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Visualisation and Effective Instruction

Jef Moonen

Abstract

In this paper the potential relationship between visualisation and effective instruction is
being reviewed. Reference is made to the AIME concept introduced by Salomon. It is
concluded that research in this area should taken into account aspects of costs, cost-
effectiveness and motivation of the learner.

Introduction

Improving the quality of learning and instruction is a continuing objective of education
and training. 'Quality' however, can be described in many respects. One perspective is to
focus on the effectiveness of the learning material to support the instruction.

As the traditional classroom and training situation is being expanded with technological
features, such as video, computer and multimedia there is considerable interest nowadays
relative to the possibilities of graphical user inter`aces of electronic learning material in
relation to visual communication. Presenting, transmitting and processing information in
visual, non-textual form is what is meant when we speak of visual communication. Non-
textual symbols, pictures, graphs, images and so on that convey information are called
visuals.

The importance of visualisation in electronic learning material is reflected in many
authoring systems as they offer more and more-varied possibilities to include visuals into
the courseware they produce. However, it remains difficult to derive guidelines with
respect to the integration of visual communication in courseware design. Improvement of
courseware design methodology is therefore necessary; in particular, by investigating the
relationships between type of courseware and the functions of visualisation.

In that context there is a need for further development of theoretical principles of the
visual communication, especially with respect to the following questions:

In what circumstances does the mind prefer the more complex, dynamic, lifelike image
to the seemingly simpler verbal one?
How do non-textual symbols, graphics, still pictures and moving pictures contribute to
visual communication?
If visual literacy is the ability to understand, think, and create non-verbally, how should
visual literacy be learned and trained?
In what way will visual learning be of value in determining the (cost)-effectiveness of
the learning process?
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A special aspect is the inclusion of visual techniques in tools to handle non-verbal
communication, and in tools supporting the courseware design process. The latter is a
logical consequence of what is going on in computer science itself, whereby two new
styles of human-computer interaction have become popular: 'programming through visual
environments in which graphical elements play prominent roles alonside text, and iconic
environments, in which users interact with the machine primarily by defining, pointing at,
juxtaposing, overlapping and otherwise manipulating postage-stamp size images commonly
referred to as icons' (Glinert, 1990, P. 1).

Answers to the above about visual communication should help to better identify the
advantages and disadvantages for visualisation of information in courseware and
courseware design, leading to a new set of questions:

What kind of tools improve the process of visual commuidcation in teaching and
training?
What kind of tools improve the process of courseware design?
What are the aspects and the factors that determine the break-even-point of using
visualisation in terms of cost-effectiveness of courseware design, development and
implementation?
How does visualisation improve the cultural portability of electronic learning material?

In addition, the evolution of human-computer interface technology will significantly
change in the next decade, given the growing international research interest in virtual
reality (Earnshaw, Gigante, Jones, 1993; Kalawsky, 1993). As with any new technology,
there are pedagogical questions to be addressed as methods of instruction are extended
from being dominantly text-based to multi-sensory based. Additional questions such as the
following are also important:

How is learning in a "virtual reality" different from that of a traditional educational
environment?
How are learning styles enhanced or changed by virtual reality?
What kinds of research will be needed to assist instructional designers in developing
effective virtual-reality learning environments?

Results from Research

Because of the evolving technology, visual messages in different forms can now be much
easier presented than in the past. However, there are no consistent research results to
support the hypothesis that by using visuals the effectiveness of what is being delivered is
increased.

Print material and visuals
In relation to print material Fleming and Levie (1993) indicate for instance that 'although
the results of research on the effects of using graphics are neither consistent nor
compelling, most authorities and professionals are convinced that in many circumstances
graphics help readers (especially poor readers) to use and understand instructional text' (p.
41), and 'although research has failed to demonstrate conclusively that using pictures in
courseware (in this context text-based material) is related to motivation, their instincts tell
many designers that good pictures really do motivate learners' (p. 46). In the context of
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message oesistr, variables and with respect to the perception of pictures, Fleming and Levie
present eight design guidelines. Their first and main guideline is that 'pictures are usually
more memorable than words, and are thus useful when information has to be remembered'
(p. 86). However, their second guideline is that 'pictures play many roles in instruction. It
is therefore necessary to know precisely what a picture's function is intended to be before
it is designed' (p. 86).

Graphic design principels and interactive systems
In their discussion of the design of effective visual presentation Baecker and Buxton
(198'7) report that the application of graphic design principles to the medium of computer
displays and interactive systems is not a trivial process. They suggest that 'given the
difficulty of the problem, good progress will probably be achieved through the multi-
disciplinary collaboration of the technologist "telling us what is possible", the psychologist
"telling us what not to do", and the designer "suggesting what to do" (p. 300-301)'.

Cognitive psychology and user-interface design
Gardiner & Christie (1987) investigate relevant areas of cognitive psychology in relation
to user-interface design, and summarize their findings in 162 design guidelines. They
discuss the relationship of the use of visual material and its impact on memory and
conclude, based upon the dual-coding theory of Paivio, that 'our ability to remember the
appearance of novel, unorganized visual patterns over the short-term is extremely limited.
On the other hand, our ability to remember the identity of a concrete item is better when it
is presented as a picture than as a printed word' (p. 128). And they further conclude that
'ideally interfaces should be designed to be flexible enough to allow the user to vary the
amount of information they have to deal with at any time, and, conversely, should not
allow users to "get away" with inadequate amounts of processing where the consequences
of poor recall will be dire' (p. 157). More generally Gardner and Christie summarize
research findings into two principles:

(a) 'The probability of recalling an item increases as a direct function of the depth
of processing at which the item was encoded when punt into memory. Depth of
processing increases with the requirement to consider the meaning of an item and
its relation to other items';
(b) 'The probability of recalling an item increases as a direct function of the
elaborateness of processing associated with its encoding into memory.
Elaborateness of processing increases with the richness of the context information
present at the time of the storage' (p. 159).

These principles lead to the following design guideline: 'Items which must be recalled
from memory some time after being removed from the screen should be surrounded with
supporting information to which they are related, and should be immersed in a visually
rich environment' (Design Guideline 125, p. 268).

Guidelines for the design of visuals for information
Petterson (1989) presents practical guidelines for the design of visuals for information. He
stresses that image variables should be considered in relation to content, graphic execution,
context and format. In the design and production of visuals for instruction, pictures must
obviously contain the information they are intented to convey and must be relevant to the
situation. However, Petterson reminds us of the fact that understanding a message in a
visual are different in various cultures as well as in different socia-economic groups.
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Lanzing (1993) has also done research into this area.

Relationship between verbal and visual messages
In addition, effective human-machine interaction requires an understanding of the
relationships between verbal and visual messages, between characteristics of the learning
material and the instructional process, the instructional approach and learning styles.
Verleur (1993) presents an interesting summary of research results in this context.
Generally speaking, research results indicate that when audio and visuals are presented
simultaneously, the visually presented information will be dominant (Jaspers, 1991).
Another conclusion is that presentations which are focussing on two senses or using two
channels including an iconic presentation and a linguistic approach (text or audio) are
superior to a presentation using only one channel. The most powerful result of using
multi-channel presentation forms are their positive impact on the motivation of the learner.

Empirical research
Although many guidelines appear in the literature about how to incorporate visuals into
learning materials, most of such guidelines are based upon theoretically driven research.
Such research tends to seek out simple paradigms which appear to focus succesfully on a
single psychological process. It should be underlined that empirical research is necessary,
as factors such as individual skills and knowledge and the use of multi-sensory channeis
can make significant differences to performance and motivation. In other words, general
conclusions about the impact of visualisation on the effectiveness of learning material
remain to be supported.
In particular a main focus for research are the circumstances under which visualisation
realises a positive contribution to the quality of the instruction/learning process.

AIME: The Amount of Invested Mental Effort

An interesting approach with respect to the impact of television on learning was developed
by Salomon (1984).
When the structure of a communication is more or less congruent with one's past
experience, that information is processed rather mindlessly. When on the contrary',
nonautomatic and effortful mental elaborations are necessary to capture the information,
these lead to both depth and mindfulness. A measure to capture such efforts is called by
Salomon "the amount of invested mental effort" (AIME).

Two other concepts affect the AIME executed by a person. The first is the learners'
perceived task characteristics (PDC) of the task. The more demanding a PDC is, the more
AIME will be expended. The second is the learners' perceived self-efficacy (PSE).
According to Salomon: 'The more efficacious learners perceived themselves to be, the
more they are likely to invest sustained effort in a task and persist in doing so' (p. 649) .
Assuming that thorough and mindful coverage of information are characteristics of better
quality of the instruction/learning process, Salomon argues that such characteristics will be
obtained when the instructional process stimulates an increase of AIME.

Tile main issue with respect to visualisation therefore is not to investigate technical
possibilities of new media in order to 'maximise' the portion of visualisation within an
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instructional program. The main issue is to match the visualisation possibilities of new
media with the characteristics of the learners, in order to maximize their amount of
invested mental effort.

Do Media Influence Learning?

As we talk about visualisation, it is not the medium but its presentation formats that are of
importance.
In order to better distinguish different aspects of media, Kozma (1991) defines the media
in terms of their technology, their symbol system, and their processing capabilities.
Most common is to talk about media in terms of their technology: the mechanical and
electronic aspects that determine their functioning and physical features. There are TVs,
VCRs, CD-ROM players, slide projectors, etc.
The most interesting features of a medium however are its possibilities to present a range
of symbols (for instance text, audio, visual), and its processing capabilities (for instance
interactivity, search capabilities).
Questioning if media through visualisation will contribute to maximizing AIME clearly
relates to the range of symbol systems the medium can present, and to its processing
capabilities.

In Paragraph 2 it was emphasided that empirical research should be done in order to
determine in practice the impact of visualisation on the effectiveness of the
teaching/learning process. Given the different characteristics of media, this emphasis
should not concentrate on the technical possibilities of new and future media, or on the
comparison of one technical facility versus another. On the contrary, research should be
planned in relation to new symbol systems and/ or new processing capabilities represented
in new and future media. Unless a new medium creates such a new symbol system or a
new processing capability, a new medium has to be considered as belonging to a specific
class of media capable of a certain kind of presentation and information transfer.

In that respect, for instance, a product presented through CD-I is not essentially different
from a product presented through a combination of a computer program controlling a
interactive videodisc. In terms of instructional effectiveness there seems to be no reason
why there should be a difference between these two media. However, there could be a
significant different in terms of their cost-effectiveness.

Costs, Cost-Effectiveness and Motivation

Different media are not alike in terms of costs involved: costs with respect to
procurement, and costs with respect to the development of learning materials. Neither are
they alike in terms of their potential to motivate the learner, or put it in a broader context,
to stimulate the AIME of the learner.

When the expected instructional effect for two media arc more or less comparable, then
the cheapest medium is the most cost-effective.
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Given the wealth of traditional and electronic media that are now available, and given the
fact that many of these media have comparable features with respect to the symbol
systems they can represent, and comparable power in terms of their processing
capabilitits, the question of the cost-effectiveness of a medium is becoming most relevant.
Analysis of data in the context of cost-effectiveness very often leadF to the understanding
that potential effects such as the instructional impact of a raise in motivation or change in
attitude of the learners are not (well) represented in the measurement o the performance,
while enlarged motivation of the learners seems to be the most apparent effect.

Conclusion

Research with respect to visualisation and media should be concentrated on investigaung
relationships between symbol systemsin particular visualisationand processing features,
learners characteristics and learning styles. In addition researchin6 the instructional value
of visualisation, both aspects--cost-effectiveness and motivation--should be taken into
account.
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