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Abstract
This chapter focuses on the effectiveness of animations embedded in an
interactive learning environment. The main question is whether such
animations indeed have the additional value that is often presumed and
whether they do enhance the so-called learning-access-level of learning
materials. Furthermore, it is investigated whether the effect of animations
is related to a specific student characteristic, namely prior knowledge,
which is often found to be an essential covariate. These research
questions were investigated by means of an explorative research setup in
which a group of 16 students participated. The results show that
animations were preferred by most students. It is argued that animations
may help to gain insight into the underlying (complex) processes.
However, the preference for using animations appeared to be stronger for
students who have a relatively low prior knowledge level.

l".Introduction
In our fast evolving technological society the use of interactive media is more
and more considered as a regular part of our daily routine. The technical
specifications of standard computer configurations are upgraded at a high rate.
At this moment multimedia is the hottest issue. Strictly speaking, multimedia
only refers to the use of multiple media formats for the presentation of
information (Tolhurst, 1995). If one represents a certain concept by using both
text and graphics, this can be considered the simplest or most modest form of
multimedia. In a technological sense, however, multimedia often refers to
using a large set of different representations of the same concept, such as text,
graphics, audio, video and animations. Current multimedia computers are
minimally extended with a CD-ROM drive, an audio card and additional,
powerful speakers. Complete encyclopedias no longer take a large part of a
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bookshelf, but are stored on one single CD-ROM (e.g., Microsoft EncartarM).
Moreover, the information contained in these CD-ROM encyclopedias often
includes animations, sound, video fragments, interactive features, etc.
For educational purposes, the use of multimedia productions also seems
very attractive. The latest developments in the field of educational technology,
which have led to a considerable amount of courseware, computer-assisted
instruction systems, interactive learning environments, and so on' indicate that

the extensive use of multimedia in educational computer programs is just a
matter of time. It is generally assumed that the use of additional representations
in a multimedia environment enhances the learning process. Learning access
level (see Martens et al., 1995) and study achievements would be higher than
in a traditional educational context primarily based on printed learning
materials. However, one may criticize the multimedia hype by stating that it is
strongly commercialized. For example, consider the explosive growth of
Internet sites all over the world. Nearly all industries, governments, educational
institutions, media, and so on, are now reachable on the Internet. In addition,
masses of people have developed and installed private Internet sites at their
homes. The information that is offered on web-pages is more and more
multimedia. One can read text, see some graphics, hear audio fragments, and
even explore runtime demo-versions of all kinds of software.
Consldering this fast development towards rich, multimedia information
bases that can be accessed by anyone at any time and which are often
interrelated through hyper links, it is easy to loose track. When the user is just
searching through information in an explorative way, perhaps the situation as
described before is acceptable. However, when the user becomes a learner who
has set specific learning goals, one cannot simply provide learning materials
and all kinds of multimedia components to it. It is often assumed that the use of
multimedia would be beneficial for the learning process' but only very few
studies have systematically investigated the question as to the additional value
of using muliimedia in an interactive learning environment. Does it have
positive effects on a student's learning process and, second, does the effect of

multimedia depend on the context (e.g., different domains) or individual
differences between students (e.g., prior knowledge)?
In this study we primarily focused on one specific aspect of multimedia, viz'
the use of animations. The main question is whether or not animations that are
A
embedded in an interactive learning environment affect the leaming process.
second question is whether this effect is influenced by the prior knowledge
level of ihe student. Research in the field of interactive learning environments
often showed that prior knowledge has considerable effects on the way learners
use the learning invironment (e.g.,Kozma, 1991; Portier & Van Buuren'
1995). In generil, it is found that prior knowledge is positively related to the
use of functionalities that are provided in the interactive learning environment'
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2. Using animations
2.1. Animations in a methodology curriculum

Designers of interactive leaming environments increasingly embed animations,
simulations, dynamic representations, etc. in order to explain certain concepts.
Many educationalists consider animations useful and relevant, especially in
teaching complex conceptual domains such as natural or technical sciences
(Hennessy & O'Shea, 1993). The latter is for example also reflected in the

recent, renewed attention for skill acquisition in the field of statistics and
methodology education. Several universities in the Netherlands indicate the

lack of a comprehensive relation between theory and practical skills.
Consequently, students often have considerable problems relating basic
statistical concepts to the higher order skills (or competencies) that are needed
in the end phases of their study or in potential professional careers. The
solution to these problems is foreseen in two ways: (l) the redesign of the
methodology curiculum towards a highly integrated line of methodology
modules, and (2) integrating professional IT-applications at all levels of the
methodology curriculum. The latter provides, what is sometimes called a
powerful learning environment, in which students can combine the acquisition
of rather theoretical concepts with practicing closely related skills. ITapplications may include statistical packages, courseware, electronic
workbooks (see Portier, Hermans, Valcke, & Van den Bosch, 1996) and
interactive learning environments that are integrated in specific parts of the
curriculum. In this study, our attention is focused on the role of an interactive
statistical package that has interactive animation facilities. Several statistical
concepts can be illustrated by computer animation. Hennessy and O'Shea
indicate, however, that research on the effects of animations in an interactive
learning environment is still few and far between. Do animations really
enhance the learning process, or are they merely nice-looking dynamic
representations?

2.2. The theoretical basis of and potential reasons

for using animations

Before discussing the potential reasons for using animations, we will first
define the concept of animation and argue why animations might work from an
educational-psychological perspective. Technically, an animation consists of a
series of frames (lines, text, pictures, etc.) that are subsequently presented with
short time-intervals. An animated representation is virtually a fluent movement
produced by displaying a series of successive images on the screen. For
example, the animated 'rolling' ball is technically the presentation of a series
of identical images that are depicted shortly after one another on a slightly

250

De Leeuwe, Portier and Martens

different place of a computer display. Another example is the animated
'growing' flower. This animation consist of a presentation of successive
images which differ slightly from another. Animations are already used in
many practical situations, but can we find a theoretical ground for the
assumption that animations might enhance the learning process? In the
literature of educational psychology, many studies focus on the potential
effect(s) of animations. However, two issues are often central in these studies:
(i) the effect of animations on the construction and adaptation of a mental
model, and (ii) the effect of animations on the reduction of cognitive load
(short-term memory).

(i). Rieber (1991) defined a mental model

as

"A

conceptual cognitive

structure in a specific domain, such as physics, which a student develops and
uses to explain general classes of problems". During the learning process the
mental model is influenced and optimized. Dynamic representation of concepts
and procedural tasks may have considerable influence on the learning process
(Kozma, 1991). It is argued that dynamic representations, such as animations,
interact with the existing mental model, thus forming a new one (Boekaerts &
Simons, 1993; Hennessy & O'Shea,1993; Park & Hopkins, 1993). Especially
when the mental model is incomplete or includes misconceptions (which is
often the case with learners who have a low prior knowledge level), the
potential influence of animations is considered large. The existing mental
model is considered as a set of reference points ('anchors') to which new,
animated knowledge can be related. In case of misconceptions, animations are
found to be successful in eliminating these (Edwards, 1995)' Learners who are
confronted with their misconceptions through animations, reject these
misconceptions in almost all cases (Gorsky & Finegold, 1992).
(ii). The second issue is related to the presumed effect of animations on the
reduction of cognitive load. Several authors adhere to the Dual Coding Theory
(DCT) as a reference framework, in order to optimize the learning process. For
example, Clark and Pavio (1991) state that "Dual Coding Theory explains
human behavior and experiences in terms of dynamic associative processes
that operate on a rich network of modality-specific verbal and non-verbal (or
imagery) representations." DCT proposes the existence of two, more or less,
r"putui" information processing systems for external input. one system is

u"ibuily oriented, the other non-verbally. Both verbal and

non-verbal
representations are processed by the corresponding system. The information
flow in both systems can be processed in a parallel way. The systems can
mutually influence each other, meaning that in case of matching information
flows (ior example auditive information corresponds to the animated or textual
information), the cognitive load can be reduced. In case of conflicting
information flows, however, the cognitive load is presumed to increase.
The rationale for using an animation is not always a presumed (and often
theoretical) positive effect on the learning process, but may also be related to
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very pragmatic (e.g., economical or safety) factors. An economical example
would be that it is less expensive to replicate a complex task by means of an
animation. Animations can be used indefinitely, and what also may be
important is that the result of the animated task is always the same. An
example concerning safety factors is that it would be much safer to teach the
effects of an explosive chemical reaction by using an animation instead of
conducting the experiment in a real laboratory setting. A third reason why
animations are used is their potential power to illustrate abstract concepts.
Hennessy and O'Shea (1993) argue that animations can illustrate the
underlying processes that lead to a specific end-product (e.g., a concept that
has to be learned). Animations can illustrate specific processes and concepts
that are normally invisible to the human eye (for example, the replication of
complex DNA-structures can be shown in an illustrative way by means of
animation techniques). It is assumed that these types of animations can
stimulate the understanding and learning of these concepts. An important
feature of animations is their potential to reduce reality, i.e., non-relevant
aspects can be hidden in order to focus the learners' attention only to the
essential aspects. Only for the pragmatic reasons we just mentioned it may be
attractive (even necessary) to use animations. Many studies propose a view that
the use of animations is positively related to the learning process. Other studies
however, still doubt the effects of animations on the learning process (e.g.,
Palmiter & Elkerton, 1993; Rieber, 1989), or did not find any effect at all' As a
consequence, we still need to investigate why and if animations work, whether
there are intervening variables and what the specific contribution of animations
is to the learning process. Basing ourselves on the assumptions of DCT it can
be argued that animations sometimes have negative effects on the learning
process, for example in a situation where the animation does not match with
other representations of the same information.
Concluding the theoretical part of this chapter, two specific research
questions can be formulated:
o What is the effect of using animations on several learning process variables?
o Are these effects robust, or do these depend on individual student variables
such as prior knowledge?
As dependent variables our analyses will focus on:

r

o

.

effects on learning-access-level (Martens et al., 1995), which can be
considered a quality measure of the learning materials. It indicates whether
learners agree to statements about structure, access and self-evaluation
possibilities of the learning material;
efficiency of the learning process, including questions on time investment
and required effort;
appreciation level, referring to questions on usefulness and preferences.
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3.

An explorative studY

subjects.In order to investigate the main research question, we conducted an
expiorative study in which i gtoop of 16 students (educational sciences from
students
the University oi Nijmegen) in the age of 18 to 26 participated. These
participants
were randomiy seleited from a larger group who subscribed on the
in
advertisement. eU participating students already achieved a certificate
(n = 7)
descriptive statistics withirrtheir-regular study program. Some students
of
number
The
courses.
statistics
also had achieved certificates in advanced
prior
of
measure
global
a
completed statistics courses was considered
knowledge on statistics. All students had intermediate experience with
computers.

5 min.

100 min.

15 min.

10 min.

Figure

l.

Schematic illustration of the research procedure'

was partly
Materials. The learning material that was included in the reader
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concept
each
For
theoretical and handled six basic statistical concepts.
on
based
was
task
Each
developed a task that had to be solved by the student.
This
display'
an additional illustration that was presented on a computer
tasks was
illustration was either a static figure or an animation. Half of the
in the task'
illustrated by using a static figure of the concept that was handled
e'g',
graphics,
The
animation.
The other tralf was illustrateJ by means of an
simulation
statistical
a
by
box plots and histograms, were build up step-by-step
that is
progru- called StaiiOn, which can be ionsidered a courseware program

253

integrated in the statistics textbook by Nijdam and Van Buuren (1994). Each
animation took a limited amount of time. The speed of the animations was
fixed, though students could press a key to stop the animation. In that case the
end product was displayed immediately. The integration is realized by means
of illustrating examples and exercises from the textbook by StatiOn.
Figures 2 and 3 represent two steps of an animated illustration of the
cumulative polygon concept. This animation was shown in order to solve the

task on this topic. In the condition in which the cumulative polygon was
illustrated by means of a static figure, the computer program skipped all earlier
phases and directly presented the final phase of the animation (Figure 3), i.e.,
the end product.

Figure 2. Second phase of an animation of a cumulative polygon.

After a brief instruction by one of the researchers, the students were giyen a
reader on descriptive statistics. They had to study the contents of the reader
independently. The conditions were varied according to a within-subjects
design. Moreover, we varied the conditions between statistic concepts. For
example, student A received animations for the tasks 1, 3 and 5, while student
B received animations for the tasks 2, 4 and 6. The subjects had to study
independently and solve the tasks during a total time period of maximally 100
minutes. During this study period one of the researchers remained present in
order to observe any unusual occurrences, and to provide assistance, only in
case of technical problems.
After the study session the subjects had to complete a questionnaire and to
participate in an interview, Both were focused on efficiency and qualitative
(appreciation) aspects ofthe learning process. The questionnaire was based on
validated instruments of earlier studies (see Martens et al., 1995). Due to the
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small research group, the limited study period and the fact that all students
already had a certain knowledge level of descriptive statistics, we did not focus
on learning effects. In sum, the independent variables of this study were:
. Type of illustration:
- static illustration of the end product;
- animated illustration, in which the steps leading to the end product were
subsequently shown.
o Prior knowledge level:

- low (only descriptive statistics);
- high (descriptive statistics and advanced statistics).
As dependent variables we analyzed the effects on:

o
o
.

learning-access-level;

efficiency of the learning process;
appreciation level.

Figure 3. Final phase of an animation of a cumulative polygon.

4. Results
students succeeded in finishing all six tasks within the time period of 100
minutes. None of the students ended his or her participation during the course
of the investigation. The observations revealed no special occulrences that may
have influenced the quantitative results that will be reported below. The first
part of the questionnaire included scales on computer attitude and computer
experience. The same scales were also used in a previous, large scaled (N =
502) study at the University of Gent (Martens et al., 1995). This way we could

All
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compare our research sample with the research sample of Gent. It appeared that
the students in this study had a more positive attitude towards learning with
computers than the students from Gent ((16.08) = -2.83,p < .05). Moreover,
our students seem to have more computer experience than the students from
Gent (r(18.43) = -4.98, p < .001). Actually, this is not very surprising. In this
study the students volunteered for participation and knew in advance that the
experiment involved a computer task. Students who do not like computers or
only have little experience with computers were not very likely to volunteer. In

Gent on the other hand, computer attitude and computer experience was
measured for the entire first-year student population of the faculty of
psychological and pedagogical sciences.
The results of the questionnaire and the interviews show that most students
(15 of 16) prefered the animated study condition. They agreed with the
statement that the learning process is enhanced when the tasks are illustrated
by means of animations. According to the binomial test the group who agreed
formed a significant majority of the research sample (p < .001). This
preference for animations appeared to be stronger for students with relatively
little prior knowledge (t(14) = 1.77, p < .05). Besides the typical dynamic
characteristics of an animation, which is attractive from an interface
perspective, students indicated that the animations helped them to gain insight
into the underlying processes. Especially when a concept was not very well
understood, the majority of the students was of the opinion that the animation
helped to complete the representation of the concept or contributed to eliminate
possible misconceptions. According to the student, the most important
advantage of animations is that they are able to present a complex concept
step-by-step: Animations may be useful to support the understanding of
difficult, complex concepts, because the process that precedes the occurrence
of that concept is visualized.
Besides appreciation and preference we measured the learning-access-level
in both conditions. Within-subjects comparisons revealed that learning-accesslevel is rated significantly higher, when animations are used ((15) = -3.05, p <
.01). Unraveling the learning-accesslevel scale, this means that animations are
likely to contribute to:
o the perceived structure of the learning material;

o gaining an overview ofrelevant concepts;
o perceived insight into intenelations between concepts;
o perceived insight into main and subordinate topics in the learning

material.

The results with regard to the efficiency variables were more explorative of
nature. Students assumed that animations may contribute to a more efficient
learning process. Animations provide a detailed insight into underlying
processes that lead to a certain statistical phenomenon. It was indicated,
however, that an efficiency increase can be expected only when prior
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knowledge is relatively low or when the concept that needs to be illustrated is
complex and difficult to understand.
Some students indicate that animations may be nice to look at, and may
even have a motivating function for learning contents that are generally
considered as difficult, hard to achieve and boring. However, animations may
possibly lead to negative effects when used unnecessarily. The latter could be
influenced by the fact that an animation takes some extra time. The speed at
which an animation is shown can be varied. A few students indicated that they
would have preferred the possibility to see the animations at a higher speed.
Besides manipulation of speed, the students strongly suggested that interactive
functionalities are essential for the perceived usefulness of an animation'
Within the context of the experiment students could manipulate the animation
only once, by entering a set of variables (prescribed by the task in the reader).
According to the students, the power of an animation can be relatively easily
increased by providing additional exercises in which students can enter
different variables and see what the consequences are for the animation.

5. Discussion and conclusions

Despite the explorative character of this study, it may be concluded that
animations may have positive effects on the learning process, if used in
appropriate circumstances. Animations are clearly preferred above static
figures, and the learning-access-level of the learning materials are rated
significantly higher when the learning materials are illustrated by animations.
However, when the concepts are relatively simple, or the student already has
considerable prior knowledge, the use of animations can be questioned. This
brings us back to the introductory part of this paper, in which the increasing
use of animations and, in a broader perspective, multimedia was discussed in
relation to learning plocess variables. The learning process can be stimulated
by the use of animations, although a general presumption that animations are
beneficial in all learning situations is not very probable. Of course it is
difficult, and to a certain extent speculative, to make inferences towards the use
of multimedia, but from a theoretical perspective it can be argued that
multimedia do provide an enrichment of the learning environment, at least in a
quantitative sense, by supplying additional representations of a concept. It is
very conceivable that multimedia representations are beneficial for a student's
learning process, but a general statement about this issue needs further
research. In line with constructivist approaches of learning in the field of
instruction and educational technology (e.g., Bednar, Cunningham, Duffy, &
Perry, l99I), and especially in relation to the development interactive learning
environments (e.g., Duffy, Lowijck, & Jonassen, 1993; Gill, Melchert, &
Wright, 1994; Portier & Van Buuren, 1995; Martens, Valcke & Portier, in
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it can be argued that the responsibility for using additional (multimedia)
representations should be transferred to the learner. This is in agreement with
the explicit wish for more interacrivity, as expressed by the students who
participated in this study. Students are quite able to decide how and when
certain types of information have to be presented to them. However, the latter
approach raises one significant problem in relation to the use of animations.
Many studies in the field of interactive learning environments show that prior
press)

knowledge is a major predictor for the use of program functionalities.
Consequently, students with high prior knowledge presumably use more
animations than students with low prior knowledge. Animations seem to be
most beneficial for the learning process of students with low prior knowledge,
though. Perhaps an -interactive- intake procedure in which a learners' prior
knowledge is assessed, may be helpful to give an advice on the type of
representation the learner should use.
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