useful in language teaching. In-
creasing sophistication in computer-
based syntax analysis and translation
will result in more machine-read analy-
sis and feedback, but the problems are
challenging and have taken longer to de-
velop than originally anticipated.

Virtual laboratories, computer simu-
lations, and expert systems can demand
from the learner much higher levels of
interaction, such as analysis, problem-
solving, decision-making, and evalua-
tion. Nevertheless, in many areas of
education, learners still need to discuss
and argue, to challenge and question,
what they have learned. Humans still
are much more able than machines to
deal with uncertainty, with value-laden
decision-making, and with complex
problem-solving. Thus, for educational
purposes, it is essential to combine
human-machine interaction and
human-human interaction. This too can
be facilitated through computer and
communications technology, such as
the Internet.

Structure

The third element of multimedia tech-
nologies, and the least researched or un-
derstood, is the impact on the “struc-
ture” or organization of knowledge.

F Vel

Both speech and text are linear in
sequence. Even in text, though, struc-
ture can be complex. For instance, in a
novel, the author may write about paral-
lel actions in separate chapters or may
deliberately interrupt the linear or time
sequence to provide tension or incon-
gruity in the reader’s mind. The impor-
tant element of text is that the writer
controls the structure.

Novelists and textbook authors give
a great deal of thought to the sequence
and structure of their works. The reader
can, of course, ignore the structure and
read “out of sequence” or selectively, but
that may result in a tension between the
goals of the writer and the results gained
by the reader. One feature of good
teachers is the ability to restructure and
reorganize knowledge to suit the needs
of individual learners. One feature of
outstanding teachers or researchers is
their ability to identify patterns or struc-
tures in what would otherwise appear to
be random or chaotic elements. One
possible goal for a teacher is to develop
the ability in students to find their own
structure or understanding of the or-
ganization of an area of study.

Multimedia offers a variety of ways to
structure knowledge. A CD-ROM or
Web site can be structured in a linear
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manner,
just as can a textbook. Thus, a narrative
text or lecture can be accessed sequen-
tially through a CD-ROM or Web site.
The medium used in the CD-ROM or
Web site could be text, speech, or video,
but the structure would still be linear.
However, most educational multi-
media designers would feel that this
is not the best use of the technology.
Multimedia offers more complex and
interesting ways to structure and access
knowledge. For instance, the World
Wide Web is based on hypertext, which
links pages together. Different pages
may rest on different servers around the
world. Thus although a learner may
start to work through the Web materials
in a linear manner, at various points the
learner can “take off” to other sites, ex-
plore these, and then return to the main
or “home” site. In educational terms, the
home site acts as a study guide, with
links to many other sources of informa-
tion. The learner retains more control
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over the

links to fol-
low up, and in-
deed, the teach-
ing may be designed
to encourage Web explo-
ration, so that the teacher can-
not predict where the learner will go.

Multimedia materials can also be or-
ganized in an algorithmic or “tree”
structure. Learners have to make a deci-
sion, and as a result of that decision the
computer directs them to another arca
of the CD-ROM. This enables the
teacher to control the sequence in
which learners access materials. This
can be useful if dealing with a large and
complex area of study that needs to be
broken down into more manageable
“chunks” to prevent the learner from
being overwhelmed by the large
amount of detail to be covered. Further-
more, teachers can “share” this structur-
ing of the content area by providing a
“hot” index, or visual of the links be-
tween different sections of the CD-
ROM. Learners can then choose where
to start in the structure and the se-
quence to follow.

Another structure that offers inter-
esting educational possibilities is the
idea of indexed but independent learn-

ing objects. A learning object can be
anything from a single graphic or log—a
single slide of a physiological celluptoa
simulated laboratory experiment. As
well as the object, a whole set of other
datawill be “tagged,” such as a verbal de-
scriptor, a small fee for accessing the
source, the copyright holder informa-
tion, and financial transaction opera-
tions. For instance, a CD-ROM may be
developed that contains a comprehen-
sive collection of thousands of separate
but computer-indexed examples of dif-
ferentinsects. The same CD-ROM could
then be combined with different Web
sites and used for quite different pur-
poses. A course on parasitology, for in-
stance, may draw on part of the CD-
ROM while a course on organic farming
may draw on other parts of the same
CD-ROM and in some cases may share
some of the same images. Such re-
sources are being created and stored
more and more on remote servers and
are accessible over the Web. A course
designer then would build a teaching
program with many such links inte-
grated within the overall context, pay-
ing a very small fee (electronically) each
time the learning object is accessed.
Another way of structuring multi-
media is to develop a problem-based
approach in which all the materials that
students need to solve problems are
provided but in which the materials are
organized in such a way that students
need to search out the necessary materi-
als and combine them to answer prob-
lems. Thus for a forest ecology course, a
CD-ROM might start with a virtual walk
through the forest, with several ques-
tions or problems posed. The students
would have to search the CD-ROM data-
base to find the necessary information
to solve the problems or answer the
questions. The materials may be struc-
tured under discipline headings in a
logical and clear way, but to solve the
problems, the students need to combine
information from different disciplines.
Differences in structure need to
match the inherent requirements of a
subject area. In addition, materials can
be structured so as to suit different ap-
proaches to learning. Lastly, students’
learning is likely to be influenced and
guided by the structure of the materials,

whether or not this is intended by the
teacher or multimedia designer.

The Internet: Interaction and Power
For many teachers, the most important
element of the Internet is the ability to
bring isolated learners and teachers to-
gether for discussion and analysis.
Thus, interaction is not so much with a
machine as through it, using the technol-
ogy to link people together. This en-
ables teachers to raise topics for discus-
sion and allows students to work
collaboratively online and to submit as-
signments and get feedback from an in-
dividual tutor. In this context, technol-
ogy does not change the nature of
teaching or learning; it does, however,
make learning available to those sepa-
rated by time and place.

In addition, the Internet can change
the balance of power and control be-
tween teachers and learners. Teachers
are no longer the gatekeepers to knowl-
edge. This shift is as profound as the im-
pact of books on the Catholic Church. Tt
moves the communication of learning
from an authority figure informing
those less powerful and informed to a
context in which knowledge can be
shared and reconstructed among
equals. Individuals can interpret and
apply knowledge to their own contexts
and can share their experiences with
others.

The negative side of this is the chal-
lenge to authority and experience.

Knowledge is not evenly distributed.
The teacher will know more in some
areas than each individual student and,
in some circumstances, more than the
sum of all students in the class. This,
then, raises the question of the validity
and authority of knowledge gained over
the Internet. How can the learner be
sure of the sources of information? Even
where quality and consumer control
measures are in place, the game has
changed, and the questioning of author-
ity in terms of who “owns” knowledge is
now a fundamental issue.

Knowledge in the Future

The future, by definition, is uncertain.
But there are three possible scenarios
for the future of teaching and learning.

First, the teacher will be in control.
In this context, teachers and subject ex-
perts regain control. This is quite likely
to happen as the Web moves from pri-
marily a textual and graphic-based
medium to a multimedia technology as
bandwidth and computer power in-
crease. Teachers can then start deliver-
ing lectures over the Internet. However,
this is likely to be a short-lived triumph,
since learners will be able to choose
from alternative methods more suitable
for distributed and lifelong learning.

Second, the technology will be in
control. This would be the final triumph
of artificial intelligence. Computers will
diagnose the learning problems of stu-
dents, direct them to appropriate
sources of information, select teaching
methods, provide feedback, and assess
the students’ work. I think this is un-
likely to happen because someone has
to program the computer in the first
place, and knowledge not only is ex-
panding more rapidly but also is be-
coming more distributed, thus making
it difficult for artificial intelligence to
exert control.

Third, the learner will be in control.
This is perhaps the most likely scenario.
Learners will take a constructivist ap-
proach to learning, seeking learning
that meets their needs, in ways that are
convenient, flexible, and cost-effective.
In this scenario, teachers will remain
important as counselors and guides,
and perhaps as originators of some of
the new learning materials, but they will

become more like “hired hands.” There
is a real danger in this scenario. Learn-
ers will effectively become consumers,
with the risk that short-term gain will
dominate long-term benefits. Perhaps
more important, knowledge will be-
come more subjective and value-laden
(what people want to think) and less ob-
jective and rational-deductive.

The ideal future will be a balanced
future, one in which the roles of teacher,
learner, and technology are all in bal-
ance and complement one another.
Teachers and learners will become more
concerned with the management of
knowledge than with mastery of all
areas. The teacher’s role will combine
guidance on appropriate areas of knowl-
edge and subject matter with (especially
but not exclusively in research universi-
ties) the generation of new knowledge.
Above all, the teacher’s role will be to
challenge and stimulate the learner.

Conclusions

New technologies are fundamentally
changing the nature of higher educa-
tion. Nevertheless, we need to maintain
a balance between face-to-face teaching
and learning and technology-based
teaching and learning. Many skills can-
not or should not be taught solely
through technology, although the range
of knowledge and skills that can be
taught effectively in this way is probably
much greater than most teachers would
credit.

The trick is to understand, first, that
there are many different clients, needs,
or markets for education. For some of
these markets, technology-based teach-
ing and learning is perfectly appropri-
ate; for others, it is not. We will need to
be selective and sophisticated in our de-
cisions as to how we want to use tech-
nologies to learn and teach. Second, the
roles of both learners and teachers will
change, in order to exploit the benefits
of new technologies. This in turn will
have a major impact on our educational
institutions. Third, our move to repre-
senting knowledge in various ways
through technology will change the na-
ture of our understanding. This does
not necessarily mean that our under-
standing will be better or worse—just
different. €
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