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Educational systems need appropriate animations and simulations
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Abstract Introduction

Animations and simulations are often presented as Ed _ | h dousl ved
tools for learning, although not all animations are ucational systems have tremendously evolve

appropriate for that purpose. The goal of this paper is tg!ufing the recent years [Lelouche, 1998]. In particular the
get things straight in that respect. After giving a shor€MPhasis of multimedia and hypermedia techniques has
definition of graphic animations and simulations, thismade such systems more attractive. These techniques have

paper contends that, in educational systems, these shodlREn .been made popular through' the wide use of Internet
be used only if they are related to the subject to b@nd in particular of the Worldwide Web. A notorious
learned, to the learning process, and/or to the learner@pplication of such techniques is the usegaiphical
characteristics, thus discrediting animations used solelfnimations and simulationsvhich, however, have been
for marketing purposes. Then a simple but educationall{} &ffect and widely used for a long time before and
relevant simulation is discussed in a simulation-based'dependently of the Internet. Since transmission hiccups
system to help practising and learning algorithmics2nd delays over a wide-area network may affect the
Finally, the paper proposes a guideline establishingSMoothness of such effects, very likely, their
general relationships between learning task categoriese,ﬁe‘:t'veness is still bigger outside the Internet. For

knowledge types, and animation or simulation types. ~ €Xa@mple, realistic animations are present particularly in
computer-based video games which, even if distributed on

the Internet (e.g. through e-commerce), are most often
fexecuted from a CD-ROM, or even from the local hard

disk, rather than directly from the Internet. Besides games,
another important use of animations is educational
systems, where they have a wider and wider impact.

Keywords: multimedia system, graphical animation,
graphical simulation, interaction, pedagogical purpose (0
the animation), learning goal (of the student), virtual
reality, special education, learning activity, knowledge
type.

In this paper, we try to examine the roles and the
effects of graphic animation and simulations on
educational systems. The first section recalls what
. . . . animations and simulations are. Section 2, aimed at

,Les ,anlmanons et les .S|m,ulat|ons. sont So.uven‘tsetting the stage”, presents several general aspects of
présentées comme des outils d’apprentissage, bien qU@imation uses in educational systems, giving examples

toutes les animations ne soient pas aptes a remplir cgs anropriate. Section 3 gives a more detailed example of
role. Le but de cet article est de remettre les pendules & imations in a simple system built to acquire

I'heure a ce sujet. Apres avoir brievement (re)defini 1e$,rqqramming skills. Finally, section 4 establishes some

animations et S|mglat|on§ grap.hlques, cet article soutiendjidelines relating various types of animations to various
que, dans les systéemes éducatifs, celles-ci ne devraient ’Bes of pedagogical purposes

utilisées que si elles ont quelque chose a voir avec |
matiére a apprendre, avec le processus d'apprentissage,
et/ou avec les caractéristiques de I'apprenant, laissant ains; . . . .

de coté les animations uctlilisées unﬁqpuement a des fins j‘e What are animations and simulations?
marketing. Ensuite, nous présentons et discutons une ) ) ]
simulation simple mais pédagogiquement pertinente Although often associated to film making (for
incluse dans un systéme d’aide a I'apprentissage et a @xample, theAnimation Journal[Furniss, 1991] is
pratique de I'algorithmique.Enfin, I'article propose une exclusively related to that areapimationis a product, a
ligne directrice établissant des relations générales entre [3ranch, of computer graphics [Foley & al., 1990;
types d'activités d'apprentissage, les types dd-aybourne, 1998]. However, all that is animation is not

connaissances mises en ceuvre, et les types d'animatigid@ays graphic (indeed some use only ASCII text!), but
et de simulations. this paper will concentrate on graphic animations. All

that is graphic is not always animation either.
Mots clés: systéme multimédia, animation graphique,Animations are precisely those graphic displays where
simulation graphique, interaction, but pédagogique (des°Mething ihanging over timeDepending on the case
lanimation), but d’apprentissage (de I'étudiant), réalité @8 hand, that something may be appearing or
virtuelle, édiucation spécialisée, activité d'apprentissaged'SaPpearing, moving, or evolving (e.g. changing shape

type de connaissances and/or colour, etc.). The graphic can be a line drawing, a
' cartoon, or a picture; when animated, these lead

Résumé



respectively to line animations, animation cartoons, andescriptive of the contents to be learrniedy. a course).
movies (e.g. videos). That certainly holds in particular for animated scenes.
Many examples of such animations can be found in
physics (e.g. in kinematics or dynamics), in engineering
e.g. working of a four-stroke engine, creation or
%sorption of a photon [Henderson & al., 1979)), in
e . astronomy (e.g. planets and stars movements), in
reasons), to concentrate graphic simulationsThe latter molecular biology (e.g. human genome [Human Genome
are of two typesStatic simulationsre still displays (real Project, 2001]), in cértéin areas of computer science (e.g
pict.ure's; or computer-generated), %”d there'fo.re are ng rting,algoritﬁms [Brummund, 1997; Harrison 2001: .
aminations (nothing changes over time); their interest 'ﬁ/lcCauIey, 2001]). That also holds for static anir;wations,,

Itgﬁ dqslg;lggs(;f gﬁ';g@%éfﬂgﬁ;ﬂgﬁé':Sismu[fgii);eaxr?resquite useful in such areas as descriptive natural sciences
e ' ) ; . e.g. botany or zoology) or physical sciences (e.g.
animations. What makes both categories simulations - . : ; ; ; :
their content and their interactive ngature Contentwise gchamcal constraints in static physics or in materials
: science).
they demonstrate some property, real or not, of the
displayed scene: a body, an event, a phenomenon, etc. As Such animations or simulations are certainly very
to their nature, they allow the user to interact with theappropriate, if not the most appropriate, because they
displayed scene, by varying its speed or pausing it definitely help the learner understand the subject, process
animated, by focusing on a particular area (zoomingor law that is being presented.
etc.), or even by influencing the animation outcome itself However. to meet most effectivelyv that qoal. such an
(this is the case with certain simulation-based games, in . = ' . y goal, st
particular role-playing games). Both categories Ofamlmauon or simulation shoultbncentrate on what is to
simulations are used in educational systems; the display 8elfezrrr;]eec: ?rr(')%nt?]tg'cg elgﬁé)'léé?gtrﬁguzucﬁ(;tr rgfgrr?eléerto
scene and the demonstrated properties are then likely desent the workin ﬂ(/)f a] four—stroké enaine I’?o ’a
relate to the subject matter. However, in this article, wé 9 9

are not interested in static simulations, which are simpl u?ﬁ?@ﬁf?@?gg”; rﬁc:\l/ri]g sdhrgvvx\/lilr?g ::ez IC:r:tci)r?g iws?é/eb:
akin to good pictures. : ' g g

real car hood may accidentally focus the student’'s
From a technical standpoint, animations and simuattention on an inappropriate place, e.g. a red label put
lations may be either prepared in advance, or generated somewhere by some service person, especially if that
demand. The former approach requires important storadgabel happens to be placed on a moving part. A similar
capacity and bandwidth (e.g. “introduction” parts ofand common situation occurs when driving an
games), while the latter needs a fast processor and a lotaaftomobile: as a driver, my attention may be attracted by
memory (ncredible machinegame). The animation may a set of blinking lights at night. If these lights signal
also combine both approaches: partly pre-computed, asdme dangerous spot, fine! they appropriately warn me of
processor-completed at run time (€Qglakegame). that danger. But if they turn out to merely signal a
restaurant or an entertainment place, | may feel frustrated
to have had to concentrate uselessly on something

2. Animations in educational systems unrelated to my driving. For an experienced driver, the
blinking lights may simply mean frustration; for a

Animations are certainly very popular, were it On|ystudent or tired driver, they may become dangerous by

because of their attractiveness, in particular in spectacul{femselves...

games and movies. But what exactly do they bring to

educational systems? Are they improving them, and if s9.2  Animations and learning process

on what grounds, or are they essentially glitter patched on

them to make them more glamorous, more attractive, and gyen when it bears a relationship with the subject

thus easier to sell? In my opinion, to be educationally,aer 5 good educational animation should actually

relevant, they should certainly not be like the h|gh||ghte ugment or at least facilitate the student's learnittg

\évord FSEE — or somr(]e other fmore .teng.ﬁgt'oudscertainly does if it makes the contents easier to
uzzword — written on the top of certain billboar %L%derstandlike in the examples above, which depict the

Regarding simulations, we first exclude the
simulation disciplindYurcik, 1999], that is math-based
rather than graphic-based (although simulation packag
often include animated simulations for marketing

advertisements. The proof: you have certainly seen a ry phenomenon or law that the student is supposed to

maybe entirely read such an ad, but have you ever call¢fljerstand. Other animations could simillystrate the

the person who posted it?... subject matterwithout being as crucial to the learning
This section successively examines the relationshipgrocess. By making the content more palatable, they

of animations with subject matter, with the learningProbably facilitate its ingestion!

process, with the student’s interests, and, at last, with Although the understanding of a concept, of how a

marketing. phenomenon works, is important, the learning process
also involves two other aspects, nameigtivationfor
2.1 Animations and subject matter learning, andmemorisationof what is being learned.

Thus animation software that addresses them also
In an educational setting, the first purpose of anyontribute to easing the learning process, although not as
object presented to the student is that it should peffectively as if they also facilitate understanding.



grounds the relations between the animation-simulation

threFén:s“yécegpilTﬁggﬁélgﬂtjr}gt mn?ztit\)/ztlirc])\:]ozﬁg 'rrrl]:rlriorspftware and the learner have been established? Is a
X P X g, e . articular type of learner targeted? If so, how has s/he
sation — is essentially present in interactive simulation

een modelled? And how is the animation or simulation
Thus, when assessing the contribution of a proposegbnnected to the learner's model?

or existing animation or simulation to the learning

process, one should examine how it addressef

understanding, motivation, memorisation, and ’

experimentation. However, one should also take into . . .

accountthe time spent by the student for learning the _Actually, a thin borderline may separate (possibly

simulation environmenis. what it allows the student to attrac.tive, b.Ut) genuinely useful pedagog.icallanir‘r_\ation_s
learn, i.e. its functional capabilities. and simulations from the ones whose main virtue is their

(marketing) attractiveness. Indeed, many software praise
their “breath-taking” animations, and the modern
2.3 Animations and student interests rendering techniques are quite fabulous [Watt & Watt,
1992]. A learner may indeed experience tremendous fun
The learning process, described in general termwith an especially attractive animation, but if s/he does
above, involves at least two entities: the subject mattérot learn better or more effectively because of it, then that
and the learner. So, besides the course contents examir@dmation should nevertheless be questioned.
in 2.1, it may happen that an animation tries to relate to
the learning person: his/her psychology, experienceg,n
interests, etc. That is _especially true when the?m
knowledge” to be learned involves the learner himself Othere merely to provoke a bewildered “Wahoo!”. |

herself, who must then learn how-to-be (vs. learn what 0c,rertainly do not criticise “glitter animations” as such, but

learn how-to-do). Such situations are: driving ang you have a wonderfully glamorous animation to

eagement, Sbciopcle, bemours. e sarardE[OpoSe o1 [0 855655, maybe you shoud wonder uethr
9 ' P ’ 9 nd how it is connectealso to the subject matter, to the

of special-need persons into their social environment. A ;
example of the last situation is the Brazilian AVIRCBeneral learning process, and/or to the targeted learner.

Project [Moreira da Costa & Vidal de Carvalho, 2000], an

Integrated Virtual reality Environment for Cognitive 2.5 Partial conclusion

Rehabilitation where the learner is a person with acquired

brain injury or neuro-psychiatric disorder. Another |n an educational context, an animation should be
example [Moreno & al., 2000] deals with a multimediarelated primarily to the subject matter, to the learning
interface where the modalities of the performed cognitivcg,rocess, or to the learner (figure 1). Rendering effects
task are adapted to the characteristics of the learner, a chddch as realism, speed or reactivity are only secondary, if
with intellectual and cognitive handicaps. A most recenthey do not strengthen these primary relationships. David
example is the automatic generation of learningvierrill [2000] stated: “Ratings based primarily on
simulation scenarios in a safe virtual environment [Ip &roduction value and appearance do little to inform you
al., 2001], presently used for political students, bukbout the instructional quality of a product”. This holds
useable in other domains. in particular for animations and simulations.

In these types of learning situationgry realistic
animations or simulationsre appropriate, because the
learner is eventually bound to deal with reality. Indeed,
when learning how-to-be, important details to account for
may not stand out as conspicuously as when studying a
law in physics, for instance. Such realistic software could Learning Learner's
then be appropriate substitutes for real life scenarios. process interests
Going farther, virtual reality environmentsmay
sometimes be the best and even the only way to learn,
not only for cost savings, but also because other persons
are at stake. Such are the cases of flight simulators,
especially when developed for planes not yet constructed, Marketing
of virtual surgical operations for medicine students, or of
environments for special-need learners.

4 Animations and marketing

Thus, when assessing an animation software, one
ould uncomplacently evaluate what are the primary
entsandeffectsof the animation. Often it seems to be

Subject matter

Figure 1. — Animations and simulations
in an educational software.

In my opinion however, animations geared at special
individuals’ interests are more difficult to assess Naturally, the present discussion, and in particular
objectively than the previous ones. Indeed a person (hefigure 1, deals with animations assuming that the student
the learner) is much more complex than a subject mattgs alone with the educational system, i.e. independently
or even than the learning process, which have been mafi®@m the environment in which (s)he is placed. If, for
extensively studied. Assessment questions to be askestample, a human teacher is present and can refocus the
would be in the following directions. On what preciselearner’s attention on the relevant points (e.g. the learning



goals), the drawback or inadequacy of an otherwise inagession, the student may choose a category, then his/her

propriate animation may be lessened or even eliminated.first problem in that category; afterwards, s/he is guided
into working on more difficult problems. Alternatively,
s/he may relinquish the use of the tutor and devise his/her

3. An example: animations in the own problem to work on. In that case however, since the

ALGORITHMI K simulation software system “knows” nothing about the task to be performed,
the student is left alone (no tutoring).

The ALGORITHMIK system [Dion, 1988; Lelouche, Let us assume that the student decides to work on the
1999] has been designed for college students in dirst of the “all control structures” category, the super-
introductory programming class. The main tutor objectivesteeplechase problem [Lelouche, 1999]. S/he is then
is to help the student learn to use adequately basic contiglesented with the following task description (here
structuresIf THEN, IF THEN ELSE WHILE DO, ITERATEN translated into English):

TIMES) and procedure calls. To that effect,
ALGORITHMIK uses a micro-world called “Karel the [Karel mustrun a super-steeplechase. The
robot” [Pattis, 1981], in which the student must program|hurdles have a variable height and a zero width.
a robot to make it achieve various tasks requiring to usglhe end of the run is marked by a beeper. Karel
the learned control structures. As a major advantage, th{§egins its run facing east; at the end of the run, it
micro-world requires no data structure, thus allowing tofmust also face east and is supposed to have
separate two difficulty levels —data structures and contro|Ricked up the beeper ending the run.

structures — felt by the programming beginners.

and with a display like that laid out on figure 2, showing
ALGORITHMIK provides the student with three a program window in which s/he can work on his/her

interactive components: a structure editor for code entry, grogram using the structure editor, and an example of

graphic situation editor, and a graphic simulator fornitial situation.

executing and tracing the program (figure 2). To help the

student solve his/her problem, it also includes an. 'f the student is not happy with the proposed
intelligent tutor, with which we do not deal here. situation, s/he may modify it using the graphical

situation editor which allows him/her to place the robot
at the desired intersection and with the desired orientation,

The available problems are categorized according tand to place or move bippers and wall sections around as

Yhe wishes. Although they do not involve animation or

their assumed difficulty: decision structures, Iter""t'vesimulation, the structure editor and the situation editor are

structures, or all control structures. When starting a

% Fichier Edition Instructions Monde Exécution Tuteur 535200
IEC)== superCourse (en cours) ==H=| Situation initiale
PROGREAIDNIE Super_ Course; illé il
{Ce programme exécute la Course c| |12
MOUVELLE _IMSTRUCTION Contourner _hai M
DEEUT 10
<instruction> 0
FIN:
g
NOUVELLE IMSTRUCTION Avancer wvers ] 7
DEEUT
SI libre_en_face &
ALORES awvancer 5
SINON Contourner_haie
FIN: &
DEEUT 3
TANT QUE bippeur_absent FAIEE 2
Avancer wers_ 1 est; 1 | {}

ramasser_bippeur
FIN.

1 2 2 45 6 7 48 21011
SYERUES
i
k =

=l

Figure 2. — AGORITHMK environment interface.



convenient interactive graphic tools to use, especially to the controls available to the learner. These simple
vary the program situation parameters througtcontrols allow him/her to concentrate on the algorithm
experimentation. design and development (rather than play around with

Theexecution simulatomwhich can be activated using more sophisticated tools or displays, for instance).

the Executionmenu (figure 3), does involve animation. It
is used to visualise, on the active situation, the executioH Which . . d si lati f
of the active program window; in addition, the instruction™ - 1c animations and simulations for
currently executing is simultaneously highlighted in the ~Which purposes?

program text. Thus, at all times, the relationship between

the active program instruction and the result of its From the discussion and examples given in the
execution is visible. Besides, at any time duringprevious sections, several general rules, or guidelines, can
execution, the student can change the execution mode drawn. In the table of figure 4, which is our own, we
(Fast speedSlow speedor Stepwisg or can activate the try to emphasise the roles played by animations and

PauseandAbort executiorommands (see figure 3). simulations in various learning situations.

: On the horizontal axis, to a learning task, identified
Execution by the type of knowledge to be acquired, we associate the

Execute °E animation type(s) most typically appropriate for that

Vv Fast speed learning task. We document that association with the

Slow speed animation capabilities educationally useful for that task,

Stepwise and with typical domain examples. Note that animations

Pause can only work at the task level, which is much lower

Abort execution than the more general learning goal of the student.
Figure 3. — AGORITHMK Executionmenu. On the vertical axis, our table shows a progression

from lower-level learning tasks to higher-level ones, and a
All these facilities help the student follow the parallel progression from simpler to more sophisticated
program execution, both on the situation field and in th@nimations or simulations. Naturally, the second
program code. In addition, by S|owing down or everprogression is ]USt|f|Ed by the fact that the tasks to be
stopping the execution at any program point that s/heerformed, and the domains from which they are drawn,
may find unclear, s/he can gather some informatiorgre more and more complex, and thus need to be displayed
possibly modify the local situation (Karel's location andwith more and more realism.

orientation, bippers, and wall sections), in order 0\ rally, animations or even simulations are never
understand better how the program really works, and thuggricient per se: they can only part of the learningand
eventually correct his/her errors. The execution simulatgf, .+ of the teachingOn the learning side, they are
capabilities are particularly useful for problems '”Ve”teccfecessarily related with specific tasks to be performed,

_by the stu_dent or the teacher, where the help of the tutQlci s that can be far away from more general domain-
is not available. related learning goals: animation-based activities need to

The execution simulator thus appears to be afRe complemented by more learning-oriented activities,
interesting and simple alternative to more complex toolsg-g. problem solving. On the teaching side, even with
using a more realistic robot for instance. Indeed, th@nimation-based activities, animation capabilities need to
ALGORITHMIK software is simple to learn and master,be complemented by other tutoring capabilities of the

because only what is important is displayed and includegystem or of the teacher, like providing details or
explanations on the subject or phenomenon or behaviour

Learning Knowledge type Animation Educationally useful Domain
goal (task) type capabilities examples
Acquaintance with th¢ Know what | Static simulation or Emphasis Classification domains
subject matter (it is) representation on distinctive featureg (Botany, Zoology, ...)
Understanding Know how Line or cartoon Id. + speed control, Theoretical domains

a phenomenon
or law

(Geometry, Physics,
Mechanics, ...)

Id. + showing procedure Practical skill domains
being performed, (Driving, Building,
parameter modification  Troubleshooting, ...)

effects, playback, ...

Know- L . . L Human domains
Realistic simulation| Id. + immersion into

(it works) animation zooming effects

Realistic animation,
Line or cartoon
simulation

Performing a procedufe Know-how
(to do)

Dealing

with a situation how-to-be the situation to be | (Human resources managt,
involving others (attitudes and Virtual reality mastered Politics, Medical domains
9 behaviours) Special-need learners, ...

Figure 4. — Relationships between educational goals and animation types.



at hand, answering various kinds of questions from thegley j. A. van Dam, S. Feiner & J. Hugues (1990)
learner (which become more and more difficult to answer  computer Graphics, 2nd edAddison-Wesley

appropriately when the targeted knowledge type evolves (Reading, MA).

from know-what to know-how-to-be), etc. And above all . N .
: ' 'Eurniss M. R., ed. (199Wnimation Journal Published
links have to be made between the tasks empowered 53'71 since 1991, now at AJ Press (Irvine, CA, U.S.A.).

the animation or simulation and the higher-level Online at shttp://www.animationjournal.corm/

capabilities that the student must eventually acquire.
S ... Harrison J., ed. (2008orting AlgorithmsUniversity of
It should also be noted that animation properties like  giitish Colombia (Vancouver, BC, Canada). On line

motivation-triggering or attractiveness are absent from ., <http://www.cs.ubc.ca/spider/harrison/Java/
our table. That is because such properties can possibly sorting-demo. htrr#

apply to all animation types, and also because the ] ]
cannot be measured objectively (at best througéenderson G., R. C. Rittenhouse, J. C. Wright & J. L.
sensitivity questionnaires). Besides and most importantly, Holmes (1979) “How a photon is created or absorbed”.
it is our strong belief that motivation or attraction alone Journal of Chemical Educatioivol. 56, p. 631-635.
cannot be a source for learning; they can only be An electronic version with interactive graphics and
modalities that can ease a learning process the source of animations is on line at

which lies necessarily elsewhere. Although realism does <http:/ichemed.chem.wisc.edu/JCEWWW/Articles/
augment attractiveness, we have shown in section 2.1 DynaPub/DynaPub.html

that too realistic an animation can deter the learner fromyman Genome Project (200The Human Genome
difficult learning problems, or even mask these problems prgject: Exploring our Molecular Selvesree,

(e.g. by accidentally focusing the student’s attention on  myjtimedia educational kit available on line at
some irrelevant aspect of the animation) because it does <http-//www.nhari.nih.gov/educationkit/

not concentrate on what is to be learnegimilarly, in , ) e )
spite of their present popularity as a research trend, wg- A- R. Linser & S. Naidu (2001) “Simulated worlds:
rapid generation of Web-based role-play”. Proceedings

think that, although animated agents do have their . :
advantages, they also have their limitations, especially if Of AusWeb Olthe SeventfAustralian World-Wide
g y P y Web Conferenge21-25 April 2001, Coffs harbour

they distract the student from concentrating on what is to X ;
y g (NSW, Australia). On line at

be learned. .
<http://ausweb.scu.edu.au/aw01/papers/refereed/ip/
paper.htnw

Conclusion Laybourne K. (1998Y¥he Animation Book: a Complete

Guide to Animated Film-Making - From Flip-Books

simulations are not a feature that necessarily augment the Pr- (N.-Y., U.S.A)).

pedagogical value of a computer-based educationdlelouche R. (1999) “Can a student-controlled environ-
software or environment. They can do so only if some ment and the model-tracing methodology go
learning goal underlies them, and if their types are together?”.Advanced Research in Computers and
appropriate for helping the student meet that goal. Communications in Education, Vol. (G.

We hope that the presented guidelines can help people &ugrgpdgasﬁj,;jgﬁzw:gg’s;' C;%rggi,Sedﬁ)S Press
designing animations and simulations build more ' P '

educationally significant ones, and can help people ikelouche R. (1998) "How education can benefit from
charge of buying or assessing an educational software not COmputers: a critical survey”. Invited conference
be unduly impressed by glamorous animations the Presented aCALISCE 98 the 4th International
learning goal of which is absent or questionable. It would Conference onComputer-Aided Learning and
certainly be valuable to design and build a real Instruction in SCience and EngineerinGoteborg
instrument, possibly computer-based, to assess the (Sweden), 15-17 June 1998, p. 19-32.

educational merits of a given animation, taking intoMcCauley R., ed. (2001) “Algorithms and Algorithm
account the learning contexts, materials, and objectives, Animation”. Computer Science Education Links
as well as the learner’s specificities, but that endeavour is Department of Computer Science, College of

beyong the scope of this position paper. Charleston (Charleston, SC, U.S.A.). Available on
line at <http://www.cs.cofc.edu/~mccauley/edlinks/
#algorithms
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