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ABSTRACT

An Experimental Test of Dual-Coding Theory Using Various
Media and Visual Momentum in a Multimedia Environment

by
Wayne Carl Neale
Robert C. Williges, Chairman
Industrial and Systems Engineering
ABSTRACT

Various media (text, audio, graphics, and animation) were examined in
the context of a multimedia environment. These media were used to test
predictions based on a model of dual-coding theory (DCT) and on an
engineering design principle named visual momentum. DCT is a general
cognitive information processing theory. Under DCT, extefnal stimuli are
represented in either the verbal or nonverbal symbolic systems. The
verbal system is specialized to handle language or abstract information.
The nonverbal system is specialized to handle more concrete information
such as images, environmental sounds, and writing patterns.

Visual momentum is a general design principle used to demonstrate
relationships between successively viewed computer screens. This study
applied visual momentum through the use of animation to explicitly
demonstrate the relationships between information represented in one
format to that represented in another format both within and between

COIIlplltCI' screens.



Subjects were required to complete a multimedia program explaining
material about total quality management. A 3 x 3 between subjects design
was modeled after DCT and visual momentum. Ninety subjects were
exposed to various media conditions and were subsequently tested for
retention and problem solving as well as several other measures.

Generally, the results do not support DCT. However, some findings do
support DCT. Dual-coded groups spent less time answering retention
questions while performing better than single—coded groups. However,
subjects spent more time on the material in these conditions. Subjects only
receiving a single medium reviewed the material more often than those
subjects receiving dual media except when presented with audio. This
difference between text and audio does not support DCT. Those subjects in
dual-coded graphic conditions reported more referential and associative
processing than those subjects receiving dual-coded animation conditions.

Generally, the results support visual momentum. Visual momentum
reduce the time needed to answer retention questions as will as improved
test performance beyond results predicted by DCT. Visual momentum also
reduce the amount of cognitive processing needed to correctly answer the

retention and problem solving questions.
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INTRODUCTION

The real world in which we live is predominantly filled with objects
that move either naturally, mechanically, or in simulation. The goal of
education is often to explain real world phenomena, both static and
dynamic. Past and current forms of instructional delivery have typically
consisted of words and pictures to describe objects that move or to describe
spatial or conceptual relationships. These “words and pictures” have been
delivered in various media: books, lectures, chalkboard, photographic
slides, etc. However, with the advent of recent technological developments
in electronic image display systems and instructional authoring software,
various media and combinations of media can be created to present
information as part of an integrated multimedia experience.

Text, graphics, video, audio, and their combinations have been studied
in non-computer domains. Animation is one medium that has not been
examined in a non-computer domain relating to training. It was not until
the technological development of multimedia authoring software that
animation could be integrated along with the other media. Unfortunately,
instructional developers have typically used animation for exhibition rather
than to facilitate learning. Nevertheless, animation is effective at gaining
an individual’s attention. This effect has been shown to be important and
practical in instruction, especially at the initial phase of learning (Gagne,
1985). A general human-computer interface guideline involves using
attention-getting techniques judiciously. Often the result of using
animation to gain attention distracts the learner, thereby degrading

performance and inhibiting learning. Conversely, animation can



effectively be used to draw a user’s attention to pertinent information that
might otherwise not be recognized. Animation can also be used to orient
users visually in a computer domain, aid in navigation, and increase
interface performance.

Interface designers and instructional developers have a cornucopia of
media to choose from to present not only the interface to a program but
also the material that resides in a database or courseware product. These
multimedia authors need conceptual and theoretical rationale for using the
various media. Since there are very few multimedia development
guidelines, the creators of multimedia software can draw on the literature

that investigates these various media in non-computer domains.



LITERATURE REVIEW

Associated Media

Research on illustrations placed in text shows that these pictures can be
distracting when they do not correspond or augment textual prose
(Willows, 1978). However, pictures have positive effects under certain
conditions. The combination of text and pictures has increased recall
especially for poor readers or learners who are naive to the subject
material (Levie and Lentz, 1982; Schallert, 1980). Dwyer (1978), in a
review of over 100 studies, concluded that pictures in text facilitate
learning when a sufficient amount of time is available to process the image.
If there is not enough time to process the image, learners will typically
ignore the information in the picture, especially if it is rich in detail.

Several studies have examined the effects of text and illustrations and
how these variables interact with prior knowledge of the material to
increase learning and comprehension. Rusted and Coltheart (1979) looked
at the effects of text and text with pictures on recall with good and poor
fourth—grade readers. Good readers tended to examine the pictures
initially and then exclusively rely on the text while poor readers went back
and forth between the text and pictures. Better retention was gained by
both groups of subjects with the pictures embedded in the text as compared
to text alone. It appeared that poor readers used the pictures to build
mental models of the material.

Hegarty and Just (1989) tested the mechanical ability of college students

and then assigned them either to a short or long text explanation describing



a pulley system, where each explanation contained a diagram. The results
indicated that text does not serve as an appropriate symbol system for
building mental models for subjects that have little knowledge or ability
with a given topic. On the other hand, subjects with high mechanical
ability were able to construct mental models from prior knowledge and the
text.

Using second and third year college students, Stone and Glock (1981)
measured the effects of text and text with pictures on the subject’s ability to
build toy carts. Subjects with text and pictures made significantly less
errors than subjects with text only. The analysis of eye tracking data
revealed that students spent 80 percent of the total time reading the text.
Again, the pictures served as an initial building of a mental model of the
material. Subsequently, it is the text that carries the semantic information,
while intermittent scanning of the pictures serves as a foundation with
which to map the textual information onto.

Waddill, McDaniel, and Einstein (1988) propose that pictures in text
have an effect on memory based on the nature of the text itself and the kind
of information in the illustration. College students read either an
expository or narrative passage that contained no pictures, pictures that
contained details, or pictures that showed the relations between information
in the text. Results indicated that the pictures facilitated recall when they
corresponded to the textual passage (details for the expository passage and
relations for the narrative passage). Additionally, when subjects were
given instructions to attend to relations in expository text and details in

narrative text, pictures increased memory for this information that is not



normally processed under conditions that do not contain these special
instructions.

Mayer and Gallini (1990) wanted to find out what constitutes a “good”
illustration. That is, what attributes of an illustration make it an affective
learning tool. These researchers also wanted to test differences between
low prior knowledge and high prior knowledge subjects. Students read
expository passages about mechanical devices, such as a brake system and
an air pump. These passages contained either no illustrations, illustrations
where the major parts of the system were labeled (parts), illustrations
where the major actions of the system were explained (steps), or a passage
that contain both types of illustrations (parts and steps). The results
indicated that the parts and steps illustrations improved conceptual recall
but not recall of non-conceptual information. Additionally, parts and steps
illustrations improved problem solving skill but not verbal recall. These
effects were found only for low—prior-knowledge subjects and not for
high—prior-knowledge learners. Their conclusions state that an illustration
1s affective when the text is understandable, when appropriate tests are used
to evaluate learner understanding, when illustrations are used that
effectively portray system topology and component behavior, and finally
when learners are used that have low or no knowledge of the material.

Other studies have looked at audio and video as channels of
communication or combinations of text, pictures, audio, and video. Nugent
(1982) transformed an encyclopedia film into several experimental
conditions. Fourth, fifth, and six graders viewed the various materials:

visuals and print, visuals, print and audio, visuals and audio, visuals alone,



print alone, and audio alone. No significant differences were found
between the print, audio, and visual conditions. The visuals plus audio and
visual plus print produced significantly higher recall than either the visuals
or audio alone. Additionally, visuals plus audio had significantly higher
accounts of recall than did the print plus audio.

Baggett (1979) evaluated the effects of a video (without audio)
presentation and an audio only presentation that was structurally equivalent
to the video. Subjects wrote summaries of the story after each presentation
and then again a week later. She found that either mode of presentation
could convey semantic information. The two conditions were equivalent
immediately following the presentation. However, after the week delay the
video presentation proved superior over the audio presentation. Subjects’
summaries were more complete for the video presentation.

As reported by Kuzma (1991) in a review of media research, several
studies looked at the effects of video alone presentations, decomposed audio
alone, and their combined effects. Most of the studies reported an additive
effect on recall with combined vided and aud10 ’presentativon‘ as ’compared
either to video or audio alone. None of the studies reported a decrement in
recall with video plus audio as compared to either source alone.

Animation studies. Relatively little research has been done with
animation in a computer-based instructional environment (see Rieber,
1990a for a review of animation studies). Experimental results are mixed.
Caraballo (1985) found no differences between conditions of text only, text
with static pictures, and text with animated visuals that explained the

physiology of the human heart. It was noted that perhaps the expository



did not need visuals for adequate explanation of the material, which implies
that the animation did not support the task (Rieber, 1990). Rieber (1989)
also found no differences in a study with elementary school students
involving explanation of Newtons’ laws of motion. The lack of differences
was attributed to the difficulty of the material as well as the lack of time
students spent processing the visuals. In a modified study, Rieber (1990)
decreased the level of difficulty and displayed manageable “chunks” of
textual and visual information. Results of this study showed that the group
with animation performed better than both the group with static visuals and
the group with no visuals only under conditions of practice. These
conditions consisted of behavioral (question and feedback) or cognitive (an
interactive, dynamic, animated computer simulation) practice. The
animation condition with cognitive practice was significantly different than
the static graphic or no graphic groups with either behavioral or cognitive
practice. However, when no practice was available, there was absence of a
learning effect in the animation condition.

Rieber, Boyce, and Assad (1990) replicated this study using adults
(content reading level and concept density were increased) and found no
differences among animation, static graphics, and text. This study also
collected response latency data. The animation condition significantly
reduced the time to answer questions compared to both the static graphic
and no graphic conditions. It appears that animation facilitated the
encoding and retrieval processes.

Two earlier studies found no significant performance differences using

graphics and animation (King, 1975; Moore, Nawrocki, and Simutis,



1979). However, these findings may have been due to methodological
problems such as ceiling effects, very crude graphics (PLATO), graphics
that did not support the task or the learner, and confounding of the lesson
material.

Baek and Layne (1988) found that animation was better than static
visuals, which in turn, was better than text alone. These presentations were
designed to teach high—school students algebra word problems which drew
their attention to the most appropriate details.

Rieber (1991) investigated the effects of animation on incidental
learning and motivation. Using fourth grade students, an introduction of
Newtons’ laws of motion was presented with animated and static graphics.
Students performed significantly better with animated material compared
to static material in both intentional and incidental learning (information
that is implied in the lesson). In the animation condition, subjects were
able to extract incidental information without interfering with the learning
of intentional material. However, while students were able to learn the
intentional material in the static graphic condition, they did not learn the
incidental information. Additionally, students were more motivated to
continue practicing under the animated condition compared to the static
condition. This visually appealing and interactive practice condition
appears to emanate intrinsically motivating appeal.

Palmiter, Elkerton, and Baggett (1991) found that animation facilitated
a procedural task during training sessions, but that written instructions
proved to persist over time. Subjects were faster and more accurate at

performing tasks immediately after viewing animated instructions.



However, subjects who received animated instructions took longer to
perform tasks during later sessions than subjects who received written
instructions.

Visual Momentum

Visual momentum, first introduced by Hochberg and Brooks (1978), is
a concept that originated in cinematography, where movie editors splice
successive scenes together in a fashion that demonstrates their relationship
to each other. Woods (1984) extended the concept to apply to the cognitive
coupling of successively viewed visual computer displays. The extent that a
user can extract and integrate information from one display to another is a
measure of visual momentum. Woods described the dimension of visual
momentum as a continuum that extends from low or no visual momentum
(discontinuous scene transitions) to high visual momentum (continuous
scene transitions).

Woods (1984) proposed several design techniques that all lay on the
visual momentum continuum. The effect of the various techniques and the
design goal of visual momentum are to demonstrate the relationship of one
display aperture to that of another. The first of these applies to a general
human-computer interface guideline—keep the same information or objects
in the same locations from screen to screen. This technique provides users
with a consistent interface. They do not have to search for the same
information over and over as screens change. This application represents a
low degree of visual momentum.

The long shot is a view of not only the entire system but also the

structure of the system. A picture of an hierarchical database showing its



structure, such as the one used by (Vincente and Williges, 1988), is an
example of a long shot. Vincente and Williges (1988) successfully applied
the principle of visual momentum in an hierarchical file system to enhance
user performance. One application of visual momentum is a partial
graphic of the structure of the database. Another was an analog indicator
(similar to a typical scroll bar) that shows the user their current position
within a particular file. They analyzed user performance (subjects with
both low and high spatial ability) and searching strategies with this new
graphical interface compared to that of a verbal interface. They found that
users performed better in the graphical interface (that incorporated visual
momentum) than in the verbal interface regardless of their spatial ability.
Furthermore, subjects changed their searching strategy from a less efficient
“scroll down” and “zoom out” to a more efficient “search-and” commands.
There was also a decrease in performance variability in the graphic
condition.

Perceptual landmarks represents a degree of visual momentum that is
higher than the long shot. These landmarks serve as anchors that remain
constant from screen to screen that are usually highlighted in some fashion.
A map of a county in a state where the county’s location is darkened-in on
a graphic of the entire state is such an example. Figure 1 shows an
example from a prototype home-finding system (Neale and Mitchel, 1993).

These anchors provide a frame of reference. Display overlap is
another technique to integrate a system of screens. It simply refers to the

physical overlay of successive screens.
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Touch the city in which you want to live, the Kew Search
D

Blacksburg

Figure 1. Example of visual momentum anchor.

The above techniques all provide the user with a spatial representation
that integrates successively viewed screens. The result is that users are
provided with a frame of reference with which an internalized model of
the system is established. It is important to note that a simple picture or
layout of a system can still have a low degree of visual momentum. The
essential component of visual momentum is that it integrates the different
representations or views of the database.

With today’s technology and the proliferation of graphical user
interfaces, several applications of representing a database spatially (and
graphically) have been developed. Graphical browsers have been used in
several hypermedia applications that depict each discrete “node” of
information interconnected to conceptually related pieces of information.

This provides direct access to information through some interface

11



mechanism. However, a huge database (one that consists of thousands of
nodes) still presents the problem of having to integrate different screens of
information due to the limited screen “real estate” available at any given
time. An attempt to solve this problem was provided by the concept of a
fish-eyed view of the database. This technique provides users with a
“blown-up,” high resolution portion of the area of interest, while the
periphery is displayed with a lower resolution that is smaller in proportion
to the area of interest. An example is the novelty maps that show, for
instance, New York city in some detail while California is presented
smaller in proportion with less detail, and Japan is located on the horizon
as a very small element of the map.

Visual momentum provides the interface designer with techniques that
can physically and conceptually integrate views in a display system. A
particular database can be seen as a wall of separated, individual display
“snapshots” in both physical and/or conceptual space. Visual momentum is
the bonding mechanism that integrates or provides the cognitive linkage of
the different representations. As a result of these techniques, the user
should have less disorientation, increased performance, and improved
learning.

Dual Coding Theory (DCT) %

DCT is a general information pfocessing theory that is supported by,
and derived from, a large amount of empirical evidence (Paivio, 1971,
1986). The basic framework of the theory proposes that information is
coded and processed by separate verbal and nonverbal systems. The verbal

system is specialized for handling language or speech. Conversely, the
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