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In 2 experiments, mechanically naive college students viewed an animation depicting the
operation of a bicycle tire pump that included a verbal description given before (words-beforepictures) or during (words-with-pictures) the animation. The words-with-pictures group outperformed the words-before-pictures group on tests of creative problem solving that involved
reasoning about how the pump works. In a follow-up experiment, students in the words-withpictures group performed better on the problem-solving test than students who saw the animation
without words (pictures only), heard the words without the animation (words only), or received
no training (control). Results support a dual-coding hypothesis (Paivio, 1990) that posits two
kinds of connections: representational connections between verbal stimuli and verbal representations and between visual stimuli and visual representations and referential connections between
visual and verbal representations.

A major goal of science is to provide explanations for how
various physical, biological, and social systems work. It follows that a major goal of science education is to help students
understand scientific explanations. What constitutes an understandable explanation? How can educators help sciencenaive students to understand scientific explanations? In particular, how can computer-based animations be used to promote scientific understanding? These are the issues addressed
in this article.
Preliminary information regarding these questions is provided by previous studies on the relation between explanative
text, that is, step-by-step descriptions of cause-and-effect actions occurring within a system, and explanative illustrations,
that is, frame-by-frame pictures of the cause-and-effect
changes occurring within the system, in helping students to
understand scientific explanations (Mayer, 1989a, 1989b, in
press; Mayer & Gallini, 1990). Students read passages on
topics such as how pumping systems work, how braking
systems work, or how electrical generation systems work and
then answered creative problem-solving questions such as how
to improve or troubleshoot the system. Some students read
passages that contained explanative text followed by explanative illustrations (i.e., words before pictures); others read
passages that included explanative illustrations with verbal
labels corresponding to each step in the explanative text (i.e.,
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words with pictures). Students who read passages containing
explanative illustrations that were mapped to explanative text
(i.e., words with pictures) performed substantially better on
tests of problem-solving transfer than did students in the
words-before-pictures group.
These results suggest that effective understanding of scientific explanations requires a mapping between words and
pictures. Presenting verbal and visual explanations together
in a coordinated way was found to be more effective in
promoting creative problem solving than was giving separate
verbal explanations and visual explanations. Apparently, in
textbook design, presenting explanative words and explanative pictures is not enough to insure scientific understanding
of an explanation because effective understanding depends
on words and pictures being coordinated with one another.
In the present experiments, we used a new vehicle—animation—to further test the idea that a student's scientific
understanding involves building links between words and
pictures at the time of encoding. We studied animations
because visually presented information is likely to ride the
crest of educational technology advances of the future, yet
little basic research has been conducted on the issue of what
constitutes an effective scientific animation, that is, on how
to use animations that elicit effective visual and verbal information processing. For example, in a recent review of research
on animation in computer-based instruction, Rieber (1990,
p. 84) was forced to conclude that "the few serious attempts
to study the instructional attributes of animation have reported inconsistent results." The practical challenge for instructional designers is to use the power of computer graphics
in ways that can be theoretically and empirically justified.
For example, Figure 1 presents frames from an animated
depiction of how a bicycle tire pump works, along with words
from an accompanying sound track that we adapted from
The World Book Encyclopedia (1987). To examine the link
between visual and verbal modes of presentation, we presented in separate conditions the sound track simultaneously
with the animation (words with pictures), the sound track
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"When the handle is pulled up, the piston moves up, the inlet valve opens, the outlet valve closes, and air enters the lower part of the cylinder."
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"When the handle is pushed down, the piston moves down, the inlet valve closes, the outlet valve opens, and air moves out through the hose."

£T
Figure 1. Selected animation frames and sound track for how a bicycle tire pump works. (Illustration
adapted from The World Book Encyclopedia, Vol. 15, p. 904, 1991, Chicago: World Book, Inc.
Copyright 1991 by World Book, Inc. Adapted by permission of the publisher.)
before the animation (words before pictures), the sound track
alone (words only), and the animation alone (pictures only).
As a problem-solving transfer test, we asked students to create
answers to questions about how to improve or troubleshoot a
pump; as a verbal recall test, we asked students to describe
verbally how a pump works.
In these experiments we examined three contrasting hypotheses concerning the relationship between instructional
words and pictures in a situation such as that shown in Figure
1. The single-code hypothesis posits that there is one common
mode of mental representation for words and pictures. According to this view, the presentation mode does not matter:
Words that describe how a system works and pictures that
depict how a system works both are encoded as the same
representation. From this theory we predicted equivalent
performance on tests of recall and transfer for words before
pictures, words with pictures, words only, and pictures only
because in each case information is presented that is transformed into a single mental representation of how the system
works. A variation of this view is that two presentations (e.g.,

verbal and visual) result in a stronger representation than one
presentation (e.g., verbal alone or visual alone); the corresponding prediction is that recall and transfer performance
by subjects in the words-before-pictures and words-with-pictures groups would be equivalent but would exceed that of
subjects in the words-only and pictures-only groups.
The separate dual-code hypothesis posits that there are
distinct visual and verbal models of mental representation.
Information presented as words may be represented in a
verbal form, and information presented as pictures may be
represented in a visual form. This theory predicts that learners
will remember and transfer material better if they encode the
material both visually and verbally because they have two
separate ways of finding the information in memory. From
this theory we predicted equivalent recall and transfer performance for students who receive two different input modes
(words with pictures or words before pictures), and we predicted that these students would outperform students who
receive only one mode of presentation (words only or pictures
only).
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The integrated dual-code hypothesis, adapted from Paivio's
(Paivio, 1971, 1990; Clark & Paivio, 1991) dual-coding theory, posits that learners can build both visual and verbal
modes of mental representation as well as connections between them.1 Figure 2 presents Paivio's model adapted for
describing the relation between verbal explanations and visual
animations of how scientific systems work. The model contains three major component processes: Component 1 involves building representational connections between verbally
presented information and a verbal representation, Component 2 involves building representational connections between visually presented information and a visual representation, and Component 3 involves building referential connections between elements in the verbal and visual
representations.
For example, Component 1 entails mentally representing
the proposition, "the inlet valve opens," as the consequence
of the proposition, "the handle is pulled up"; Component 2
entails mentally representing the image of the inlet valve
moving from the closed to the open position as a consequence
of the image of the handle moving up; and Component 3
entails noting the connection between the proposition, "the
inlet valve opens," and the image of the inlet valve opening.
Consistent with Mayer's (1984) three-process theory of meaningful learning, we used recall tests to evaluate the acquisition
of the to-be-learned information (e.g., representational connections in Components 1 and 2), and we used problemsolving transfer tests to evaluate the construction of connections among pieces of information that have been acquired
(e.g., referential connections in Component 3). By assuming
that problem-solving transfer is best supported by a mental
representation containing all three components—including
representational and referential connections—and by assuming that verbal recall depends mainly on verbal representational connections, we generated the following predictions to
be tested in our experiments.
Prediction 1 is that the words-with-pictures group will
perform better than the words-before-pictures group on prob-

lem-solving transfer. Both treatments allow the student to
build representational connections, that is, to build a mental
representation of the verbal material (Component 1) and a
mental representation of the visual material (Component 2).
However, the words-with-pictures treatment also encourages
the building of referential connections (Component 3) between elements in the verbal representation (such as "inlet
valve opens") and elements in the visual representation (such
as an animation of the inlet valve opening). If problem-solving
performance is supported by building both representational
connections (Components 1 and 2) and referential connections (Component 3), then the words-with-pictures group will
perform better on problem solving than will the words-beforepictures group.
Prediction 2 is that the words-before-pictures group and the
words-with-pictures group will perform equivalently on verbal
recall. Both groups have equivalent opportunities to build
representational connections between the verbal information
and an internal representation of the verbal material (Component 1). If the verbal recall test depends only on encoding
of verbal material (Component 1), then both groups will
perform equivalently on tests of recall of verbal material.
Prediction 3 is that the words-with-pictures group will
perform better than the words-only, pictures-only, or control
groups on problem-solving transfer. As previously described,
the words-with-pictures group builds representational and
referential connections (Components 1, 2, and 3), whereas
the words-only group builds only a verbal representational
connection (Component 1) and the pictures-only group builds
a visual representational connection (Component 2). A control group that receives no instruction is expected to build no
connections. Accordingly, we predicted that only the wordswith-pictures group would perform well on the problemsolving test, which requires all three components.
In summary, we adapted Paivio's (1990) dual-coding theory
to account for our illustrations-in-textfindingsand to generate
new predictions concerning the effectiveness of animations.
Experiment 1
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To test the first prediction, in the first experiment we
compared the effects of viewing an animation of a bicycle tire
pump with a verbal explanation given before the animation
with the effects of viewing such an animation with a verbal
explanation given during the animation.

Method
Subjects and design. The subjects were 30 college students recruited from the psychology subject pool at the University of California, Santa Barbara, who reported minimal experience with using or
repairing mechanical devices.2 Half of the subjects served in the
1

Responses
Figure 2. A dual-coding model for processing animation and speech.
(Adapted from Mental Representations: A Dual Coding Approach,
p. 67, by A. Paivio, 1990, New York: Oxford University Press.
Copyright 1990 by Oxford University Press. Adapted by permission.)

This experiment does not distinguish among possible mechanisms
underlying the integrated dual-code hypothesis, for example, (a) that
simultaneous activation of words and pictures in working memory
allows connections to be made or (b) that the voice overlay directs
the student's attention to the animation.
2
A total of 33 subjects were tested in Experiment 1, 25 subjects
were tested in Experiment 2a, and 25 subjects were tested in Expert-
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words-with-pictures group, and half served in the words-before-pictures group.
Materials and apparatus. The paper-and-pencil materials consisted of a subject questionnaire and four test sheets, each typed on a
21.5 cm x 28.0 cm (8.5 in. x 11.0 in.) sheet of paper; the computerbased materials consisted of two computer programs. The questionnaire asked the subject to "put a check mark next to the things you
have done" for a list that contained the following statements: "I own
a set of tools including screwdrivers, pliers, and wrenches"; "I own at
least one power tool (such as a power saw or power drill)"; "I have
replaced the heads on a lawn sprinkler system"; "I have replaced the
washer in a sink faucet"; "I have replaced the flush mechanism in a
toilet"; and "I have installed plumbing pipes or plumbing fixtures."
The questionnaire also asked the subject to "put a check mark
indicating your knowledge of how to fix household appliances and
machines" in one offiveboxes, with the top box labeled very much,
the middle box labeled average, and the bottom box labeled very
little.
The four question sheets contained the following questions, respectively: "What could be done to make a pump more effective, that
is, to move more air more rapidly?"; "What could be done to make
a pump more reliable, that is, to make sure it would not fail?";
"Suppose you push down and pull up the handle of a pump several
times but no air comes out? What could have gone wrong?"; and
"Why does air enter a pump? Why does air exit from a pump?"
The two computer programs presented a monochrome animation
of a line drawing of a bicycle tire pump, including a handle that
moved down and up, a piston that moved down and up, an inlet
valve that opened and closed, an outlet valve that closed and opened,
a cylinder that contained compressed or uncompressed air, and a
hose that contained or did not contain air. In the animation a shaded
region of black dots was used to represent air, and arrows were used
to represent the movement of air. Figure 1 shows a sequence of
frames (along with the complete synchronized voice script) showing
that as the handle moves up, the piston moves up, the inlet valve
opens, the outlet valve closes, and air enters the cylinder below the
piston. Similarly, the frames show that as the handle moves down,
the piston moves down, the inlet valve closes, the outlet valve opens,
and air exits through the hose. The two computer programs contained
digitized speech in a male voice that said: "When the handle is pulled
up, the piston moves up, the inlet valve opens, the outlet valve closes,
and air enters the lower part of the cylinder; [pause] when the handle
is pushed down, the piston moves down, the inlet valve closes, the
outlet valve opens, and air moves out through the hose." The animation was created with Adobe Illustrator (Adobe Systems, 1988)
and MacroMind Director (MacroMind, 1989); the sound was created
with MacRecorder (Farallon Computing, 1989), and the programs
were written as HyperCard (Claris, 1990) stacks. Each program began
by printing the prompt, "Click the mouse to begin" on the screen; as
soon as the subject clicked the mouse, the animation sequence was
presented (with the sound presented before the animation in the
words-before-pictures program or during the animation in the wordswith-pictures program); then another prompt was printed on the
screen, and the same procedure was repeated for a total of three
presentations3; after the third presentation, the following prompt was
presented on the screen, "Please tell the experimenter that you are
finished."
ment 2b. In Experiment 1, 3 subjects rated their knowledge of
household repair as more than average or indicated experience in
more than two items on the questionnaire (described in the Materials
and Apparatus section of Experiment 1); in each of Experiments 2a
and 2b, 1 subject gave such a rating. These subjects were eliminated
from the experiments to yield a total of 30 subjects in Experiment 1,
24 subjects in Experiment 2a, and 24 subjects in Experiment 2b.
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The apparatus consisted of a Macintosh Ilci computer system with
a 40-megabyte hard drive and a 30.5-cm. (12-in.) Apple monitor.
Procedure. Subjects were randomly assigned to treatments, and
each subject was tested individually. First, the subject completed the
subject questionnaire. Second, after receiving brief instructions, the
subject viewed the animation three times, with each presentation
lasting approximately 30 sec for the words-with-pictures group and
45 sec for the words-before-pictures group. The student controlled
the onset of each presentation by clicking a mouse. Third, after brief
instructions, the subject wrote answers to each of the four test
questions. The student had 2.5 min to write as many solutions as
possible to each question; during this time the subject could not
return to the previous problems or proceed to the subsequent problems.

Results
Scoring. Each subject's performance on the problem-solving test was scored with the scorer unaware of the subject's
identity. Subjects were given 1 point for each acceptable
response, with a maximum of 4 points obtainable on each of
Questions 1, 2, and 3, and a maximum of 2 points obtainable
on Question 4. Examples of acceptable answers for the four
questions included, respectively, the following: (a) Use a larger
cylinder or pump faster to increase efficiency, (b) Use airtight
seals or a back-up system for reliability, (c) Look for a hole
or stuck valve to explain a malfunction, and (d) Air enters a
pump because of suction and exits because of compression.
Problem-solving performance. The integrated dual-code
hypothesis predicts that students in the words-with-pictures
group will have more opportunities to build referential connections than will students in the words-before-pictures group.
Given that both representational and referential connections
are prerequisites for problem-solving performance, the integrated dual-code hypothesis predicts that the words-withpictures group will perform better on problem solving than
will the words-before-pictures group. The left panel of Figure
3 shows, as predicted, that subjects in the words-with-pictures
group (M = .55, SD = .20) generated approximately 50%
more solutions to the test problems than did subjects in the
words-before-pictures group {M = .38, SD = .17), f(28) =
2.46, p < .02. Even though both groups received the same
information—three presentations of the verbal explanation
and three presentations of the animation—the simultaneous
presentation of verbal narration and visual animation resulted
in substantially better problem-solving performance than did
the separate presentation of words and pictures. These results
are consistent with the predictions of the integrated dual-code
hypothesis and are inconsistent with the predictions of the
single-code and separate dual-code hypotheses.
3

In total, the words-before-pictures group received information in
the following order: speech followed by animation, speech followed
by animation, speech followed by animation. They did not receive
all three presentations of the narration before all three presentations
of the animation. Therefore, in this treatment subjects received words
before pictures as well as words after pictures. It should also be noted
that students controlled the onset of each presentation of speech
followed by animation; therefore, differences among subjects in total
time at the computer varied, although data concerning total time
were not collected.
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Experiment 1

Experiment 2a
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Figure 3. Proportion of correct responses on a problem-solving test for words-before-pictures and
words-with-pictures groups in Experiments 1 and 2a.

Experiment 2a
Consistent with Prediction 1, Experiment 1 yielded the
surprising finding that students learned differently from an
animation that included simultaneous verbal narration than
from an animation that was preceded by the same verbal
comments. The purpose of Experiment 2a was to replicate
and extend this interesting result by testing the same two
treatment groups as in Experiment 1 (words and pictures and
words before pictures) on two dependent measures (problem
solving and verbal recall). Thus, in Experiment 2a we tested
Predictions 1 and 2.4

Method
Subjects and design. The subjects were 24 college students recruited from the same population as in Experiment 1. Twelve subjects
participated in each treatment group.
Materials and apparatus. The materials and apparatus were identical to those used in Experiment 1 except that a recall test was added.
The new test consisted of 2.15 cm. x 28.0 cm. (8.5 in. x 11.0 in.)
sheet of paper that contained the following instructions: "Please write
down an explanation of how a bicycle tire pump works. Pretend that
you are writing to someone who does not known much about pumps."
Procedure. The procedure was identical to that used in Experiment 1 except that the problem-solving test was followed by a recall
test, which had a 5-tnin time limit.

Results
Scoring. Scoring of the problem-solving test was conducted in the same manner as in Experiment 1. For each
subject, a verbal recall test score was determined by tallying
the number of actions out of 10 that were stated in the recall
protocol, including rewordings and synonyms. The 10 actions
were the following: (a) handle is pulled up, (b) piston moves
up, (c) inlet valve opens, (d) outlet valve closes, (e) air enters
cylinder, (0 handle is pushed down, (g) piston moves down,
(h) inlet valve closes, (i) outlet valve opens, (j) air moves out
through hose.

Problem-solving performance. The main finding in Experiment 1 was that subjects in the words-with-pictures group
generated about 50% more creative solutions to problems
than did subjects in the words-before-pictures group. The
right panel of Figure 3 shows that this finding was replicated
in Experiment 2a, ?(22) = 2.77, p < .02; the proportion of
creative solutions for subjects in the words-with-pictures
group (M = .62, SD = .16) was greater than the proportion
in the words-before-pictures group (M = .42, SD = . 19). This
result provides replicatory support for Prediction 1 of the
integrated dual-code hypothesis; this result also conflicts, as
do the results of Experiment 1, with the predictions of the
single-code and separate dual-code hypotheses, which we
therefore reject.
Recall of verbal information. The second prediction of the
integrated dual-code hypothesis is that both groups will perform equivalently on recall of verbal statements because both
groups had equivalent opportunities to form verbal representation connections. As predicted, the mean proportions of
verbal statements produced on the recall test by the wordswith-pictures group (M = .67, SD = .22) and by the wordsbefore-pictures group (M = .11, SD — .23) did not differ
significantly, t(22) = .631, p > .20.
In summary, as predicted by the integrated dual-code hypothesis, the groups were equivalent in recall of verbal information (suggesting that the groups formed equivalent representational connections), but the words-with-pictures group
4
Experiments 2a and 2b were conducted concurrently; the same
words-with-pictures group was included in both analyses. An analysis
of variance conducted on the problem-solving data for all five groups
in Experiments 2a and 2b revealed significant differences among the
groups, F(4, 55) = 8.77, p < .001, MS, = 5.00, and Tukey tests
revealed that the words-with-pictures group performed significantly
(p < .05) better than each of the other groups, which did not differ
from each other. An analysis of variance performed on the recall data
for all five groups revealed significant differences among the groups,
F(4, 55) = 7.67, p < .001, MS. = 5.07, and Tukey tests revealed that
the words-with-pictures, words-before-pictures, and words-only group
each performed better than the control group.
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Figure 4. Proportion of correct responses on problem-solving and verbal
recall tests for four groups in Experiment 2b.

outperformed the words-before-pictures group on applying
the information in creative problem solving (suggesting that
the groups differed in the formation of referential connections).
Experiment 2b
The purpose of Experiment 2b was to isolate the effects of
words and pictures on building representational and referential connections by comparing four treatment groups (words
with pictures, words only, pictures only, and control) on two
dependent measures (problem solving and verbal recall). In
Experiment 2b, we tested Prediction 3.

Method
Subjects and design. The subjects were 48 college students recruited from the same population as in Experiment 1 and Experiment
2a. Twelve subjects served in each of four treatment groups.
Materials. The materials were identical to those used in Experiment 1 except that a new test was added (i.e., the verbal recall test
described in Experiment 2a), and three computer programs were used
(i.e., the words-with-pictures program used in Experiments 1 and 2a,
a words-only program that was identical to the words-with-pictures
program except that no pictures were presented and long pauses were
eliminated from the speech, and a pictures-only program that was
identical to the words-with-pictures program except that no words
were presented).
Procedure. The procedure was identical to that of Experiment 1
except that subjects were randomly assigned to one of four treatment
groups. Each presentation of the words-only material lasted approximately 15 sec, and each presentation of the pictures-only or wordswith-pictures material lasted approximately 30 sec. Subjects in the
control group were tested without receiving the animation or sound
track.

Results
Scoring. The scoring for each test was conducted in the
same way as in Experiment 2a.
Problem-solving performance. According to the integrated
dual-code hypothesis, the words-with-pictures group has more

opportunity than the other groups to build representational
connections for both visual and verbal information and to
build referential connections between them. Therefore, as per
Prediction 3, the words-with-pictures group was expected to
outperform the other groups in problem-solving transfer. As
predicted, the left panel of Figure 4 shows that the wordswith-pictures group (M = .62, SD = .16) generated substantially more creative solutions on the problem-solving test than
did the other groups (the means were .39, .28, and .29 for the
pictures-only, words-only, and control groups, respectively,
and the corresponding standard deviations were .18, .14, and
.10). An analysis of variance revealed that the mean problemsolving scores of the groups differed significantly from one
another, F(3,44) = 58.19, p < .001, MSC = 4.35; supplemental
pairwise comparisons based on Tukey tests (p < .05) revealed
that the words-with-pictures group outperformed the other
three groups, which did not differ significantly from one
another.
Recall of verbal information. Finally, we can provide preliminary data concerning the hypothesis that the words-only
and the words-with-pictures groups will produce more representational connections to verbal representations than will
the pictures-only and control groups and therefore will recall
more information on the verbal recall test.5 The right panel
of Figure 4 shows that the groups differed considerably in
verbal recall, F(3, 44) = 7.43, p < .001, MSC = 4.96; the
means for the words-with-pictures, words-only, pictures-only,
and control groups were .67, .64, .45, and .30, respectively,
and the corresponding standard deviations were .22, .24, .24,
and .20. Tukey tests (p < .05) revealed that the words-withpictures and words-only groups did not differ from each other
and that both performed better than did the control group,
whereas the pictures-only group did not differ from any of
5
The term verbal recall refers to the performance of the groups
that received words during instruction (i.e., words-only and wordswith-pictures); subjects in the pictures-only and control groups did
not receive the words, so it is a misnomer to refer to their performance
as verbal recall. However, the term is used in Experiment 2b to
maintain consistency with Experiment 2a.
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the other groups. This analysis does not provide conclusive
evidence that the pictures-only group generated fewer verbal
representations than the words-only and words-with-pictures
groups, so this matter must be resolved in future research.
Conclusion
The results provide a consistent picture of the way in which
students use words and pictures to build an effective mental
representation of how a system works. Despite the current
enthusiasm concerning the instructional power of animation,
our results show that animation without narration can have
essentially the same effect on students' scientific understanding as no instruction. Furthermore, even when instruction
involves both words and pictures, our results show that presenting verbal and visual explanations without connecting
them is much less helpful than coordinating verbal narration
simultaneously with animation.
These findings extend previous work in two ways. First,
previous studies have shown that simultaneous presentation
of illustrations and verbal labels in instructional texts resulted
in better problem-solving transfer than did presenting illustrations without verbal labels (Mayer, 1989b; Mayer & Gallini,
1990). The present study replicates and extends this result
with a new independent variable: animations rather than static
illustrations. Second, previous research has demonstrated that
simultaneous presentation of the narrative and visual portions
of an instructional movie resulted in better recall than did
presentation of the narration before the corresponding visual
sequence (Baggett, 1984; Baggett & Ehrenfeucht, 1983). The
present study replicates and extends this result by the use of
a new dependent variable: problem-solving transfer rather
than recall.
The results of the present study certainly are not conclusive.
Although the results support the assertion that concurrent
presentation of speech and animation results in better problem-solving transfer than does successive presentation, all
possible methods of successive presentation were not examined. For example, Baggett (1984) found that presenting
speech slightly after corresponding visual sequences resulted
in performance on a recall test that was just as good as
performance with simultaneous presentation of speech and
visual information. In light of Baggett's results, subsequent
research should include a pictures-before-words treatment.
Baggett also found that the pattern of results persisted after a
delay of 7 days. With regard to this result, subsequent research
is needed to examine whether the pattern of results found in
our study would persist after a delay. The dual-code hypothesis examined in our study predicts that any form of successive
presentation would be less effective than simultaneous presentation and that this result would occur on both an immediate and a delayed test.
As the power of computer graphics increases, there will be
increased pressure to incorporate animations into instructional materials and programs. However, Rieber (1990, p. 84)
wisely warned instructional designers to "resist incorporating
special effects, like animation, when no rationale exists." We
contend that to effectively use advances in educational technology, developers need to understand the ways in which

people learn from words and pictures (Mandl & Levin, 1989;
Willows & Houghton, 1987a, 1987b). Our research provides
a modest contribution to this collaborative effort by showing
that animations—however powerful—are meaningless to students who cannot determine to what the elements and actions
in the animations refer. As predicted by a version of Paivio's
dual-coding theory, successful instruction insures that learners
build representational connections for creating verbal representations and visual representations, as well as referential
connections between these verbal and visual representations.
In our research, a speech overlay presented concurrently with
an animated sequence may have helped students to build the
needed connections between words and pictures.
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