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Abstract. How should we design visual presentationsto explain how a complex system
works? One promising approach involves multimedia presentation of explanationsin visual
and verbal formats, such as presenting a computer-generated animation synchronized with
narration or on-screen text. In areview of three studies, we found evidence that presenting a
verbal explanation of how a system works with an animation does not insure that students will
understand the explanation unless research-based cognitive principles are applied to the
design. Thefirst two studies revealed a split-attention effect, in which students learned better
when the instructional material did not require them to split their attention between multiple
visual sources of information. The third study, revealed a modality effect, in which students
learned better when verbal input was presented auditorily as speech rather than visually as
text. The results support two cognitive principles of multimedialearning.

1 Introduction

The purpose of this paper isto propose a set of instructional design principlesfor visual presentations, as
derived from areview of recent empirical studies on multimedialearning. In all studies, students were
presented with verbal and non-verbal visual information and their learning from the multimedialesson was
compared to that of students who were presented with identical graphics and animations but instead of
viewing on-screen text, listened to a narration.

In defining multimedialearning it is useful to distinguish among media, mode and modality. Media
refersto the system used to present instruction, such as a book-based medium or a computer. Mode refers
to the format used to represent the lesson, such as words versus pictures. Modality refersto the
information processing channel used by the learner to process the information, such as auditory versus
visual [5]. Of particular interest for the present review isthe study of how specific combinations of modes
and modalities may affect students' learning of scientific explanations, such as when we combine visual-
verbal materia (i.e., text) or auditory-verbal materia (i.e., narration) with visual-non-verbal materials(i.e.,
graphics, video or animations).

In all studies, after viewing a multimedia presentation, students had to complete a series of tests aimed
to assess their retention and learning. Participants were asked to write down as much of the material asthey
could remember (retention test), to give names for parts of the animation (matching test), and to apply what
they have learned to solve new problems (transfer test). Based on the results of our studies, two design
principles will be proposed: the split-attention principle, and the modality principle.

1.1 Issuel: A Split-Attention Effect

How should verbal information be presented to students to enhance learning from animations: auditorily as
speech or visually as on-screen text? In order to answer this question, Mayer and Moreno [7] asked
students to view an animation depicting acomplex system (the process of lightning formation, or how acar's
braking system works), either along with concurrent narration (Group AN) or along with concurrent on-
screen text (Group AT).

Our goal wasto test a dual-processing theory of multimedialearning based on the following
assumptions: (a) working memory includes an auditory working memory and avisual working memory,



analogous to the phonological loop and visuo-spatial sketch pad, respectively, in Baddeley's[1, 2] theory of
working memory; (b) each working memory store has alimited capacity, consistent with Sweller's[3, 12, 13]
cognitive load theory; (c) meaningful learning occurs when alearner retains relevant information in each
store, organizes the information in each store into a coherent representation, and makes connections
between corresponding representations in each store, anal ogous to the cognitive processes of selecting,
organizing, and integrating in Mayer's generative theory of multimedialearning [5, 9]; and (d) connections
can be made only if corresponding pictorial and verbal information isin working memory at the sametime,
corresponding to referential connectionsin Paivio's [4, 11] dual-coding theory.

Congruent with this dual-processing theory of multimedialearning, visually-presented information is
processed--at least initially--in visual working memory whereas auditorily -presented information is
processed--at least initially--in auditory working memory. For example, in reading text, the words may
initially be represented in visual working memory and then be translated into sounds in auditory working
memory. Asshownin Figure 1, inthe AN treatment, students represent the animation in visual working
memory and represent the corresponding narration in auditory working memory. Because they can hold
corresponding pictorial and verbal representations in working memory at the same time, studentsin group
AN are better able to build referential connections between them.

Inthe AT treatment, studentstry to represent both the animation and the on-screen text in visual
working memory. Although some of the visually-represented text eventually may be translated into an
acoustic modality for auditory working memory, visual working memory islikely to become overloaded.
Studentsin group AT must process all incoming information--at least initially--through their visual working
memory. Given the limited resources students have for visual information processing, using avisual
modality to present both pictorial and verbal information can create an overload situation for the learner. If
students pay full attention to on-line text they may miss some of the crucial imagesin the animation, but if
they pay full attention to the animation they may miss some of the on-line text. Because they may not be
ableto hold corresponding pictorial and verbal representationsin working memory at the same time,
studentsin group AT are less able to build connections between these representations.

For Group AN, the incoming animation and narration initially are held

in different working memory spaces.

Working Memory

Animation — Visual Images
Learning
Outcome
Narration — Acoustic Images
For Group AT, the incoming animation and text initially are held in
the same memory space.
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Animation — Visual Images
and Text U U U Learning
- Outcome
(No Sound) — Acoustic Images

Fig. 1. A dual-processing model of multimedia learning. (From Mayer & Moreno, 1998)



Therefore, dual-processing theory predicts that studentsin group AT perform more poorly than
studentsin group AN on retention, matching , and transfer tests. The predictions are based on the idea that
AT students may not have encoded as much of the visual material as AN students, may not have been able
to build as many referential connections between corresponding pictorial and verbal information as AN
students, and may not have been able to construct a coherent mental model of the system aswell as AN
students.

Method. Seventy eight college students who lacked knowledge of meteorology participated in the study of
lightning formation, and 68 college students who had low knowledge of car mechanics participated in the
study of acar’sbraking system. All participantsfirst viewed the animation with either concurrent narration
in amal e voice describing the major stepsin the respective domain (Group AN) or concurrent on-screen text
involving the same words and presentation timing (Group AT). Then, all studentstook the retention,
transfer and matching tests.

Results. Figures2 and 3 show the proportion of correct answers on the retention, matching and transfer
testsfor the AN and AT groups who viewed the lightning and car's braking system animation, respectively.
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Fig. 2. Proportion correct on retention, matching and transfer tests--Lightning group. (From Mayer &
Moreno, 1998)
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Fig. 3. Proportion correct on retention, matching and transfer tests--Car braking group. (From Mayer &
Moreno, 1998)

In the lightning presentation, group AN recalled significantly (p< .001) more, correctly matched
significantly (p < .01) more elements on diagrams, and generated significantly (p< .001) more correct
solutions than Group AT. Similarly, in the car braking presentation, group AN recalled significantly (p< .05)
more, correctly matched significantly (p < .05) more elements on diagrams, and generated significantly (p<
.01) more correct solutions than Group AT.

These results are consistent with the predictions of the dual-processing hypothesis and allow usto
infer thefirst instructional design principle, called the split-attention principle by the cognitive load theory
[3,10]. Split-Attention Principle. Studentslearn better when the instructional material does not require
them to split their attention between multiple sources of mutually referring information.

1.2 Issue2: TheRole of Modality

Why do students learn better when verbal information is presented auditorily as speech rather than visually
as on-screen text? Our first study showed that students who learn with concurrent narration and animation
outperform those who learn with concurrent on-screen text and animation [7]. However, thistype of
concurrent multimedia presentations, force the text groups to hold material from one source of information
(verbal or non-verbal) in working memory before attending to the other source. Therefore, the narration
group might have had the advantage of being able to attend to both sources simultaneously, and the
superior performance might disappear by using sequential multimedia presentations, where verbal and non-
verbal materials are presented one after the other. The purpose of the second study wasto test if the
advantage of narration over on-screen text residesin amodality principle. If thisisthe case, then the
advantage for auditory-visual presentations should not disappear when they are made sequential, that is,
when the graphics or animation are presented either before or following the narration or on-screen text.
Method. The participants were 137 college students who lacked knowledge of meteorology. They first
viewed the animation in one of the following six conditions. First, and similar to our first two studies, one
group of students viewed concurrently on-screen text while viewing the animation (TT) and a second group
of students listened concurrently to a narration while viewing the animation (NN). In addition to the
concurrent groups, four groups of sequential presentations were included. Students listened to anarration
preceding the corresponding portion of the animation (NA), listened to the narration following the animation
(AN), read the on-screen text preceding the animation (TA), or read the on-screen text following the
animation (AT). After viewing the animation, all students took retention, transfer and matching tests.



Results. Figure 4 shows the proportion of correct answers on the retention, transfer and matching tests for
the NN, AN, NA, AT, TA and TT groups.
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Fig. 4. Proportion correct on retention, transfer and matching tests.

Thetext groups (TT, AT, and TA) scored significantly lower than the narration groups (NN, AN, and
NA) in verbal recall (p <.001), problem solving transfer (p < .001), and matching (p < .005). Theseresults
reflect amodality effect.

Within each modality group, the simultaneous and sequential groups only showed a significant
differencein their performance for matching tests (p < .05). Thisfinding might be interpreted as an example
of split-attention, where presenting two competing visual materials simultaneously has negative effects on
the association of verbal and visual materialsin a multimedia presentation.

These results are consistent with prior studies on text and diagrams[10], and allow usto infer a second
instructional design principle--the Modality Principle. Modality Principle. Studentslearn better when the
verbal information is presented auditorily as speech rather than visually as on-screen text both for
concurrent and sequential presentations.

2 General Discussion

2.1 Theoretical Implications

These results provide an important empirical test of a dual-processing theory of working memory within
the domain of multimedialearning according to which students will learn better in multimedia environments
when words and pictures are presented in separate modalities than in the same modality. When pictures
and words are both presented visually (i.e., asplit-attention situation), learners are able to select fewer
pieces of relevant information because visual working memory isoverloaded. When words and pictures are
presented in separate modalities, visual working memory can be used to hold representations of pictures
and auditory working memory can be used to hold representations of words. The robustness of these
results was evident on two different domains (meteorology and mechanics) across three different studies.

Although multimedialearning offers very high potential educational opportunities by the presentation
of rich visual information such as graphics, animation, and movies, computer-based instructional materials
are usually based on what current technology advances can do rather than on research-based principles of
how students learn with technology. Multimedia environments allow students to work easily with verbal



and non-verbal representations of complex systems. They also allow the use of different modalitiesto
present the same information. The present review demonstrates that presenting a verbal explanation of how
asystem works with complex graphics, does not insure that students will remember or understand the
explanation unless research-based principles are applied to the design.

Our first study showed that students learn better from designs that do not present simultaneous
mutually-referring visual information. The split-attention principle emphasizes the need to present animation
with auditory speech rather than on-screen text. Presenting an animation with simultaneous on-screen text
forces students to hold one source of the visual materialsin working memory while attending to the other
source, creating a high cognitive load.

In the second study, evidence was found for amodality principle, where students learn better if the
verbal material is presented auditorily rather than visually even in sequential presentations. It showed that
the advantage of narration presentations over on-screen text presentations does not disappear when both
groups are forced to hold the information contained in one source of the materials before attending to the
other. These results suggest not only that more information islikely to be held in both auditory and visual
working memory rather than in just one but that the combination of auditory verbal materials with visual
non-verbal materials may create deeper understanding than the combination of visual verbal and non-verbal
materials.

2.1 Practical Implications

This study calls attention to the need to broaden the goal s of instructional designers of visual
presentations. The design of multimedia presentations should be guided by the goal of presenting
information that isrelevant, and in away that fosters active cognitive processing in the learner. Focusing
solely on the first goal--presenting relevant information--can lead to presentations such as the one given to
the AT groupsin our studies, where visual working memory islikely to become overloaded. When working
memory becomes overloaded, the opportunities for active cognitive processing are reduced. Focusing on
both goals--presenting relevant information in ways that promote active learning--can lead to presentations
such as the one given to the AN groupsin our studies, where working memory islesslikely to become
overloaded.

An important consideration in the design of multimedia presentations is whether to accompany
animations with auditorily-presented or visually-presented words. The most important practical implication
of this study isthat animations should be accompanied by narration rather than by on-screen text. This
implication is particularly important in light of the increasing use of animations and on-screen text both in
courseware and on the world wide web. These results cast serious doubts on the implicit assumption that
the modality of wordsisirrelevant when designing multimedia presentations.

These results should not be taken as a blanket rejection of the use of text captions with graphics. To
the contrary, in a series of studies on text and illustrations about how devices work carried out in our lab at
Santa Barbara the results consistently have shown that students |earn more productively when text is
presented within corresponding illustrations rather than when text and illustrations are presented on
separate pages |6, 5, 8, 9]. Similarly, in aseries of studies on worked-out geometry problem examples Sweller
and his colleagues have shown that students learn better when text explanations are presented on the sheet
with geometry problems than separately [14, 15]. Overall, these studies provide ample evidence for the
benefits of presenting short captions or text summaries with illustrations.
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