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Abstract: Research carried out so far has failed to establish systematic learning benefits
of animated graphics over static ones, even in the case of dynamic systems.
We hypothesize that animation promotes the understanding of dynamic
systems if delivery features decrease the perceptual and cognitive load of
processing the animation. We therefore report an experimental study
investigating the effects of two delivery features: the continuity of the
information flow (animation vs. series of static graphics) and the permanence
of critical snapshots from the animation. The animation group outperformed
the static group for retention and transfer performance. However, the presence
of snapshots of critical steps had no significant effect. The results are
discussed in terms of cognitive load and metacognitive processing engaged by
learners while processing the multimedia instruction.
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1. INTRODUCTION

In the last decade, with rapid advances in computing capacities and the
progress of graphic design technologies, multimedia learning environments
have evolved from the mere presentation of a series of static text and picture
frames to increasingly sophisticated visualizations. However, the design of
dynamic and interactive visualizations remains most often driven by
esthetics or visual appeal rather than by pedagogical or cognitive
considerations. In the present chapter we review some key research advances
into the use of animations for explaining dynamic systems. Then we present
an experiment that investigated the use of snapshots as means to reduce
cognitive load during multimedia learning.
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2. MULTIMEDIA INSTRUCTION FOR
UNDERSTANDING DYNAMIC SYSTEMS

Multimedia learning refers to situations in which one of the main
learning resources is multimedia instruction that can be defined as “[…] a
presentation involving words and pictures that is intended to foster learning.”
(Mayer, 2001, p. 3). According to this definition, multimedia instruction can
range from illustrated textbooks to dynamic and interactive simulations.
However, the term multimedia is predominantly used for computer-based
instruction that can include some navigation devices and verbal or
illustrative auditory information. In this chapter multimedia instruction refers
to a presentation including graphic and symbolic information (e.g., natural
language, formulas, conventional notations) presented by means of a
computer. We will focus here on the format of the multimedia instruction
and its effects on cognitive processes, and will not consider other dimensions
of the learning situation that can affect learning outcomes.

2.1 Multimedia animations as instructional devices

As graphics are proliferating in instructional material and particularly in
computer-based documents, it is legitimate to ask whether they increase
learners’ motivation and performance compared to pure symbolic
information. In the eighties, a large body of research supported the idea that
graphics are beneficial to learning. In most studies, graphics improved
recollection of the illustrated information and comprehension of the situation
described in the text (Levie et Lentz, 1982; Levin, Anglin & Carney, 1987).
One of the most generally accepted explanations for that effect is provided
by mental model theories. According to this framework, understanding a text
requires the reader to build a mental model, which is structurally analogical
to the concept represented. A mental model is a cognitive representation
elaborated from the reader’s previous knowledge along with new
information provided in the text. The mental model allows the reader to infer
new information, fill-in absent information and resolve contradictions
(Johnson-Laird, 1983). Providing an analogical visualization through the use
of graphics would facilitate the construction of the mental model (Mayer,
1989). Schnotz and Bannert (2003) provided an elaborated model of how
verbal-symbolic information and depictive information are conjointly and
interactively processed in order to form a mental model, which eventually
may affect conceptual organization (see also Schnotz, this volume). More
pragmatically, graphics also offer an external representation supporting an
internal representation, thus offloading working memory and increasing
processing capacities.
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According to Schnotz and Lowe (2003), the concept of animation can be
characterized using three different levels of analysis: technical,
psychological and semiotic. The technical level refers to the format of
animation: real movies with all details in each picture versus simplified or
abstract computer-generated movues. TIFor static pictures, the degree of
abstraction has an effect on cognitive processing  (Dwyer, 1982/83) and can
be manipulated for pedagogical purposes. The psychological level refers to
the perceptual and cognitive processes involved when animations are
displayed to learners. This issue will be further discussed in section 2.
Finally, the semiotic level refers to the type of signs used in the multimedia
instruction, namely the kind of dynamics that are conveyed in the
representation. Lowe (2004) identified three types of dynamics that are
relevant for understanding dynamic systems:

• Transformation involves form changes in graphical features such
as size, shape, color, and texture, such aswhen illustrating the
change in a boiling liquid.

• Translation refers entities moving from one location to another ,
either with respect to the border of the animation or relative to
other elements within the animation. One example is the trajectory
of the planets around the sun.

• Transition involves the appearance or disappearance of entities
(either fully or partly) by zooming in, out or changing the view
point,as for instance in shifting from an earth to a galactic point of
view.

In order to pictorially represent changes in dynamic systems ,
instructional designers can use either animation or a series of static graphics.
Besides practical considerations, the choice between the two possibilities
pertaining to perceptual and cognitive processes will be discussed later on.
Regarding the semiotic level, identifying the dynamic information conveyed
in an animation, usually a combination of at least two types of change, is one
of the promising steps toward categorizing animations. Discussions about
the design of animation often focus on technical or surface characteristics.
From a learning perspective, these characteristics have to be taken into
consideration insofar as they may change the way the content to be learned is
perceived and apprehended by learners.

2.2 Does animation improve learning?

It is generally expected that computer animations facilitate the
comprehension of dynamic systems such as weather patterns, circuit
diagrams, the body circulatory system or the mechanics of a bicycle pump.
Computer animation is a powerful medium for displaying how dynamic
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systems function in a space and time scale accessible to human perception.
However, research failed to find systematic benefits of using animation over
static graphics (Lowe, 1999; Morrison and Tversky, 2001; Pane, Corbett, &
John, 1996; Rieber, 1989) or over text instructions (Palmiter & Elkerton,
1993). Further studies showed that the structure and the content of the
instructional material had more effect on learning outcomes than
presentation modalities (Narayanan & Hegarty, 2002).

Another common belief is that learners find animations more motivating
than text and static pictures and would therefore be inclined to process the
material more deeply. However, the processing of animation requires heavy
perceptual and cognitive processing. Novice learners tend to pay more
attention to perceptually salient features than to conceptually relevant
changes in the animation (Lowe, 1999; 2003). If it is not obvious to learners
how they can benefit from an animation, they may just not use it at all (Pane,
Corbett, & John, 1996).

In a few cases, animations did result in better comprehension than static
graphics. It turns out, however, that in these studies the animation actually
provided additional information compared to the static graphics.  The
transitions between steps were explicit in the animation whereas they had to
be inferred in the static display. Research by Thompson and Riding (1990)
supported the hypothesis that animation facilitates learning when it presents
the ‘microsteps’ of a process that static graphics do not present. They used a
standard lesson explaining the Pythagorean Theorem to junior high school
students. Two sets of graphical aids were designed. The animated set was a
sequence of 10 diagrams using shears and rotations to depict the equivalence
of area of three different figures. The static set consisted of two diagrams.
After a 15-minutes lesson on the Pythagorean Theorem, one group viewed
the animation, a second group viewed the static diagrams, and a third group
did not see any computerized instruction (control group). The group viewing
the continuous animation outperformed the other two groups on
comprehension questions. The animation depicted all the microsteps, while
that information had to be inferred from both of the other graphics.

In order to illustrate a text explaining the functioning of sorting
algorithms, Catrambone & Fleming Say (2002) used two graphical aids: a
continuous animation or the succession of static frames taken from the
animation. They found that the animation group performed slightly better
than the static group for far transfer but not for close transfer problems. Both
graphical aids groups performed better than the control group, which only
used the standard text. However, the benefits from graphical aids
disappeared when the instructional text was designed using a task analysis
method. Our claim is that the critical gain of animations over static graphics
comes from the visualization of the microsteps in a dynamic process that are
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difficult to mentally infer for novices (Tversky, Bauer-Morrison &
Betrancourt, 2002).

The literature review above shows that computer animation is potentially
beneficial to learning. However, research often failed to find this advantage,
even when the instructional animation was carefully designed. The most
common explanation is based on the idea that learning from animation may
be cognitively too demanding for novices of a domain. An experimental
study carried out by Schnotz, Böckheler and Grzondziel (1999) provided
evidence that animation can impair learning in some circumstances. The
study compared static and animated displays for understanding time zones.
In individual settings, learners who received an animated and interactive
display performed better on transfer tests than learners who received the
static display. However, this advantage of animated displays disappeared
when learners were in pairs. The authors interpreted the results in terms of
cognitive load: the animation imposed a heavy cognitive load for processing
the information in addition to the load of interacting with a peer and with the
device. The construction of a mental model is impaired by a cognitive
overload. The cognitive load assumption is described in detail in section 3.

According to Bétrancourt & Tversky (2000), processing a changing
visual situation introduces high demands on perception, conception and
working memory.

• Perception as learners must be attentive to simultaneous changes
in the display;

• Conception as learners build a "runnable mental model" (Mayer,
1989) while they are watching the animation;

• Working memory as they have to keep in memory the previous
states and trajectory of each element of the system.

Examples in which the human system is not effective in processing
visually changing information are numerous. Kaiser, Proffitt, Whelan and
Hecht (1992) found that students enrolled in a physics curriculum were
unable to draw the correct trajectory of a point on a bicycle tire from an
animation of the rolling tire. Using a weather forecast task, Lowe (2003,
2004) found that the processing of animation by novices was driven by the
perceptual salience of the dynamics of the elements rather than by their
thematic relevance. Another drawback of animations is that they can induce
a surface processing strategy, memorizing visual changes rather than trying
to understand them. For instance, when learning to use a software program,
participants who studied with animations outperformed participants using
text only conditions immediately after the training. However, performance of
the participants in the animation condition declined dramatically one week
later whereas performance of participants in the text condition remained
stable (Palmiter & Elkerton, 1993). For the authors, the decrease of
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performance with time revealed that participants in the animation condition
just mimicked the instruction and did not elaborate a complete understanding
of the procedure. In this case, animation had an inhibiting effect, inducing a
shallow processing of the subject matter instead of a deeper and more
demanding processing. In such situations, animation did not produce benefit
because of what Lowe (2004) called the “underwhelming effect” (Lowe,
2004): not enough cognitive resources are allocated to the processing of the
graphical information. In summary, these results suggest that learners need
guidance to process animations, otherwise they may be overwhelmed with
the continuous flow of information, or the processing may remain at the
surface.

2.3 Cognitive load and the design of multimedia
instruction

In this paper, we deal with multimedia instructional material aiming at
the acquisition of new conceptual knowledge, and particularly how dynamic
systems function. Conceptual learning, also considered ‘deep learning’ is
characterized by the transformation of learners’ cognitive structures in a way
that the acquired knowledge, procedures or schemata could be used in other
situations or domains (De Corte, 2003). Deep learning is measured through
transfer problems, i.e. problems requiring learners to infer new information
from the learning material and from their previous knowledge. On the
contrary, surface learning or rote memorization, enables the learner to apply
the learned schema only to similar situations. In contrast to surface learning,
deep learning is demanding with respect to cognitive resources.

A framework commonly used in the study of multimedia instruction is
the cognitive load theory (see for example, Paas, Renkl & Sweller, 2004; see
also Schnotz, this volume, Le Bohec & Jamet, this volume). Tenets of the
cognitive load theory claim that if the instructional material imposes a heavy
processing loadwhich restraints the cognitive resources available for the
acquisition of new knowledge. This claim is based on the view that  the
capacity of working memory is limited, as described in Baddeley’s model
(Baddeley, 1997, 2000). Nevertheless, recent findings showed that the
processing capacity of working memory can expand tremendously when
dealing with well-known materials or situations (Ericsson & Kintsch, 1995;
Sweller, 2003). Consequently, an important purpose of instructional design
research consists in finding ways to reduce the cognitive burden required for
students to process multimedia materials.

Current developments of the cognitive load theory consider three sources
of load when learners have to process instructional material in order to
achieve the learning task (Paas, Renkl, & Sweller, 2004):
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• Intrinsic load refers to the load required to process the
instructional task and is related to the complexity of the content
itself, and particularly the number of elements that must be held
in working memory simultaneously (what is called level of
interactivity in the material).

• Germane load is the quantity of resources involved in the
construction of new knowledge in long term memory, which is
the goal of deep learning.

• Extraneous load refers to the additional load that is affected by
the format of instruction (material presentation or structure of the
learning task) and that does not contribute to learning.

According to the cognitive load theory, deep learning occurs only if
cognitive resources are sufficient to cover the processing requirements.
Cognitive overload is a plausible explanation of why learning situations
sometimes fail to induce deep learning. Extraneous load should thus be
reduced to its minimal by adequate presentation format and learning tasks.
For example, Sweller and Chandler (1994) demonstrated that multimedia
instructional materials in which mutually referring verbal and graphic
information are displayed separately on the page are detrimental to learning
compared to material in which graphic and verbal information are spatially
integrated. According to the authors, the separated display forced learners to
repeatedly shift their attention from one source to the other and thus
increased the cognitive resources that should be dedicated to mentally
integrate the two sources of information. The cognitive overload induced by
the ‘split-attention effect’ would explain the learning impairment.

As shown in the literature review, processing the animated information
while elaborating a mental model of the topic to be understood imposes a
heavy cognitive demand. In the last decade, research has started to
investigate the effects of instructional manipulation of animations using the
cognitive load framework as a predictive and explanatory framework. For
example, Mayer and his colleagues investigated various presentation factors
on the means used for the commentary (aural vs. written), or the
synchronization of the commentary and the animation (Mayer & Moreno,
2002). Practical guidelines for designing animations that foster the
understanding of dynamic phenomena were drawn from this line of research
(Mayer, 2003; Narayanan & Hegarty, 2002). One factor that has been
investigated is the learner's control over the pace of the animation. In two
experiments, Mayer and Chandler (2001) investigated the effects of simple
user control on learning. The users controlled the pace of the presentation in
a minimal way: The animation was segmented into meaningful 8 second-
sequences, and after each sequence, learners had to click on a button to run
the next sequence. The results of the two experiments showed that learners
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performed better on transfer tests when they controlled the pace of the
presentation. Moreover, students who received the presentation with control
followed by the presentation without control performed better than students
who received the two presentations in the reverse order. The control enabled
learners to process all information of a frame before proceeding to the next.
In other words, interactivity decreases cognitive load and enables the
formation of local mental models that can then be integrated when the whole
presentation is displayed. These results are consistent with the two-stage
mental model construction hypothesis (Hegarty, 1992; Hegarty & Sims,
1994), which states that learners first build local mental models, and then
incorporate these local models into an integrated representation.

Another drawback of animation is that information is not only
continuously changing but is also transient, which implies that learners must
keep previous states of the animation in working memory. Series of static
frames are often used in order to represent systems involving complex
motion, such as operating a machine or assembling an object. Each step is
portrayed in a separate frame and the frames are ordered by the sequence of
steps. In addition to complying with the way dynamic systems are conceived
(Hegarty, 1992), series of frames have an additional advantage: they
facilitate the detailed comparison and reinspection of the actions.

2.4 Research hypotheses

In the second part of this chapter, we report here an experimental study
that was designed to investigate if adding static snapshots of the critical steps
of an animation had an effect on understanding a dynamic phenomenon (i.e.
the formation of lightning). We compared two types of presentations: a
series of animated frames and a series of static graphics depicting the steps.
Our hypotheses were the following.

According to our first hypothesis, animations would facilitate novices’
understanding of the way a dynamic system works compared to a series of
static graphics depicting the same thing, since an animation displays all the
transitions between steps that otherwise have to be inferred from static
graphics. We used a series of static graphics and a series of animations,
ensuring a certain amount of informational equivalence and a
correspondence between the verbal commentary and the graphic source
(animated or static). We assumed that novice learners studying static
graphics and text would be unable to infer the transitions between steps and
consequently, animation would facilitate the elaboration of a dynamic
mental model.

According to our second hypothesis, providing snapshots of critical steps
to accompany the animation would facilitate the elaboration of a functional
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mental model from which inferences can be generated. Snapshots provide a
permanent representation of the previous steps and would reduce the need
for learners to memorize these steps, thus hypoethetically saving cognitive
resources for learning. An alternative assumption is that the presence of
snapshots while the animation runs could cause a split-attention effect and
impair learning (Mayer, Heiser & Lohn, 2001). However, since learners
have control over the pace of the animation, they should be able to process
both visual sources of information (Tabbers, Martens & van Merriënboer,
2004).

3. EXPERIMENT

3.1 Method

3.1.1 Participants and Design

The participants were 72 French-speaking students from the University
of Geneva, 45 of which were women (mean age = 28). They participated
voluntarily and without remuneration. We used a factorial 2 X 2 between-
subjects design. The first factor was continuity (animation vs. static
graphics), and the second factor, permanence with two modalities (with
permanence vs. no permanence) according to whether snapshots of the
presentation remained on the screen or not. There were 18 subjects in each
condition. All participants reported low knowledge in meteorology in a self-
evaluation scale.

3.1.2 Material and apparatus

All the instruction and test materials were computer-based. The
instructional material was designed after the "How lightning works"
multimedia instruction kindly provided by Richard Mayer (University of
Santa Barbara, USA) using Macromedia Flash and Authorware software.
The material (visual animation and audio narration) aimed at explaining the
formation of lightning. This material was used in previous experiments (e.g.,
Mayer, Heiser & Lohn, 2001; Mayer & Chandler, 2001) with novices
(undergraduate students with little knowledge in meteorology). The narration
(accompanying text in auditory mode) was a strict translation of the original
commentary. The original material included sixteen frames that were
reduced to eight according to the model of lightning formation: : 1) air rises,
2) water condenses, 3) water and crystals fall, 4) wind is dragged downward,
5) negative charges fall to the bottom of the cloud, 6) the leaders meet, 7)
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negative charges rush down, and 8) positive charges rush up. After each
segment, the animation stopped and the execution was controlled by the
learner, as recommended from Mayer and Chandler's (2001) results.

Four versions of the material were designed. In the animated presentation
without permanence, the animation ran in the centre of the screen. In the
animated presentation with permanence, the animation ran in the centre of
the screen and when a new sequence began, the last frame of the previous
sequence was placed at the top of the screen (see Figure 4.1).

The testing procedure followed the conventional paradigm for studying
construction of mental models (Schnotz, 2001). The retention test consisted
of 10 multiple choice questions measuring surface level understanding
through paraphrases of statements explicitly included in the instructional
material. Then a transfer test followed with 4 questions requiring to infer
information from the text. Examples of transfer questions are: "Suppose you
see clouds in the sky and no lightning, why not?" and "What could you do to
decrease the intensity of lightning?". These questions were proposed as
multiple-choice questions, with all propositions being plausible from a
surface point of view.

Figure 4-1. – Screen display in the last step of the presentation in the conditions with
permanence. In the conditions without permanence, the upper part of the screen remained

empty.
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3.1.3 Procedure

Participants were randomly assigned to one of the four conditions. They
first evaluated their knowledge in the domain on a 4 point-scale (from very
little knowledge to very good knowledge). Then they studied the animation
twice, at their own pace. Immediately after, they had to perform a retention
test and a transfer test. Finally, participants evaluated their perceived
difficulty and interest in the material on two five-point scales.

3.2 Results and Discussion

3.2.1 Study time

Participants had the control over the pace of the presentation and studied
the animation twice. The total time the participants took to study the material
was recorded. Figure 4.2 displays the mean study times and standard
deviations for each condition. We conducted a two-way analysis of variance
(ANOVA), with continuity as the first factor and permanence as the second
factor.
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Figure 4-2. Study times (means and standard deviations) for each condition.

Participants in the animation conditions spent significantly more time
studying the presentation than did participants in the static graphics
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conditions (F(1,68) = 49.45, MSE = 52056.89, p < .0001). There was also a
significant main effect with permanence (F(1,68) = 18.06, MSE = 19012.5, p
< .0001). Participants in the conditions with permanence spent more time
studying the presentation than did participants in the conditions without
permanence. There was no significant interaction between continuity and
permanence (F(1,68) < 1).

3.2.2 Time spent in the retention and transfer tests

Table 4.1 presents the mean response times and standard deviations for
each condition.

Table 4-1. Time (in seconds) spent on the retention and transfer tests for each condition.
Permanence refers to the inclusion of snapshots.

Permanence No permanence
Static graphics
M (SD) 639 (205) 554 (224)
Animation
M (SD) 592 (316) 519 (142)

The two-way analysis of variance on the time spent answering the test
questions did not reveal any significant difference between the four
conditions (continuity: F(1,68) = 0.56 ; permanence: F(1,68) = 2.12).

3.2.3 Score for retention and transfer tests

A first MANOVA with continuity and permanence as between-subjects
factors and type of question as the within-subject factor revealed a
significant difference between retention and transfer scores (F(1,68) = 816.5,
p < .0001). Therefore retention and transfer performance were analyzed
separately. As study times were significantly different across conditions,
they were included in the variance analysis as a covariate. Figures 4.3 and
4.4 present the mean scores and standard deviations to the retention and
transfer tests for each condition.
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Figure 4-3. Scores to the retention test (means and standard deviations) for each condition.

In the retention test, participants in the animation conditions did
significantly better than participants in the static conditions (F(1,67) = 5.98,
MSE = 15.6, p < .05). The effect size, using Cohen’s d (Cohen, 1988), was
1.47. The effect of permanence was not statistically significant (F(1,67) =
2.10). However, the interaction between permanence and continuity was
significant (F(1,67) = 4.9, MSE = 12.84, p < .05). As shown in Figure 4.3,
permanence had no effect on retention scores when the presentation was
animated, whereas permanence decreased retention scores when the
presentation was a series of static frames.
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Figure 4-4. Scores to the transfer test (means and standard deviations) for each condition.

In the transfer test, participants in the animation conditions significantly
outperformed participants in the static graphics conditions (F(1,67) = 13.53,
MSE  = 11.57, p  < .05), yielding an effect size of 1.38. The effect of
permanence was not significant (F(1,67) = .41), nor was the interaction
between permanence and continuity (F(1,67) = .25).

3.2.4 Subjective evaluation

The participants evaluated the difficulty and their interest in the material
on two five-point scales (see Figure 4.5).

The perceived difficulty was considered as an indicator of the cognitive
load that participants felt they engaged while studying the material. A Mann-
Whithney U test showed that participants in the static graphics conditions
reported a significantly higher difficulty than participants in the animation
conditions (U = 388.5, z = -3.218, p < .01). The effect of permanence was
not significant (U = 585.0, z = -.781).

For the question whether they found the material interesting, participants
gave similar judgments across conditions (continuity effect: U = 578.0, z = -
.853; permanence effect: U = 588.0, z = -.731).
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Figure 4-5. Mean ranking of the perceived difficulty and interest for each condition.

3.3 Discussion

This chapter addressed two main questions: First, does animation help
learners understand the functioning of dynamic systems? Second, does the
permanent display of critical snapshots from the presentation reduce
cognitive load and facilitate construction of the mental model?

From the literature review we concluded that animations may be made
more effective by reducing the level of extraneous cognitive load induced by
remembering the various steps and their relations. We hypothesized that
snapshots would be helpful with that respect. The experiment showed that
animation facilitates learners’ understanding of dynamic systems compared
to the presentation of successive static graphics of the main steps. The
participants in the animation conditions had better performance to transfer
questions than the participants in the static graphics conditions, which
suggests that learners in the animation conditions elaborated a ‘runnable’
mental model of the dynamic systems in Mayer’s (1989) sense. Moreover,
they got higher retention scores, which means that even the surface structure
was better memorized with the animation than with the static snapshots. This
result is consistent with Tversky, Bauer-Morrison and Betrancourt's (2002)
claim that animation is beneficial if it depicts the micro-steps of the system
that otherwise would be inferred from static diagrams. In the static graphics
conditions, participants had to infer the transitions between steps from the
verbal commentary while trying to construct the mental model, which
induced a cognitive overload. Indeed, the participants in the static graphics
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conditions reported significantly higher difficulties in studying the material
than participants in the animation conditions.

It should be noted, however, that participants in the animation condition
took longer to study the material than participants in the static graphics
conditions. Several non exclusive hypotheses can explain this longer time.
First, the continuous presentation involves more pieces of information that
take time to mentally integrate, as suggested in Mayer & Chandler (2001).
Second, the formation of a dynamic mental model could call for longer
mental elaboration than surface representation of the explicit content.
Finally, learners in continuous conditions could be more eager to study the
instruction. No data in this study can either support or infirm any of the three
explanations. But we found that although they took longer times, the
students in the animation condition did experience lower difficulty than the
students in the static graphics conditions. It has to be noted that learners had
control over the pace of the presentation. As in Mayer & Chandler (2001),
the learners could choose when to start the next sequence, both in the
animation and static graphics conditions. Thus they could control the
cognitive demand of viewing the material and mentally integrating the
information.

The second question deals with the delivery features of animation. How
should the interface be designed in order to facilitate cognitive processing of
animation? This research investigated the effect of sequentially displaying
snapshots of the main steps of a process while the presentation runs. We
called this feature "permanence" as the previous steps are permanently
displayed on the screen, instead as being replaced by the succeeding steps.
The results did not show any effect of permanence on transfer performance.
However, permanence significantly increased study times compared to the
conditions without permanence both in the animated and static graphics
conditions. Moreover, there was a significant interaction between continuity
and permanence in the retention test: While permanence had no effect for the
animation condition, it decreased retention performance in the static graphics
condition. The results can be explained in terms of split-attention effect
(Sweller & Chandler, 1994). In the static condition with permanence, the
snapshots were identical to the graphics displayed. Under those
circumstances of redundancy, learners had to split their attention between the
main presentation and the snapshots, which decreased the cognitive
resources allocated to learning, even at the rote level. However, this
explanation was not confirmed by data from the subjective evaluation since
learners in the permanent condition did not report higher difficulty. An
alternative explanation lies at the meta-cognitive level. Since learners were
not used to the permanence device, it may be that they simply did not know
what to do with the snapshots. They might have considered them as
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additional information whereas the snapshots were meant to be used as “just
in case” optional aids, as memory support. A follow-up study was done to
investigate that particular issue by providing the snapshots in pop-up
windows that learners could activate at will (Rebetez, Sangin, Bétrancourt &
Dillenbourg. 2004). Time devoted to the snapshots, as well as the particular
moments learners activated them were recorded. The results showed that the
students barely used the snapshots, even though they were explained how to
use them in the instructions. However, the permanence significantly
increased the time students took reflecting on the sequences during the
pauses, though it has no significant effect on performance or difficulty
rating. Finally, a more practical explanation is that, as learners were novices,
the permanence did not help because the snapshots displayed only the
graphical elements and not the verbal commentary. Further studies should
investigate whether in such situation, the verbal summary of the steps, alone
or with the accompanying graphics, would be a better cognitive aid than pure
graphic information.

From a methodological point of view, our study failed to provide enough
data on students’ cognitive load. Assessing the difficulty of the materials on
a simple scale, as participants did, is far from evaluating the subjective
cognitive load involved in processing the material. Further studies may
benefit from finer instruments, like the standardized questionnaires Nasa
TLX (Hart & Staveland, 1988) or Workload Profile (Tsang & Velazquez,
1996), or ad hoc questionnaires adapted to multimedia learning situations
(Gerjets, Scheiter & Catrambone, 2004). Another method to evaluate
cognitive load is the dual task paradigm; measuring how a secondary simple
task is hindered by the primary task. The dual-task method is worth
considering since it provides less indirect measures than learning outcomes
or subjective evaluation, and is easier to handle in a learning situation than
physiological measures (heart rate, neuro-imaging or eye-tracking
techniques). Though Brünken, Steinbacher, Plass and Leutner (2002)
claimed that the dual-task method would bring interesting insights in
multimedia learning, it seems more suitable for laboratory experiments
focusing on a particular aspect of the cognitive processing (for example
auditory vs. visual processing like in Gyselink, Ehrlich, Cornoldi, de Beni
and Dubois, 2000) rather than for drawing general recommendations for the
design of multimedia instructions. To date, the issue of measuring cognitive
load, particularly extraneous cognitive load, remains a tough one
(Dillenbourg & Betrancourt, 2006).

The results of the study reported here show that contrary to our
expectation, the permanence of previous steps of an animated presentation
failed to offload working memory, though no data can depart between the
split-attention effect and the lack of cognitive relevance assumptions.
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Further investigation is needed combining fine observation techniques, like
eye-tracking or post-task verbalization methods and more valid instruments
to measure cognitive load.

4. CONCLUSION

The study reported in this paper provided both theoretical knowledge and
practical guidelines for the use of animation in multimedia instruction. From
a theoretical point of view, this research reinforces the hypothesis that a
continuous animation helps learners to elaborate the mental model of a
dynamic system. It depicts the transitions between steps that are difficult to
infer from static schemas and verbal commentaries alone. It is important to
note that we observed that benefits from animations showing mainly
translational and transitional changes according to Lowe’s (2004)
distinction.

According to the experiment reported here, animations can be more
effective than static graphics but not more efficient if we take into account
the time needed to study the presentation. From an instructional design point
of view, the time needed is less an issue than the learning outcomes.
Furthermore, animation is likely to be beneficial only if learners do not have
the knowledge or skills necessary to infer the transitions between steps by
themselves. Further studies should be carried out investigating the effects of
animation during the course of learning for beginning students as opposed to
complete novices in a domain.

From an interface design point of view, the research showed that
displaying static snapshots depicting the previous steps along with the
animation did not act as an effective cognitive aid. Future research will have
to investigate whether verbal information could be more useful as a memory
aid than snapshots displaying only graphical elements.

In summary, this research provides evidence for the high potential of
animation in future educational settings. This point is particularly important
now that a growing number of universities and colleges propose distance
training. Animation can be a powerful explanative device, provided it is used
with respect to learners’ cognitive processes.
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